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Introduction
This email thread discusses the general part and CRS interference handling in Rel-17 further demodulation performance enhancement WI in agenda 6.12.1 and 6.12.2.3.
List of candidate target of email discussion for 1st round and 2nd round:
· 1st round: Invite companies to provide comments in section 1.3, 2.3, 3.3, 4.3 and 5.3.
· Comments for Topic #3 (Signalling aspects for CRS-IM) and Topic #5 (CRS-IM for 30 kHz SCS scenario, which impacts the UE capability and NWA discussion) before 23:59 UTC Tuesday are appreciated.
· All the comments before the official round 1 commenting deadline (08:00 UTC Wednesday) will be considered in the round 1 summary.
· 2nd round: 2 tdocs will be discussed 
· 1 sub-thread on ‘[101-bis-e][316] NR_perf_enh2_Demod_Part1 - WF on general and 15kHz SCS for CRS-IM’ (led by CTC) 
· WF on general part and 15kHz NR SCS scenario for CRS-IM receiver
· Cover Topic #2, 3, 4
· 1 sub-thread on ‘[101-bis-e][316] NR_perf_enh2_Demod_Part1 - WF on 30kHz SCS for CRS-IM’ (led by CMCC) 
· WF on 30 kHz NR SCS scenario for CRS-IM receiver 
· Cover Topic #5

Topic #1: General
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2200017
	China Telecom
	Draft TR 38.833 v1.1.0: Further enhancement on NR demodulation performance 
(For email approval after the meeting, i.e., to implement the TPs approved during the meeting.)

	R4-2200018
	China Telecom
	TP to TR 38.833: Symbols and abbreviations

	R4-2200905
	China Telecom
	Updated work plan for Further enhancement on NR demodulation performance WI


Open issues summary
N.A.
Comments collection for the TP and the updated work plan
	WP/TP number
	Comment collection

	R4-2200018, CTC. TP to TR 38.833: Symbols and abbreviations
	

	
	

	
	

	
	

	
	

	R4-2200905, CTC, Updated work plan 
	

	
	

	
	


Summary for 1st round 
	WP/TP number
	WP/TP Status update recommendation  

	XXX
	Based on 1st round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”

	
	No comments received on the following tdocs:
· R4-2200018	China Telecom	TP to TR 38.833: Symbols and abbreviations
· R4-2200905	China Telecom	Updated work plan for Further enhancement on NR demodulation performance WI



Discussion on 2nd round

Topic #2: Receiver assumptions
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2200502
	Nokia, Nokia Shanghai Bell
	Reference receiver for CRS-IM
It was agreed in RAN-94e to not include CRS-IC in Rel.17.

UE processing time impact of CRS-IC
As per RAN decision, UE processing time impact of CRS-IC should not be included in Rel-17.
	
Implementation details for LLR weighting
1. If an actual implementation of LLR weighting does not require additional NWA parameters compared to implementations of comparable efficiency and performance, the implementation using the minimum complexity level of NWA should be selected.
As long as there is no requirement for additional NWA parameters, RAN4 should leave the LLR-weighting implementation details to the UE, if simulation results delivered in this meeting show no misalignment (Option 3 from WF).

Handling of colliding of the 2nd DMRS symbol #11 in serving cell with CRS symbol #11 in neighbouring cell for scenario 2 with LLR weighting
1. The impact of CRS to the 2nd DMRS in symbol#11 is already handled in DSS (RM) where the 2nd DMRS can be shifted to symbol#12.
1. It is not possible to use the shift of the 2nd DMRS symbol when Rate Matching is not enabled.
The handling should be left to the UE if simulations do not show any misalignments (Option 3 from WF).

	R4-2200517
	Intel Corporation
	Observations #1:	Different methods of LLR weighting processing provide rather close performance.
Proposal 1:	Leave up to UE implementation the details of LLR weighting implementation.
Observations #2:	There is no big performance difference for scenarios with different interference-plus-noise covariance matrix estimation methods.
Proposal 2:	Leave up to UE implementation the details of interference-plus-noise covariance matrix estimation for CRS-IM processing.

	R4-2200801
	CMCC
	Proposal 1: Using CRS power to directly scale the LLRs without equalization processing involved.
Proposal 2: Support using all DMRS for Ruu estimation provided that no obvious simulation result mis-alignment is observed.

	R4-2200898
	China Telecom
	Observation 1: Option 2A is the implementation of LLR weighting we used in our simulation, which achieves 1.2 ~ 2.0dB performance gain over the reference gain in scenario 1.
Proposal 1: Leave the details of LLR weighting to UE implementation if no simulation result mis-alignment issue happens.
Proposal 2: For whether to use all DMRSs for Ruu estimation, leave this issue to UE implementation, if no simulation result mis-alignment is find.

	R4-2201414
	ZTE Corporation
	Proposal 1: Whether or not to turn on CRS-IM should be left up to UE implementation.
Observation 1: No significant performance difference is observed between using all DMRS and using DMRS not overlapping with CRS REs.
Proposal 2: Handling of colliding DMRS symbols is up to UE implementation.

	R4-2201415
	ZTE Corporation
	Simulation results on CRS-IM receiver

	R4-2201418
	Ericsson
	Observation 1: It is approved in RAN#94-e meeting to further discuss CRS-IC receiver in Rel-18 if needed.
Proposal 2: Not to continue the discussion on UE processing time impact of CRS-IC in Rel-17
Proposal 3: Leave it to UE implementation if no simulation result mis-alignment due to this issue


Open issues summary
Issue 2-1: Implementation details for LLR weighting
· Status in RAN#101-e in the WF R4-2120705:
· Option 1: Adopt CRS power into MMSE-IRC equalization processing
· Calculate the CRS power per receiving antenna and the power vector is ICRS
· Update the LLR of CRS REs by adding the diag (ICRS) to interference plus noise covariance in MMSE-IRC processing.
· Option 2: Direct scaling of LLR without equalization processing involved
· Option 2A: 
· For each v-shift, calculate the average CRS power of all Rx antennas per PRB.
· Use the above CRS power to scale the LLRs on the interfered REs within this PRB, rather than using it in the MMSE-IRC equalization.
· Option 2B: (LLR weighting processing flow in section 2.1 of R4-2118004)
· Option 3: Leave to UE implementation if no simulation result mis-alignment due to this issue
· Proposals
· Option 1: Adopt CRS power into MMSE-IRC equalization processing
· Option 2: Direct scaling of LLR without equalization processing involved (CMCC)
· Option 3: Leave to UE implementation if no simulation result mis-alignment due to this issue (Nokia, Intel, [CMCC], China Telecom, Ericsson)
· Intel: Different methods of LLR weighting processing provide rather close performance.
· Recommended WF
· Agree option 3

Issue 2-2: Handling of colliding of the 2nd DM-RS symbol #11 in serving cell with CRS symbol #11 in neighbouring cell for scenario 2 with LLR weighting
· Status in RAN#101-e in the WF R4-2120705:
· Option 1: Not use DMRS REs for Ruu estimation which are overlapping with CRS REs
· Option 2: Use all DMRSs for Ruu estimation
· Option 3: Leave to UE implementation if no simulation result mis-alignment due to this issue 
· Proposals
· Option 1: Not use DMRS REs for Ruu estimation which are overlapping with CRS REs
· Option 2: Use all DMRSs for Ruu estimation (CMCC)
· CMCC: provided that no obvious simulation result mis-alignment is observed
· Option 3: Leave to UE implementation if no simulation result mis-alignment due to this issue (Nokia, Intel, China Telecom, ZTE)
· Intel: There is no big performance difference for scenarios with different interference-plus-noise covariance matrix estimation methods.
· China Telecom: we did not observe clear performance difference between option 1 and option 2.
· ZTE: No significant performance difference is observed between using all DMRS and using DMRS not overlapping with CRS REs.
· Recommended WF
· Agree option 3?

Companies views’ collection for 1st round 
Open issues 
	Company
	Comments

	Company A
	Topic #2: Receiver assumptions
Issue 2-1: Implementation details for LLR weighting

Issue 2-2: Handling of colliding of the 2nd DM-RS symbol #11 in serving cell with CRS symbol #11 in neighbouring cell for scenario 2 with LLR weighting



	China Telecom
	Topic #2: Receiver assumptions
Issue 2-1: Implementation details for LLR weighting
Support option 3 at the current stage.

Issue 2-2: Handling of colliding of the 2nd DM-RS symbol #11 in serving cell with CRS symbol #11 in neighbouring cell for scenario 2 with LLR weighting
Support option 3 at the current stage.

	Intel
	Topic #2: Receiver assumptions
Issue 2-1: Implementation details for LLR weighting
We support recommended WF. Based on our analysis, there is no big performance difference for different LLR weighting implementations.

Issue 2-2: Handling of colliding of the 2nd DM-RS symbol #11 in serving cell with CRS symbol #11 in neighbouring cell for scenario 2 with LLR weighting
We support recommended WF. Based on our analysis, using of different methods for interference-plus-noise covariance matrix estimation leads to rather same performance.


	CMCC
	Topic #2: Receiver assumptions
Issue 2-1: Implementation details for LLR weighting
Option 2 is our first choice, which has less processing complexity. We think Option 2 can be the baseline. While, Option 3 is also ok for us, since most of simulation results shows no mis-alignment at the current stage.
Issue 2-2: Handling of colliding of the 2nd DM-RS symbol #11 in serving cell with CRS symbol #11 in neighbouring cell for scenario 2 with LLR weighting
Ok with the recommended WF.

	Ericsson
	Topic #2: Receiver assumptions
Issue 2-1: Implementation details for LLR weighting
Support the recommended WF. We see deviation on implementation of LLR weighting among companies. But there is no quite large performance gap observed in phase I. Hence, our preference stands still on leaving it to UE implementation and we don’t make any assumption. 
Issue 2-2: Handling of colliding of the 2nd DM-RS symbol #11 in serving cell with CRS symbol #11 in neighbouring cell for scenario 2 with LLR weighting
Same as issue 2-1.

	Apple
	Topic #2: Receiver assumptions
Issue 2-1: Implementation details for LLR weighting
We support the recommended WF. 
Issue 2-2: Handling of colliding of the 2nd DM-RS symbol #11 in serving cell with CRS symbol #11 in neighbouring cell for scenario 2 with LLR weighting
We support the recommended WF. 


	Huawei
	Topic #2: Receiver assumptions
Issue 2-1: Implementation details for LLR weighting
We support the recommended WF. 
Issue 2-2: Handling of colliding of the 2nd DM-RS symbol #11 in serving cell with CRS symbol #11 in neighbouring cell for scenario 2 with LLR weighting
We support the recommended WF. 

	Nokia, Nokia Shanghai Bell
	Topic #2: Receiver assumptions
Issue 2-1: Implementation details for LLR weighting
Agree to option 3, as it seems to be consensus.
Issue 2-2: Handling of colliding of the 2nd DM-RS symbol #11 in serving cell with CRS symbol #11 in neighbouring cell for scenario 2 with LLR weighting
No significant performance differences are seen in provided simulations. We agree to option 3.

	MediaTek
	Topic #2: Receiver assumptions
Issue 2-1: Implementation details for LLR weighting
Support the recommend WF.
Issue 2-2: Handling of colliding of the 2nd DM-RS symbol #11 in serving cell with CRS symbol #11 in neighbouring cell for scenario 2 with LLR weighting
Support the recommend WF.

	Qualcomm
	Topic #2: Receiver assumptions
Issue 2-1: Implementation details for LLR weighting
Ok with recommended WF.
Issue 2-2: Handling of colliding of the 2nd DM-RS symbol #11 in serving cell with CRS symbol #11 in neighbouring cell for scenario 2 with LLR weighting
Ok with recommended WF.

	ZTE
	Topic #2: Receiver assumptions
Issue 2-1: Implementation details for LLR weighting
We support the recommended WF.

Issue 2-2: Handling of colliding of the 2nd DM-RS symbol #11 in serving cell with CRS symbol #11 in neighbouring cell for scenario 2 with LLR weighting
We support the recommended WF. Based on our analysis, there is no significant performance difference is observed between using all DMRS and using DMRS not overlapping with CRS REs.



Summary for 1st round 
Open issues 
	
	Status summary 

	Topic #2: Receiver assumptions
	Issue 2-1: Implementation details for LLR weighting
Summary of round 1 discussion:
All companies are ok with the following option 3:
· Option 1: Adopt CRS power into MMSE-IRC equalization processing
· Option 2: Direct scaling of LLR without equalization processing involved
· Option 3: Leave to UE implementation if no simulation result mis-alignment due to this issue
Tentative agreements:
· Leave to UE implementation if no simulation result mis-alignment due to this issue

Issue 2-2: Handling of colliding of the 2nd DM-RS symbol #11 in serving cell with CRS symbol #11 in neighbouring cell for scenario 2 with LLR weighting
All companies are ok with the following option 3:
· Option 1: Not use DMRS REs for Ruu estimation which are overlapping with CRS REs
· Option 2: Use all DMRSs for Ruu estimation
· Option 3: Leave to UE implementation if no simulation result mis-alignment due to this issue
Tentative agreements:
· Leave to UE implementation if no simulation result mis-alignment due to this issue


	
	

	
	



Discussion on 2nd round
Way forward
R4-2203028	WF on general part and 15kHz NR SCS scenario for CRS-IM receiver
					Type: other		For: Approval
					Source: China Telecom
Abstract: 
Discussion: 
Moderator’s note: 
1) For quick turnaround in responding to comments, please send comments to the WF in email body instead of adding them in the summary document. Moderator will add all the email comments into the summary document.
2) The WF covers the issues in Topic #2, #3, #4.
The following 3 issues are to be discussed in round 2:
1) v-shift information
GTW agreement
· The baseline assumption: No need to introduce NWA signaling for v-shift information
Moderator’s recommendation: confirm the baseline assumption.
Please comment if company doesn’t agree with the recommendation.
	Company
	Comment

	Nokia
	We see there might be an advantage including vshift as optional in the NWA signalling in addition to having the CellID. Assuming that the optional CID is a list that can include IDs that are not currently interfering, a set of vshifts can be used to down select among the list to reduce the amount of sequences that need to be measured.
However, the details of the CID list are not agreed and we are also not sure that all companies are aligned on what it means to have CRS-IM activated. We would invite other companies comments on the matter of CRS-IM algorithm activation.
In Nokia's understanding activated CRS-IM means that the UE measures the interference on either the default parameters, or the parameters given by configuration and adjusts the LLR weights according to the own measurement. In particular, we don't understand it as statically applying hardcoded LLR weights on all REs indicated in the configuration.

If other companies agree that there is value in having both CellID and vshift optionally included in the signalling, then we would like to not confirm the baseline assumption and propose to include vshift optionally.

	Qualcomm
	@Nokia: Are you implying that there could be a possibility that NW indicates, for example, 4 cell ids for 4 cells but only provide vshift for 2 cells which are actually interfering?

	 Apple
	 Ideally the UE should have the cell ID and get vShift from that. But now that NWA signaling of cell ID is optional, how can we say that this information is not needed. NWA signaling should either have cell ID or vshift in our opinion. 

	 CMCC
	 We agree with the recommendation. We have already introduced Physical cell ID as optional in NWA, why further need to indicate v-shift information. Besides, we believe UE can do the detection even without any v-shift/cell ID information, this way should be baseline, and can not be precluded. 

	China Telecom
	Agree with CMCC. In addition, this issue has been well discussed in Wed GTW session. It is not efficient to repeat the same agreements by email. We should confirm the baseline assumption, unless any new and reasonable technical evidence can be given. 

	Nokia
	Our expectation for the CID list is to provide a semi-static list of possible CID which a UE might encounter as interferes. Also we agree with CMCC and believe the UE can detect the CID without having this list of CIDs, hence having the list will greatly reduce the detection time for the UE.
 
@Qualcomm, Apple: Yes that is our understanding. We wrote above that there might be some misalignment on what providing a CID list means (ie. candidate vs. known interferers). In any case for us, the most common use-case for optional CID and v-shift would be to either provide CID list or v-shift list depending on what is available at the NW. Though mixing of both might not be precluded.
 
@CMCC, CTC: We see the complexity of providing dynamically updated list of CID as far more complex than providing a list of v-shifts, as the v-shifts.


	Ericsson
	Generally, we are fine with moderator’s recommendation. So, either cell ID or vshift information included in the NWA can help. And, apparently, cell ID is more important since UE can get derive the vshift information from Cell ID. 
And, as mentioned by Qualcomm, it is confusing if the number of cell ID provided by Network is different to the number of vshift information if both are included in the signalling.
So, here, we care more about the number of provided cell ID or vshift. And, we care more about the granularity of such signalling.
How many cell ID(or vshift) should be provided by the network?
From our point of view, we think only multiple cell IDs(sent to UE) is valid for consideration, since the network does not know which cell is the most interfering one, since it strongly depend on UE’s location. 
So, currently, we think only multiple cell IDs sent per cell is acceptable to us.


 
2) LTE channel bandwidth for scenario 2
Moderator’s Recommendation (Similar with the agreements for carrier frequency)
· For scenario 2, LTE channel bandwidth information can be awared by following possible ways:
· UE can use PBCH decoding to obtain channel bandwidth information for CRS-IM if PBCH is within the configured measurement gap
· LTE channel bandwidth information can be informed to UE by NWA signalling (optional)
· If such information not conveyed to UE, UE is not expected to perform CRS-IM appropriately.
· In the next meeting, discuss whether the test requirement for the following schemes can be the same:
· Scheme #1: CRS-IM with Inter-RAT MO configured and perform PBCH decoding
· Scheme #2: CRS-IM with NWA signaling
· If same test requirement can be applied, further discuss the following test setup for scenario 2 in the next meeting:
· Option 1: Define one set of test setup with both Inter-RAT MO and the new NMA signaling configured by the network
· Option 2: Define 2 sets of test setup: 1) Only Inter-RAT MO is configured, and; 2) Only the new NWA signaling is configured.

Please comment if company doesn’t agree with the recommendation.
	Company
	Comment

	Intel
	In general, we are fine with recommended way forward. We would like to provide our concern on testing with configured Inter-RAT MO. In case Inter-RAT MO will be configured, measurement gap pattern also should be configured. It means that for some slots during the test UE will no be able to make PDSCH reception. Therefore, we need to understand the impact of such processing of test results and further discuss whether to define requirements for both schemes or only for one scheme.

	Qualcomm
	We have below concern with PBCH decoding method:
· RRM timelines for IRAT MO do not include PBCH decoding, so UE may violate those timelines if UE attempts to do PBCH decoding on top of measurements. In that case, does UE get a waiver or relaxed requirements for doing CRS-IM?
· PBCH may not be always present in MG depending on NW implementation.
So, we prefer to only include NWA signalling for this case. We are open to discussion on how above concerns can be addressed.
For RAN4 test setup, we slightly prefer to define the requirements only with NWA assumption to avoid mixing RRM and demod aspects in the same test. We are ok to discuss more in the next meeting.

	 Apple
	  We don’t agree with the recommended WF. 
Now the UE is expected to do PBCH decoding in measurement gap which is not generally done in measurement gaps. MG are for RRM measurements and we will have to consider the impact to RRM measurements if UE is expected to do PBCH decoding on LTE cells. The LTE CBW should be indicated via NWA signaling.  
Including inter-RAT MO and MG increases test complexity and decreases TP. We don’t configure inter RAT MO and MG in PDSCH demod requirements. 
For the requirements we would have 2 sets of requirements in our understanding based on the recommendation and we don’t support that. 



	CMCC
	 We think obtain CBW by UE detection can not be precluded. During the discussion, some companies also confirm that this is a valid method. We are fine to further discuss whether CBW detection can be introduced as a new UE capability. 
We agree that RRM requirements should not be affected. However, based on our understanding, doing the PBCH decoding will not effect RRM procedure with enough gap length. UE is not forced to finish the PBCH decoding in the measurement gap. It can buffer the data and do the decoding later.
For other sub-bullets, we are fine. 

	MediaTek
	We share the similar view as Qualcomm and Apple. We should not mix RRM and Demod tests together. To perform LLR weighting for CRS-IM in scenario 2, the bandwidth information is necessary. Of course, companies can do simulations for two schemes, one is to decode PBCH in the measurement gap, another is to leverage NWA to tell UE the bandwidth. After UE acquiring the information of bandwidth, it can perform LLR weighting. The only difference is the way to acquire the information of channel bandwidth. We expect that the performance of using PBCH decoding at most achieve the same performance as that with NWA. The reason is that there is no any risk/mistake with NWA for bandwidth information. Hence, we prefer to consider only NWA signalling and define only one test setup.

	China Telecom
	With the spirit of compromise (as for other issues), in general we are ok with the recommended WF.
We also support to consider power detection as well in addition to PBCH decoding. Anyway, the interference power for LLR weighting can be estimated at per PRB granularity.


 
3) Signalling design when the default NW configuration assumptions are NOT valid
Moderator’s Recommendation:
· Leave it to BS implementation on whether the signalling is per cell or the same for all interference cells.
· From the spec perspective, signalling of these parameters for multiple cells are allowed, and further discuss the maximum number of cells can be signalled.
· All parameters are optional to be signalled.

Please comment if company doesn’t agree with the recommendation.
	Company
	Comment

	Intel
	We have comment about first bullet. Based on our understanding, the signalling design will be different in case it will be per cell or common for all cells. Therefore, at current stage, we don’t think that we can leave it up to BS implementation. Probably we can list two options for this meeting and discuss the details next meeting.

	Nokia
	In the proposed wording, we read that if the NWA is provided, the UE will assume that none of the default parameters can be used. This means that the UE would need to have all (unchanged) default parameters re-signalled in the NWA.
 
To make this possible all default parameters would need to optimally be include in the NWA signalling message.
To avoid this, we propose for consideration in the next meeting:
                • Define an mandatory NWA message to inform UE whether or not the agreed default parameters can be used.
                • If default parameters can be used, any additional optional configurations that are present, override the respective default parameters.
 
In our experience, RAN2 is not in favour of having all fields in an IE as optional, as this would allow sending of an empty RRC IE message. Hence, at least one mandatory parameter should be chosen, which could be the "default usage" -switch from above.
In any case we cannot yet agree to "All parameters are optional to be signalled." as an agreement in this WF, without further discussion.

	Qualcomm
	It may not always be the case that all interfering cells have the same configuration. So, we prefer the signalling to be per cell. We are open to further discussion in the next meeting.
Since LTE bandwidth for scenario 2 still needs to be discussed, we cannot agree to all parameters being optional at this point. As suggested by Nokia, we are ok to have one field to indicate whether default config is true or not.

	 Apple     
	 We should have the NWA signaling per cell since it cannot be guaranteed that all interference cells have the same config. 
Is the suggestion from Nokia that we have NWA signaling even for the default parameters? 
We cannot agree with all parameters are optional to be signaled at this time.

On NWA signalling in general - 
Based on the agreements on NWA signaling so far (except LTE CBW in scenario 2), if no NWA is configured UE is always expected to do CRS-IM in scenario 1 and in scenario 2 if LTE-MO is configured. Based on this UE is supposed to keep monitoring even when no interfering cells may be present. This seems like a burden to the UE.  In that case we might need some signaling which is not optional based on which UE will enable CRS-IM in scenario 1 and scenario 2. We would like to hear other companies’ views on it.

	Moderator
	Clarification on the Moderator’s Recommendation:
1) Here the default NW configuration assumptions only include the assumptions we agreed in the last meeting, i.e.,
Scenario 1: CRS muting, MBSFN configuration and LTE channel bandwidth/center frequency
Scenario 2: CRS muting and MBSFN configuration
2) Sorry the recommendation is not clear. The intention is that from the spec perspective, we can introduce RRC siganling for multiple cells. But in the field, if the parameters are the same for all cells, BS can signal only one set of parameters.
 
To Nokia, in our understanding, at least the IE itself can be optional.

	Huawei
	We agree with moderator’s clarification on the recommendation



	CMCC
	We prefer NWA signaling per cell.
About the suggestion from Nokia, we disagree to introduce an mandatory NWA message to inform UE whether or not the agreed default parameters can be used. Based on our understanding, if UE is going to perform CRS-IM (such as receive the IRAT-MO configuration), then the UE will use the default parameter, until network re-configure one/a few parameter by NWA.

	China Telecom
	We disagree with the proposal from Nokia to “define an mandatory NWA message to inform UE whether or not the agreed default parameters can be used”. By serving cell CRS-RM signalling for scenario 1, inter-RAT MO or new signalling for scenario 2, UE will know it is under the CRS interference scenario, and then decide whether to turn on CRS-IM depending on the interference level (which is similar for UE to switch between MMSE and MMSE-IRC pending on the interference level).
Ok to have the optional NWA signalling to be per cell, if this is  the  majority view.

	Nokia
	Thank you for the feedback on our proposal. The wording in our proposal was unfortunately incorrect. The message should not be mandatory as already agreed, our intent was to introduce a mandatory parameter/field. Please see the following changed wording:
 
To make this possible all default parameters would need to optimally be include in the NWA signalling message.
To avoid this, we propose for consideration in the next meeting:
                • Define an mandatory NWA message parameter/field to inform UE whether or not the agreed default parameters can be used.
                • If default parameters can be used, any additional optional configurations that are present, override the respective default parameters.
 
@Apple: The intention of the new parameter is to not have to resend the default assumed parameters in case they have not changed.
 

	Ericsson
	Generally, we are fine with moderator’s recommendation.
As we mentioned in the vshift issue discussion, we only accept the NWA is per cell.
And, to address some concern, maybe we can capture something like this:
‘If NWA is not provided by NW, then the requirement defined in RAN4 demodulation is not guaranteed.’ into the spec.

	
	


4) Other comments
China Telecom:
The draft WF is updated in draft WF on general and 15kHz SCS for CRS-IM_v1.docx, by considering the comments received.
Main updates:
LTE channel bandwidth for scenario 2
1) Added power detection method for obtaining LTE CBW in scenario 2.
2) Use different capabilities to differentiate the UEs “capable or not capable” of obtaining LTE CBW by PBCH decoding and/or power detection
3) Added one option on test setup with “Only the new NWA signaling is configured” for scenario 2

Signalling design when the default NW configuration assumptions are NOT valid
Added per cell signaling according to majority view, also consider that the RRC assistance information for LTE UEs with CRS-IM is per cell.

Huawei:
We uploaded the new version of the WF in  draft WF on general and 15kHz SCS for CRS-IM_v3_Huawei.docx with following additions: 

1. For UE acquire bandwidth information by inter-RAT MO configuration , we add the option that defining same UE capability for UE capable of PBCH decoding and power difference detection. Based on our understanding, power difference detection also need inter-RAT MO configuration to know the presence of LTE cell and there is  same condition for PBCH decoding and power difference detection so it is up to UE’s implementation to perform either one of them to do LLR weighting, hence we propose to class them as one capability.

1. We added following with yellow for content on test cases design:
· If same test requirement (test with inter-RAT MO and test NWA) can be applied, further discuss the following test setup for scenario 2 in the next meeting:
· Option 2: Define 2 sets of test setup: 1) Only Inter-RAT MO is configured, and; 2) Only the new NWA signaling is configured.
· If UE with capability of supporting PBCH decoding/Power difference detection has passed the test case with only inter-RAT MO configured, it is not necessary to conduct test case with only NWA signalling configured
· Otherwise, two set of test requirements need to be defined, i.e. 1) Only Inter-RAT MO is configured, and; 2) Only the new NWA signaling is configured
· If UE with capability of supporting PBCH decoding/Power difference detection has passed the test case with only inter-RAT MO configured, it is not necessary to conduct test case with only NWA signalling configured

China Telecom:
Please find an further revision in draft WF on general and 15kHz SCS for CRS-IM_v4_Huawei_CTC.docx, and our replies below:

HW: For UE acquire bandwidth information by inter-RAT MO configuration , we add the option that defining same UE capability for UE capable of PBCH decoding and power difference detection. Based on our understanding, power difference detection also need inter-RAT MO configuration to know the presence of LTE cell and there is  same condition for PBCH decoding and power difference detection so it is up to UE’s implementation to perform either one of them to do LLR weighting, hence we propose to class them as one capability.
[Shan] The same understanding with you. But it seems my previous wording is not clear. I updated it as:
· Separate capability will be introduced for UE capable of performing CRS-IM in scenario 2 without the above new NWA signalling on LTE channel bandwidth.

HW: We added following with yellow for content on test cases design:
· If same test requirement (test with inter-RAT MO and test NWA) can be applied, further discuss the following test setup for scenario 2 in the next meeting:
· Option 2: Define 2 sets of test setup: 1) Only Inter-RAT MO is configured, and; 2) Only the new NWA signaling is configured.
· If UE with capability of supporting PBCH decoding/Power difference detection has passed the test case with only inter-RAT MO configured, it is not necessary to conduct test case with only NWA signalling configured
[Shan] This sub-bullet is very straightforward, and ok to add it. 
· Otherwise, two set of test requirements need to be defined, i.e. 1) Only Inter-RAT MO is configured, and; 2) Only the new NWA signaling is configured
· If UE with capability of supporting PBCH decoding/Power difference detection has passed the test case with only inter-RAT MO configured, it is not necessary to conduct test case with only NWA signalling configured
[Shan] Considering we are approaching the 2nd round deadline, prefer to discuss the new bullet in the next meeting, so I removed it. Thanks for your understanding.

Intel:
We have several comments
· LTE channel bandwidth for scenario 2. 
As for detection capabilities, we think that we also need to have further discussion whether we need to define separate UE capability signalling for this functionality in addition to signalling of CRS-IM support.
As for testing of two schemes, we think that if same test requirement cannot be applied, we also can discuss whether to define requirements for both schemes or only for one scheme. (i.e. for bullet “Otherwise…” we have two options, Option 2 and Option 3 from bullet “If same test requirement can be applied…”)

· Granularity of UE CRS-IM Capability. 
Based on current feature list design we can have the following granularity of NR signalling: per UE or per Band or Per Band Combination or per Feature Set or per Feature Set per Carrier. Therefore, Option 1 and 4 are not valid. Feature Set is signalled with per band per band combination granularity. Therefore, we assume that “per CC, per band, per band combination” should be replaced by “per Feature Set per Carrier” and “per band, per band combination” should be replaced by “per Feature Set”.

China Telecom:
I updated the options for capability granularity as follows:
· Option 1: Introduce granularity of per CC, per band, per band combination (per Feature Set per CC)
· Option 2: Introduce granularity of per UE 
· Option 3: Introduce granularity of per UE, but only applicable for the bands that are overlapping with LTE spectrum
· Option 4: Introduce granularity of per band, per band combination (per Feature Set)

For your comment on detection capabilities for LTE CBW in scenario 2, could the latest version containing the following bullet ok for you?
· Separate capability will be introduced for UE capable of performing CRS-IM in scenario 2 without the above new NWA signalling on LTE channel bandwidth.

v5 version uploaded in draft WF on general and 15kHz SCS for CRS-IM_v5_Huawei_CTC2.docx.

Intel:
I would like to clarify on detection capabilities for LTE CBW in scenario 2. By this new bullet do you mean that we will have the following capabilities:
· CRS-IM for Scenario 2 and without LTE channel bandwidth detection
· CRS-IM for Scenario 2 and with LTE channel bandwidth detection
If yes than we cannot not agree on this bullet now, because in case we agree to define this two capabilities then we need to define the separate requirements to verify each of them. However, it is still under discussion whether to consider the Demod test with configuring of inter-RAT MO.
As for testing of two schemes, taking into account that the whole bullet with “Otherwise…” have been removed, probably it is better to modify the following bullet: “If same test requirement can be applied, further discuss the following test setup for scenario 2 in the next meeting”.

China Telecom:
Having different capabilities is to allow different UE implementations, which helps us to reach consensus (or compromise). Given the situation here, I could not figure out other way of compromise in this meeting or even in the next meeting.
For the test setup and requirements, we can discuss further since we don’t need to conclude before March. 
I can remove “If same test requirement can be applied”.

Intel:
I think this is the first meeting for discussion of this topic and we need more time to check. We can continue discussion on the following options:
· Option 1: Single CRS-IM UE capability for Scenario 2 support
· Option 2: Separate CRS-IM UEs capabilities for Scenario 2 support
· CRS-IM for Scenario 2 and without LTE channel bandwidth detection
· CRS-IM for Scenario 2 and with LTE channel bandwidth detection
Also, we think that anyway blind detection of some parameters is not precluded and rather same discussion we had for other parameters, but we did not discuss the introduction of dedicated capability for detection of these parameters. Therefore, it is not clear why we need to have dedicated capability only for detection of channel bandwidth for Scenario 2.

QC:
Thank you for providing the updated WF. We have following comments:
· For scenario 2 LTE channel bandwidth, our understanding of the current WF is that there will be two UE capabilities: 1) When UE can detect LTE channel BW using LTE MO or power detection and NWA signaling is optional.  2) When UE cannot detect LTE channel bandwidth using LTE MO and NWA signaling is needed. LTE channel bandwidth NWA is optional in both cases. If LTE channel bandwidth is not indicated by NWA and UE is not capable of detection, UE does not perform CRS-IM for scenario2. Is that the correct understanding?
· On page 8, for more clarity, we think it will be good to include number of CRS ports in the list since that has similar agreement for 15kHz.
· We would also like to clarify that on page 9, “All parameters are optional” refer to the following information for neighbor LTE cells:
· CRS Muting
· MBSFN Configuration
· Channel bandwidth and center frequency for scenario 1.
Can you please confirm?

China Telecom:
To Dmitry, 
We can keep it open for now, and I added that “Other options are not precluded”. I did not add the following option 1 you proposed, since it is not clear whether this single capability is with or without  LTE channel bandwidth detection. For option 2, to clarify, for “CRS-IM for Scenario 2 and without LTE channel bandwidth detection”, it has not been decided yet whether or not this is with the same capability with CRS-IM for scenario 1, and we can discuss it in the next meeting.
· Option 1: Single CRS-IM UE capability for Scenario 2 support
· Option 2: Separate CRS-IM UEs capabilities for Scenario 2 support
· CRS-IM for Scenario 2 and without LTE channel bandwidth detection
· CRS-IM for Scenario 2 and with LTE channel bandwidth detection

To Gaurav,
· For scenario 2 LTE channel bandwidth, our understanding of the current WF is that there will be two UE capabilities: 1) When UE can detect LTE channel BW using LTE MO or power detection and NWA signaling is optional.  2) When UE cannot detect LTE channel bandwidth using LTE MO and NWA signaling is needed. LTE channel bandwidth NWA is optional in both cases. If LTE channel bandwidth is not indicated by NWA and UE is not capable of detection, UE does not perform CRS-IM for scenario2. Is that the correct understanding?
[Shan] Yes, I share the same understanding. 
· On page 8, for more clarity, we think it will be good to include number of CRS ports in the list since that has similar agreement for 15kHz.
[Shan] I tend to agree with you that the number of CRS ports can be added. Meanwhile, the issue of “Signalling design when the default NW configuration assumptions are NOT valid” is originally only for the default network configurations agreed in the last meeting. So, let us add the CRS port number in the next meeting. I clarified that the details of optional NWA signalling agreed in this meeting are to be discussed in the next meeting.

· We would also like to clarify that on page 9, “All parameters are optional” refer to the following information for neighbor LTE cells:
· CRS Muting
· MBSFN Configuration
· Channel bandwidth and center frequency for scenario 1.
Can you please confirm?          
[Shan] Yes, I clarified with “All the above parameters”.

In addition, I removed the capability aspect for 30kHz SCS since it is captured in Shiyuan’s WF.
v6 version uploaded here: draft WF on general and 15kHz SCS for CRS-IM_v6_Huawei_CTC3.docx.

Nokia:
The sentence “The signalling (when the default NW configuration assumptions are NOT valid) is per interference cell, and further discuss the maximum number of cells can be signalled.” is not aligned with our understanding of the discussion in this meeting. We can agree to further discuss the maximum number of cells that can be signalled, but the question if one RRC message/IE per interference-cell is needed, or if one message can contain more than one cell, is very tightly linked with the CID list issue, which is not yet decided.

Intel:
In general we are fine with the most part of “LTE channel bandwidth for scenario 2” section. We have only concern about capability part. To have progress for this topic and accept our concern, you can just put FFS for the following sentence: “FFS whether separate capability will be introduced for UE capable of performing CRS-IM in scenario 2 without the above new NWA signalling on LTE channel bandwidth” and remove “Option 1” and “Other options are not precluded”. 

China Telecom:
To Karsten,
To our understanding, the current wording does not preclude any one of them. Can we discuss the detail in the next meeting, or maybe it is a RAN2 issue (I am not sure..)?
if one RRC message/IE per interference-cell is needed, or if one message can contain more than one cell

To Dmitry,
I made the update you suggested. 

Updated version in: draft WF on general and 15kHz SCS for CRS-IM_v7_Huawei_CTC4.docx
Clean version in: draft WF on general and 15kHz SCS for CRS-IM_v7_cl.docx. (hope it is the final draft)

Apple:
We would like to add the following for cases where either default config or optional NWA is assumed:
If the default configuration is not valid or NWA signalling is not provided, UE is not expected to perform CRS-IM
We have this understanding but we would like to capture this as well.

QC:
We don’t agree with “FFS whether” because the concern here is that UE may have to decode PBCH during LTE MO measurements which is not included in RRM timelines. So, we need a UE capability for UEs which can decode PBCH during LTE MO measurements and also pass RRM requirements. Deriving LTE BW using power detection is not trivial either. It will require UE to compare the powers on per RB basis, which needs more memory and processing cycles and some logic on when to enable this based on its reliability. So, without this UE capability, we will prefer NWA signaling to be provided to UE for LTE channel bandwidth or UE is not expected to do CRS-IM for scenario 2.

China Telecom:
To Karsten,
To our understanding, the current wording does not preclude any one of them. Can we discuss the detail in the next meeting, or maybe it is a RAN2 issue (I am not sure..)?
if one RRC message/IE per interference-cell is needed, or if one message can contain more than one cell

To Dmitry,
I made the update you suggested. 

Updated version in: draft WF on general and 15kHz SCS for CRS-IM_v7_Huawei_CTC4.docx
Clean version in: draft WF on general and 15kHz SCS for CRS-IM_v7_cl.docx. (hope it is the final draft)

CMCC:
We have concern about Apple's proposal, in our view, maybe it is more reasonable to change it as "If the default configuration is not valid and NWA signalling is not provided, UE is not expected to perform CRS-IM ".

QC:
In the current version for LTE channel bandwidth scenario 2, we say that UE not capable of detection needs NWA signalling. We also say that such UE capability is FFS. How do I interpret this? If such capability is not introduced, what is the expected behavior of UEs not supporting detection?

Apple:
We would prefer to remove the FFS in:
–      FFS whether separate capability will be introduced for UE capable of performing CRS-IM in scenario 2 without the above new NWA signalling on LTE channel bandwidth.
Its unclear what the expected UE behavior is otherwise.

We would like to also add :
–      With inter-RAT MO configured, 1) UE can use PBCH decoding to obtain channel bandwidth information for CRS-IM if PBCH is within the configured measurement gap, or 2) UE can use power difference detection to obtain channel bandwidth information
  FFS on impact to RRM requirements and timelines 

@Shiyuan, this is fine for us
 "If the default configuration is not valid and NWA signalling is not provided, UE is not expected to perform CRS-IM ".

E///:
We just have one comment related to the following content:
Signalling design when the default NW configuration assumptions are NOT valid
· The signalling (when the default NW configuration assumptions are NOT valid) is per serving cellper interference cell, and further discuss the maximum number of cells can be signalled.

In our understanding, the per-cell signaling means the signal will be sent to all the UEs in the serving cell with totally the same signals. 
If so, we think ‘…per interference cell…’ should be ‘…per serving cell…’
Please correct me if my understanding is wrong. 

China Telecom:
Considering QC’s concern, let us consider the previous version v6 as the final draft.
To Manasa, Shiyuan,
Regarding "If the default configuration is not valid and NWA signalling is not provided, UE is not expected to perform CRS-IM ". 
I have one quick question: If the default configuration is not valid and NWA signalling is not provided, how could UE know this and then turn off CRS-IM 
Since we are approaching deadline, can we come back and discuss in more details in the next meeting?
Also could we discuss this bullet in the next meeting.
  FFS on impact to RRM requirements and timelines 

To Jiakai,
It means different interference cells can have different configurations in terms of CRS muting, MBSFN configuration,... So the original wording would be better.

With the above, I’m going to upload v6 as final draft.

Nokia:
With relation to the sentence “The signalling (when the default NW configuration assumptions are NOT valid) is per interference cell, and further discuss the maximum number of cells can be signalled.” we agree with the understanding and proposed change from Ericsson with a small addition: 
Signalling design when the default NW configuration assumptions are NOT valid
· The signalling (when the default NW configuration assumptions are NOT valid) is per serving cellper interference cell, and further discuss the maximum number of interference cells can be signalled.

Regarding the proposal from Apple:
We cannot agree to adding “If the default configuration is not valid or NWA signalling is not provided, UE is not expected to perform CRS-IM”  as it will mean that unless NWA is provided, UE will not be expected to perform CRS-IM.
Changing to “If the default configuration is not valid and NWA signalling is not provided, UE is not expected to perform CRS-IM”  as proposed by China Mobile cannot apply, as default configuration cannot be indicated “not valid” without the NWA being provided according to previous agreements. We can accept the sentence “If NWA signalling is not provided, UE is not expected to perform CRS-IM”

Nokia:
Correction to below. 
Regarding the proposal from Apple:
We cannot agree to adding “If the default configuration is not valid or NWA signalling is not provided, UE is not expected to perform CRS-IM”  as it will mean that unless NWA is provided, UE will not be expected to perform CRS-IM.
Changing to “If the default configuration is not valid and NWA signalling is not provided, UE is not expected to perform CRS-IM”  as proposed by China Mobile cannot apply, as default configuration cannot be indicated “not valid” without the NWA being provided according to previous agreements. We can accept the sentence “If NWA signalling is not provided, UE is not expected to perform CRS-IM”

E///: We support Nokia’s suggestion. 

China Telecom:
Could everyone check if the following revision from Nokia is ok (seems more clear to me)?
Signalling design when the default NW configuration assumptions are NOT valid
· The signalling (when the default NW configuration assumptions are NOT valid) is per serving cellper interference cell, and further discuss the maximum number of interference cells can be signalled.

For “If NWA signalling is not provided, UE is not expected to perform CRS-IM”, what does the NWA refers to? Serving cell CRS-RM, inter-RAT MO, new NWA? 
Again, let us come back to it in the next meeting…

Intel:
As for LTE channel bandwidth for scenario 2, we are fine to consider the wording from v6.
As for Signalling design, we would like to check meaning of this change whether it precludes the further discussion on whether NWA signalling will be common for all cells or with per Cell granularity? If not then we are fine with suggestion from Nokia.

CMCC:
Since the DDL is coming, can we add a square on [per serving cell], we would further like to check per cell or per UE.

China Telecom:
For the following, in my understanding, “per serving cell” means the signaling is the same for all UEs within the cell, and parameters/information (including CRS muting, MBSFN,…) is signaled for each interference cell while the exact number of interference cells is FFS.
Is the latest revision from CMCC acceptable to all?
Signalling design when the default NW configuration assumptions are NOT valid
· The signalling (when the default NW configuration assumptions are NOT valid) is [per serving cell]per interference cell, and further discuss the maximum number of interference cells can be signalled.

Nokia:
we can accept the revision from CMCC adding the square brackets.

China Telecom:
Thanks Karsten for the confirmation.
On top of v6, I made the following change:
Signalling design when the default NW configuration assumptions are NOT valid
· The signalling (when the default NW configuration assumptions are NOT valid) is [per serving cell]per interference cell, and further discuss the maximum number of interference cells can be signalled.

Please check:
draft WF on general and 15kHz SCS for CRS-IM_v8.docx
draft WF on general and 15kHz SCS for CRS-IM_v8_cl (final draft).docx

HW:
Sorry for the late comments. We share the similar view from CMCC. There are TWO aspects for the signaling:
· One is about signaling transmission: whether the signaling will be transmitted for UE specific or cell specific, it means the signaling is only transmitted to UE that has CRS-IM capability [without channel bandwidth detection]; or it is transmitted for cell specific like system information transmission
· Another is about detailed signaling structure design: we think that the interference information should be per interference cell. if the NWA signaling will be transmitted for UE specific, whether it will be same for all UE with CRS-IM capability [without channel bandwidth detection] or not, we will think that it depends on NW implementation. Because UEs may be in different positions, maybe different number of interference cells or the different interference cells will be informed to UE, it depends on NW.

China Telecom:
Thanks for sharing your thoughts. 
If I understand correctly, you are also ok with final draft version based on CMCC’s suggested wording.
I will add your comment and all other comments by email in the summary document.

Apple:
Thanks for the latest version of WF. We’d like to request to add the following if default assumptions don’t hold and NWA signalling is not configured:
CRS-IM requirements are not applicable if the default configuration is not valid and NWA signalling is not provided.
And also the following can be added so we can discuss in next meeting
§  FFS on impact to RRM requirements and timelines 

China Telecom:
For “CRS-IM requirements are not applicable if the default configuration is not valid and NWA signalling is not provided.”
I did not add it considering the following feedback last Friday:
China Telecom:
Regarding "If the default configuration is not valid and NWA signalling is not provided, UE is not expected to perform CRS-IM ". 
I have one quick question: If the default configuration is not valid and NWA signalling is not provided, how could UE know this and then turn off CRS-IM J
Since we are approaching deadline, can we come back and discuss in more details in the next meeting?
Nokia:
Changing to “If the default configuration is not valid and NWA signalling is not provided, UE is not expected to perform CRS-IM”  as proposed by China Mobile cannot apply, as default configuration cannot be indicated “not valid” without the NWA being provided according to previous agreements.
For “FFS on impact to RRM requirements and timelines”, since it was a new bullet proposed closing to the comment deadline (I understand it was due to the time difference), it seems the wording and motivation are not well understood by all companies. Could we come back in the next meeting? Anyway, both the test setup and requirements are still open as seen in the WF.

Nokia:
Concerning Issue 3-1-7
It is not our understanding that option 1 and option 2 can be combined to form an agreement. The intents behind O1 and O2 seem incompatible.
O1 seems to target that autonomous UE CRS-IM is reliably disabled when deriving the requirements, in the situation where the default NW configuration assumptions are not valid.
O2 seems to target that autonomous UE CRS-IM is reliably enabled when deriving the requirements, in the situation where the default NW configuration assumptions are not valid. And the UE is perfectly able to blindly detect the required parameters.
In the last meeting we agreed that it is not expected for the UE to enable CRS-IM (i.e., do blind detection) of the required parameters in this situation (i.e., default configuration is signalled to not be applicable). But we also explicitly stated that the UE is not forbidden from enabling CRS-IM autonomously (i.e., without NWA/with blind detection); it's just not expected.
As such, we think it is better to leave issue 3-1-7 open in this meeting. Sorry for not pointing this out earlier.
Concerning Tuesday GtW:
Could the moderator give some indication which exact issue are planned to be discussed?
In general, we made a lot of progress this meeting and some time to think might be needed before we continue moving forward, potentially without having considered all implications.
(Also, the chair seems to have given the wrong thread ID [322] in the GtW planning.)

China Telecom:
Thanks. Probably you are right if blind detection is not required, no need to discuss mis-detection (when blind detection is needed and not correct). Maybe we can simply remove “and misdetection”, is it ok?
· Not consider UE blind detection and misdetection of the following NW configurations
· Scenario 1: CRS muting, MBSFN configuration and LTE channel bandwidth/center frequency
· Scenario 2: CRS muting and MBSFN configuration

For Tuesday GTW, since I am not sure whether there will be time allocated for this thread, I did not send the candidate issues. But I can send the list here in case we can get a GTW slot tomorrow (322 is thread # in the last meeting J). 
LTE channel bandwidth for scenario 2
Option 1:
· For scenario 2, LTE channel bandwidth information can be awared by following possible ways:
· With inter-RAT MO configured, 1) UE can use PBCH decoding to obtain channel bandwidth information for CRS-IM if PBCH is within the configured measurement gap, or 2) UE can use power difference detection to obtain channel bandwidth information
· LTE channel bandwidth information can be informed to UE by NWA signalling (optional)
· For UE not capable of obtaining LTE CBW information by PBCH decoding and/or power detection, NWA signalling on LTE CBW is needed to perform CRS-IM.
· Separate capability will be introduced for UE capable of performing CRS-IM in scenario 2 without the above new NWA signalling on LTE channel bandwidth.
· If such information not conveyed to UE, UE is not expected to perform CRS-IM appropriately.
· In the next meeting, discuss whether the test requirement for the following schemes can be the same:
· Scheme #1: CRS-IM with Inter-RAT MO configured and perform PBCH decoding and/or power difference detection
· Scheme #2: CRS-IM with NWA signaling
· Further discuss the following test setup for scenario 2 in the next meeting:
· Option 1: Define one set of test setup with both Inter-RAT MO and the new NMA signaling configured by the network
· Option 2: Define 2 sets of test setup: 1) Only Inter-RAT MO is configured, and; 2) Only the new NWA signaling is configured.
· FFS the applicability of the 2 sets of test setup 
· Option 3: Define one set of test setup: Only the new NWA signaling is configured.
Other options are not precluded.

v-shift information
· The baseline assumption: No need to introduce NWA signaling for v-shift information

Applicability of UE CRS-IM Capability
· For scenario 1 and 2:
· Option 1: Further discuss whether to introduce single or separate features for Scenario 1 and Scenario 2 
· Option 2: Not to differentiate Scenario 1 and Scenario 2 with 15kHz

Granularity of UE CRS-IM Capability
· Option 1: Introduce granularity of per CC, per band, per band combination (per Feature Set per CC)
· Option 2: Introduce granularity of per UE 
· Option 3: Introduce granularity of per UE, but only applicable for the bands that are overlapping with LTE spectrum
· Option 4: Introduce granularity of per band, per band combination (per Feature Set)

Nokia:
To align with earlier agreements where UE is not “expected” to do blind detection, we propose the following wording:

Not consider expect UE blind detection and misdetection of the following NW configurations
· Scenario 1: CRS muting, MBSFN configuration and LTE channel bandwidth/center frequency
· Scenario 2: CRS muting and MBSFN configuration

China Telecom:
I agree with your wording update. 
Please find the revision in draft WF on general and 15kHz SCS for CRS-IM_v9_Moderator.docx, and the colours were also removed in this revision.

Apple:
Thanks for your reply. 
For “CRS-IM requirements are not applicable if the default configuration is not valid and NWA signalling is not provided.”
We understand the contradiction, but we would definitely like to capture this in some way. Even if the NWA signalling to indicate that the assumed config is not valid, there is no way the UE knows it and might not even do any detection if capable. 
Regarding impact to RRM, we don’t see why it cannot be captured as FFS.

China Telecom:
Regarding “CRS-IM requirements are not applicable if the default configuration is not valid and NWA signalling is not provided”, we can capture something if agreeable. Do you have other alternative wording suggestion? If so, we can discuss in Tuesday GTW, if there will a time slot allocated by Chair.
Regarding “FFS on impact to RRM requirements and timelines”, currently as you can see in the WF, the test setup and the related details will be discussed in the next meeting. I hesitate to add it without sufficient discussion. But we can check in Tuesday GTW if time allows.
· Further discuss the following test setup for scenario 2 in the next meeting:
· ….

With these, I’m going to upload the v9 as formal version soon. Hope we can get a time slot for further discussion in Tuesday GTW.
Thanks for your understanding!

Apple:
The highlighted part is the suggested wording. We are open to discuss in GTW.

China Telecom:
I’m really sorry that I did not recognize the sentence has been updated. My apologies! 
At least to me, the following sentence is agreeable. I will add this sentence if no comment by 17:00 UTC.
CRS-IM requirements are not applicable if the default configuration is not valid and NWA signalling is not provided.

Nokia:
We are fine with the new wording proposed by Apple:
CRS-IM requirements are not applicable if the default configuration is not valid and NWA signalling is not provided.
It is in line with our understanding of last meetings agreement, that the NW cannot expect the UE to blindly detect when default config is broken (though we don't preclude future enhanced UE implementations that go above this expectation).

China Telecom:
Thanks Karsten for your feedback, which is helpful.
So I uploaded the formal version in R4-2203028.zip, which added the text below on top of the v9 version.
General
CRS-IM requirements are not applicable if the default configuration is not valid and NWA signalling is not provided.
Recommendation:		Return to. The WF agreeable, will further check on Final round GTW session

Topic #3: Signalling aspects for CRS-IM
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2200274
	Apple Inc.
	UE Capability Signaling
Proposal #1: Introduce granularity of per CC, per band, per band combination for UE capability for CRS-IM.
Proposal #2: UE capability for CRS-IM is only applicable for 15KHz SCS until feasibility to support this confirmed for 30KHz SCS.
Network Assistance Signaling
Observation #1: For INR and loading values used in Phase 1 evaluation the degrade without CRS sequence information is around 0.5 dB. With lower INR and LTE cell loading we could expect higher degradation. 
Proposal #3: Include LTE CRS sequence information in parameters needed for LLR weighting. 
Observation #2: UE cannot assume same number of ports between serving and neighbor LTE cell in scenario 1. 
Observation #3: Information on number of CRS ports if not indicated by network assistance information would be challenging for UE to obtain.
Observation #4: If interference LTE CRS port information is not provided, the UE would assume single port (port 0) for CRS-IM.
Observation #5: With single CRS port assumption the performance degrade is > 1dB with 2RX and 0.6 dB for 4RX compared to 4 CRS ports for CRS-IM. 
Proposal #4: RAN4 proceeds with assumption that number of CRS ports are needed for CRS-IM. 
Observation #6: In RAN4#101-e there was agreement to include NWA if MBSFN or CRS muting configuration is different from RAN4 assumption.
Observation #7: UE would be aware of presence of LTE cell by either network assistance information or from LTE MO.
Proposal #5: UE is informed via network assistance of presence of LTE neighbor cell to perform CRS-IM in both scenario 1 and scenario 2.
Proposal #6: If network assistance is not configured for UE to inform of presence of LTE neighbor cell, then UE is required to perform CRS-IM only if LTE MO is configured. 
Observation #8: If LTE MO is configured UE would be able to obtain LTE carrier frequency and vshift information, it cannot obtain LTE bandwidth and CRS port number information. 
Observation #9: UE needs network assistance to obtain CRS location information – LTE carrier frequency, bandwidth, vshift and CRS port number. 
Observation #10: If UE is not configured the required CRS location information via network assistance, it is additional complexity for UE to obtain this information on its own. 
Proposal #7: UE is informed of all LTE CRS location information via network assistance. 
Proposal #8: If UE is not configured NWA and is expected to rely on LTE-MO, it assumed CRS port 0 and any channel BW of CRS-IM. 
Proposal #9: UE is informed of LTE sequence information via network assistance, otherwise performance of CRS-IM cannot be guaranteed in real deployment.

	R4-2200381
	MediaTek Inc.
	Observation 1: The impact to UE detection for the necessary information for LLR weighting, UE processing complexity and power consumption cannot be easily quantified.
Observation 2: It cannot be guaranteed that PBCH is transmitted in the measurement gap.
Proposal 1: RAN4 introduces network signaling for CRS-IM receiver.
-	For scenario 1: physical Cell ID, number of CRS antenna ports.
-	For scenario 2: physical Cell ID, number of CRS antenna ports, bandwidth of the LTE carrier, center of the LTE carrier.

	R4-2200503
	Nokia, Nokia Shanghai Bell
	Parameters needed for LLR weighting
CRS Sequence
Observation 1: It is not clear, if using the CRS sequence will improve LLR Weighting and if so, with how much.
Proposal 1: Do not include the CRS sequence as parameter for LLR Weighting and in case UE requires the CRS sequence, the UE must determine it on its own.
CRS Ports
Proposal 2: Use 1 or 2 CRS ports as default unless simulations provided in this meeting show otherwise.
How UE can obtain above parameters which can be discussed in case by case manner also depending on deployment scenarios with below candidate alternatives
Observation 2: A simple way to inform the UE about the network configuration in case network does not conform to the agreed default assumptions, can fulfil the agreements from last meeting.
Proposal 3: Unless informed by the network, the UE should follow assumed condition/scenarios as default. 

Assumptions on the network configuration: Part I (excluding CRS port number)
Observation 3: UE vendors have argued that UE doing full blind detection can be challenging for the UE implementation with relation to time and power consumption.
Observation 4: In case Network does not conform to the default configuration assumptions, the network can inform the UE. If not informed, a UE might enable CRS-IM based on the default configuration assumptions. UE performing CRS-IM using invalid parameters would see performance degrades, which might not be acceptable.
Proposal 4: RAN4 to propose means for the network to ensure UE is aware if the network does not conform to the default configuration assumptions. This could be by RAN4 proposing RAN2 to define a new message with this information. The content level of the message is still to be decided.

Assumptions on the network configuration: Part II (CRS port number)
Observation 5: To simplify the level of NWA, the network configuration should target the same number of CRS ports are used across the network.
Proposal 5: Assume the number of CRS ports used in serving and neighbouring cells are the same (option 1).

How could UE obtain the identified parameters if not signalled by the network
Observation 6: Option1 and option 2 seems both to be possible but incomplete ways for the UE to obtain the identified parameters. For example, further down we will argue, that option 1 represent a strong constraint for the NW scheduling. However, neither option 1 nor option 2 can stand alone in all deployment and scheduling conditions. 
Proposal 6: Both option 1 and option 2 can form a baseline for detecting the “unidentified” parameters for most deployments.

Further discussion on the related technical aspects
Whether inter-RAT MO can be always configured
Observation 7: The network is already aware when InterRAT MO is required based on UE signalling. This would also apply in case of LTE interference. Whether InterRAT MO is enabled shall be decided by the BS implementation (Option 1).
Whether inter-RAT LTE measurement is performed right after receiving the inter-RAT MO
Observation 8: It can be assumed, that a well configured network will only configure the InterRAT MO when needed. Enabling of InterRAT MO are not related to a specific threshold in the UE. The InterRAT measurements shall be done by the UE when enabled by InterRAT MO without any threshold.
Whether PBCH decoding is always possible in inter-RAT measurement
Observation 9: It is a strong constraint on the NW scheduling to always guarantee PBCH can be decoded during InterRAT measurement gaps. The network is not required to ensure that PBCH is placed in the InterRAT measurement gap.
On center frequency and bandwidth of LTE carrier for scenario 2
Observation 10: Default assumed network configuration would be expected to be the same center frequency and bandwidth for all LTE cells. If this is not the case InterRAT MO can be used to determine the center frequency for the interference cells and the bandwidth can be known by either PBCH demodulation or, if not possible, by power measurements.

Whether to introduce network assistance signalling
Observation 11: The CRS-RM pattern IE contains most of the information potentially required to assist in CRS-IM LLR weighing reception.
Observation 12: RRC configuration of RateMatchPatternLTE-CRS IE enables CRS-RM and, thus, prevents using CRS-IM approaches to convey the information.
Observation 13: The existing of RateMatchPatternLTE-CRS IE is missing some of the parameters requested by companies as required for LLR Weighting.
Observation 14: Information provided in any level of NWA is non-dynamic information taken from the network configuration. The information provided is not expected to change during RRC_connected states.
Proposal 7: RAN4 to ask RAN2 define new RRC signaling for CRS-IM IE, which contains the NW available information from the IE RateMatchPatternLTE-CRS and adds optional information for CRS-muting, (Max) Number of CRS ports, and v-shifts. The information provided in this new IE should be provided in a non-dynamic manner. Configuration of this message does not trigger CRS-RM functionality.
Introduced parameters description
Proposal 8: Introduce an optional information parameter “CRS-Muting-r17” to indicate if CRS muting is used in the network. “CRS-Muting-r17” should default to the agreed default assumed setting.
Proposal 9: Introduce an optional information parameter “v-ShiftList-r17” to indicate which v-shift is used in the LTE network. “v-ShiftList-r17” should default to the agreed default assumed setting.
Proposal 10: Introduce an optional information parameter “maxNrofCRS-Ports-r17” to indicate the maximum number of CRS ports used by the network. RAN4 to discuss, if a default assumption for this parameter can be chosen. 

Potential impact by misdetection of network parameters without network signalling
Observation 15: When an interfering cell is strong enough to warrant the use of CRS-IM, the UE will also be able to correctly detect the needed parameters for LLR Weighting.
Proposal 11: Do not consider any misdetection (option 1). 

Whether to introduce CRS-IM UE capability signalling
Observation 16: If UE has informed the serving cell that it supports CRS-IM, the serving cell can assume the UE will enable CRS-IM, hence the serving cell can then disable RM for the interference cells. 
Proposal 12: RAN4 to further discuss the content of the UE capability signalling after the level of NWA has been agreed. As minimum, the UE capability signalling for CRS-IM shall indicate if the UE supports CRS-IM.
Proposal 13: If UE indicates CRS-IM capability, the network will assume CRS-IM to be used. However, this assumption can be overruled by prior and future agreements on default deployment assumptions and CRS-IM activation assumptions thereof.

	R4-2200518
	Intel Corporation
	Proposal 1:	Define per cell NWA signalling to inform UE about the configuration of the following NW parameters: CRS muting (for Scenario 1 and 2), MBSFN configuration (for Scenario 1 and 2) and LTE channel bandwidth/center frequency (for Scenario 1), if they are not aligned with default assumptions used for CRS-IM requirements definition.
Proposal 2:	Do not consider UE blind detection of CRS muting, MBSFN configuration and LTE channel bandwidth/center frequency for Scenario 1.
Proposal 3:	Do not consider UE blind detection of CRS muting and MBSFN configuration for Scenario 2.
Proposal 4:	Define per cell NWA signalling to inform UE about bandwidth and center of the carrier of all neighboring LTE cells for Scenario 2.
Proposal 5:	Define per cell NWA signalling to inform UE about physical cell IDs of all neighboring cells.
Proposal 6:	Assume blind detection of number of CRS ports.
Proposal 7:	Assume blind detection of LTE slot number within the frame.

	R4-2201603
	Intel Corporation
	Proposal 1: Define mandatory without capability signalling feature to indicate that UE supports MMSE-IRC requirements for scenarios with inter-cell interference and slot-based transmission in case requirements will be defined in a non-release independent manner.
Proposal 2: Define mandatory without capability signalling feature to indicate that UE supports MMSE-IRC requirements for scenarios with intra-cell inter-user interference in case requirements will be defined in a non-release independent manner.
(Note: Proposal 1 and 2 to be discussed in thread [101-bis-e][317] NR_perf_enh2_Demod_Part2)
Proposal 3: Define optional with capability signalling feature to indicate support of CRS-IM receiver for scenarios with overlapping spectrum for LTE and NR and further discuss whether to introduce single or separate features for Scenario 1 (DSS) and Scenario 2 (NR + LTE).
Proposal 4: Use per-UE granularity for CRS-IM capability signalling.

	R4-2200802
	CMCC
	Proposal 1: In order to enable CRS-IM receiver (LLR weighting), only the information of the presence of CRS and CRS location is needed. 
Proposal 2: UE get the LLR weighting required parameters through the following method:
•	the presence of LTE cell
	For scenario 1: by serving cell CRS-RM configuration, 7.5kHz shift configuration 
	For scenario 2: by inter-RAT MO configuration
•	CRS muting information
	Follow the assumption of no CRS muting
•	MBSFN configuration information
	For scenario 1, follow the assumption of MBSFN configuration same as serving cell
	For scenario 2, follow the assumption of no MBSFN configuration
For CRS location information, UE can obtain the information as follows:
•	v-shift and CRS port number
	For Scenario 1 and Scenario 2 with NR 15kHz SCS, UE can obtain the power difference, v-shift and CRS ports information through power difference detection.
	For Scenario 2 with NR 30kHz SCS, UE can obtain the power difference and the CRS ports information through power difference detection. No need to further identify the v-shift information. 
•	LTE carrier frequency and bandwidth
	For scenario 1, follow the assumption of Channel bandwidth and centre frequency aligned for the serving and neighboring cells
	For scenario 2, obtain the LTE neighbor cell carrier frequency through inter-RAT MO configuration, obtain the bandwidth through inter-RAT MO and PBCH decoding.
Proposal 3: For Scenario 1 and Scenario 2, only introduce the network assistance signalling to inform UE when default assumption is not aligned with NW configuration
Proposal 4: The number of CRS ports in the serving and neighbouring cells can be different.
Proposal 5: Introduce CRS-IM UE capability signaling as follows:

	R4-2200899
	China Telecom
	Observation 1: Either with or without CRS sequence information, LLR weighting can always achieve reasonable performance gain (1.6 ~ 2.2 dB) over the reference scheme.
Observation 2: LLR weighting with CRS sequence information can achieve 0.3~0.6 dB performance gain over LLR weighting without CRS sequence information, only when there is 1 LTE interference cell per v-shift. Moreover, the gain is not significant considering the additional UE complexity to perform channel estimation of neighbour LTE cell.
Observation 3: When performing LMMSE channel estimation to the neighbour cell, LLR weighting with CRS sequence information will need similar UE complexity as CRS-IC. We have concern on whether UE will really implement the LLR weighting with CRS sequence information, since there have been companies raised the UE processing time issue due to the higher complexity of CRS-IC.
Observation 4: When there is combined CRS signal from 2 LTE neighbour cells on each CRS RE:
3)	There is no performance difference between LLR weighting with and without sequence, when UE perform channel estimation for LTE cell 1 with INR = 10.45dB for LLR weighting with sequence.
4)	When the UE perform channel estimation for LTE cell 2 with INR = 4.6dB for LLR weighting with sequence, the performance of LLR weighting with sequence is even worse than that of LLR weighting without sequence.
Proposal 1: Do not consider the need of CRS sequence information for LLR weighting processing.
Observation 5: With 4 port CRS transmission, S8/Save is larger than 1 dB for 96% of the cases when SNR = 11.2dB, and 99% of the cases when SNR = -0.3dB, where S8 is the power of symbol #8 containing CRS port #2 and #3, and Save is the average power of symbol#3/5/6/9/10.
Proposal 2: It is feasible for UE to blind detect the presence of CRS on symbol#8 by comparison of power on different symbols.
Observation 6: For the case 1 where UE always assume the wrong CRS port number, there will be 0.4dB performance degradation compare with the case where UE always know the correct CRS port number.
Observation 7: With UE performing detection for the CRS port number, LLR weighting can achieve the same performance compare with the case where UE always know the correct CRS port number.
Proposal 3: There is no need for UE to be informed the CRS port number to perform LLR weighting.
Observation 8: For scenario 1, it is typical to assume the same CRS port number for the serving and the neighbour cell, and meanwhile, it is not necessary to add the restriction on the CRS port number based on proposal 3. 
Proposal 4: The number of CRS ports in the serving and neighbouring cells can be different.
Observation 9: UE only needs to be indicated the presence of the neighbour LTE cell, and then UE can detect the CRS location related information.
Proposal 5: The presence of the neighbour LTE can be indicated by the configuration of serving cell CRS-RM for scenario 1, and by the configuration of inter-RAT MO for scenario 2.
Proposal 6: Not to introduce any new network assistance signalling, to assist the quicker use of Rel-17 CRS-IM in commercial networks.

	R4-2200984
	Huawei, HiSilicon
	Observation 1: LLR weighting with sequence always has better performance than that without sequence bur there is still large performance gain over baseline receiver for LLR weighting without sequence
Proposal 1: It is not necessary for UE to acquire the CRS sequence information.
Observation 2: The performance are same for UE has knowledge of CRS ports, always assume 4 ports and CRS port number blind detection.
Proposal 2: Consider UE always perform LLR weighting with the assumptions of 4 CRS ports if CRS-IM is turned on without any information of CRS presence information. i.e. CRS muting configuration, MBSFN configuration, number of CRS ports. 
Proposal 3: Configure Inter-RAT measurement for both scenario 1 and scenario 2
Proposal 4: Not Consider NWA for Rel-17 CRS-IM receiver

	R4-2201416
	Ericsson
	Observation 1: UE only needs to know the location of CRS symbols for doing LLR weighting and don’t need any sequence information
Observation 2: Since there is no performance difference between using CRS sequence or not in the LLR weighting, CRS sequence is not needed 
Observation 3: CRS sequence is not necessary for doing LLR weighting
Proposal 1: Not to introduce any type of network assistance signaling for Rel-17 CRS-IM
Proposal 2: Not to consider any misdetection in defining demodulation requirement

	R4-2201417
	Ericsson
	Simulation results for UE PDSCH throughput when doing the demodulation with and without CRS sequence.

	R4-2201964
	Qualcomm Incorporated
	Network Assistance
Proposal 1: Do not consider blind detection as candidate receiver.
Observation 1: We observe 4-5 dB loss with detection algorithms v/s using network assistance under scenario 1 with link adaptation enabled and SIR = -6dB.
Observation 2: Detection algorithms may not perform well when interference is weaker than serving cell PDSCH.
Observation 3: It was discussed and agreed to provide such network assistance in LTE for CRS interference cancellation.
Observation 4: It is additional UE complexity to detect LTE center freq and BW, which may decrease overall throughput either due to misdetection or because of frequent inter-RAT measurement objects.
Proposal 2: Define network assistance for CRS interference mitigation.
Proposal 3: We can consider below two options for network assistance:
	Option 1: Introduce network assistance same as RateMatchPatternLTE-CRS. 
	Option 2: Do not consider scenario 2 for RAN4 requirements and introduce network assistance for number of CRS ports and vshift.


Open issues summary
Sub-topic 3-1: Network Assistance Signalling Aspects
Issue 3-1-1: Need of CRS sequence information for LLR weighting
· Agreements in RAN#101-e in the WF R4-2120705:
· Enable CRS-IM receiver (LLR weighting), below parameters/information needed:
· The presence of CRS information including: the presence of LTE cell, MBSFN configuration, [CRS muting information] if configured
· CRS location information including: LTE carrier frequency, bandwidth, v-shift, CRS port number
· FFS CRS sequence information needed or not which including: Cell ID, [slot number within radio frame information]
· Companies are encouraged to bring simulation results for LLR weighting with and without CRS sequence. Based on performance comparison, RAN4 plan to draw conclusion whether CRS sequence information needed or not in Jan 2022 RAN4 meeting.
· The complexity and power consumption impact also need to be considered when RAN4 make decision.
· Companies’ simulation results on LLR weighting with/without CRS sequence info:
· Apple: For INR and loading values used in Phase 1 evaluation the degrade without CRS sequence information is around 0.5 dB. 
· Intel, E///: LLR weighting with and without CRS sequence have rather same performance
· China Telecom:
· LLR weighting with CRS sequence information can achieve 0.3~0.6 dB performance gain over LLR weighting without CRS sequence information, only when there is 1 LTE interference cell per v-shift. 
· When there is CRS signal from 2 LTE neighbour cells on each CRS RE: 
· There is no performance difference between LLR weighting with and without sequence, when UE perform channel estimation for LTE cell 1 with INR = 10.45dB for LLR weighting with sequence.
· When the UE perform channel estimation for LTE cell 2 with INR = 4.6dB for LLR weighting with sequence, the performance of LLR weighting with sequence is even worse than that of LLR weighting without sequence.
· HW: LLR weighting with sequence always has better performance than that without sequence but there is still large performance gain over baseline receiver for LLR weighting without sequence
· Companies’ observations on the complexity of LLR weighting with CRS sequence:
· China Telecom: When performing LMMSE channel estimation to the neighbour cell, LLR weighting with CRS sequence information will need similar UE complexity as CRS-IC. 
· It is questionable whether UE will really implement the LLR weighting with CRS sequence information, since there have been companies raised the UE processing time issue due to the higher complexity of CRS-IC.
· Proposals:
· Option 1: CRS sequence information is needed for LLR weighting (Apple)
· Option 2: CRS sequence information is not needed for LLR weighting (Nokia, CMCC, CTC, HW, E///, QC)
· Recommended WF
· Agree option 2?

[bookmark: _Hlk92804686]Issue 3-1-2: Whether UE needs to be indicated the CRS port number
· Status in RAN#101-e in the WF R4-2120705:
· Interested companies can bring simulation result based on the assumption without and with knowledge of number of CRS ports
· 2Tx ports configured
· Simulated cases:
· Case 1: UE assuming 4Tx ports 
· Case 2: UE aware of 2Tx ports
· Case 3: UE blind detection of number of Tx ports
· For power difference: Interested companies can bring simulation output for power difference between symbols with and without CRS REs) for the detection of number of CRS ports.
· Companies’ simulation results on LLR weighting with/without knowledge of CRS port number:
· China Telecom: With UE performing detection for the CRS port number, LLR weighting can achieve the same performance compare with the case where UE always know the correct CRS port number.
· HW: The performance are same for UE has knowledge of CRS ports, always assume 4 ports and CRS port number blind detection.
· Intel: The number of CRS ports can be rather reliable detected without significant impact on performance.
· Apple: In the worst case the UE would assume single CRS port, in that case, we observe that with 2 RX the performance degrade is > 1dB and with 4 RX degradation is 0.6 dB.
· QC: We observe 4-5 dB loss with detection algorithms v/s using network assistance under scenario 1 with link adaptation enabled and SIR = -6dB. Detection algorithms may not perform well when interference is weaker than serving cell PDSCH.
· Companies’ observations on how could UE obtain CRS port number info without NWA:
· Option 1: By PBCH decoding during measurement gap (Apple)
· Option 2: By UE detection (Intel, CMCC, CTC, E///)
· Option 3: UE do not need to know the CRS port number (HW)
· Proposals:
· Option 1: UE needs to be indicated the CRS port number (Apple, QC)
· Option 2: Not to consider indicating the CRS port number (Intel, CMCC, CTC, HW, E///, [Nokia])
· Option 2A: UE can always perform LLR weighting with the assumptions of 4 CRS ports (HW)
· Option 2B: CRS port number can be assumed blind detected (Intel, CMCC, CTC, E///)
· Option 2C: Use 1 or 2 CRS ports as default (Nokia)
· Recommended WF
· TBA

Issue 3-1-3: Assumptions on the CRS port number configuration
· Status in RAN#101-e in the WF R4-2120705:
· On CRS port number in scenario 1:
· Option 1: The same number of CRS ports in the serving and neighbouring cells 
· Option 2: The number of CRS ports in the serving and neighbouring cells can be different 
· To be decided in the next meeting
· Proposals:
· Option 1: Assume the same number of CRS ports in the serving and neighbouring cells (Nokia)
· Option 2: The number of CRS ports in the serving and neighbouring cells can be different (CMCC, CTC)
· CMCC, CTC: No need to add the restriction on the CRS port number, since it can be detected by power comparison
· Recommended WF
· TBA


Issue 3-1-4: How could UE obtain the identified parameters if not signalled by the network
· Status in RAN#101-e in the WF R4-2120705:
· Option 1: By inter-RAT measurement, PBCH decoding
· Option 2:
· For scenario 1, by the configuration of serving cell CRS-RM
· For scenario 2, by the configuration of 7.5KHz shift and inter-RAT MO
· Companies’ observations on related technical aspects:
· Whether inter-RAT MO can be always configured
· Option 1: The inter-RAT MO can be always configured if neighbour EUTRA cell exists (CMCC, HW, E///, Intel)
· Option 2: Up to BS implementation (Nokia, Intel)
· Whether inter-RAT LTE measurement is performed right after receiving the inter-RAT MO
· For Inter-RAT MO without any threshold
· Option 1: The InterRAT measurements shall be done by the UE when enabled by InterRAT MO without any threshold. (Nokia, Intel, E///)
· For Threshold triggered inter-RAT measurement
· Option 1: Threshold triggered inter-RAT measurement is used for IDLE mode cell re-selection. (Intel)
· Whether PBCH decoding is always possible in inter-RAT measurement
· Option 1: The network is not required to ensure that PBCH is placed in the InterRAT measurement gap. (Nokia, MTK)
· Option 2: Inter-RAT MG should cover LTE subframe#0. This can be done by BS setting proper gap-offset and MGL. (CMCC, HW, E///, Intel)
· Proposals:
· For the neighbor cell LTE presence information
· For scenario 1
· Option 1: by serving cell CRS-RM configuration or 7.5kHz shift configuration (CMCC, CTC, [HW], E///)
· For scenario 2
· Option 1: by inter-RAT MO configuration (CMCC, CTC, [HW], E///, Apple)
· For the CRS frequency location information (LTE carrier frequency, bandwidth, v-shift)
· For vshift information for scenario 1 and scenario 2
· Option 1: Estimate and apply the interference power per vshift, as discussed in Issue 2-1 on LLR weighting implementation (China Telecom, HW, CMCC)
· CMCC: UE can obtain the power difference, v-shift through power difference detection.
· For LTE carrier frequency for scenario 2
· Option 1: by inter-RAT MO configuration (Apple, CMCC, CTC, HW, E///, [Nokia])
· For LTE bandwidth information for scenario 2
· Option 1: by power difference detection (CMCC, CTC, HW, E///, [Nokia])
· QC: It is additional UE complexity to detect LTE center freq and BW, which may decrease overall throughput either due to misdetection or because of frequent inter-RAT measurement objects.
· Option 2: by LTE PBCH decoding
· For the CRS sequence information ([Slot number within radio frame], Cell ID) (Still FFS on whether CRS sequence information is needed)
· Option 1: Cannot be obtained (Apple)
· Option 2: Slot number within radio frame information can be blind detected, Cell ID cannot be obtained (Intel)
· Recommended WF
· For the neighbor cell LTE presence information
· For scenario 1, agree on Option 1 (by serving cell CRS-RM configuration or 7.5kHz shift configuration)
· For scenario 2, agree on Option 1 (by inter-RAT MO configuration) if feasible?
· For the CRS frequency location information (LTE carrier frequency, bandwidth, v-shift)
· For vshift information for scenario 1 and scenario 2: Further discuss
· For LTE carrier frequency for scenario 2, agree on Option 1 (by inter-RAT MO configuration) if feasible?
· For LTE bandwidth information for scenario 2: Further discuss
· For the CRS sequence information: On hold, pending on the conclusion of Issue 3-1-1
Based on the above recommended WF, further discuss:
· Feasibility of utilizing inter-RAT MO configuration information, including: 
· Whether inter-RAT MO can be always configured
· Whether inter-RAT LTE measurement is performed right after receiving the inter-RAT MO
· Whether the option 1 for obtaining vshift information (Estimate and apply the interference power per vshift) is agreeable?
· How to obtain LTE channel bandwidth information for scenario 2
· Option 1: by power difference detection
· Option 2: by LTE PBCH decoding. FFS whether PBCH decoding is always possible in inter-RAT measurement


Issue 3-1-5: Whether to introduce network assistance signalling, under the default NW configuration assumption
· Status in RAN#101-e in the WF R4-2120705:
· Option 1: Introduce network assistance on neighbour cell LTE configuration
· Option 2: Do not consider network assistant information
· Proposals:
· Option 1: Introduce network assistance on neighbour cell LTE configuration (Apple, MTK, Intel, QC, Nokia)
· Option 1A: NW signaling include LTE presence, location and sequence (Apple)
· Option 1B (MTK) 
· For scenario 1: physical Cell ID, number of CRS antenna ports.
· For scenario 2: physical Cell ID, number of CRS antenna ports, bandwidth of the LTE carrier, center of the LTE carrier
· Option 1C (Intel) 
· For scenario 1: physical Cell ID 
· For scenario 2: physical Cell ID, bandwidth of the LTE carrier, center of the LTE carrier
· Option 1D (Nokia)
· Define new RRC signaling for CRS-IM IE, which contains the NW available information from the IE RateMatchPatternLTE-CRS and adds optional information for CRS-muting, (Max) Number of CRS ports, and v-shifts. 
· Configuration of this message does not trigger CRS-RM functionality.
· Option 1E (QC)
· Introduce network assistance same as RateMatchPatternLTE-CRS.
· Option 1F (QC)
· Introduce network assistance for number of CRS ports and vshift for scenario 1
· Do not consider scenario 2 for RAN4 requirements 
· Option 2: Do not consider network assistant signalling (CMCC, CTC, HW, E///)
· Recommended WF
· TBA

Issue 3-1-6: Signalling design when the default NW configuration assumptions are not valid
· Status in RAN#101-e in the WF R4-2120705:
· For scenario 1 and 2, by default, UE follow below assumption of Network configuration for CRS-IM receiver
· no CRS muting, 
· MBSFN configuration same as serving cell for scenario 1; NO MBSFN configuration for scenario 2
· Channel bandwidth and centre frequency aligned for the serving and neighbouring cells for scenario 1
· If above assumption not aligned with NW configuration: 
· Network can inform to UE by NWA signalling. FFS for the details of NWA signalling 
· It’s Network decision whether need to be informed to UE even the network configuration not aligned with default assumption. From network perspective, if such information conveys to UE, network expect UE should not follow the default assumption. 
· FFS whether UE blind detection can be considered as candidate UE receiver. If such UE capability introduced, separate UE capability signalling need to be introduced for UE receiver without blind detection 
· Proposals on the detailed signalling design:
· Option 1 (Intel): NW provides the common information for all UEs within the cell, which includes: CRS muting (for Scenario 1 and 2), MBSFN configuration (for Scenario 1 and 2) and LTE channel bandwidth/center frequency (for Scenario 1). FFS whether to assume the same or different configurations for all neighbouring cells.
· Option 2 (Nokia): Add information on MBSFN configuration, channel bandwidth and centre frequency, and optional information for CRS-muting, and all interference cells have the same parameters.
· Recommended WF
· Further discuss whether the signalling is per interference cell or all interference cells have the same parameters, and whether some of the parameters are optional to be signaled.


Issue 3-1-7: Blind detection when the default NW configuration assumptions are not valid
· Proposals on blind detection and potential impact of mis-detection:
· Option 1: Do not consider UE blind detection for the following NW configurations (Intel, QC)
· Scenario 1: CRS muting, MBSFN configuration and LTE channel bandwidth/center frequency
· Scenario 2: CRS muting and MBSFN configuration
· Option 2: Not to consider any misdetection in defining demodulation requirement (E///, Nokia)
· Recommended WF
· TBA

Sub-topic 3-2: CRS-IM Capability Signalling Aspects
· Agreements in RAN#101-e in the WF R4-2120705:
· Whether to introduce CRS-IM UE capability signalling
· Agree to introduce UE capability signaling for CRS-IM.
· FFS on the details, including the granularity of the capability and other aspects if necessary.

Issue 3-2-1: Granularity of UE CRS-IM Capability
· Proposals
· Option 1: Introduce granularity of per CC, per band, per band combination (Apple)
· Apple: UE would need to support this feature only in CCs and bands that are overlapping with LTE spectrum. Proposed UE feature list in R4-2200286.
· Option 2: Introduce granularity of per UE (CMCC, Intel)
· Recommended WF
· Need feedback from more companies

Issue 3-2-2: Applicability of UE CRS-IM Capability
· Proposals
· For 15kHz SCS:
· Option 1: FR1 only, no FDD/TDD difference (Apple, CMCC)
· For 30kHz SCS:
· Option 1: FFS until feasibility to support CRS-IM for 30kHz SCS is confirmed (Apple)
· Option 2: Define separate UE capability for 30kHz SCS CRS-IM, FR1 only, no FDD/TDD difference (CMCC)
· For scenario 1 and 2:
· Option 1: Further discuss whether to introduce single or separate features for Scenario 1 (DSS) and Scenario 2 (Intel)
· Recommended WF
· Need feedback from more companies

Issue 3-2-3: Other Aspects on UE CRS-IM Capability
· Proposals
· Nokia: 
· RAN4 to further discuss the content of the UE capability signalling after the level of NWA has been agreed. As minimum, the UE capability signalling for CRS-IM shall indicate if the UE supports CRS-IM
· If UE indicates CRS-IM capability, the network will assume CRS-IM to be used.
· Recommended WF
· Need feedback from more companies

Companies views’ collection for 1st round 
Open issues 
	Company
	Comments

	Company A
	Sub-topic 3-1: Network Assistance Signalling Aspects
Issue 3-1-1: Need of CRS sequence information for LLR weighting

Issue 3-1-2: Whether UE needs to be indicated the CRS port number

Issue 3-1-3: Assumptions on the CRS port number configuration

Issue 3-1-4: How could UE obtain the identified parameters if not signalled by the network
· Feasibility of utilizing inter-RAT MO configuration information

· How to obtain LTE channel bandwidth information for scenario 2

Issue 3-1-5: Whether to introduce network assistance signalling, under the default NW configuration assumption

Issue 3-1-6: Signalling design when the default NW configuration assumptions are not valid

Issue 3-1-7: Blind detection when the default NW configuration assumptions are not valid

Sub-topic 3-2: CRS-IM Capability Signalling Aspects
Issue 3-2-1: Granularity of UE CRS-IM Capability

Issue 3-2-2: Applicability of UE CRS-IM Capability
· For 15kHz SCS:
· For 30kHz SCS:
· For scenario 1 and 2:

Issue 3-2-3: Other Aspects on UE CRS-IM Capability



	China Telecom
	Sub-topic 3-1: Network Assistance Signalling Aspects
Issue 3-1-1: Need of CRS sequence information for LLR weighting
Option 2, according to our simulations and analysis.

Issue 3-1-2: Whether UE needs to be indicated the CRS port number
Option 2.
For the simulation from Apple:
· 1-port LTE deployment is not typical.
· Detection of CRS ports by simple power comparison is not applied.
· Is it assumed that LLR weighting is only applied on the REs for port 0? 
For the simulation results of 4-5 dB loss from QC, we wonder what are the simulation setup and assumptions.

Issue 3-1-3: Assumptions on the CRS port number configuration
Option 2.

Issue 3-1-4: How could UE obtain the identified parameters if not signalled by the network
· Feasibility of utilizing inter-RAT MO configuration information, including: 
· Whether inter-RAT MO can be always configured
The option 1 and option 2 from companies seem not conflict with each other. We can assume option 1 for the requirement definition.

· Whether inter-RAT LTE measurement is performed right after receiving the inter-RAT MO
We wonder why Threshold triggered inter-RAT measurement is only used for IDLE mode.

· Whether the option 1 for obtaining vshift information (Estimate and apply the interference power per vshift) is agreeable?
Estimate and apply the interference power per vshift is what we did in the simulation.
In practical systems, usually the interference exists on different vshift. We don’t need to judge whether the interference exists for one vshift, but just estimate the interference power per vshift.
Moreover, considering that the same NWA is provided for UEs in the same cell, we don’t believe accurate NWA information on vshift can be provided for UEs in different locations.

· How to obtain LTE channel bandwidth information for scenario 2
Both Option 1 (by power difference detection) and Option 2 (by LTE PBCH decoding) are possible. 

Issue 3-1-5: Whether to introduce network assistance signalling, under the default NW configuration assumption
Option 2.

Issue 3-1-6: Signalling design when the default NW configuration assumptions are not valid
No strong view on the detailed signalling design. Probably it is better to assume all interference cells have the same parameters.

Issue 3-1-7: Blind detection when the default NW configuration assumptions are not valid
Ok with option 1.

Sub-topic 3-2: CRS-IM Capability Signalling Aspects
Issue 3-2-1: Granularity of UE CRS-IM Capability
Option 2.
Issue 3-2-2: Applicability of UE CRS-IM Capability
· For 15kHz SCS: ok with option 1. 
· For 30kHz SCS: ok with option 2. In addition, 30kHz SCS CRS-IM capability may apply to TDD only.
· For scenario 1 and 2: can discuss later



	Intel
	Sub-topic 3-1: Network Assistance Signalling Aspects
Issue 3-1-1: Need of CRS sequence information for LLR weighting
Based on our understanding, we should not restrict the UE implementation and assume that only LLR weighting without CRS sequence knowledge is considered. From performance point of view, both implementations are rather close. Same time, from complexity point of view, we think that LLR weighting with CRS sequence is lower in comparison to LLR weighting without CRS sequence. Based on our analysis, LMMSE channel estimation of neighbouring cell signal is not required and simple LS channel estimation can be used. Therefore, for LLR weighting without CRS sequence, we just need to apply LS channel estimation and then interference power estimation. Same time, for LLR weighting without CRS sequence, we need to estimate receive signal power, serving signal power and then subtract serving signal power and power of residual interference-plus-noise from receive signal power to estimate the interference power.
Issue 3-1-2: Whether UE needs to be indicated the CRS port number
Options 1 and 2B are fine for us.
Based on our analysis, using of CRS port blind detection does not lead to significant performance degradation. Same time, we understand that blind detection leads to increasing of UE complexity. From our side, we think that this is the only parameter detection of which more or less feasible and can be excluded from NWA signalling part. However, we are also fine to include indication of CRS port number in the NWA signalling.
Issue 3-1-3: Assumptions on the CRS port number configuration
Support Option 2. It is better not to restrict network structure.
Issue 3-1-4: How could UE obtain the identified parameters if not signalled by the network
· Feasibility of utilizing inter-RAT MO configuration information
From UE point of view, it is feasible to use inter-RAT MO to get information about LTE centre carrier frequency. Same time, from Network point of view, we will have certain restriction that for activation of CRS-IM at the UE side, inter-RAT MO should be configured, Therefore, we don’t see big difference between NWA signalling and inter-RAT MO configuration. 
· How to obtain LTE channel bandwidth information for scenario 2
Based on our understanding, from UE complexity point of view, it is better to consider PBCH decoding. However, from network point of view, it is required to ensure correct measurement gap configuration, which may restrict the scheduling. 
Based on all above observations, we think that it is better to consider NWA signallling of LTE centre carrier and channel bandwidth instead of relying on Inter-RAT MO and correct measurement gap configurations.

Issue 3-1-5: Whether to introduce network assistance signalling, under the default NW configuration assumption
Based on discussion above, we think that introduction of network assistance signalling is required to reduce the complexity of UE processing and the complexity of NW scheduling.
We support Option 1A, 1B and 1C.
As for 1D, we would like to check whether it is possible to include the list of physical cell IDs instead of v-shifts. In case we assume that NW can configure Inter-RAT MO, which contains the list of physical cell IDs, we think that NW has this information and can provide it.
In case we can change v-shifts by physical cell IDs in Option 1D, we are fine to consider it after clarification on Issue 3-1-6.
Issue 3-1-6: Signalling design when the default NW configuration assumptions are not valid
We would like to check several questions:
Q1: Whether it is reasonable to assume and whether it is guaranteed that all neighbouring cells will have the same configuration of certain parameters (for example, MBSFN configuration)?
Q2: In case answer on Q1 is NO and at least one cell has different configuration, what will be signalled to UE in case common IE is used?
Issue 3-1-7: Blind detection when the default NW configuration assumptions are not valid
Support Option 1. Blind detection of these parameters is very complicated. In case blind detection of these will be considered, we need to define the dedicated requirements to verify it. Same time, it is not the main purpose of CRS-IM requirements.

Sub-topic 3-2: CRS-IM Capability Signalling Aspects
Issue 3-2-1: Granularity of UE CRS-IM Capability
Support Option 2. We think that per UE should be sufficient and will reduce the complexity of capability signalling. In case Option 1 is considered, it means that UE needs to identify the NR CCs which can potentially overlap with LTE CCs and then provide the signalling.

Issue 3-2-2: Applicability of UE CRS-IM Capability
· For 15kHz SCS: Option 1.
· For 30kHz SCS: Option 1.
· For scenario 1 and 2: The outcome of this discussion depends on decision on network assistance signaling.

Issue 3-2-3: Other Aspects on UE CRS-IM Capability
We are fine with proposal from Nokia. From content point of view, we assume that UE will just inform about support of CRS-IM Rx processing (i.e. similar to all other features related to enhanced processing).


	CMCC
	Sub-topic 3-1: Network Assistance Signalling Aspects
Issue 3-1-1: Need of CRS sequence information for LLR weighting
We support Option 2. Based on the discussion of Issue 2-1, both LLR weighting implementation methods don’t need the CRS sequence information. 
Issue 3-1-2: Whether UE needs to be indicated the CRS port number
Option 2B.  From our simulation, it shows that UE can acquire the CRS port information through power estimation.

Issue 3-1-3: Assumptions on the CRS port number configuration
Option 2. There is no need to configure such CRS port number assumption, since UE can acquire the CRS port information through power estimation. Besides, in real network, the CRS ports in the serving and neighbouring cells can be different.
Issue 3-1-4: How could UE obtain the identified parameters if not signalled by the network
· Feasibility of utilizing inter-RAT MO configuration information
From our view, inter-RAT MO can be always configured, and it is based on BS implementation. 
· Whether the option 1 for obtaining vshift information (Estimate and apply the interference power per vshift) is agreeable?
For scenario 1 and Scenario 2 with 15kHz SCS, we think it is feasible for UE do the power estimation, acquire the CRS location information ( including v-shift information and CRS ports information) and power difference.
· How to obtain LTE channel bandwidth information for scenario 2
From our view, both Option 1 and Option 2(with proper setting of gapset) can be used to obtain the BW information. It can be decided by UE implementation.
Issue 3-1-5: Whether to introduce network assistance signalling, under the default NW configuration assumption
No need to introduce network assistance signalling, unless the practical configuration is mis-aligned with default assumption as last meeting’s agreements.
Issue 3-1-6: Signalling design when the default NW configuration assumptions are not valid
We support the proposal from Intel, that NW provides the common information for all UEs within the cell, which includes: CRS muting (for Scenario 1 and 2), MBSFN configuration (for Scenario 1 and 2) and LTE channel bandwidth/center frequency (for Scenario 1).
The parameters should be signalled when its configuration is not aligned with default assumption. Therefore, they are optional to be signalled. As for the granularity of signalling, we prefer to assume the different configurations for all neighbouring cells. 
Issue 3-1-7: Blind detection when the default NW configuration assumptions are not valid
We think Option 1 and Option 2 are not conflict options. We support both options.
Sub-topic 3-2: CRS-IM Capability Signalling Aspects
Issue 3-2-1: Granularity of UE CRS-IM Capability
We support Option 2. First, the CRS-IM algorithm is same for all operating bands. Besides, for Option 1, since all FDD bands support DSS, and TDD bands such as n40, n41, n34, n39, n38 support DSS, it is rather complex for UE to signal the capability.
Issue 3-2-2: Applicability of UE CRS-IM Capability
· For 15kHz SCS:
· We support Option 1, UE implementation and default assumption is same under FDD and TDD, therefore, no FDD/TDD difference is needed.
· For 30kHz SCS:
· We support Option 2 and open to discuss. For 30kHz SCS, the UE LLR processing may need larger memory, so, separate UE capability for 30kHz SCS is probably needed. 
· For scenario 1 and 2:
· No need to differentiate Scenario 1 and Scenario 2 with 15kHz.
Issue 3-2-3: Other Aspects on UE CRS-IM Capability
We are fine with the propoal from Nokia, we can have more discussion when NWA related issues has been agreed.

	Ericsson
	Sub-topic 3-1: Network Assistance Signalling Aspects
Issue 3-1-1: Need of CRS sequence information for LLR weighting
Support the recommended WF. The process of LLR weighting has been wild discussed during the previous meetings. And apparently, there are different implementations that can not be unified easily. From the analysis, we see that the implementation without CRS sequence works (actually it is our implementation as well). From the simulation results, we see that the performance of the implementation without CRS sequence can achieve good gain which is no worse than having CRS sequence involved. In this case, we can conclude that the CRS sequence is not necessary for doing LLR weighting.
Issue 3-1-2: Whether UE needs to be indicated the CRS port number
Support 2A and 2B. By observing from the simulation results submitted by different companies, we found that there is no performance difference between knowing CRS port number in advance and obtaining the CRS port number information by detection. Even the detection is wrong (assuming x ports and transmitting y ports in real, x>y), there is no performance degradation either. Hence, we think it is not necessary to inform UE the CRS port number. 
Issue 3-1-3: Assumptions on the CRS port number configuration
We prefer to not set restriction on that. But if we need an assumption for defining requirement, then we support option 1. 
Issue 3-1-4: How could UE obtain the identified parameters if not signalled by the network
· Feasibility of utilizing inter-RAT MO configuration information
· Whether inter-RAT MO can be always configured
Option 1
· Whether inter-RAT LTE measurement is performed right after receiving the inter-RAT MO
Option 1
· Whether the option 1 for obtaining vshift information (Estimate and apply the interference power per vshift) is agreeable?
Agreeable to us. 
· How to obtain LTE channel bandwidth information for scenario 2
For scenario 1, it is the same as serving cell. For scenario 2, it can be obtained by power detection. 

Issue 3-1-5: Whether to introduce network assistance signalling, under the default NW configuration assumption
Option 2. 
Issue 3-1-6: Signalling design when the default NW configuration assumptions are not valid

Issue 3-1-7: Blind detection when the default NW configuration assumptions are not valid
Option 2. 
Sub-topic 3-2: CRS-IM Capability Signalling Aspects
Issue 3-2-1: Granularity of UE CRS-IM Capability
Need further check. 
Issue 3-2-2: Applicability of UE CRS-IM Capability
· For 15kHz SCS: Option1
· For 30kHz SCS: Option 1
· For scenario 1 and 2: FFS

Issue 3-2-3: Other Aspects on UE CRS-IM Capability
Discuss after the issue of NWA is settled. 


	Apple
	Sub-topic 3-1: Network Assistance Signalling Aspects
Issue 3-1-1: Need of CRS sequence information for LLR weighting
Based on our analysis we observe performance delta with no CRS sequence assumption in INR conditions used for evaluation and requirements. Since the conditions in the field will vary, we cannot determine how much the degrade will be with using without CRS sequence assumption at different INR. We cannot understand how LLR weighting with sequence would be worse than LLR weighting without CRS sequence. Also, the complexity of LLR weighting with CRS sequence is not the same as that of CRS-IC since full LMMSE channel estimation is not required for it. We cannot agree with option 2. The UE processing without CRS sequence is not trivial either since there is some processing and complexity associated with determining the interference power based on power based estimation. CRS sequence-based methods might be less complex and easier to implement in our understanding.
Issue 3-1-2: Whether UE needs to be indicated the CRS port number
We support option 1. 
Power based estimation methods only work in certain INR /SIR conditions. They cannot always be guaranteed to work in real deployment. If UE is not indicated the number of CRS ports, it could assume single CRS port in our understanding which is the same as assumption for inter-RAT measurement. UE can blindly detect if possible, but the baseline assumption should be that either the information is provided to the UE by NWA signalling or UE assumes single port transmission. 
Also, UE may also be able to decode PBCH to get the number of CRS ports, but it cannot be guaranteed since MG might not have LTE PBCH and also its additional complexity for the UE. 
Issue 3-1-3: Assumptions on the CRS port number configuration
We don’t agree with either option. The baseline assumption should be that UE assumes 1 CRS port if no NWA signalling is provided.
Issue 3-1-4: How could UE obtain the identified parameters if not signalled by the network
· Feasibility of utilizing inter-RAT MO configuration information
If the inter-RAT MO configuration is used for CRS presence and for carrier freq it might be feasible to use this for UE to perform CRS-IM, but could it be guaranteed that inter-RAT MO is always configured? So, would UE not be required to perform CRS-IM if LTE-MO is no configured? Also, based on only LTE-MO config there would be some further restrictions on what UE assumes for other CRS parameters. 
· Whether the option 1 for obtaining vshift information (Estimate and apply the interference power per vshift) is agreeable?
Power based estimation methods would bring additional complexity to the UE and cannot be guaranteed to provide good performance in all conditions. Hence, we cannot agree with option 1. 
· How to obtain LTE channel bandwidth information for scenario 2
Again, UE could blindly detect a lot of the LTE parameters but taking practical implementation into account it’s no possible to expect UE to blindly detect everything. UE is either indicated this by NWA otherwise we can consider to de-prioritize scenario 2. PBCH decoding cannot always be guaranteed as mentioned earlier in other issues, and is also additional complexity for UE to decode LTE PBCH.
Issue 3-1-5: Whether to introduce network assistance signalling, under the default NW configuration assumption
Yes, network assistance signalling should be introduced. We support option 1A, 1B
For option 1D is this applicable to both scenario 1 and scenario 2? If all the info from RateMatchPatternLTE-CRS and Cell _ID are configured, we also support this option. 
Issue 3-1-6: Signalling design when the default NW configuration assumptions are not valid
Is it guaranteed that all inference cells have the same configuration? If not, then parameters should be per interference cell. We don’t think any of them can be optional to be signalled. 
Issue 3-1-7: Blind detection when the default NW configuration assumptions are not valid
We support option 1, not to consider UE blind detection when default NW config assumptions are not valid. 
Sub-topic 3-2: CRS-IM Capability Signalling Aspects
Issue 3-2-1: Granularity of UE CRS-IM Capability
Option 1. Since UE doesn’t need to support this on all bands and CCs it should be able to indicate this per CC, per band, per band combination rather than as a per UE feature. 
Issue 3-2-2: Applicability of UE CRS-IM Capability
· For 15kHz SCS: Support option 1
· For 30kHz SCS: This depends on feasibility discussion
· For scenario 1 and 2: This depends on NWA discussion 

Issue 3-2-3: Other Aspects on UE CRS-IM Capability
We would like to understand what additional UE capability signalling is expected based on the NWA. 


	
	Sub-topic 3-1: Network Assistance Signalling Aspects
Issue 3-1-1: Need of CRS sequence information for LLR weighting
Option 2
Based on our simulation results, the performance gain for LLR weighting without CRS sequence is enough.
@ Intel: We don’t think LLR weighting with CRS sequence is lower in comparison to LLR weighting without CRS sequence. Based on our understanding, there are two possible ways to perform LLR weighting without CRS sequence:
1) Estimate the power difference for RE with CRS and RE without CRS
2) Estimate the power difference for total power of CRS RE, serving cell and noise.
Obviously, first way is the simplest implementation and has lowest complexity. For second way, power of serving cell and noise can be directly derived from channel estimation and noise estimation which is always performed in demodulation processing, so, no extra complexity will be introduced.
Based on our simulation results, two ways have same performance in two scenarios.
However, for LLR weighting with sequence, we can’t exclude the LMMSE channel estimation since it is up to UE implementation. In our simulation results in our Tdoc, LMMSE channel estimation is used and it shows significant performance gain.
Issue 3-1-2: Whether UE needs to be indicated the CRS port number
Option 2. Based on the simulation results we can observe that CRS port information has no impact on performance and it is the safest way that UE always assume 4 CRS ports.
Issue 3-1-3: Assumptions on the CRS port number configuration
As discussed in Issue 3-1-3, always assuming 4 CRS ports is the most feasible way to reduce the power consumption and guarantee the performance.
Issue 3-1-4: How could UE obtain the identified parameters if not signalled by the network
· Whether inter-RAT MO can be always configured
Option 1. Based on our understanding, inter-RAT MO should be configured if there is neighbouring EUTRA cell deployed and serious interference from LTE. Now the test of CRS-IM is trying to mitigate the interference from LTE by setting proper INR1=10.45dB, INR2=4.45dB value, this test setup is aligned with the condition that inter-RAT MO should be configured.
· Whether inter-RAT LTE measurement is performed right after receiving the inter-RAT MO
Based on our understanding on the core specification as extracted below, if UE is configured with following parameters, UE will perform inter-RAT measurement: 
· Inter-RAT MO,
· Reporting configurations
· Measurement identities
· Quantity configurations 
· Measurement gaps.
The details are captured in clause 5.5.3 from 38.331. As for the concern that UE may not perform inter-RAT measurement when serving cell’s RSRP is lower than certain threshold, it can be avoided by not configuring IE s-MeasureConfig.
· Whether PBCH decoding is always possible in inter-RAT measurement
This can be guaranteed by setting MGL to 6ms and gap offset to 0 so that PBCH can always be detected within the measurement gap.
· How to obtain LTE channel bandwidth information for scenario 2
UE can estimate CRS power per serval RBs
Issue 3-1-5: Whether to introduce network assistance signalling, under the default NW configuration assumption
Based on our discussions above, we support option 2
Issue 3-1-6: Signalling design when the default NW configuration assumptions are not valid
We propose to leave it up to UE blind detection
Issue 3-1-7: Blind detection when the default NW configuration assumptions are not valid
Option 2
Sub-topic 3-2: CRS-IM Capability Signalling Aspects
Issue 3-2-1: Granularity of UE CRS-IM Capability
Option 2, option 2 is the same way as LTE and is the simplest way for defining capability signalling. 
Issue 3-2-2: Applicability of UE CRS-IM Capability
· For 15kHz SCS:
Option 1
For 30kHz SCS:
Option 2
· For scenario 1 and 2:
Option 1

	Nokia, Nokia Shanghai Bell
	Sub-topic 3-1: Network Assistance Signalling Aspects
Issue 3-1-1: Need of CRS sequence information for LLR weighting
Based on companies’ simulation results and observations, using CRS Sequence for LLR Weighting does not provide enough improvements compared to complexity introduced to mandate using the CRS Sequence. Support option 2.
Issue 3-1-2: Whether UE needs to be indicated the CRS port number
Even if performance is degraded when selecting the wrong number of CRS ports, there should still be an overall improvement compared to CRS-RM. Based on this, the default setting for the number of CRS ports, should be defined based on the most used configuration. We support any of option 2. If agreed that the difference in performance when using 4 ports as default does not have significant impact, we can also support using 4 ports instead of 1 or 2 CRS ports as default.
Issue 3-1-3: Assumptions on the CRS port number configuration
If issue 3-1-2 is decided, then no agreement is required for issue 3-1-3 anymore. 
Based on companies observations in Issue 3-1-2 where using wrong CRS-port setting for LLR Weighting does not significantly impact the performance, however we still maintain that option 1 is practically more relevant.
Issue 3-1-4: How could UE obtain the identified parameters if not signalled by the network
· Feasibility of utilizing inter-RAT MO configuration information
We still feel Option 2 is correct, however no agreement is required to be reached, as this is only for addition observations on technical aspects.
· How to obtain LTE channel bandwidth information for scenario 2
Both option 1 and 2 are fine. PBCH decoding will not always be possible in inter-RAT measurements, however no agreement is required to be reached, as this is only for addition observations on technical aspects.
Issue 3-1-5: Whether to introduce network assistance signalling, under the default NW configuration assumption
Our understanding of the agreement in the WF “- Network can inform to UE by NWA signalling. FFS for the details of NWA signalling” dictates that a message shall be defined for this purpose. Our compromise proposal is to provide as much support to the UE as possible, assuming a network wide static configuration. With our proposal, it will be possible for the network to provide some degree of information about the difference in network configuration compared to the agreed default settings. We have later found, that there might be differences in the understanding of the agreement in the WF, meaning that it is not yet agreed if such a IE should be defined or not.
We would like feedback/comments from companies to confirm the understanding of the agreement.
We would still prefer a solution without NWA, however if this is not possible to agree on this, we would appreciate feedback from companies regarding our compromise proposal. We have chosen this compromise proposal as the information is already available in most basestation implementations and RRC based NWA avoids c-plane complications.
Issue 3-1-6: Signalling design when the default NW configuration assumptions are not valid
Adding information per cell will go into the direction of fully dynamic NWA, hence any level of NWA should be based on network wide configuration (i.e., all interferes have the same parameters).
Issue 3-1-7: Blind detection when the default NW configuration assumptions are not valid
According to prior agreement if the default assumptions are not valid and BS send the not-valid flag, then the BS assumes the UE is not using CRS-IM. If UE still enables CRS-IM then we assume it can blind detect all required parameters as it has judged the interference to be strong enough to warrant this step.
Sub-topic 3-2: CRS-IM Capability Signalling Aspects
Issue 3-2-1: Granularity of UE CRS-IM Capability
It is not required to have declaration per band combination, as the declaration should be valid for all overlapping spectrum/bands. As such we can agree to a granularity of “per UE”, but with the additional constraint of only “supporting CRS-IM on CCs and band that are overlapping with LTE spectrum”. 

Issue 3-2-2: Applicability of UE CRS-IM Capability
· For 15kHz SCS:
· With our proposal for the granularity the applicability question does not arise. UE capabilities are appliable whenever they are signalled.
· For 30kHz SCS:
· Option 1.
· For scenario 1 and 2: In case UEs might support only one scenario for CRS-IM, it would make sense to indicate separate support. We would like comments from UE vendors on this proposal.
· This depends on NWA discussion.

Issue 3-2-3: Other Aspects on UE CRS-IM Capability
We appreciate the feedback from companies regarding our proposed IE.
In our current understanding, there should only be a single bit to indicate support of CRS-IM, however the current discussion on NWA content may lead to more. For example, support of blind detection for certain parameters.


	MediaTek
	Sub-topic 3-1: Network Assistance Signalling Aspects
Issue 3-1-2: Whether UE needs to be indicated the CRS port number
We support Option 1. 
Issue 3-1-3: Assumptions on the CRS port number configuration
We support Option 2 that no restriction for CRS ports for the neighboring cells.
Issue 3-1-4: How could UE obtain the identified parameters if not signalled by the network
· Feasibility of utilizing inter-RAT MO configuration information
We share the same view with Apple. It might be possible to use inter-RAT Mo to indicate the presence of LTE and carrier frequency. However, could it be guaranteed that inter-RAT MO is always configured? Can we agree that UE will not need to perform CRS-IM if LTE MO is not configured?
· Whether the option 1 for obtaining vshift information (Estimate and apply the interference power per vshift) is agreeable?
We understand that operators, infra-vendors and chip venders have their own preference. In RAN4, we do lots of simulation to define requirements. However, for almost all cases, we are focusing on some specific receiver algorithm. For example, for intra-cell MMSE-IRC receiver, we will assume UE knows all configurations, such as number of layers, CDM group, DMRS configuration, MCS, etc. Indeed, UE does know above information exactly through explicitly singalling, such as RRC and/or PDCCH. We are only focusing on DMRS processing. However, for CRS-IM, except noise power estimation for LLR weighting, we are now asking UE to detect lots of static network information, such as v-shift and LTE channel bandwidth. Even if UE can detect these information by itself, it will increase the complexity and power consumption of UE. We agree that we can also have lots of simulations to verify the performance of UE detection capability for v-shift or LTE channel bandwidth. However, can it be guaranteed that our simulation assumptions cover some corner cases? Why do we just inform the UE with NW setting explicitly? Why do we take the risk that UE has wrong detection for the NW setting?
 
· How to obtain LTE channel bandwidth information for scenario 2
There is a concern that PBCH cannot be guaranteed transmitted in inter-RAT measurement. Hence, we propose to have network signalling for LTE bandwidth in scenario 2. 


Issue 3-1-5: Whether to introduce network assistance signalling, under the default NW configuration assumption
We support to introduce network assistance signalling. We also support Option 1D.
Issue 3-1-6: Signalling design when the default NW configuration assumptions are not valid
If it cannot be guaranteed that all cells are in the same configuration. NW should provide signalling for each interference cell.
Issue 3-1-7: Blind detection when the default NW configuration assumptions are not valid
Support Option 1.

Sub-topic 3-2: CRS-IM Capability Signalling Aspects
Issue 3-2-1: Granularity of UE CRS-IM Capability
Prefer Option 1.
Issue 3-2-2: Applicability of UE CRS-IM Capability
· For 15kHz SCS: Support Option 1.
· For 30kHz SCS: Support Option 1. Depends on discussion for feasibility.
· For scenario 1 and 2: Support Option 1.


	Qualcomm
	Sub-topic 3-1: Network Assistance Signalling Aspects
Issue 3-1-1: Need of CRS sequence information for LLR weighting
Support Option 2.
Issue 3-1-2: Whether UE needs to be indicated the CRS port number
Support Option 1. As mentioned in our paper, blind detection does not work well when interference is lower than serving cell. Most of the companies’ simulation results only consider the scenario being considered in RAN4 where interference is stronger than the serving cell. But this is not the only scenario that will happen in the field. Based on operators’ measurements submitted in the plenary in the beginning of this WI, they observed the performance loss due to CRS interference in all regimes, not just cell-edge.
Issue 3-1-3: Assumptions on the CRS port number configuration
We need clarification for this issue. Is this for actual network deployment or just for RAN4 simulations? If it is for NW deployment, it seems both Option 1 and Option 2 are possible and that is why number of CRS ports need to be indicated to the UE via NWA.
Issue 3-1-4: How could UE obtain the identified parameters if not signalled by the network
· Feasibility of utilizing inter-RAT MO configuration information
We have below concerns for utilizing IRAT MO Configuration:
· NW is not required to always configure IRAT MO. If NW doesn’t configure it, what is the expected UE behavior? Does UE disable CRS-IM?
· Even if NW configures IRAT MO, it is not obligated to guarantee PBCH within Measurement period.
· Even if NW configures IRAT MO and guarantees PBCH within measurement period, UE is not obligated to decode PBCH because RRM requirements for IRAT measurements do not include PBCH decoding. So, if UE decides to decode PBCH on its own, it may have to violate RRM requirements depending on UE implementation. Does UE get a waiver on passing those requirements in that case?
· Configuring frequent IRAT MOs for all UEs will reduce overall system throughput.
· Decoding PBCH at every IRAT MO will increase UE complexity and power consumption.
· How to obtain LTE channel bandwidth information for scenario 2
Power difference detection has below issues:
· It is not reliable when interference is lower than signal.
· UE will have to compare the powers between two symbols for each PRB, which is more complex and most likely, UEs will opt out of doing this and assume something which is not always true.
For LTE PBCH decoding, we have similar concerns as we mentioned for IRAT MO above.
Issue 3-1-5: Whether to introduce network assistance signalling, under the default NW configuration assumption
Based on the concerns provide for previous issues, we prefer to introduce NWA. As a compromise, we already provided Option 1F where required NWA is minimal for scenario 1.
Issue 3-1-6: Signalling design when the default NW configuration assumptions are not valid
We prefer it to be per interfering cell because different cells could potentially have different config. 
Issue 3-1-7: Blind detection when the default NW configuration assumptions are not valid
From UE implementation perspective, blind detection will be very expensive because there are so many hypotheses to run. So, we prefer no blind detection. 

Sub-topic 3-2: CRS-IM Capability Signalling Aspects
Issue 3-2-1: Granularity of UE CRS-IM Capability
Prefer Option 1 because UE doesn’t need to support it for all BCs. Also, as we increase number of CCs, UE may not be able to support CRS-IM for all CCs.

Issue 3-2-2: Applicability of UE CRS-IM Capability
· For 15kHz SCS: Support Option 1.
· For 30kHz SCS: If it is confirmed to be feasible, we prefer this to be a separate capability.
· For scenario 1 and 2: This is dependent on how much NWA is agreed. If UE needs to do additional processing for scenario 2 after NWA agreement, it is preferable to consider it as separate feature.

Issue 3-2-3: Other Aspects on UE CRS-IM Capability
It depends on NWA outcome.


	ZTE
	Sub-topic 3-1: Network Assistance Signalling Aspects
Issue 3-1-1: Need of CRS sequence information for LLR weighting
Option 2 is ok.
Issue 3-1-4: How could UE obtain the identified parameters if not signalled by the network
How to obtain LTE channel bandwidth information for scenario 2
      Option 2. For scenario 2, power difference detection is enough.
Issue 3-1-5: Whether to introduce network assistance signalling, under the default NW configuration assumption
We support option 2. 
Sub-topic 3-2: CRS-IM Capability Signalling Aspects
Issue 3-2-1: Granularity of UE CRS-IM Capability
We support option 2.We think that the capability should for per UE. Based on our outstanding, different UE have different capabilities. It depend on UE. 



Summary for 1st round 
Open issues 
	
	Status summary 

	Sub-topic 3-1
	Issue 3-1-1: Need of CRS sequence information for LLR weighting
Summary of technical observations:
· Companies’ observations on the performance gain
· Apple: For INR and loading values used in Phase 1 evaluation the degrade without CRS sequence information is around 0.5 dB. 
· Intel, E///: LLR weighting with and without CRS sequence have rather same performance
· China Telecom:
· When there is 1 LTE interference cell per v-shift, LLR weighting with CRS sequence information can achieve 0.3 ~ 0.6 dB performance gain compared to without CRS sequence. 
· When there is CRS signal from 2 LTE neighbour cells on each CRS RE, LLR weighting with sequence has the same or worse performance compared to without sequence, when UE perform channel estimation for INR = 10.45dB and INR = 4.6dB respectively.
· HW: LLR weighting with sequence always has better performance than that without sequence but there is still large performance gain over baseline receiver for LLR weighting without sequence
· Companies’ observations on the complexity:
· CTC, HW, Nokia: LLR weighting with CRS sequence is more complex than without sequence
· China Telecom: When performing LMMSE channel estimation to the neighbour cell, LLR weighting with CRS sequence information will need similar UE complexity as CRS-IC. 
· HW: We can’t exclude the LMMSE channel estimation since it is up to UE implementation. LMMSE channel estimation shows significant performance gain.
· Apple, Intel: The complexity of LLR weighting with CRS sequence can be same or lower than without sequence 
· Intel: LMMSE channel estimation of neighbouring cell signal is not required and simple LS channel estimation can be used.
Summary of round 1 discussion:
· Option 1: CRS sequence information is needed for LLR weighting (Apple)
· Option 2: CRS sequence information is not needed for LLR weighting (Nokia, CMCC, CTC, HW, E///, QC, Nokia, ZTE)
· Option 3: Do not restrict the UE implementation on whether CRS sequence is needed (Intel)
GTW Agreement: 
General agreement for NWA signalling of CRS-IM receiver
· RRC based NWA signalling shall be introduced. The details up to RAN2 with necessary input from RAN4.

Not restrict UE implementation, CRS sequence not needed from baseline receiver assumption for defining RAN4 minimum performance requirements
By default, Cell ID information is not needed from RAN4 performance requirements aspect; Cell ID can be included into NWA signalling as optional. 
· FFS the maximum number of cell ID information 

Issue 3-1-2: Whether UE needs to be indicated the CRS port number
Summary of observations on how could UE obtain CRS port number info without NWA:
· Companies’ observations based on simulation results:
· Option 1: By PBCH decoding during measurement gap (Apple)
· Option 2: By UE detection (Intel, CMCC, CTC, E///)
· Option 3: UE do not need to know the CRS port number, and do LLR weighting assuming 4 ports (HW) 
Summary of round 1 discussion:
· Option 1: UE needs to be indicated the CRS port number (Apple, QC, Intel, MTK)
· Option 2: Not to indicate the CRS port number (Intel, CMCC, CTC, HW, E///, Nokia)
· Option 2A: UE can always perform LLR weighting with the assumptions of 4 CRS ports (HW, E///, [Nokia])
· Option 2B: UE always assume 1 or 2 CRS ports (Nokia)
· Option 2C: CRS port number can be assumed blind detected (Intel, CMCC, CTC, E///, Nokia, ZTE)
GTW Agreement: 
From RAN4 minimum performance requirements aspect, UE follow below default assumption without blind detection as baseline assumption 
· 4 CRS ports for scenario 2
· Aligned with serving cell for scenario 1  
By default, number of CRS ports no need to be informed via signalling with following default assumption from RAN4 performance requirements aspect
Number of CRS ports information can be included into NWA signalling (optional)

Issue 3-1-3: Assumptions on the CRS port number configuration
Summary of round 1 discussion:
· Option 1: Assume the same number of CRS ports in the serving and neighbouring cells in scenario 1 (Nokia, E///) 
· Option 2: The number of CRS ports in the serving and neighbouring cells can be different, i.e., no restriction to the CRS port number between serving and interference cells (CMCC, CTC, Intel, MTK, QC, MTK, E///)
· Option 3: UE assume a certain number of CRS ports if no NWA signalling is provided (Apple, HW)
· Option 3a: Assumes 1 port (Apple)
· Option 3b: Assume 4 ports (HW)
· Moderator’s Recommendation
· No more discussion based on the agreements in Issue 3-1-2.

Issue 3-1-4: How could UE obtain the identified parameters if not signalled by the network
· For scenario 1 and 2, whether the option 1 for obtaining vshift information (Estimate and apply the interference power per vshift) is agreeable?
Summary of round 1 discussion: 
· Option 1: Estimate and apply the interference power per vshift, as discussed in Issue 2-1 on LLR weighting implementation (China Telecom, HW, CMCC, E///, ZTE, Intel)
· Option 2: Power based estimation methods would bring additional complexity to the UE and cannot be guaranteed to provide good performance in all conditions (Apple, MTK, QC)
GTW Agreement: 
The baseline assumption: No need to introduce NWA signaling for v-shift information 

· Feasibility of utilizing inter-RAT MO configuration information for scenario 2 
Summary of round 1 discussion: 
· Whether inter-RAT MO can be always configured
· Option 1: The inter-RAT MO can be always configured if neighbour EUTRA cell exists (CMCC, HW, E///, Intel, CTC)
· Option 2: Up to BS implementation (Nokia, Intel)
· Option 3: UE will not be required to perform CRS-IM if LTE-MO is not configured (Apple, MTK, [QC])
· Whether inter-RAT LTE measurement is performed right after receiving the inter-RAT MO
· For Inter-RAT MO without any threshold
· Option 1: The InterRAT measurements shall be done by the UE when enabled by InterRAT MO without any threshold. (Nokia, Intel, E///)
· For Threshold triggered inter-RAT measurement
· Option 1: Threshold triggered inter-RAT measurement is used for IDLE mode cell re-selection. (Intel)
· Option 2: Threshold triggered inter-RAT measurement for other modes cannot be precluded (CTC)
GTW Agreement:
From RAN4 minimum performance requirements aspect, it’s not required to blind detect LTE carrier frequency information for CRS-IM receiver baseline assumption. 
The information can be awared by following possible ways:
· For scenario 2, inter-RAT MO configuration information (LTE cell presence and carrier frequency) can be utilized to perform CRS-IM if configured by NW. 
· LTE cell carrier frequency information can be informed to UE by NWA signalling for scenario 2 (optional)
If such information not conveyed to UE, UE not expected to enable CRS-IM receiver. 

· How to obtain LTE channel bandwidth information for scenario 2
Summary of round 1 discussion: 
· Option 1: by power difference detection (CMCC, CTC, HW, E///, Nokia, [ZTE])
· Option 2: by LTE PBCH decoding (Intel, CMCC, Nokia)
· Option 3: Cannot be obtained without NWA (Apple, MTK, QC)
· Moderator’s Recommendation for round 2 discussion
· Similar with carrier frequency, companies to check whether the following can be agreeable:
· For scenario 2, LTE channel bandwidth information can be awared by following possible ways:
· UE can use PBCH decoding to obtain channel bandwidth information for CRS-IM if PBCH is within the configured measurement gap
· LTE channel bandwidth information can be informed to UE by NWA signalling (optional)
· If such information not conveyed to UE, UE is not expected to perform CRS-IM appropriately.
· In the next meeting, discuss whether the test requirement for the following schemes can be the same:
· Scheme#1: CRS-IM with Inter-RAT MO configured and perform PBCH decoding
· Scheme#2: CRS-IM with NWA signaling
· If same test requirement can be applied, further discuss the following test setup for scenario 2 in the next meeting:
· Option 1: Define one set of test setup with both Inter-RAT MO and the new NMA signaling configured by the network
· Option 2: Define 2 sets of test setup: 1) Only Inter-RAT MO is configured, and; 2) Only the new NWA signaling is configured.

Issue 3-1-5: Whether to introduce network assistance signalling, under the default NW configuration assumption
Summary of round 1 discussion:
· Option 1: Introduce network assistance on neighbour cell LTE configuration (Apple, MTK, Intel, QC, Nokia)
· Option 2: Do not consider network assistant signalling (CMCC, CTC, HW, E///, Nokia, ZTE)
· Moderator’s Recommendation
· Already covered by the previous issues, and no need to be further discussed

Issue 3-1-6: Signalling design when the default NW configuration assumptions are not valid
Summary of round 1 discussion:
· Whether the signalling is per interference cell or all interference cells have the same parameters
· Option 1: Assume all interference cells have the same parameters (CTC, Nokia)
· Option 2: Per interference cell if it is not guaranteed that all inference cells have the same configuration (Apple, Intel, MTK, QC)
· Whether some of the parameters are optional to be signaled:
· Option 1: All parameters are optional (CMCC)
· Moderator’s Recommendation
· Further discuss

Issue 3-1-7: Blind detection when the default NW configuration assumptions are not valid
Summary of round 1 discussion:
· Option 1: Do not consider UE blind detection for the following NW configurations (Intel, QC, CTC, CMCC, Apple, MTK)
· Scenario 1: CRS muting, MBSFN configuration and LTE channel bandwidth/center frequency
· Scenario 2: CRS muting and MBSFN configuration
· Option 2: Not to consider any misdetection in defining demodulation requirement (E///, Nokia, CMCC, HW)
· Nokia: By receiving the not valid flag from BS, if UE still enables CRS-IM then we assume it can blind detect all required parameters as it has judged the interference to be strong enough to warrant this step.
· Tentative agreements
· Not consider UE blind detection and misdetection of the following NW configurations
· Scenario 1: CRS muting, MBSFN configuration and LTE channel bandwidth/center frequency
· Scenario 2: CRS muting and MBSFN configuration

	
	Issue 3-2-1: Granularity of UE CRS-IM Capability
Summary of round 1 discussion:
· Option 1: Introduce granularity of per CC, per band, per band combination (Apple, MTK, QC)
· Option 2: Introduce granularity of per UE (CMCC, Intel, CTC, HW, ZTE)
· Option 3: Introduce granularity of per UE, but only applicable for the bands that are overlapping with LTE spectrum (Nokia)
· E///: Need further check
· Moderator’s Recommendation
· Further discuss

Issue 3-2-2: Applicability of UE CRS-IM Capability
Summary of round 1 discussion:
· For 15kHz SCS:
· Option 1: FR1 only, no FDD/TDD difference (Apple, CMCC, CTC, Intel, E///, HW, MTK, QC)
· Option 2: UE capabilities are applicable whenever they are signaled (Nokia)
· For 30kHz SCS:
· Option 1: FFS until feasibility to support CRS-IM for 30kHz SCS is confirmed (Apple, Intel, E///, Nokia, MTK)
· Option 2: Define separate UE capability for 30kHz SCS CRS-IM, FR1 only, no FDD/TDD difference (CMCC, CTC, HW, QC if 30kHz SCS confirmed feasible)
· Option 3: May apply to TDD only (CTC)
· For scenario 1 and 2:
· Option 1: Further discuss whether to introduce single or separate features for Scenario 1 (DSS) and Scenario 2 (Intel, E///, Apple, HW, Nokia, MTK, QC)
· Option 2: Not to differentiate Scenario 1 and Scenario 2 with 15kHz (CMCC)
· Moderator’s Recommendation
· Further discuss

Issue 3-2-3: Other Aspects on UE CRS-IM Capability
Summary of round 1 discussion:
· Nokia, Intel, CMCC: 
· RAN4 to further discuss the content of the UE capability signaling after the level of NWA has been agreed. As minimum, the UE capability signaling for CRS-IM shall indicate if the UE supports CRS-IM
· If UE indicates CRS-IM capability, the network will assume CRS-IM to be used.
· Apple: What additional UE capability signaling is expected based on NWA?
· E///, QC: Further discuss
· Moderator’s Recommendation
· Further discuss




Discussion on 2nd round


Topic #4: Test setup for CRS-IM 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2201419
	Ericsson
	Proposal 1: Reuse the INR value from phase I and do not include other INR values in phase II
Proposal 2: Not to consider other interference loading level
Proposal 3: Only cover 4 LTE CRS ports for defining requirements

	R4-2200275
	Apple Inc
	Proposal #1: Introduce requirements for scenario 2 only if the necessary network assistance is introduced, otherwise do not introduce requirements scenario 2. 
Proposal #2: Do not introduce requirements with lower INR levels with LLR weighting. 
Proposal #3: Introduce requirements for CRS-IM with 4 CRS ports only

	R4-2200519
	Intel Corporation
	Proposal 1:	Keep INR1 = 10.45 dB and INR2 = 4.6 dB as the only INR values for CRS-IM requirements definition in Rel-17 in case of 20% interference PDSCH loading.
Proposal 2:	Further discuss the following interference PDSCH loading assumptions
•	Option 1: Consider only 20% interference PDSCH loading
•	Option 2: Consider 30% interference PDSCH loading for Scenario 1 and 20% interference PDSCH loading for Scenario 2
Proposal 3:	Further discuss the following settings for number of CRS ports
•	Option 1: Consider only 4 CRS ports
•	Option 2: Consider 2 CRS ports for Scenario 1 and 4 CRS ports for Scenario 2.

	R4-2200803
	CMCC
	Proposal 3: For LTE CRS port, cover 2 and 4 CRS ports.

	R4-2200900	
	China Telecom
	Proposal 1: Add one set of INRs and loading levels for the CRS-IM testing to ensure that UE will turn on CRS-IM in different INR conditions. Select one of the combinations that achieves about 1dB performance gain over the reference scheme:
•	Loading 30 %, INR 1 = 9.69 dB, INR 2 = 3.7 dB
•	Loading 40 %, INR 1 = 8.79 dB, INR 2 = 2.7 dB
•	Loading 50 %, INR 1 = 8.36 dB, INR 2 = 1.7 dB
Proposal2: Cover 2 and 4 CRS ports for the neighbour cell LTE.

	R4-2200983
	Huawei, HiSilicon
	Proposal 1: Consider INR1=10.45dB and INR2=4.6dB
Proposal 2: Only consider 20% loading level.
Proposal 3: Only consider 4 CRS ports

	R4-2201601
	Nokia, Nokia Shanghai Bell
	General Test Setup
Observation 1: It has been agreed to support a default assumption for the needed parameters with no special relation to scenario 1 or 2.
Proposal 1: At this point, RAN4 should not consider defining corresponding demod requirements for scenario 2.
Interference power level
Observation 2: The already agreed set of INR values is sufficient for minimum performance requirement coverage as the minimum performance requirements are assured with a single profile which was already agreed.
Proposal 2: Do not define any additional set of INR values. 
PDSCH loading level on interference cell
Observation 3: Low loading levels represent a worst case for the CRS-IM feature as IM is applied to resources that do not experience interference (assuming the algorithm does not include detection of such cases). High loading levels can mask the downsides of simple CRS-IM implementations, but also highlight the performance increase potential of CRS-IM. Both scenarios should be included in testing.
Proposal 3: RAN4 to also include a loading level of 80%.
Common parameters for target and interfering cells
Observation 4: 2 CRS ports are the most common deployment (option 3).
Observation 5: Including 4 CRS ports in addition to 2 CRS ports (option 2) is not in our view required but can be an option, if requested by companies.
Proposal 4: Both option 2 and option 3 are acceptable.


Open issues summary
Sub-topic 4-1: Test setup for 15 kHz SCS scenario
Issue 4-1-1: Test scenario
· Agreements in RAN#101-e in the WF R4-2120705
· Both scenario 1 and scenario 2 are included in the WID.
· To perform CRS-IM, if the required parameters specific to scenario 2 cannot be obtained by UE (either by UE detection or NWA signalling), RAN4 would re-consider whether to define the corresponding demod requirements for scenario 2.
· Proposals
· Proposal 1: Introduce requirements for scenario 2 only if the necessary network assistance is introduced, otherwise do not introduce requirements scenario 2 (Apple)
· Proposal 2: FFS on the requirement definition for scenario 2 (Nokia)
· Recommended WF
· First focus on the related discussion in Topic #3-1, and no comment for this issue in round 1. 

Issue 4-1-2: Interference power level
· Status in RAN#101-e in the WF R4-2120705:
· INR1 = 10.45 dB and INR2 = 4.6 dB will be used as the INR for defining requirements.
· FFS other INR value can be included.
· Option 1 for the other INR value: Add one set of INRs with smaller INR values where reasonable CRS-IM gain over the reference scheme can still be shown, for example, select INR values that achieve ~1dB CRS-IM gain over the reference scheme. 
· Proponents for option 1 are encouraged to provide exact numbers on the additional interference INR/loading level.
· Proposals
· Option 1: Add one of the combinations below that achieves about 1dB performance gain over the reference scheme (China Telecom)
· Loading 30 %, INR 1 = 9.69 dB, INR 2 = 3.7 dB
· Loading 40 %, INR 1 = 8.79 dB, INR 2 = 2.7 dB
· Loading 50 %, INR 1 = 8.36 dB, INR 2 = 1.7 dB
· Option 2: Only consider INR1 = 10.45 dB and INR2 = 4.6 dB (Ericsson, Apple, HW, Nokia)
· Option 3: Only consider INR1 = 10.45 dB and INR2 = 4.6 dB in case of 20% interference PDSCH loading (Intel)
· Recommended WF
· TBA

Issue 4-1-3: PDSCH loading level
· Status in RAN#101-e in the WF R4-2120705:
· 20% loading level with full PRB allocation will be used for defining requirements.
· FFS other interference loading level can be included.
· Proposals
· Option 1: Add one of the combinations below that achieves about 1dB performance gain over the reference scheme (China Telecom)
· Loading 30 %, INR 1 = 9.69 dB, INR 2 = 3.7 dB
· Loading 40 %, INR 1 = 8.79 dB, INR 2 = 2.7 dB
· Loading 50 %, INR 1 = 8.36 dB, INR 2 = 1.7 dB
· Option 2: Only consider 20% PDSCH loading level (Ericsson, HW, Intel)
· Option 3: Consider 30% interference PDSCH loading for Scenario 1 and 20% interference PDSCH loading for Scenario 2 (Intel)
· Option 4: Also include 80% loading (Nokia)
· Recommended WF
· TBA

Issue 4-1-4: Tx antenna and LTE CRS port number
· Status in RAN#101-e in the WF R4-2120705:
· Option 1: Only cover 4 CRS ports 
· Option 2: Cover 2 and 4 CRS ports
· Option 3: Only cover 2 CRS ports
· Companies’ observations:
· Nokia: 2 CRS ports are the most common deployment
· China Telecom: 2 CRS ports is the scenario in our deployment.
· Intel: CRS-IM performance benefits for Scenario 2 (i.e. NR + LTE) with 2 CRS ports are less than 1 dB.
· Proposals
· Option 1: Only cover 4 CRS ports (Ericsson, Apple, HW, Intel)
· Option 2: Cover 2 and 4 for CRS ports (China Telecom, CMCC, Nokia)
· Option 2A: Consider 2 CRS ports for Scenario 1 and 4 CRS ports for Scenario 2 (Intel)
· Option 3: Only cover 2 CRS ports (Nokia)
· Recommended WF
· TBA

Companies views’ collection for 1st round 
Open issues 
	Company
	Comments

	Company A
	Sub-topic 4-1: Test setup for 15 kHz SCS scenario
Issue 4-1-1: Test scenario
Note: No comment in round 1.
Issue 4-1-2: Interference power level

Issue 4-1-3: PDSCH loading level

Issue 4-1-4: Tx antenna and LTE CRS port number



	China Telecom
	Sub-topic 4-1: Test setup for 15 kHz SCS scenario
Issue 4-1-2: Interference power level
Option 1. As discussed, we think it is important to verify that UE with CRS-IM can still show performance gain under smaller INR values, to ensure that CRS-IM is used in different INR conditions, and to ensure this CRS-IM feature can benefit more UEs in different locations of the cell. 
In addition, the other loading level and INR levels are from the LTE CRS-IM TR 36.863, which can be directly used.
If companies are hesitant to consider option 1, we can first encourage simulation results in the next meeting, and then make decision.

Issue 4-1-3: PDSCH loading level
Option 1. Same comment as for Issue 4-1-2.

Issue 4-1-4: Tx antenna and LTE CRS port number
Option 2. We can use different CRS port number in the tests with different INR levels as discussed in Issue 4-1-2.


	Intel
	Sub-topic 4-1: Test setup for 15 kHz SCS scenario
Issue 4-1-2: Interference power level
For scenario 1 we are fine to consider Loading 30 %, INR 1 = 9.69 dB, INR 2 = 3.7 dB. Same time we think that it will be redundant to have two different sets of INR values and loading levels for same scenario (1 or 2). Therefore, in case we want to consider another INR value for requirements definition, we suggest to replace the baseline configuration. One of the options from our side which looks feasible from performance verification point of view is:
· 30% interference PDSCH loading and INR 1 = 9.69 dB, INR 2 = 3.7 dB for Scenario 1 and 20% interference PDSCH loading and INR1 = 10.45 dB and INR2 = 4.6 dB for Scenario 2
Issue 4-1-3: PDSCH loading level
Same comment as for Issue 4-1-2.
Issue 4-1-4: Tx antenna and LTE CRS port number
Based on our performance analysis it is better to consider Option 1 or 2A.


	CMCC
	Sub-topic 4-1: Test setup for 15 kHz SCS scenario
Issue 4-1-1: Test scenario
Note: No comment in round 1.
Issue 4-1-2: Interference power level
For 20% loading level, take Option 2 or Option 3. We are fine with further check CRS-IM under 30% loading level. 
Issue 4-1-3: PDSCH loading level
Same comment as for Issue 4-1-3
Issue 4-1-4: Tx antenna and LTE CRS port number
We support Option 2. It can verify whether UE has the capability to detect the CRS port number, besides, in real network, both 2 and 4 CRS ports can be used.

	Ericsson
	Sub-topic 4-1: Test setup for 15 kHz SCS scenario
Issue 4-1-1: Test scenario
Note: No comment in round 1.
Issue 4-1-2: Interference power level
E: We prefer to only consider the configuration of: INR1 = 10.45 dB and INR2 = 4.6 dB with 20% loading level only. 
Issue 4-1-3: PDSCH loading level
E: Same as 4-1-2. 
Issue 4-1-4: Tx antenna and LTE CRS port number
E: Option 1. We can observe more interference when configuring 4 ports in comparison to 2 ports. And, we think it is enough to only consider 4 CRS ports.

	Apple
	Sub-topic 4-1: Test setup for 15 kHz SCS scenario
Issue 4-1-1: Test scenario
Note: No comment in round 1.
Issue 4-1-2: Interference power level
For the combinations listed in option1, with loading of 30%, the INR values are not significantly smaller than what we have assumed and if higher loading is assumed, the gains from LLR weighing would be smaller. We don’t see strong motivation for additional INR levels. 
Proposal from Intel is a reasonable compromise, but scenario 2 is still TBD in our understanding. 
Issue 4-1-3: PDSCH loading level
We don’t see the necessity to use higher interference loading as it would reduce the gains from LLR weighting. 
Issue 4-1-4: Tx antenna and LTE CRS port number
Option 1. 


	Huawei
	
Issue 4-1-2: Interference power level
· Option 2, we don’t see any necessity to introduce other INRs and loading

Issue 4-1-3: PDSCH loading level
· Option 2, we don’t see any necessity to introduce other INRs and loading

Issue 4-1-4: Tx antenna and LTE CRS port number
· Option 1, we don’t see any necessity to introduce other CRS port numbers.


	Nokia, Nokia Shanghai Bell
	Sub-topic 4-1: Test setup for 15 kHz SCS scenario
Issue 4-1-2: Interference power level
Support Option 2. Can also support Option 3 in case only 20% interference PDSCH loading is agreed.
Issue 4-1-3: PDSCH loading level
We understand that 80% interference level will reduce the observed gain for CRS-IM substantially, we would still request comments on the usefulness of such a additional scenario. As baseline we can support either 20% or 30%.
Issue 4-1-4: Tx antenna and LTE CRS port number
We support option 3 but can also accept option 2.


	MediaTek
	Sub-topic 4-1: Test setup for 15 kHz SCS scenario
Issue 4-1-2: Interference power level
Support Option 2.
Issue 4-1-3: PDSCH loading level
Support Option 2.
Issue 4-1-4: Tx antenna and LTE CRS port number
Support Option 1.

	Qualcomm
	Sub-topic 4-1: Test setup for 15 kHz SCS scenario
Issue 4-1-2: Interference power level
Prefer Option 2. No need to test several INR levels.
Issue 4-1-3: PDSCH loading level
Prefer Option 2. Higher loading will decrease CRS-IM gains. 
Issue 4-1-4: Tx antenna and LTE CRS port number
Prefer Option 1. 4 CRS ports is the worst case.


	ZTE
	Sub-topic 4-1: Test setup for 15 kHz SCS scenario
Issue 4-1-2: Interference power level
Option 3. Our simulation was based on this interference power level.
Issue 4-1-3: PDSCH loading level
Same as Issue 4-1-2.
Issue 4-1-4: Tx antenna and LTE CRS port number
We support option 2. 




Summary for 1st round 
Open issues 
	
	Status summary 

	Sub-topic 4-1: Test setup for 15 kHz SCS scenario
	Issue 4-1-1: Test scenario
Summary of round 1 discussion:
· Following moderator’s suggestion, no comment for this issue in round 1. 

Issue 4-1-2: Interference power level
Summary of round 1 discussion:
· Option 1: Add one of the combinations below that achieves about 1dB performance gain over the reference scheme (China Telecom)
· Loading 30 %, INR 1 = 9.69 dB, INR 2 = 3.7 dB
· Loading 40 %, INR 1 = 8.79 dB, INR 2 = 2.7 dB
· Loading 50 %, INR 1 = 8.36 dB, INR 2 = 1.7 dB
· Option 2: Only consider INR1 = 10.45 dB and INR2 = 4.6 dB (Ericsson, Apple, HW, Nokia, MTK, QC)
· Option 3: Only consider INR1 = 10.45 dB and INR2 = 4.6 dB in case of 20% interference PDSCH loading (Intel, Nokia, ZTE)
· Option 4: 30% PDSCH loading and INR 1 = 9.69 dB, INR 2 = 3.7 dB for Scenario 1 and 20% interference PDSCH loading and INR1 = 10.45 dB and INR2 = 4.6 dB for Scenario 2 (Intel, Apple for scenario 1)
· Moderator’s Recommendation
· Further discuss in the next meeting

Issue 4-1-3: PDSCH loading level
Summary of round 1 discussion:
· Option 1: Add one of the combinations below that achieves about 1dB performance gain over the reference scheme (China Telecom)
· Loading 30 %, INR 1 = 9.69 dB, INR 2 = 3.7 dB
· Loading 40 %, INR 1 = 8.79 dB, INR 2 = 2.7 dB
· Loading 50 %, INR 1 = 8.36 dB, INR 2 = 1.7 dB
· Option 2: Only consider 20% PDSCH loading level (Ericsson, HW, Intel, Apple, MTK, QC, ZTE)
· Option 3: Consider 30% interference PDSCH loading for Scenario 1 and 20% interference PDSCH loading for Scenario 2 (Intel)
· Option 4: Also include 80% loading (Nokia)
· Option 5: Further check 30% loading level (CMCC)
· Option 6: Either 30% or 20% (Nokia)
· Moderator’s Recommendation
· Further discuss in the next meeting

Issue 4-1-4: Tx antenna and LTE CRS port number
Summary of round 1 discussion:
· Option 1: Only cover 4 CRS ports (Ericsson, Apple, HW, Intel, MTK, QC)
· Option 2: Cover 2 and 4 for CRS ports (China Telecom, CMCC, Nokia, ZTE)
· Option 2A: Consider 2 CRS ports for Scenario 1 and 4 CRS ports for Scenario 2 (Intel)
· Option 2B: Use different CRS port number in the tests with different INR levels (China Telecom)
· Option 3: Only cover 2 CRS ports (Nokia)
· Moderator’s Recommendation
· Further discuss in the next meeting




Discussion on 2nd round

Topic #5: CRS-IM for 30 kHz SCS scenario
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2201964
	Qualcomm Incorporated
	Observation 5: There is no DSS rate matching defined in the spec for 30kHz SCS.
Observation 6: UE will have different sampling rate for 30kHz SCS compared to LTE sampling rate. 
Observation 7: Different sampling rates will cause LTE interference to smudge all the NR REs on symbols colliding with CRS instead of just CRS REs.
Observation 8: Different SCS will cause uneven interference within subcarrier, resulting into complicated or unreliable mitigation.
Observation 9: UE will have to spend double the resources on measuring/detecting the interference compared to 15kHz SCS.
Proposal 4: Do not consider CRS-IM for 30kHz SCS.

	R4-2200273
	Apple
	Observation #1: CRS interference mitigation for NR with 30KHz SCS would only be in non DSS deployment scenario. 
Observation #2: With 30KHz SCS for NR CRS-IC would lead to additional complexity and processing impact.
Proposal #1: Only consider LLR weighing in Rel-17 and in future releases for CRS interference handling in 30KHz SCS.
Observation #3: UE would not know the presence of LTE cell is no network assistance or LTE MO is configured to the UE. 
Proposal #2: UE is indicated about presence of LTE cell for CRS-IM by network assistance information. 
Observation #4: All CRS location information cannot be obtained by LTE inter-RAT measurement if LTE MO is configured. 
Proposal #3: UE is configured with network assistance information for CRS location information of interfering LTE cell. 
Proposal #4: It is feasible to consider CRS-IM for 30KHz with LLR weighing if the necessary LTE information is provided to UE by network assistance information.  

	R4-2200517
	Intel Corporation
	Observations #3:	For Scenario 2 with 30 kHz SCS 
· CRS-IM provides 2.8-3.0 dB performance improvement for scenario with 0% interference cell loading
· CRS-IM provides 0.9-1.4 dB performance improvement for scenario with 10% interference cell loading
· CRS-IM provides 0.5-1.0 dB performance improvement for scenario with 20% interference cell loading
Proposal 3:	Further study whether testable CRS-IM performance improvement (≥1 dB) can be achieved for practical scenarios with 30 kHz serving signal SCS.

	R4-2200801
	CMCC
	Proposal 3: UE verify the CRS port number and interfered symbols based on power comparison per symbol level.
Proposal 4: There is no need to identify the CRS frequency location in Scenario 2 with NR 30kHz. 
Proposal 5: we propose a LLR weighting method as follows:
· Acquire the CRS time domain location by power detection
· Estimate the interference power distribution per RE level in the interfered symbols
· Calculate the actual SINR on these interfered REs
· Scaling the LLRs by post processing SINR value
Observation 1: Almost all the NR REs in interfered symbols will be interfered by LTE CRS.
Observation 2: If CRS ports is 4, then the front loaded DMRS will be totally interfered by CRS.

	R4-2200803
	CMCC
	Proposal 1: If the 30kHz is feasible, add TDD 30kHz/20MHz for target cell and TDD 15kHz/20MHz for interference cells in test setup in Phase II.
Proposal 2: Use 7DS2U with S=6D+4G+4U for the target cell with TDD 30kHz SCS.

	R4-2200982
	Huawei, HiSilicon
	In this paper, we give our discussion for CRS-IM receiver for 30 kHz SCS, the observations and proposal are: 
Observation 1: In the NR 30kHz+ LTE15kHz deployment, the main interference contributing to kth of NR subcarrier are 2kth, (2k-1)th and  (2k+1)th LTE subcarrier.
Observation 2: There are three different types interference model for NR 30 kHz.
Observation 3: For 15 kHz, UE does channel estimation for 32 REs within 1ms while for 30 kHz, UE must do channel estimation for 64 REs within 0.5 ms, which bring significant complexity compared to 15kHz SCS.  
Observation 4: UE should do power estimation three times for three types of REs with different interference models and perform LLR weighting respectively. For LLR weighting without CRS sequence, there is no much complexity increased.
Observation 5: For NR 30kHz+LTE 15kHz, there is 1.67 dB performance gain for 4T2R and 1.41dB performance gain for 4T4R for LLR weighting over baseline receiver.



Open issues summary
Sub-topic 5-1: Feasibility evaluation for 30 kHz SCS scenario
Issue 5-1-1: Application scenario for 30 kHz SCS
· Proposals
· Option 1: Scenario 2 only (QC, Apple)
· Recommended WF
· Agree option 1

Issue 5-1-2: Feasibility of performing CRS-IM in 30 kHz SCS scenario
· Proposals on feasibility of LLR weighting with CRS sequence or CRS-IC
· Option 1: Feasible
· Option 2: Not feasible ([Huawei] , [Apple])
· HW: For 15 kHz, UE does channel estimation for 32 REs within 1ms while for 30 kHz, UE must do channel estimation for 64 REs within 0.5 ms, which bring significant complexity compared to 15kHz SCS. 
· Apple: With 30KHz SCS for NR CRS-IC would lead to additional complexity and processing impact.
· Proposals on feasibility of LLR weighting without CRS sequence
· Option 1: Feasible (Intel, HW, CMCC)
· Intel: Further study whether testable CRS-IM performance improvement (≥1 dB) can be achieved for practical scenarios with 30 kHz serving signal SCS. 
· HW: For LLR weighting without CRS sequence, there is no much complexity increased.
· Option 2: Feasible if the necessary LTE information is provided to UE by network assistance information (Apple)
· Option 3: Not feasible  (QC)
· QC: 
· UE will have different sampling rate for 30kHz SCS compared to LTE sampling rate. 
· Different sampling rates will cause LTE interference to smudge all the NR REs on symbols colliding with CRS instead of just CRS REs.
· Different SCS will cause uneven interference within subcarrier, resulting into complicated or unreliable mitigation.
· UE will have to spend double the resources on measuring/detecting the interference compared to 15kHz SCS.
· Recommended WF
· TBA

Issue 5-1-3: Performance gain of LLR weighting in 30 kHz SCS scenario 
· Companies’ simulation results
· Intel: For Scenario 2 with 30 kHz SCS 
· CRS-IM provides 2.8-3.0 dB performance improvement for scenario with 0% interference cell loading
· CRS-IM provides 0.9-1.4 dB performance improvement for scenario with 10% interference cell loading
· CRS-IM provides 0.5-1.0 dB performance improvement for scenario with 20% interference cell loading
· HW: For NR 30kHz+LTE 15kHz, there is 1.67 dB performance gain for 4T2R and 1.41dB performance gain for 4T4R for LLR weighting over baseline receiver [for 20% interference loading].
· Recommended WF
· Encourage comments on the results

Issue 5-1-4: Implementation of LLR weighting in 30 kHz SCS scenario
· Proposals
· Option 1: Propose a LLR weighting method as follows (CMCC)
· Acquire the CRS time domain location by power detection
· Estimate the interference power distribution per RE level in the interfered symbols
· Calculate the actual SINR on these interfered REs
· Scaling the LLRs by post processing SINR value
· Option 2: UE should do power estimation three times for three types of REs with different interference models and perform LLR weighting respectively. (HW)
· In the NR 30kHz+ LTE15kHz deployment, the main interference contributing to kth of NR subcarrier are 2kth, (2k-1)th and  (2k+1)th LTE subcarrier. 
[image: ]
Figure: Interference pattern of one RB for NR with 30 kHz SCS (HW, R4-2200982)
· Recommended WF
· Encourage comments

Issue 5-1-5: CRS port number information
· Proposals
· Option 1: UE verify the CRS port number and interfered symbols based on power comparison per symbol level. (CMCC)
· Recommended WF
· TBA

Issue 5-1-6: CRS frequency location information
· Proposals
· Option 1: There is no need to identify the CRS frequency location in Scenario 2 with NR 30 kHz.  (CMCC)
· CMCC: Almost all the NR REs in interfered symbols will be interfered by LTE CRS.
· Option 2: CRS location information should be configured with network assistance information. (Apple)
· Apple: All CRS location information cannot be obtained by LTE inter-RAT measurement if LTE MO is configured.
· Recommended WF
· TBA

Issue 5-1-7: Colliding of the DM-RS in serving cell with CRS in neighbouring cell
· Observation
· Option 1: If CRS ports is 4, then the front loaded DMRS will be totally interfered by CRS.  (CMCC)
· Recommended WF
· Encourage comments

Sub-topic 5-2: Test setup for 30 kHz SCS scenario
Issue 5-2-1: CBW and SCS for target and interference cells for 30 kHz SCS
· Agreements for 15kHz SCS in RAN#101-e in the WF R4-2120705:
· 10MHz CBW for FDD 15kHz
· 20MHz CBW for TDD 15kHz
· Proposals
· Option 1: If 30kHz SCS is feasible, use TDD 30kHz/20MHz for target cell and TDD 15kHz/20MHz for interference cells (CMCC)
· Recommended WF
· First focus on Sub-topic #5-1, and no comment for this issue in round 1.

Issue 5-2-2: TDD configuration for target cell with 30kHz SCS
· Agreements for 15kHz SCS in RAN#101-e in the WF R4-2120705:
· Use 3D1S1U with S = 10D+2G+2U for the target NR cell with TDD 15kHz SCS
· Use DSUDDDSUDD with S = 10D+2G+2U for the interference LTE with TDD 15kHz SCS.
· Note: The start of transmission of LTE frame is delayed by 2 LTE subframes with respect to the start of transmission of NR frame, which is aligned with the TDD-TDD EN-DC configuration in demod test.
· Proposals
· Option 1: If 30kHz SCS is feasible, Use 7DS2U with S=6D+4G+4U for the target cell with TDD 30kHz SCS (CMCC)
· Recommended WF
· First focus on Sub-topic #5-1, and no comment for this issue in round 1.

Companies views’ collection for 1st round 
Open issues 
	Company
	Comments

	Company A
	Sub-topic 5-1: Feasibility evaluation for 30 kHz SCS scenario
Issue 5-1-1: Application scenario for 30 kHz SCS

Issue 5-1-2: Feasibility of performing CRS-IM in 30 kHz SCS scenario
· On feasibility of LLR weighting with CRS sequence or CRS-IC

· On feasibility of LLR weighting without CRS sequence

Issue 5-1-3: Performance gain of LLR weighting in 30 kHz SCS scenario 

Issue 5-1-4: Implementation of LLR weighting in 30 kHz SCS scenario

Issue 5-1-5: CRS port number information

Issue 5-1-6: CRS frequency location information

Issue 5-1-7: Colliding of the DM-RS in serving cell with CRS in neighbouring cell

Sub-topic 5-2: Test setup for 30 kHz SCS scenario
Issue 5-2-1: CBW and SCS for target and interference cells for 30 kHz SCS
Note: No comment in round 1.
Issue 5-2-2: TDD configuration for target cell with 30kHz SCS
Note: No comment in round 1.


	China Telecom
	Sub-topic 5-1: Feasibility evaluation for 30 kHz SCS scenario
Issue 5-1-1: Application scenario for 30 kHz SCS
Option 1.
Issue 5-1-2: Feasibility of performing CRS-IM in 30 kHz SCS scenario
· On feasibility of LLR weighting without CRS sequence
Option 1. NWA siganlling can be discussed separately.

	Intel
	Sub-topic 5-1: Feasibility evaluation for 30 kHz SCS scenario
Issue 5-1-1: Application scenario for 30 kHz SCS
Support recommended WF
Issue 5-1-2: Feasibility of performing CRS-IM in 30 kHz SCS scenario
· On feasibility of LLR weighting with CRS sequence or CRS-IC
Support Option 2, because multiple FFT processing will be required.
· On feasibility of LLR weighting without CRS sequence
We support Option 1. This is the only algorithm which can be considered for CRS-IM processing in scenario with 30 kHz SCS. Same time, we agree with the following observations from QC: 
Different sampling rates will cause LTE interference to smudge all the NR REs on symbols colliding with CRS instead of just CRS REs.
Different SCS will cause uneven interference within subcarrier, resulting into complicated or unreliable mitigation.
Therefore, performance analysis of such processing is needed.

Issue 5-1-3: Performance gain of LLR weighting in 30 kHz SCS scenario 
Can be discussed after more input from companies and alignment on RX processing.

Issue 5-1-4: Implementation of LLR weighting in 30 kHz SCS scenario
For our analysis we just measure the interference power on all REs within the symbol colliding with CRS REs and make the averaging with 1 PRB granularity. We consider such method, because based on our comment for Issue 5-1-2, we will not observe that selected REs are affected by CRS interference due to loss of orthogonality of the 15 kHz SCS signal after applying of FFT processing under assumption of 30 kHz SCS. Therefore, we don’t think that Option 1 or 2 is valid processing.

Issue 5-1-5: CRS port number information
We suggest to focus on performance benefits in case all parameters are known to check the performance upper bound. In case testable performance will be observed, we can further analyse the blind detection on certain parameters.

Issue 5-1-6: CRS frequency location information
Same comment as for 5-1-6.

Issue 5-1-7: Colliding of the DM-RS in serving cell with CRS in neighbouring cell
We agree with observation in Option 1.


	CMCC
	Sub-topic 5-1: Feasibility evaluation for 30 kHz SCS scenario
Issue 5-1-1: Application scenario for 30 kHz SCS
Agree with the recommended WF.
Issue 5-1-2: Feasibility of performing CRS-IM in 30 kHz SCS scenario
· On feasibility of LLR weighting without CRS sequence
Feasible. UE can perform LLR weighting as following steps:
· Acquire the CRS time domain location by power detection
· Estimate the interference power distribution per RE level in the interfered symbols
· Calculate the actual SINR on these interfered REs
· Scaling the LLRs by post processing SINR value
We believe there is obvious complexity will be introduced if we don’t use CRS sequence and CRS-IC. Only larger memory is needed.
We also observed all the NR REs on the symbols colliding with CRS will be interfered. Based on our understanding, LLR weighting will be performed on these REs.
As for the uneven interference within subcarrier, we are ok with further study whether testable CRS-IM performance improvement (≥1 dB) can be achieved for practical scenarios with 30 kHz serving signal SCS.
Issue 5-1-4: Implementation of LLR weighting in 30 kHz SCS scenario
Option 1. With the assumption of almost all the NR REs on the symbols colliding with CRS will be interfered. UE should first find the symbols colliding with CRS, and then estimate the interference power per RE level in the interfered symbols. Last, use the interference power to do the LLRs.
Issue 5-1-5: CRS port number information
We support Option1. Same with Scenario 1, UE verify the CRS port number and interfered symbols based on power comparison per symbol level.
Issue 5-1-6: CRS frequency location information
Option 1.
Issue 5-1-7: Colliding of the DM-RS in serving cell with CRS in neighbouring cell
How to handling the DM-RS collision can be further investigated based on simulation results.
Sub-topic 5-2: Test setup for 30 kHz SCS scenario
Issue 5-2-1: CBW and SCS for target and interference cells for 30 kHz SCS
Note: No comment in round 1.
Issue 5-2-2: TDD configuration for target cell with 30kHz SCS
Note: No comment in round 1.

	Ericsson
	Sub-topic 5-1: Feasibility evaluation for 30 kHz SCS scenario
Issue 5-1-1: Application scenario for 30 kHz SCS
Ok with recommended WF. 
Issue 5-1-2: Feasibility of performing CRS-IM in 30 kHz SCS scenario
· On feasibility of LLR weighting with CRS sequence or CRS-IC
Option 2. Complexity and time will be increased by performing LLR weighting with CRS sequence and CRS-IC in 30kHz SCS scenario, since there should be different FFT for different SCS respectively. 
· On feasibility of LLR weighting without CRS sequence
Option 1. It can be further evaluated to see if there is a gain (at least ≥1dB). 
Issue 5-1-3: Performance gain of LLR weighting in 30 kHz SCS scenario 
We need to further check it. 
Issue 5-1-4: Implementation of LLR weighting in 30 kHz SCS scenario
Share similar views with Intel. 
Issue 5-1-5: CRS port number information
We think option 1 is reasonable
Issue 5-1-6: CRS frequency location information
We think option 1 is reasonable
Issue 5-1-7: Colliding of the DM-RS in serving cell with CRS in neighbouring cell
We think option 1 is reasonable.


	Apple
	Sub-topic 5-1: Feasibility evaluation for 30 kHz SCS scenario
Issue 5-1-1: Application scenario for 30 kHz SCS
We support the recommended WF. 
Issue 5-1-2: Feasibility of performing CRS-IM in 30 kHz SCS scenario
· On feasibility of LLR weighting with CRS sequence or CRS-IC
Option 2 as it is additional complexity. 
· On feasibility of LLR weighting without CRS sequence
Might be feasible if all the required LTE parameters are signalled by NWA. Cannot expect the UE to do any detection.
Based on results from Intel and observations from QC, we need to further study if there are any benefits at all with CRS-IM in 30KHz. 
Issue 5-1-3: Performance gain of LLR weighting in 30 kHz SCS scenario 

Issue 5-1-4: Implementation of LLR weighting in 30 kHz SCS scenario

Issue 5-1-5: CRS port number information
We prefer to discuss LTE parameter info once feasibility is determined. 
Issue 5-1-6: CRS frequency location information
We prefer to discuss LTE parameter info once feasibility is determined. 

Issue 5-1-7: Colliding of the DM-RS in serving cell with CRS in neighbouring cell
We agree with the observation and it would impact DMRS channel estimation significantly and have impact due to uneven interference on the 2 DMRS symbols. 
Sub-topic 5-2: Test setup for 30 kHz SCS scenario
Issue 5-2-1: CBW and SCS for target and interference cells for 30 kHz SCS
Note: No comment in round 1.
Issue 5-2-2: TDD configuration for target cell with 30kHz SCS
Note: No comment in round 1.


	Huawei
	Sub-topic 5-1: Feasibility evaluation for 30 kHz SCS scenario
Issue 5-1-1: Application scenario for 30 kHz SCS
We support the recommended WF. 
Issue 5-1-2: Feasibility of performing CRS-IM in 30 kHz SCS scenario
· On feasibility of LLR weighting with CRS sequence or CRS-IC
Option 2
· On feasibility of LLR weighting without CRS sequence
Option 1
Issue 5-1-3: Performance gain of LLR weighting in 30 kHz SCS scenario 
According to our simulation results, there is 1.67 dB performance gain for 4T2R and 1.41dB performance gain for 4T4R for LLR weighting over baseline receiver. In the simulation, we estimate the CRS power and perform LLR weighting per interference pattern.
Interference pattern 1: Subcarrier index 0,3,6,9…, Symbol index0,1,2,3,8,9
Interference pattern 2: Subcarrier index 1, 4, 7, 10,…, Symbol index0,1,2,3,8,9
Interference pattern 3: Subcarrier index 2,5,8,11…, Symbol index0,1,2,3,8,9
Issue 5-1-4: Implementation of LLR weighting in 30 kHz SCS scenario
@ Intel: We agree that the interference CRS is dispreading to all the OFDM symbols, but as discussed in our T-doc,  the main interference contributing to kth of NR subcarrier is 2kth, (2k-1)th and  (2k+1)th LTE subcarrier, the interference from other LTE subcarriers is too small and can be ignored. Besides, we observed that the interference power is different for different subcarrier and we should perform LLR weighting respectively.  It is not reasonable to average the power of all REs within one symbol.
Issue 5-1-5: CRS port number information
Issue 5-1-6: CRS frequency location information
Issue 5-1-7: Colliding of the DM-RS in serving cell with CRS in neighbouring cell
Agree with observation 

	Nokia, Nokia Bell Labs
	Sub-topic 5-1: Feasibility evaluation for 30 kHz SCS scenario
Issue 5-1-1: Application scenario for 30 kHz SCS
We support option 1
Issue 5-1-2: Feasibility of performing CRS-IM in 30 kHz SCS scenario
· On feasibility of LLR weighting with CRS sequence or CRS-IC
We agree that exploration of CRS Sequence knowledge is practically not feasible due to complexity issues and we remain without understanding that performance gain would be minimal in any case. Support Option 2.
· On feasibility of LLR weighting without CRS sequence
It is feasible but not desirable as Qualcomm has pointed out a single CRS RE will reduce the slot throughput greatly so the practical relevance of 30kHz/15kHz co-existence is debateable.


	MediaTek
	Sub-topic 5-1: Feasibility evaluation for 30 kHz SCS scenario
Issue 5-1-1: Application scenario for 30 kHz SCS
Support the recommended WF.
Issue 5-1-2: Feasibility of performing CRS-IM in 30 kHz SCS scenario
· On feasibility of LLR weighting with CRS sequence or CRS-IC
Support Option 2
· On feasibility of LLR weighting without CRS sequence
We believe the processing of LLR weighting for 30kHz is quite different from that for 15kHz. Also, we agree the observations from QC and prefer not to consider CRS-IM for the scenario of 30kHz.   

	Qualcomm
	Sub-topic 5-1: Feasibility evaluation for 30 kHz SCS scenario
Issue 5-1-1: Application scenario for 30 kHz SCS
Ok with recommended WF.
Issue 5-1-2: Feasibility of performing CRS-IM in 30 kHz SCS scenario
· On feasibility of LLR weighting with CRS sequence or CRS-IC
Option 2. It’s not feasible because UE will have to match the sampling rate between NR and LTE and basically have completely separate processing for LTE CRS. Cancellation is also not trivial since those CRS REs are spread over two symbols and unevenly spread within subcarrier. 
· On feasibility of LLR weighting without CRS sequence
Option 3. Apart from the reasons mentioned in our paper as highlighted by the moderator, we think that this scenario where NR has 30kHz SCS and neighbour LTE cell has 15kHz SCS, should be fixed from NW deployment perspective rather than burdening UE to handle it. The reason is that this kind of deployment has a fundamental issue because this kind of deployment will impact all single DMRS scenarios such as special slot, PDSCH Type B and partial slot allocation and there is nothing a UE could do about it because it’s only DMRS will be impacted by LTE CRS, resulting into inaccurate Rnn estimation.
Issue 5-1-3: Performance gain of LLR weighting in 30 kHz SCS scenario 
Discuss in the next meeting based on the outcome of current meeting.
Issue 5-1-4: Implementation of LLR weighting in 30 kHz SCS scenario
It should be left up to UE implementation. Both options have their pros and cons. Option 1 is trying to estimate the interference per RE by possibly averaging out the power difference across whole symbol. This will have lower complexity and potentially less gains. Option 2 has more complexity and potentially more gains. But these options for LLR weighting will not work well for single DMRS scenario because DMRS based noise estimation will already include CRS interference.
Issue 5-1-5: CRS port number information
Same comment as 15kHz. Power detection is unreliable for higher SIR. This needs NWA.
Issue 5-1-6: CRS frequency location information
Option 2. UE will need to know the LTE BW  and center frequency. In case, there is single CRS port, UE will have to know the frequency location information as well.
Issue 5-1-7: Colliding of the DM-RS in serving cell with CRS in neighbouring cell
We agree with this observation. As we mentioned in our comment for Issue 5-1-2, this will cause degradation for single DMRS scenarios for which UE can’t do much about it.

	ZTE
	Sub-topic 5-1: Feasibility evaluation for 30 kHz SCS scenario
Issue 5-1-1: Application scenario for 30 kHz SCS
Support recommended WF.
Issue 5-1-2: Feasibility of performing CRS-IM in 30 kHz SCS scenario
· On feasibility of LLR weighting without CRS sequence
Option 1 is feasible.
Issue 5-1-5: CRS port number information
We support option 1. UE can detect CRS ports by power detect.
Issue 5-1-6: CRS frequency location information
We support option 1.
Issue 5-1-7: Colliding of the DM-RS in serving cell with CRS in neighbouring cell
We support option 1.




Summary for 1st round 
Open issues 
	
	Status summary 

	Sub-topic 5-1: Feasibility evaluation for 30 kHz SCS scenario
	Issue 5-1-1: Application scenario for 30 kHz SCS
Summary of round 1 discussion:
All companies agree to cover scenario 2 only. 
Tentative agreements:
· Cover scenario 2 only

Issue 5-1-2: Feasibility of performing CRS-IM in 30 kHz SCS scenario
Summary of round 1 discussion:
· Feasibility of LLR weighting with CRS sequence or CRS-IC
· Option 1: Feasible
· Option 2: Not feasible (Huawei, Apple, Intel, E///, Nokia, MTK, QC)
· Feasibility of LLR weighting without CRS sequence
· Option 1: Feasible (Intel, HW, CMCC, CTC, E///, [Nokia], ZTE)
· Note: The need of NWA siganlling is discussed separately.
· CMCC, E///, Apple: Discuss the feasibility and performance gain separately. Ok with further study whether testable CRS-IM performance improvement (≥1 dB) can be achieved for practical scenarios with 30 kHz serving signal SCS.
· Option 2: Feasible if the necessary LTE information is provided to UE by network assistance information (Apple)
· Option 3: Not feasible (QC, MTK)
· QC: 
· UE will have different sampling rate for 30kHz SCS compared to LTE sampling rate. 
· Different sampling rates will cause LTE interference to smudge all the NR REs on symbols colliding with CRS instead of just CRS REs.
· Different SCS will cause uneven interference within subcarrier, resulting into complicated or unreliable mitigation.
· UE will have to spend double the resources on measuring/detecting the interference compared to 15kHz SCS.
· This kind of deployment has a fundamental issue because this kind of deployment will impact all single DMRS scenarios such as special slot, PDSCH Type B and partial slot allocation
· Moderator’s Recommendation (to be checked in round 2)
· For LLR weighting with CRS sequence or CRS-IC: not feasible
· For LLR weighting without CRS sequence:
· Discuss the feasibility and performance gain separately.
· Discuss the need of NWA siganlling separately.
· For the next meeting, companies to further evaluate whether testable CRS-IM performance improvement can be achieved for practical scenarios with 30 kHz serving signal SCS.

Issue 5-1-3: Performance gain of LLR weighting in 30 kHz SCS scenario 
· Moderator’s Recommendation
· Further discuss in the next meeting.

Issue 5-1-4: Implementation of LLR weighting in 30 kHz SCS scenario
Summary of round 1 discussion:
· Option 1: Propose a LLR weighting method as follows (CMCC)
· Acquire the CRS time domain location by power detection
· Estimate the interference power distribution per RE level in the interfered symbols
· Calculate the actual SINR on these interfered REs
· Scaling the LLRs by post processing SINR value
· Option 2: UE should do power estimation three times for three types of REs with different interference models and perform LLR weighting respectively. (HW)
· In the NR 30kHz+ LTE15kHz deployment, the main interference contributing to kth of NR subcarrier are 2kth, (2k-1)th and (2k+1)th LTE subcarrier. 
· Interference pattern 1: Subcarrier index 0, 3, 6, 9…, 
· Interference pattern 2: Subcarrier index 1, 4, 7, 10,…, 
· Interference pattern 3: Subcarrier index 2, 5, 8, 11…, 
· Option 3: Measure the interference power on all REs within the symbol colliding with CRS REs and make the averaging with 1 PRB granularity. (Intel, [E///])
· Intel: we will not observe that selected REs are affected by CRS interference due to loss of orthogonality
· Option 4: Up to UE implementation (QC)
· QC: Discuss the single DMRS scenario separately, since the front loaded DMRS will be totally interfered by CRS in 4 CRS port scenario.
· Moderator’s Recommendation
· For the performance gain evaluation, further discuss is it necessary to agree on one implementation as reference receiver?
· Evaluate the scenario of DMRS 1+0 and DMRS 1+1 separately.

Issue 5-1-5: CRS port number information
· Proposals
· Option 1: UE verify the CRS port number and interfered symbols based on power comparison per symbol level. (CMCC, E///, ZTE)
· Option 2: Further analyse the feasibility of blind detection if testable performance will be observed with all parameters known to UE (Intel, Apple)
· Option 3: Need NWA since power detection is unreliable for higher SIR. (QC)
· Moderator’s Recommendation
· Further discuss

Issue 5-1-6: CRS frequency location information
· Proposals
· Option 1: There is no need to identify the CRS frequency location in Scenario 2 with NR 30 kHz.  (CMCC, E///, ZTE)
· CMCC: Almost all the NR REs in interfered symbols will be interfered by LTE CRS.
· Option 2: CRS location information should be configured with network assistance information. (Apple, QC)
· Option 3: Further analyse the feasibility of blind detection if testable performance will be observed with all parameters known to UE (Intel, Apple)
· Moderator’s Recommendation
· Further discuss

Issue 5-1-7: Colliding of the DM-RS in serving cell with CRS in neighbouring cell
Summary of round 1 discussion:
All companies agree with the following observation:
· If CRS ports is 4, then the front loaded DMRS will be totally interfered by CRS. 
· Moderator’s Recommendation
· Companies to investigate the potential performance impact by the above observation.


	Sub-topic 5-2: Test setup for 30 kHz SCS scenario
	Issue 5-2-1: CBW and SCS for target and interference cells for 30 kHz SCS
Candidate option:
· Option 1: If 30kHz SCS is feasible, use TDD 30kHz/20MHz for target cell and TDD 15kHz/20MHz for interference cells (CMCC)
· Moderator’s Recommendation
· Further discuss in the next meeting.

Issue 5-2-2: TDD configuration for target cell with 30kHz SCS
Candidate option:
· Option 1: If 30kHz SCS is feasible, Use 7DS2U with S=6D+4G+4U for the target cell with TDD 30kHz SCS (CMCC)
· Moderator’s Recommendation
· Further discuss in the next meeting.


	
	



Discussion on 2nd round
Way forward
R4-2203029	WF on 30 kHz NR SCS scenario for CRS-IM receiver
					Type: other		For: Approval
					Source: CMCC
Abstract: 
Discussion: 
Moderator’s note: 
1) For quick turnaround in responding to comments, please send comments to the WF in email body instead of adding them in the summary document. Moderator will add all the email comments into the summary document.
2) The WF covers the issues in Topic #5.
1) Application Scenario for 30kHz SCS
•      Scenario 2 only
Suggestion: If no more concerns, then it is agreeable
Company comment:
Nokia: We are OK with moderator recommendation, for performance evaluation purposes of 30kHz.
Qualcomm: Ok for evaluation purpose.
Apple: Ok for evaluation of 30KHz SCS. 
China Telecom: ok to focus on scenario 2.
Ericsson: OK to focus on scenario 2. 
  
2) Feasibility of performing CRS-IM in 30 kHz SCS scenario
•      Feasibility of LLR weighting with CRS sequence or CRS-IC
        –    Not feasible
•      Feasibility of LLR weighting without CRS sequence
        –    The need of NWA signalling is discussed separately, together with Scenario2 15kHz SCS
        –    FFS the feasibility
For feasibility of LLR weighting with CRS sequence or CRS-IC, is it agreeable? 
For feasibility of LLR weighting without CRS sequence, suggest no discussion here, focus on the following issues. 
Company comment:
 
Huawei: We agree only consider LLR weighting without sequence
CMCC: For feasibility of LLR weighting with CRS sequence or CRS-IC,  we agree with "Not feasible".
Nokia: We agree to only consider LLR Weighting without CRS sequence. 
Intel: We think that LLR weighting without CRS sequence can be considered for this scenario.
Qualcomm: Ok with only considering LLR weighting without sequence.
 Apple:Ok with considering only without CRS sequence for LLR weighing in 30KHz SCS. 
China Telecom: Ok with only considering LLR weighting without sequence.
Ericsson: we support to only consider LLR Weighting without CRS sequence.
 
3) Implementation of LLR weighting in 30 kHz SCS scenario
–      Option 1: Propose a LLR weighting method as follows
    –     Acquire the CRS time domain location by power detection
    –     Estimate the interference power distribution per RE level in the interfered symbols
    –     Calculate the actual SINR on these interfered REs
    –     Scaling the LLRs by post processing SINR value
–      Option 2: UE should do power estimation three times for three types of REs with different interference models and perform LLR weighting respectively.
    –     In the NR 30kHz+ LTE15kHz deployment, the main interference contributing to kth of NR subcarrier are 2kth, (2k-1)th and (2k+1)th LTE subcarrier.
            §  Interference pattern 1: Subcarrier index 0, 3, 6, 9…,
            §  Interference pattern 2: Subcarrier index 1, 4, 7, 10,…,
            §  Interference pattern 3: Subcarrier index 2, 5, 8, 11…, 
–      Option 3: Measure the interference power on all REs within the symbol colliding with CRS REs and make the averaging with 1 PRB granularity.
        –     Intel: we will not observe that selected REs are affected by CRS interference due to loss of orthogonality
–      Option 4: Up to UE implementation
        –     QC: Discuss the single DMRS scenario separately, since the front loaded DMRS will be totally interfered by CRS in 4 CRS port scenario.
Further discuss       
·       which LLR weighting implementation is feasible
FFS is it necessary to agree on one implementation as reference receiver based on the performance gain evaluation
Company comment:
 
Huawei: We think option 2 is more feasible. As discussed in our contribution and 1st round , the power level is different for different NR subcarriers. Same time, we think option 1 and option 3 have the same complexity 
CMCC: based on our current understanding, Option 1，Option 2 and Option 3 are feasible, with different UE complexity effort. We can check the performance gain among these methods, and further decide whether it is necessary to agree on one/two implementation as reference receiver, or up to UE implementation.
Nokia: The actual LLR weighting for the 30 kHz CS scenario should be up to the UE implementation (Option 4). However if one of Options 1,2,3 show a significant (>2dB) misalignment in simulation results this option should be excluded as a reference receiver for performance requirements definition. 
Intel: We can double check the performance for different algorithms and probably companies can also make the analysis of 15 kHz interference structure which observed by UE after FFT processing with 30 kHz SCS assumption.
Qualcomm: Prefer to keep this up to UE implementation unless large misalignment is observed. In case of large misalignment, we can choose the most conservative option as baseline receiver for defining RAN4 performance requirements, if this scenario is feasible.
 Apple: It is preferable to leave it to UE implementation and re-visit in case of mis alignment. We agree with Qualcomm that we should choose most conservative receiver as baseline in case of mis-alignment and for determining feasibility as well. 
China Telecom: it looks to us option 2 is more preferred, since it is the same implementation as for 15kHz SCS (we estimate the interference power per vshift for 15kHz). For option 3, averaging on all REs within the symbol may not achieve similar performance as for option 2. 
Ericsson: We share similar view with Nokia. 
 
4) CRS port number information
–      Option 1: UE verify the CRS port number and interfered symbols based on power comparison per symbol level.
–      Option 2: Further analyse the feasibility of blind detection if testable performance will be observed with all parameters known to UE
–      Option 3: Need NWA since power detection is unreliable for higher SIR.
–      Option 4: Reuse the GTW agreement
        –     From RAN4 minimum performance requirements aspect, UE follow below default assumption without blind detection as baseline assumption
                §  4 CRS ports for scenario 2
        –     By default, number of CRS ports no need to be informed via signalling with following default assumption from RAN4 performance requirements aspect
        –     Number of CRS ports information can be included into NWA signalling (optional)
We add GTW agreement as Option 4, companies please check is Option 4 agreeable in Sceanrio 2 30kHz SCS
 Company comment:
 Huawei:  We think in frequency  domain, there are most three interference patterns in NR side for different CRS ports/ vShift. One way for UE to perform LLR weighting without CRS port number and vShift information is to estimate the power per interference pattern. Same time, the NR interferenced symbols for 4 CRS ports are [#0,#1,#2,#3,#8,#9] and NR interferenced symbols for 2 CRS ports are [#0,#1,#8,#9], UE can perform LLR weighting for symbols [#0, #1, #8,#9] and symbols [#2, #3] respectively to cover all CRS configuration . Hence, we think it is feasible that UE can always assume 4 CRS ports is existing.  We can further check the performance next meeting to decide whether CRS ports information is needed
CMCC: We support Option 4 to reuse the GTW agreement for CRS port. No need to further discuss how to obtain the CRS port number by UE detection, it can up to UE implementation. 
Nokia: We can support option 4, as discussed in the GTW most companies do not see significant performance impact.
Intel: Option 4 is fine for us.
Qualcomm: We prefer to decide this in the next meeting since we have not evaluated this scenario. Our concern is that assuming 2 vs 4 ports may have significant impact here because of interference on front loaded DMRS. Also, we are still evaluating feasibility of this scenario. We should discuss NWA after we have agreed that this scenario is feasible.
Apple: Do we have agreement that we will use 4 CRS ports for this case as well? NWA can be discussed later, but we would like to understand what is the num CRS port assumption for evaluation.
China Telecom: Option 4 is fine for us.
Moderator: @Apple:  First, for evaluation, in our understading, simulation assumption should reuse the parameters from 15kHz Scenario, except TDD pattern and SCS/CBW. Therefore, we suggest  prioritize 4 CRS ports and interested companies can provide results for 2 CRS ports case.
Second, we want to clarify this issue is discussing How can UE obtain the CRS port number information. This can be discussed separately with simualtion assumption. Hope this can address your concerns.
Ericsson: we share similar view with Nokia. 
 
5)  CRS frequency location information
–      Option 1: There is no need to identify the CRS frequency location in Scenario 2 with NR 30 kHz.  
        –     CMCC: Almost all the NR REs in interfered symbols will be interfered by LTE CRS.
–      Option 2: CRS location information should be configured with network assistance information.
–      Option 3: Further analyse the feasibility of blind detection if testable performance will be observed with all parameters known to UE
–      Option 4: Reuse the GTW agreement
        –     The baseline assumption: No need to introduce NWA signaling for v-shift information 
We add GTW agreement as Option 4
 Company comment:
Huawei: UE can perform LLR weighting for all vShifts like 15kHz scenario. Option 4 is feasible.
CMCC: We support Option 4 to reuse the GTW agreements. However, before doing the IM, UE still need to know the interference frequency location. For this part, we prefer Option 1, do the IM on all the NR REs in interfered symbols.
Nokia: We are currently contesting the baseline in the 15kHz case, so please keep the decision on this open until the other discussion is finished.
Intel: Based on our understanding, vShift information does not help for scenario with 30 kHz, because even in scenario with one interference cell 15 kHz CRS interference will be distributed over multiple subcarriers due to loss of orthogonality of 15 kHz signal after applying of FFT with 30 kHz SCS assumptions.
Qualcomm: We prefer to keep it open in this meeting. We are still evaluating feasibility of this scenario. We should discuss NWA after we have agreed that this scenario is feasible.
 Apple: We can keep this open for this meeting. Also, NWA can be discussed later. 
China Telecom: Option 1 and option 4 do not conflict with each other. Without vshift information indication, UE can do IM in all the REs in the corresponding symbols. We support option 1 and 4. 
Ericsson: We share similar views with China Telecom.
 
6) Other comments, if any
 Company comment:
 Apple: Do we assume the same simulations assumptions as 15KHz except for SCS and TDD config for evaluation? Do we decide in the next meeting on feasibility of 30KHz SCS? 
China Telecom: For evaluation, we agree other parameters from 15kHz scenario can be reused. For CBW, SCS and TDD configuration, for evaluation purpose, we can use the options suggested by CMCC in Issue 5-2-1 and Issue 5-2-2, i.e.,
Issue 5-2-1: CBW and SCS for target and interference cells for 30 kHz SCS
Ÿ   use TDD 30kHz/20MHz for target cell and TDD 15kHz/20MHz for interference cells
TDD configuration for target cell with 30kHz SCS
Ÿ   Use 7DS2U with S=6D+4G+4U for the target cell with TDD 30kHz
Moderator:  We have same suggestion as CTC's proposal.
For evaluation, simulation assumption should reuse the parameters from 15kHz Scenario, except TDD pattern and SCS/CBW. 
    For CRS ports,  prioritize 4 CRS ports and interested companies can provide results for 2 CRS ports case.
    For CBW/SCS, TDD 30kHz/20MHz for target cell and TDD 15kHz/20MHz for interference cells can be a starting point for evaluation
    For TDD pattern,  Using 7DS2U with S=6D+4G+4U for the target cell with TDD 30kHz can be a starting point for evaluation
For feasibility of CRS-IM in Scenario 2 30kHz SCS, it should be decided in next meeting.
Ericsson: we agree on the above moderator’s suggestion. 

7) Other email comments
We update the WF according to some comments, you can find it at: Draft_R4-22xxxxx_WF on CRS-IM 30kHz_v01.docx, any comments are welcome!
The modifications are:
1. Point out Scenario 2 is for evaluation purpose
2. For CRS port number information. First, merge Option 2 as Option 1a since it is based on blind detetion. Second, add a sub-bullet that other options are not precluded.
3. Add a simulation assumption table, in order to align companies' simulation results in next meeting.
HW: Many thanks for preparing the WF, may be TDD pattern of interference cells should be added ? 

China Telecom:
For the TDD pattern of interference cells, I think it belongs to “Other parameters” and the parameter from 15kHz Scenario will be reused, i.e., 
· Use DSUDDDSUDD with S = 10D+2G+2U for the interference LTE with TDD 15kHz SCS.
· Note: The start of transmission of LTE frame is delayed by 2 LTE subframes with respect to the start of transmission of NR frame, which is aligned with the TDD-TDD EN-DC configuration in demod test.

CMCC:
Thanks Like for carefully checking.
We share the same view as Shan, the TDD pattern for interference cell 15kHz belongs to "Other parameters".

HW: We would like to add the power estimation granularity to the option 2 in the implementation of LLR weighting for alignment of simulations.

HW: Many thanks for preparing the perfect WF. We would like to add the power estimation granularity to the option 2 in the implementation of LLR weighting for alignment of simulations. 

QC: We would like to clarify the intent of this granularity. Does it mean that anything > 1RB? Also, please correct the typo – it should be “several” instead of “serval”.

CMCC: Based on my understanding, this granularity is to clarify how to do the power difference estimation. There are three types of REs in one RB, which receive different levels of interference. In order to detect/calculate the CRS power on each RE type, UE can perform power estimation on several RBs or the whole bandwidth. If my understanding is wrong, please HW do the further clarification.
The typo have been fixed.

HW: The CMCC’s clarification is correct. Thanks

QC: Thank you for the clarification. It is ok for us.
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