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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 8.12.1 and 8.12.2.3.
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.
· 1st round comments & responses by 17:00 UTC Thursday
· Comments on NWA signalling and receiver assumption in Topic #3 and #2 before 7:00 UTC Wednesday are appreciated. 
· 2nd round: TBA
Topic #1: General
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2117188
	China Telecom
	Updated work plan for Further enhancement on NR demodulation performance WI

	R4-2117189
	China Telecom
	Draft TR 38.833 v0.2.0: Further enhancement on NR demodulation performance 
(For email approval after the meeting, i.e., to implement the TPs approved during the meeting.)


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

	R4-2117188, CTC, Updated work plan 
	Intel: We have minor comment that Discussion on CR work split for Intra-cell inter-user IRC is also planned for this meeting.

	
	Ericsson: Propose to consider the discussion on asynchronous network scenario in RAN4 #101bis-e or 102-e

	
	


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”



Discussion on 2nd round

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

	R4-2117436
	Apple Inc.
	Proposal #1: To understand the impact to UE processing timeline due to CRS-IC, we would need to seek input from RAN1. 
Proposal #2: RAN4 further studies and discusses the pros and cons of introducing requirements with CRS-IC for CRS interference mitigation.
Observation #1: CRS-IM would always be enabled for demodulation test case and don’t see the necessity to define a condition when CRS-IM is turned ON. 
Observation #2: Operating SINR for reference scheme without CRS-IM lower than -6dB with MCS4. With CRS-IM the SINR would be lower.
Proposal #3: Do not introduce requirements for CRS-IM with MCS 4 as operating SINR would be lower than -6dB. 
Proposal #4: Consider operating SINR > -6dB in selecting simulation parameters for PDSCH demod requirements for CRS-IM.

	R4-2118003
	Intel Corporation
	Observations #1:	For Scenario 1 with 9 symbols PDSCH duration
• LLR weighting provides 0.8-2.1 dB performance improvement (depending on interference loading) in comparison to MMSE receiver.
• CRS-IC provides 2.2-3.4 dB performance improvement (depending on interference loading) in comparison to MMSE receiver and 1.0-1.9 dB performance improvement in comparison to LLR weighting
Observations #2:	For Scenario 2
• LLR weighting provides 0.4-1.4 dB performance improvement (depending on interference loading) in comparison to MMSE receiver.
• CRS-IC provides 1.5-3.0 dB performance improvement (depending on interference loading) in comparison to MMSE receiver and 0.9-1.5 dB performance improvement in comparison to LLR weighting
Observations #3:	PDSCH processing time requirements were defined under assumption of 4-layer processing with 256QAM and 3300 active subcarriers (~ 50 MHz with 15 kHz).
Observations #4:	Total number of resource elements, for which channel estimation is applied for CRS-IM processing in typical scenarios, is much lower than the total number of resource elements, for which channel estimation is applied for baseline Rx processing in reference scenario for definition on UE processing time.
Proposal 1:	Define CRS-IM requirements for two set of reference receivers: LLR weighting and CRS-IC.

	R4-2118396
	Ericsson
	Observation 1: UE can detect whether it is on the cell edge by measuring the power level and if it is exceeding a certain level then UE can turn on LLR weighting
Observation 2: No obvious degradation or any issue has been observed from the simulation result while using all configured DMRSs for interference-pule-noise estimation
Proposal 1: Assume all configured DMRSs are used for interference-pulse-noise covariance estimation processing
Observation 3: UE’s mobility will lead to the continuously changing of dominant interfering cell, especially the UE is moving near the cell edge
Proposal 2: To have a study on the mobility scenario and case B can be a good start

	R4-2118865
	China Telecom
	Observation 1: It is important to verify that CRS-IM can also show performance gain under smaller INR values, to ensure that UE turn on CRS-IM in different INR conditions, and to ensure this CRS-IM feature can benefit more UEs in different locations of the cell.
Proposal 1: Add one set of INR 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.
Observation 2: Minor performance difference for MMSE-IRC from the DMRS-based Rnn estimation with and without CRS interference was observed.
Proposal 2: Slightly prefer using all DMRSs including the 2nd DMRS interfered by neighbour CRS for Rnn estimation.

	R4-2119050
	Huawei, HiSilicon
	Observation 1: It is reasonable behaviour that UE always scan LTE cell and performs RSRP measurement periodically then determine whether CRS-IM should be turned on according to the measurement results.
Observation 2:  The maximum PDSCH processing time specified by RAN1 in TS 38.214 is not impacted but actual processing time for CRS based channel estimation is still long and UE complexity will be increased. 
Observation 3: Rank and modulation don’t affect CRS-IC processing time.
Observation 6: LLR weighting with all DMRS REs for Ruu/LLR calculation has large performance degradation compared to that with DMRS REs not overlapped CRS and the performance gain over baseline is very small.
Proposal 1: Don’t define a new signalling to inform UE the presence of CRS or to turn on CRS-IM.
Proposal 4: Consider following details for LLR weighting for information.
(1)	Calculate the CRS power per receiving antenna and the power vector is   
(2)	Update the LLR of CRS REs by adding the   to interference plus noise covariance in MMSE-IRC processing.
Proposal 5: Further discuss the issue that serving cell’s 2nd  DMRS is overlapped with neighboring cell’s CRS for simulation assumption.

	R4-2119051
	Huawei, HiSilicon
	Simulation results for CRS-IM receiver

	R4-2119550
	Qualcomm Incorporated
	CRS Interference Cancellation
Observation 1: LTE UE processing timelines based on CRS are longer than NR.
Observation 2: Additional CRS based channel estimation on top of existing NR processing will increase the UE processing time by ~1ms and result in higher latency compared to Rel-15 NR. Hence, it will have significant RAN1 impact.
Observation 3: Typical UE implementation has completely separate processing for NR and LTE. So, it is difficult to reuse the CRS processing from LTE in NR processing and may increase cost of the UE.
Observation 4: CRS-IC scheme will need significant work from RAN1 to evaluate UE processing time and will also increase UE complexity significantly compared to LLR scaling.
Observation 5: WID [2] clearly states: “Priority will be given to solutions not having RAN1 specification impact.”
Proposal 1: Consider only LLR weighting technique in Rel-17 for CRS interference mitigation.
Proposal 2: Do not consider CRS interference cancellation technique in Rel-17.
Proposal 3: Evaluate UE processing timeline impact in RAN1 due to additional processing for CRS interference cancellation, if that scheme is agreed in Rel-17.

	R4-2117639
	Nokia, Nokia Shanghai Bell
	Observation 1: Scenario 1 with DSS deployment is a typical LTE/NR interference use case in current networks
Observation 2: For Scenario 1, all parameters including CRS positions required for LLR Weighting can be assumed known at the receiver.
Observation 3: Scenario 2 has currently open points on how to effectively obtain all relevant parameters needed for LLR weighting
Proposal 1: The CRS-IM baseline requirements should be based on scenario 1
Proposal 2: Define performance requirements for scenario 1 (LTE and NR DSS) assuming CRS-IM receiver with all the relevant LLR-weighting parameters known at the receiver.
Proposal 3: Finish baseline CRS-IM requirements based on scenario 1 (LTE and NR DSS). Discuss scenario 2 after baseline requirements are finalized.


Open issues summary
Issue 2-1: Reference receiver for CRS-IM
· WI description (RP-212636):
· Use LLR weighting as baseline reference receiver.
· Proposals
· Option 1: RAN4 further studies and discusses the pros and cons of introducing requirements with CRS-IC. (Apple)
· Option 2: Define CRS-IM requirements for two set of reference receivers: LLR weighting and CRS-IC (Intel)
· Intel: CRS-IC provide the testable performance improvement (1 dB and higher) in comparison to LLR weighting for many of consider scenarios
· Option 3: Consider only LLR weighting technique, and not to consider CRS-IC in Rel-17 for CRS-IM (QC)
· Option 4: Define performance requirements for scenario 1 (LTE and NR DSS) assuming CRS-IM receiver (Nokia)
· Recommended WF
· TBA

Issue 2-2: UE processing time impact of CRS-IC
· Agreement in the WF in RAN4 #100e (R4-2115740):
· UE PDSCH processing timeline is not impacted by LLR weighting.
· Further discuss the UE PDSCH processing timeline for CRS-IC. FFS whether the discussion can be separated for different PDSCH configurations such as:
· Rank 1, QPSK and 16QAM, 20MHz CBW 
· Higher rank, higher modulation order, 20MHz CBW 
· Proposals
· Option 1: Seek input from RAN1, to understand the impact to UE processing timeline due to CRS-IC (Apple)
· Option 2: Evaluate UE processing timeline impact in RAN1 due to additional processing for CRS interference cancellation, if that scheme is agreed in Rel-17. (QC)
· QC: For CRS-IC, additional CRS based channel estimation on top of existing NR processing will increase the UE processing time by ~1ms and result in higher latency compared to Rel-15 NR. Hence, it will have significant RAN1 impact.
· Option 3: Using of CRS-IC receiver does not have impact on PDSCH processing time defined in TS38.214 (Intel)
· Intel: The overall complexity of receiver with CRS-IM processing for typical scenario is much lower than complexity of baseline Rx processing in reference scenario for definition on UE processing time.
· Huawei: 1) Actual processing time for CRS based channel estimation is still long and UE complexity will be increased. 2) Rank and modulation don’t affect CRS-IC processing time.
· Recommended WF
· TBA

Issue 2-3: Condition to turn on CRS-IM
· Agreement in the WF in RAN4 #100e (R4-2115740):
· Companies are encouraged to provide insights on the condition that CRS-IM is turned on, for CRS-IC and LLR weighting respectively
· Observations:
· Apple: CRS-IM would always be enabled for demodulation test case and don’t see the necessity to define a condition when CRS-IM is turned ON
· Ericsson: UE can detect whether it is on the cell edge by measuring the power level and if it is exceeding a certain level then UE can turn on LLR weighting, we should assume that UE will always turn on the CRS-IM.
· Huawei: It is reasonable behaviour that UE always scan LTE cell and performs RSRP measurement periodically then determine whether CRS-IM should be turned on according to the measurement results
· China Telecom: It is important to verify that CRS-IM can also show performance gain under smaller INR values, to ensure that UE turn on CRS-IM in different INR conditions, and to ensure this CRS-IM feature can benefit more UEs in different locations of the cell.
· Proposals
· [bookmark: _Hlk86228819]Option 1: 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. (China Telecom)
· Recommended WF
· TBA

Issue 2-4: 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
· Agreement in the WF in RAN4 #100e (R4-2115740):
· Further discuss following options for simulation alignment:
· [bookmark: _Hlk86235821]Option 1: Not use DMRS REs for Ruu estimation which are overlapping with CRS REs
· Option 2: all DMRSs are used
· Other options are not precluded
· Proposals
· Option 1: Not use DMRS REs for Ruu estimation which are overlapping with CRS REs
· Option 2: Use all DMRSs for Ruu estimation (Ericsson, CTC slightly prefer)
· Ericsson, CTC: Option 2 is used in our simulation and no obvious degradation or any issue has been observed from the simulation result.
· Option 3: Further discuss the issue (Huawei)
· Huawei: LLR weighting with all DMRS REs for Ruu/LLR calculation has large performance degradation compared to that with DMRS REs not overlapped CRS and the performance gain over baseline is very small.
· Recommended WF
· TBA

Issue 2-5: Implementation details for LLR weighting (for information)
· Proposals
· Option 1 (Huawei):
· Calculate the CRS power per receiving antenna and the power vector is [image: ] 
· Update the LLR of CRS REs by adding the [image: ] to interference plus noise covariance in MMSE-IRC processing.
· Recommended WF
· Encourage feedback. In case the simulation results for LLR weighting are not well aligned, discussion on the detailed implementation might be helpful.


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

	Company A
	Issue 2-1: Reference receiver for CRS-IM

Issue 2-2: UE processing time impact of CRS-IC

Issue 2-3: Condition to turn on CRS-IM

Issue 2-4: 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

Issue 2-5: Implementation details for LLR weighting (for information)


	China Telecom
	Issue 2-1: Reference receiver for CRS-IM
In our simulation results, CRS-IC provide the more than 1dB performance improvement in comparison to LLR weighting in the simulation scenarios agreed in phase I.
From this perspective, we support to define another set of requirements for CRS-IC. In this way, UEs only need to pass the test requirements of LLR weighting or CRS-IC based on the declaration.
Meanwhile, this issue will also depend on the conclusion on PDSCH processing time and network signalling for CRS-IC.

Issue 2-2: UE processing time impact of CRS-IC
We support option 3. As discussed in the last meeting, the processing time discussion can be separated for different PDSCH configurations such as:
· Rank 1, QPSK and 16QAM, 20MHz CBW 
· Higher rank, higher modulation order, 20MHz CBW

Issue 2-3: Condition to turn on CRS-IM
This issue was raised based on AT&T’s system simulation results submitted to RAN4 #100e. 
With one more set of INRs used in RAN4 demod tests, we can guarantee more UEs in different geographical locations can turn on and benefit from CRS-IM.

Issue 2-4: 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
Option 2 is preferred based on our simulation observation. But we realize this issue might be related to Issue 2-5. 

Issue 2-5: Implementation details for LLR weighting (for information)
Our implementation of LLR weighting is:
· 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.

	CMCC
	Issue 2-1: Reference receiver for CRS-IM
Before Issue 2-2 reaching consensus, we think Option 1 can be the baseline.

Issue 2-2: UE processing time impact of CRS-IC
Option 3. Based on our understanding, the additional delay is due to blind detection. However, UE has many ways to get CRS information, as we stated in issue 3-3. Besides, the CRS information is relative fixed, once UE success blind detection for one time, this CRS information can be used by UE with high priority, which can reduce detection delay with large probability.

Issue 2-3: Condition to turn on CRS-IM
For defining CRS-IM requirements and test cases, we should assume that UE will always enable the CRS-IM. In practical, the condition to turn on CRS-IM should be based on UE implementation.
Besides, we think Option 1 also make sense, it can guarantee UE performing the CRS-IM behavior when existing CRS-IM gain.

	Huawei
	Issue 2-1: Reference receiver for CRS-IM
Option 3. As we have agreed to use LLR weighting as baseline, we want to know the motivation to additionally define the requirements for CRS-IC leading to more complexity and processing time of interference cancelling algorithm such as channel estimation of neighbouring cell but limited performance gain over LLR weighting. If some companies have strong views to introduce it, we can further discuss it in Rel-18 performance enhancement part.
Issue 2-2: UE processing time impact of CRS-IC
We agree that CRS-IC don't exceed the processing time specified in RAN 1 spec. But for actual processing time, it may be long due to the precise CRS-based channel estimation, time/frequency offset and CRS presence detection.
Issue 2-3: Condition to turn on CRS-IM
In order to avoid searching neighbouring LTE cell, we propose to use inter-RAT measurement/MO configuration and by this way, UE will turn on CRS-IM if there is a neighbouring cell and the RSRP is higher than a threshold. Therefore, no other conditions are needed.
Issue 2-4: 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
As discussed in our contribution, in scenario 2, 1/3 DMRS REs are colliding with CRS. For LLR weighting algorithm, these DMRS REs shouldn’t be included for initial LLR calculation since CRS power has been included. More evaluation for these scenario are welcome.
Issue 2-5: Implementation details for LLR weighting (for information)
@CTC: Could you please elaborate the details of LLR scaling? Based from our understanding, LLR is derived based on SINR, the “I” and “N” are residual interference and noise after MMSE-IRC processing while CRS power is estimated before MMSE-IRC processing. It may be incorrect if we use CRS power for scaling directly.
Based on our understanding, the processing of noise plus interference and CRS interference should be unified and option 1 may be one of these ways.  


	Intel
	Issue 2-1: Reference receiver for CRS-IM
Option 2.
We support to consider both receivers in the Rel-17 scope: LLR weighting and CRS-IC, because CRS-IC provides higher performance improvement in comparison LLR weighting and testable performance improvement (i.e. > 1dB) in comparison to MMSE-IRC can be observed for more scenarios. Also, based on our analysis using of CRS-IC processing doesn’t lead to significant increasing of RX processing.
Issue 2-2: UE processing time impact of CRS-IC
Option 3.
Based on our analysis, the complexity of Rx processing with MMSE-IRC receiver for scenario, which is used for definition of UE processing time, is much lower than complexity of RX processing with CRS-IC receiver for one of the typical scenarios.
Issue 2-3: Condition to turn on CRS-IM
Based on our understanding, this issue can also have dependency on CRS-IM receiver assumptions (LLR weighting or CRS-IC), because based on our analysis >1 dB LLR weighting gain can be observed for a smaller number of scenarios (loading and INR values) in comparison to number of scenarios with >1 dB CRS-IC weighting gain. Therefore, in case we want to identify the conditions under which CRS-IM is turned on, we need to consider different set of scenarios for LLR weighting and CRS-IC. 
Also, we have CRS-IM gain dependency on interference cell loading. Therefore, probably we also need to fix certain typical loading assumptions for such analysis.
Issue 2-4: 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 suggest to first align on Issue 2-5 and further check the details on this issue. 
Issue 2-5: Implementation details for LLR weighting (for information)
We have another understanding of LLR weighting processing in comparison to Option 1. In our paper R4-2118004, we provide the detailed description of our LLR weighting algorithm.
Based on our understanding, LLR weighting assumes just scaling of LLRs after equalization and does not affect equalization processing. Same time, option 1 suggests to adjust the MMSE equalization and terminology “CRS interference rejection” is more suitable for such processing. Based on our understanding, the complexity of such processing is between CRS-IC and LLR scaling, because we need to apply inversion of interference-plus-noise covariance matrix 2 or 3 times per noise estimation granularity (1 or 2 PRBs for scenarios with intercell interference) depending on implementation of CRS interference rejection.
We can include such receiver for further analysis of CRS-IM performance as third type of Rx processing.

	Nokia, Nokia Shanghai Bell
	Issue 2-1: Reference receiver for CRS-IM
We support the option 3 to consider LLR weighting (do not consider CRS-IC) in Rel-17 for CRS interference mitigation. The possible introduction of CRS-IC can be discussed for Rel-18.
Issue 2-2: UE processing time impact of CRS-IC
Come back to this question once issue 2-1 is decided.
Issue 2-3: Condition to turn on CRS-IM
We agree with companies proposing to use measurements for enabling cell-edge detection for CRS-IM. 
For CRS-IM requirements it should be assumed that CRS-IM is always turned on.
It is currently unclear to us how option 1 relates to condition to turning on/off CRS-IM. Is it expected that CRS-IM is turned of once the gain drops below 1 dB?

	Apple
	Issue 2-1: Reference receiver for CRS-IM
We support to use LLR weighting as baseline receiver until we have conclusion on Issue 2-2. 
We also support option 4, to define requirements for scenario 1 only with CRS-IM.

Issue 2-2: UE processing time impact of CRS-IC
Our understanding is that there is significant impact to UE RX processing chain for CRS-IC. We suggest seeking RAN1 input on impact to UE processing time impact.
Issue 2-3: Condition to turn on CRS-IM
We would like to understand the reason for this discussion for requirements definition.
We understand that the level of interference and loading would impact the performance improvement seen with CRS-IM. 
@Huawei,  We would like to understand it is common understanding or agreement that LTE MO is always configured. We don’t think that it’s the case and cannot make any assumptions on it. 

Issue 2-4: 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
In scenario 2 we expect to see performance impact whether 2nd DMRS symbol is used or not. Based on company comments it might also depend on the implementation for LLR weighting.  

	Qualcomm
	Issue 2-1: Reference receiver for CRS-IM
Prefer Option 3 and Option 4. We have already agreed to define the requirements for LLR weighting scheme. Even though CRS-IC shows gains in RAN4 simulations, it is very complex scheme and needs high number of processing cycles. It will also impact UE processing time and in practice, gains will be much lower as experienced in LTE. So, we don’t support defining requirements for CRS-IC. We support Option 4 because that is more widely deployed.
Issue 2-2: UE processing time impact of CRS-IC
In our opinion, there is a significant impact to UE processing timeline. If companies want to conclude on this, we would like to mention that it is not RAN4’s job to decide on whether there is UE processing timeline impact or not and RAN4 should seek input from RAN1 on this. Given the limited amount of time left for Rel-17 in RAN1 (only 1 meeting left), we prefer not to define requirements for CRS-IC in Rel-17. 
Issue 2-3: Condition to turn on CRS-IM
We prefer to define the RAN4 test at INR values considered in Phase I to reduce the simulation and test effort.
Issue 2-4: 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 prefer Option 2 because that should be the baseline assumption. Assuming anything else will be a further enhancement.
Issue 2-5: Implementation details for LLR weighting (for information)
We have a different understanding than Huawei for this. Our assumption was to scale the LLRs directly. What Huawei is suggesting is much more complex and it may need more processing cycles and memory.

	Huawei
	@ Intel and QC:  Thanks for the comments, please check the following further analysis
1) We don't think implementation of option 1 is more complex than direct  LLR scaling since it suggest only to add the CRS power to the diagonal of Ruu used for MMSE-IRC processing agreed as baseline receiver and no additional inversion is used.  We can’t understand “we need to apply inversion of interference-plus-noise covariance matrix 2 or 3 times per noise estimation granularity” raised by Intel since only addition of CRS power is needed compared to legacy MMSE-IRC baseline.
2) We doubt the feasibility scaling LLR directly by using CRS power estimated before equalization processing since LLR is derived after equalization.  
Please let me know if there are some problems with our analysis.

	MediaTek
	Issue 2-1: Reference receiver for CRS-IM
Support option 3 and also support Option 4 to define only requirements for scenario 1.

	Ericsson
	Issue 2-1: We are fine with option 3. It is agreed that processing timeline is not impacted by LLR weighting. So at least for option 3, there is no need to re-discuss the issue 2-2.
Issue 2-2: Option 3. We agree with observations from Intel and Huawei.  
Issue 2-3: We prefer to leave it to UE implementation. We don’t think we need to specify it. In addition, we doubt the necessity of adding smaller INR values. One reason is that smaller INR value have not been widely evaluated by companies in phase I.  We agree that under this simulation assumption, the UE will always turn on the CRS-IM. But in reality, it is reasonable to doubt that the UE will do it this way. Perhaps the UE will only turn on the CRS-IM when the INR value goes high. How much is the benefit for doing CRS-IM over the condition of smaller INR? How much is the trade-off between benefit and the UE complexity of doing IM over the condition of smaller INR? If INR value is rather small, then maybe it is not needed to turn on IM.
Issue 2-4: Currently we don’t see any issue, but we are fine to further discuss this if there is any issue on the simulation results alignment. 
Issue 2-5: Our implementation is close to that of CTC and Intel from R4-2118004. 

	Intel2
	@ Huawei:
Based on our understanding, the two options of MMSE-IRC implementation are possible:
Option 1: 
Option 2: 
In case Option 2 is used and we consider just MMSE-IRC processing,  can be calculated once per noise estimation granularity.
In case Option 2 is used and we consider CRS rejection during equalization processing, based on our understanding, we need to calculate  for REs with CRS interf,  for REs with CRS interf with v-shift 1 and for REs with CRS interf with v-shift 2 (in case needed). 
Same time, in case Option 1 is used, we agree with you that processing complexity is same with and without CRS interference rejection.
However, taking into account that we can have different UE implementations, we can not preclude that complexity of CRS rejection will be higher than just LLR scaling for some UEs.

	ZTE
	Issue 2-1: Reference receiver for CRS-IM
One clarification question on Option 2: if CRS-IC is introduced, will we introduce two sets of performance requirements for the same scenario for CRS-IM, i.e., one for LLR weighting, the other for CRS-IC? If there is only one set of requirements defined, then it should be based on LLR weighting.
Currently we can focus on LLR weighting, which means Option 3 is slightly preferred.

Issue 2-2: UE processing time impact of CRS-IC
CRS-IC will impact on UE processing time. Option 1 and 2 are fine.

Issue 2-3: Condition to turn on CRS-IM
The question seems a bit confusing. There could be two understandings: 1) selection of interference level(s) to define the performance requirements; 2) UE’s choice in real fields. For 1), Proposal 1 seems difficult because it requires a full alignment of performances of both reference receiver without and with CRS-IM among companies. For 2), it has no specs impacts.

Issue 2-4: 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
Option 2. 

Issue 2-5: Implementation details for LLR weighting (for information)
Companies are always welcome to reveal details for their LLR weighting implementation. However, we don’t think this should be discussed here which is completely up to each company’s own implementation. 


Summary for 1st round 
Open issues 
	
	Status summary 

	Topic #2: Receiver assumptions for CRS-IM
	Issue 2-1: Reference receiver for CRS-IM
Summary of 1st round discussion:
· Option 1: RAN4 further studies and discusses the pros and cons of introducing requirements with CRS-IC. (Apple, CMCC as baseline)
· Option 2: Define CRS-IM requirements for two set of reference receivers: LLR weighting and CRS-IC (Intel, China Telecom)
· CTC: In this way, UEs only need to pass the test requirements of LLR weighting or CRS-IC based on the declaration
· Option 3: Consider only LLR weighting technique, and not to consider CRS-IC in Rel-17 for CRS-IM (QC, Huawei, MTK, E///, ZTE slightly prefer)
· Option 4: Define performance requirements for scenario 1 (LTE and NR DSS) assuming CRS-IM receiver (Nokia, Apple, QC, MTK)
· Option 5: Possible introduction of CRS-IC can be discussed in Rel-18 performance enhancement part (Nokia, Huawei)
Recommendations for 2nd round:
Given the current situation, confirm if the following is agreeable:
· Confirm LLR weighting as the baseline reference receiver for both scenario 1 and scenario 2.
· For CRS-IC:
· Option 1: Further discuss pending on the conclusion of NWA for LLR weighting.
· Option 2: Possible introduction of CRS-IC can be discussed in Rel-18 performance enhancement part.

Issue 2-2: UE processing time impact of CRS-IC
Summary of 1st round discussion:
· Option 1: Seek input from RAN1, to understand the impact to UE processing timeline due to CRS-IC (Apple, ZTE)
· Option 2: Evaluate UE processing timeline impact in RAN1 due to additional processing for CRS interference cancellation, if that scheme is agreed in Rel-17. (QC, ZTE)
· Option 3: Using of CRS-IC receiver does not have impact on PDSCH processing time defined in TS38.214 (Intel, China Telecom, CMCC, Huawei, E///)
· Option 4: Discuss after reference receiver for CRS-IM is decided (Nokia)
Recommendations for 2nd round:
Confirm if the Option 4 is agreeable.

Issue 2-3: Condition to turn on CRS-IM
Summary of 1st round discussion:
· Option 1: 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. (China Telecom, CMCC, [Intel])
· CMCC: It can guarantee UE performing the CRS-IM behaviour when existing CRS-IM gain.
· CTC: Guarantee more UEs in different geographical locations can turn on and benefit from CRS-IM.
· Intel: In addition to different INR, different neighbouring cell PDSCH loading level can also be considered.
· Option 2: Not to additionally test CRS-IM under small INR (Huawei, QC, E///)
· Option 2A: Assume that UE will always enable the CRS-IM for requirement definition (Nokia)
· Option 2B: UE will turn on CRS-IM if there is a neighbouring cell and the RSRP is higher than a threshold (Huawei, Nokia)
· Option 2C: For INR conditions not used in RAN4 test, whether CRS-IM is turned on is up to UE implementation (E///)
· Moderator’s observation:
· Firstly, based on the comments received, the name of the issue is not appropriate, since it might give people impression that UE will definitely turn off CRS-IM when the INR is lower than the numbers used in RAN4 tests.
· Secondly, under the condition of the proposed additional INR set (with ~1dB CRS-IM gain), companies don’t know whether CRS-IM will be turned on.
Recommendations for 2nd round:
· Change the name of the issue to “Interference INR/loading level” 
· Keep the two options open. Proponents for option 1 are encouraged to provide exact numbers on the additional interference INR/loading level.

Issue 2-4: 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
Summary of 1st round discussion:
· Option 1: Not use DMRS REs for Ruu estimation which are overlapping with CRS REs (Huawei)
· Option 2: Use all DMRSs for Ruu estimation (Ericsson, CTC slightly prefer, QC as baseline. ZTE)
· Option 3: Further discuss the issue after LLR weighting implementation details are aligned (Huawei, Intel, CTC, E///)
· Option 4: Depend on UE implementation (Apple)
Recommendations for 2nd round:
· Related to the LLR weighting implementation in Issue 2-5. 
· Further discuss, and would also leave this to UE implementation if no simulation result mis-alignment due to this issue.

Issue 2-5: Implementation details for LLR weighting (for information)
Summary of 1st round discussion:
· Option 1: Adopt CRS power into MMSE-IRC equalization processing (Huawei):
· 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
· Intel, QC: 1) LLR weighting assumes just scaling of LLRs after equalization and does not affect equalization processing. 2) much more complex and it may need more processing cycles and memory.
· Option 2: Direct scaling of LLR without equalization processing involved (China Telecom, Intel, QC, E///)
· Option 2A: (China Telecom, E///)
· 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: (Intel - LLR weighting processing flow in section 2.1 of R4-2118004, E///)
· Option 3: Up to UE implementation (ZTE)
Recommendations for 2nd round:
· Further discuss, and would also leave this to UE implementation if no simulation result mis-alignment due to this issue.



Discussion on 2nd round

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

	R4-2117437
	Apple Inc.
	Observation #1: Impact of network assistance cannot be quantified by numerical results as they don’t capture impact to UE complexity, processing and power consumption.
Observation #2: For both LLR weighting and CRS-IC we need LTE/CRS presence, location and sequence information. 
Observation #3: UE needs to detect the LTE interfering cell and perform PBCH decoding to obtain CRS location and sequence information if this information is not provided via network assistance. 
Observation #4: UE cannot obtain LTE MBSFN configuration and CRS muting information from cell identification and PBCH decoding alone.
Observation #5: At a minimum the network needs to indicate LTE presence information to the UE that includes presence of LTE cell, MBSFN configuration and CRS muting information.
Observation #6: For the UE to blindly detect the LTE interfering cell(s) LTE-MO for inter-RAT measurements for the UE. 
Observation #7: UE performs inter-RAT LTE measurements when LTE MO is configured and during measurement gaps.
Observation #8: Measurement gaps decrease the overall NR throughput. 
Observation #9: In good network conditions there is no necessity for LTE MO and inter-RAT measurements and might not be configured to the UE. 
Observation #10: Without LTE MO configured it would be very complex for the UE to detect the LTE interfering cells. 
Observation #11: It is not always feasible for the UE to obtain the information on interference LTE location and sequence from inter-RAT measurements.
Proposal #1: RAN4 agrees to introduce network assistance for CRS-IM.
Proposal #2: UE is provided with LTE presence, location and sequence as assistance information for CRS-IM.
Proposal #3: Introduce UE capability signalling for CRS-IM as a per band capability.

	R4-2117640
	Nokia, Nokia Shanghai Bell
	Necessity of Network assistant signaling
Observation 1: Scenario 1 does not require NWA for LLR Weighting as the required information is already available to the UE when in a DSS serving cell scenario. 
Proposal 1: LLR Weighting does not require NWA, at least for scenario 1 (LTE and NR DSS)
Observation 2: The extent of the deployment of scenario 2 is unclear and optimizing for it may not be practical. 
Proposal 2: RAN4 should focus on scenario 1 (LTE and NR DSS) at least until scenario 2 impact is clarified.
Parameter Selection
Observation 3: Companies have provided a set of parameters required for CRS-IM which has to be available to the NR UE. This set can be used as baseline for further discussion into the need for NWA.
Proposal 3: Use the provided set of parameters required for CRS-IM as baseline for further discussion into the need for NWA.
Misdetection
Observation 4: CRS-IM will only be effective when handling high interference, hereby it can be assumed that blind detection will work without degradation of the detected CRS information, as the interferer can be detected with high accuracy.
Proposal 4: Do not include misdetection in the requirement for CRS-IM when using blind detection.

	R4-2117739
	CMCC
	Proposal 1: Do not introduce network signaling assistance.

	R4-2118004
	Intel Corporation
	Proposal 1:	Assume that the following information about neighbouring cell(s) signal(s) parameters is required for both receivers, i.e. CRS-IC and LLR weighting:
•	Physical Cell ID
•	MBSFN configuration
•	CRS muting usage flag 
•	Number of CRS antenna ports
•	Bandwidth of the LTE carrier
•	Center of the LTE carrier
Proposal 2:	For scenario 1 assume that Bandwidth of the LTE carrier, Center of the LTE carrier and MBSFN configuration are same for serving and neighbouring cells and derived based on CRS rate matching pattern configuration
Proposal 3:	For scenario 1 consider one of the following options for network assistance signalling:
•	Option 1: Full network assistance (Physical Cell ID, Number of CRS antenna ports, CRS muting usage flag)
•	Option 2: Partial network assistance (Physical Cell ID, CRS muting usage flag or Physical Cell ID of cells without CRS muting) 
•	Option 3: No network assistance
Proposal 4:	For scenario 1 consider one of the following options for network assistance signalling under assumption that MBSFN configuration is same for serving and neighbouring cells:
•	Option 1: Full network assistance (Physical Cell ID, Number of CRS antenna ports, CRS muting usage flag, Bandwidth of the LTE carrier, Center of the LTE carrier, MBSFN configuration)
•	Option 2: Partial network assistance (Physical Cell ID, CRS muting usage flag, MBSFN configuration)
•	Option 3: Light network assistance (Physical Cell ID of LTE cells without CRS muting)

	R4-2118397
	Ericsson
	Observation 1: UE only needs to know the location of CRS symbols for doing LLR weighting
Observation 2: For DSS scenario, UE can get the information in need by the CRS RM configuration
Observation 3: For NR alone, UE can know the presence of the interference CRS by the existing signaling including inter-RAT MO, 7.5KHz shift
Observation 4: It is not feasible for network signaling because of UE’s mobility in reality
Proposal 1: Not to consider network assistance signaling for CRS interference handling
Proposal 2: Not to consider any misdetection in phase II study

	R4-2118866	
	China Telecom
	Observation 1: LLR weighting only needs to know the presence of neighbour LTE CRS to perform CRS-IM.
Observation 2: Not consider the scenario with CRS muting, if the CRS muting means the network-based CRS interference mitigation.
Observation 3: For scenario 1, consider the typical scenario with MBSFN configuration aligned for the neighbouring cells, and UE can obtain the MBSFN configuration from the CRS-RM RRC message for the target cell. For scenario 2, MBSFN are not configured since the interference cell is a pure LTE cell in that case.
Observation 4: For LLR weighting, UE can perform energy detection on all the REs in the OFDM symbols containing LTE CRS. Therefore, UE does not need to explicitly know the neighbour cell CRS port number.
Observation 5: UE can know the presence of the interference CRS by the existing network signalling for both scenario 1 and scenario 2, e.g., by CRS-RM message for the target cell in scenario 1, and by inter-RAT MO, 7.5KHz shift in scenario 2. 
Proposal 1: Do not introduce additional network assistance signalling for UE CRS-IM process.
Proposal 2: Consider capability signalling for the CRS-IM UE feature.

	R4-2119050
	Huawei, HiSilicon
	Observation 4: UE can perform LLR weighting by using two following ways without network signalling assistance:
Option 1: UE tries to detect neighboring cell’s PBCH to acquire corresponding cell ID, CRS ports, MBSFN configuration bandwidth and estimate the CRS power by using CRS sequence (e.g. CRS-based channel estimation, PDP detection).
Option 2: UE estimates the CRS power per several RBs on all REs where CRS may be probably transmitted by subtracting power of these REs with that of non-CRS REs and UE perform LLR weighting on these REs.
Observation 5: UE should detect neighbouring cell’s PBCH without network signalling assistance if CRS-IC is used.
Proposal 2: Configure inter-RAT measurement.  
Proposal 3: Define the requirements for LLR weighting without network assistance
Proposal 4: Consider following details for LLR weighting for information.
(1)	Calculate the CRS power per receiving antenna and the power vector is   
(2)	Update the LLR of CRS REs by adding the  to interference plus noise covariance in MMSE-IRC processing.

	R4-2119406
	MediaTek Inc.
	Proposal 1: Determine first what information are the necessity for LLR weighting algorithm and then discuss how to obtain information.
Observation 1: The performance of the case with or without network assistance is the same as those information acquired for LLR weighting are protected by CRC check.
Proposal 2: To reduce the complexity and power consumption to decode PBCH/MIB and PDSCH/SIB from interference LTE cell with the NR modem, we support to introduce network assistance signalling, including:
•	LTE carrier frequency
•	LTE bandwidth
•	number of CRS ports 
•	CRS position 
•	MBSFN configuration
•	CRS muting information
•	CRS sequence

	R4-2119550
	Qualcomm Incorporated
	Network Assistance
Observation 6: If UE mis-detects number of CRS ports, LLR weighting performance will degrade.
Observation 7: If UE is not aware of neighbor LTE cell MBSFN configuration, performance will degrade compared to not doing any mitigation.
Observation 8: If UE is not aware of CRS muting on neighbor LTE cell and still applies LLR weighting, performance degrades by ~2.5dB compared to doing nothing.
Observation 9: UE needs network assistance to know the interfering LTE cell’s cell ID, number of CRS ports, MBSFN configuration, and CRS muting information. Otherwise, UE will have to run hypothesis testing to figure out all the needed information. It will increase the UE power consumption significantly and will further extend the UE processing time.
Observation 10: If UE mis-detects the needed parameters or CRS presence, it will severely impact the UE performance for CRS-IM schemes.
Observation 11: It was discussed and agreed to provide such network assistance in LTE for CRS interference cancellation.
Proposal 4: Consider below network assistance to reduce UE power consumption and UE complexity and improve network performance with CRS-IM schemes:
	Number of CRS ports and cell id for neighbor LTE cell
	Presence of MBSFN on neighbor LTE cell
	Presence of CRS Muting on neighbor LTE cell


Open issues summary
Issue 3-1: Parameters needed for LLR weighting
· Discussion in RAN#93e (RP-212565):
· Which parameters are needed to be known for LLR weighting?
· Option 1: presence and location of interference CRS 
· Option 2: presence of interference CRS
· Option 3: presence, location and sequence of interference CRS
· Note: the presence information includes the presence of LTE cell, MBSFN configuration, CRS muting information, and the CRS location information includes LTE carrier frequency, bandwidth, v-shift, CRS port number
· Proposals
· Option 1: The presence and location of interference CRS (Ericsson, Intel)
· Ericsson: Number of CRS ports and other information are not needed since LLR weighting will not regenerate the CRS sequence.
· Option 2: The presence of interference CRS (China Telecom, HW)
· China Telecom: With LLR weighting, UE only need to do energy detection on all the REs in the OFDM symbols which may be occupied by the LTE CRS in neighbour cell, after indicated the presence of neighbour LTE.
· HW: UE can estimate the CRS power per several RBs on all REs where CRS may be probably transmitted by subtracting power of these REs with that of non-CRS REs and UE perform LLR weighting on these REs.
· Option 3: The presence, location and sequence of interference CRS (Apple, MTK, Intel, HW)
· Moderator’s Observation:
· Firstly, companies have different views whether the interference CRS sequence is needed to perform LLR weighting, which might be caused by the different implementations of LLR weighting as analyzed in HW’s paper (copied below):
· LLR weighting option 1: UE estimates the CRS power by using CRS sequence (e.g. CRS-based channel estimation, PDP detection).
· LLR weighting option 2: UE estimates the CRS power on all REs where CRS may be probably transmitted.
· Note: Based on HW’s simulation results, similar performance for the 2 options above is achieved.
· Secondly, companies have different views on whether energy detection is performed on all the REs that may be occupied by the neighbor cell CRS for LLR weighting, which leads to different views on whether CRS location related information is needed.
· Recommended WF
· Companies are encouraged to provide further feedback on the above two aspects.

GTW Discussion on Nov 3rd
Summary of 1st round discussion:
· Proposals on the needed information for LLR weighting:
· Option 1: The presence and location of interference CRS (Ericsson, Intel, Nokia)
· Option 2: The presence of interference CRS (China Telecom, HW, CMCC)
· Option 3: The presence, location and sequence of interference CRS (Apple, MTK, Intel, HW, QC)
· Note: the presence information includes the presence of LTE cell, MBSFN configuration, CRS muting information, and the CRS location information includes LTE carrier frequency, bandwidth, v-shift, CRS port number
· Companies’ feedbacks on the following technical issues:
· On whether the interference CRS sequence is needed to estimate the CRS power
· Option 1: Yes 
· Option 2: No (China Telecom, CMCC, Huawei, Nokia, E///)
· HW: Similar performance for LLR weighting with and without CRS sequence.
· Option 3: UE can have different implementation in the field (Intel, Apple)
· On whether energy detection is performed on all the REs that may be occupied by the neighbor cell CRS
· Option 1: Yes (China Telecom, CMCC, Huawei, E///)
· CTC: For CRS port number (2 or 4 ports), UE can estimate and compare the received signal energy in the 1st and 2nd OFDM symbols
· Option 2: No
· Option 3: UE can have different implementation in the field (Intel, Apple)

· Discussion:
Apple: There are different UE implementations; one no need to CRS sequence information which rely on power detection; another required CRS sequence.
Huawei: For scenario 1, if UE always can assume same information from CRS-Rate matching pattern information of severing cell. 
We would like to check whether RAN4 group can reach the consensus for basic/reference receiver assumption with common understanding.
Intel: we share similar view as Apple, we shouldn’t mandate/restrict UE implementation. We define minimum requirements with receiver agonistic way. 
CMCC: We believe LLR weighting with energy detection is reasonable. 
QC: We share similar view with Apple, more available information, less power consumption required with robust performance. We support option 3. We observed performance loss with mismatched information if CRS not present with CRS-IM receiver. 
Nokia: Does companies agree with the note? Assuming energy detection to define requirements not precluded UE apply advanced receiver to achieve better performance. Have interference other than CRS interference will improve the performance instead of degrading the performance. 
China Telecom: We think the information all needed, but we need to further discuss how to achieve such information case by case. We don’t plan to restrict UE implementation, usually we define reference receiver assumption to define minimum performance requirements. With energy detection, the UE complexity lower than other ways. It’s feasible to do power comparison among symbols. 
MTK: We share similar view with Apple, Qualcomm. UE need to implement CRS-IM, and NW only need to provide NWA signalling. Not sure whether power difference detection trustable to get CRS port number.
Ericsson:  We didn’t specify any specific receiver implementation into specification, we only define minimum performance requirements in receiver agonistic way. We don’t expect any other additional information.
China Telecom: 2nd symbol can be used to transmit PDCCH which not feasible to compare symbol 0 and 1 we can compare the power in symbol 8 and 9. 
Huawei: If high load on interference cell, then no need to enable CRS_IM receiver. 
Apple: We believe all the information in the set required besides LTE cell presence. 
Qualcomm: We believe CRS location information also required regardless how these come from. 
Intel: We need to focus on which required, then we can discuss how to get them. For reference receiver assumption, we think baseline receiver should think all information available and other advanced receiver maynot require some or full information. 
China Telecom: We should decouple which information needed and how obtain such information separately. The CRS location including v_shift and number of ports, in our paper, we explain how to obtain such information by UE power detection. Can we clarify whether CRS sequence used in simulation for the results submitted by companies?
Agreement:
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]
FFS how UE can obtain above parameters which can be discussed in case by case manner also depending on deployment scenarios with below candidate alternatives  
1. UE detection 
1. NWA signaling including existing signaling or new dedicated signaling
1. Following some specific assumption under certain conditions/scenarios 
Ericsson: What’s the detection method referred here?
Huawei: We are discussion detection with power detection assumption. 
Intel: In our simulation, cell ID/CRS sequence information used for CE of CRS.
Apple/QC: If advanced receiver allowed, CRS sequence information required. CRS sequence information also require slot offset information. 
China Telecom: If we have 8 neighbour cells informed, does UE need to power detection for all the cells? If so, the complexity increased compared to without the sequence which can deal more interference cells by power detection.
Huawei: Regarding sub-frame boundary alignment, this is for 15kHz and sync scenario with same TDD pattern.
Intel: For CRS sequence generation, slot number information also required. The complexity can be reduced with aware such information instead of blind detection per slot.
Apple: We think v-shift, CRS port number required for CRS location information, and this information already including CRS-RM information. For sequence, same view as Intel and QC. If such information aware by UE, then depending UE implementation to decide how apply LLR weighting with CE. 
Agreement：
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.
Interested companies can bring simulation result for power difference between symbols with and without CRS REs) for the detection of number of CRS ports.
· Further discuss the assumption of interference cell PDSCH loading  
The complexity and power consumption impact also need to be considered when RAN4 make decision. 
Companies continued to discuss the candidate options for the implementation of LLR weighting receiver 
Apple: we have concern on 2nd proposal. It is possible but do we need to enforce UE do that? We should not impact the processing timeline. 
Intel: Different companies have different assumption for LLR weighting i.e. LLR scaling as output equalization, or adjustment on equalization. First we need to align the receiver assumption. We also need to consider the complexity. 
QC: We agree with Apple and Intel. 
China Telecom: For proposal 2, we don’t think power detection will bring additional complexity, the only effort was the power comparison.
Huawei: We agree with China Telecom. Anyway power detection always required. 
QC: Detecting the pRB of interference would require power comparison with RE level basis. 

Issue 3-2: Assumptions on the network configuration
· Proposals: 
· On CRS muting in scenario 1 and 2:
· Option 1: CRS muting is not configured (China Telecom, Nokia)
· China Telecom: The probability of configuring CRS muting is very low in the real network. As we are focusing the typical network for CRS-IM, we do not think we need to consider such probability.
· On MBSFN configuration for scenario 1:
· Option 1: The same MBSFN configuration in the serving and neighbouring cells (China Telecom, Nokia, Intel)
· On MBSFN configuration for scenario 2:
· Option 1: MBSFN is not configured (since the interference cell is a pure LTE cell in scenario 2) (China Telecom)
· On CRS port number in scenario 1:
· Option 1: The same number of CRS ports in the serving and neighbouring cells (Nokia)
· Recommended WF
· TBA

GTW Discussion on Nov 3rd
Summary of 1st round discussion:
· On CRS muting in scenario 1 and 2:
· Feedback from operators and infra vendors: 
· Option 1: CRS muting is not configured (China Telecom, Nokia, CMCC, Huawei, E///)
· Feedback from chipset and UE vendors:
· Option 2: Not to have any assumption for NW configuration (MTK)
· Need clarification from operators and infra vendors on the probability of configuring CRS muting (Apple, Intel, QC)
Discussion: 
QC: We would like to get operators’ feedback whether this can be guarantee there always no CRS muting in network.
Intel: We also need to check operators and infra vendors and if specific assumption applied, then assumption need to be captured into specification when defining requirements.
MTK: We think it’s quite risky to think always no CRS muting in real field; but we would like respect the feedback from operators and infra-vendors’ view. 
Apple: How to guarantee CRS muting always not deployed especially for scenario 2?
China Telecom: Our response for scenario 1, CRS muting not deployed. But we would like to hear feedback from others.
Ericsson: From NW point of view, we can’t guarantee CRS muting enable or not enable? We can clarify the assumption in the specification.
Nokia: For scenario 1, CRS muting is not a common scenario which not need to be taking to account for defining Ran4 requirements.
ZTE: We share similar view as Ericsson, we can’t guarantee for this, this implementation basis.  
CMCC:  From CMCC perspective, CRS muting not deployed in my network. This should be the most typical scenario. 
Huawei: We agree with CMCC. 
QC: List some certain assumptions as default assumption; if not aligned with assumption, then NW can indicate to UE. 



Issue 3-3: How could UE obtain the parameters identified in Issue 3-1 if not signalled by the network
· Discussion status in RAN#93e (RP-212565):
· How could UE obtain the information if not signalled by the network?
· Option 1: By inter-RAT measurement and PBCH decoding 
· Option 2: By the configuration of serving cell CRS-RM, 7.5KHz shift, [inter-RAT MO] (i.e., no need to do inter-RAT measurement and PBCH decoding)
· Proposals:
· Option 1: By inter-RAT measurement, PBCH decoding (Apple, MTK)
· Apple: UE cannot obtain LTE MBSFN configuration and CRS muting information from cell identification and PBCH decoding alone. 
· MTK: To obtain the number of CRS ports, UE has to decode the PBCH. As for MBSFN configuration, UE needs to decode SIB conveyed in LTE PDSCH.
· Option 2: 
· For scenario 1, by the configuration of serving cell CRS-RM (CMCC, Ericsson, China Telecom, Nokia, Intel)
· Intel: For scenario 1, the bandwidth of the LTE carrier, center of the LTE carrier can be assumed same for serving and neighbouring cells and derived based on CRS rate matching pattern configuration.
· For scenario 2, by the configuration of 7.5KHz shift and inter-RAT MO (CMCC, Ericsson, China Telecom)
· Apple comments on the proposal to use the inter-RAT MO configuration information:
· UE performs inter-RAT LTE measurements when LTE MO is configured and during measurement gaps.
· Measurement gaps decrease the overall NR throughput. 
· In good network conditions there is no necessity for LTE MO and inter-RAT measurements and might not be configured to the UE. 
· Recommended WF
· TBA on the recommended option.
· For the use of inter-RAT MO configuration information in scenario 2, companies are encouraged to provide feedback on Apple’s comments.

Issue 3-4: Whether to introduce network assistance signalling
· Discussion status in RAN4#100e (R4-2115740):
· Network signalling assistance for CRS-IM
· Option 1: Introduce network assistance on neighbour cell LTE configuration
· Option 2: Do not consider network assistant information.
· Further discuss the model with and without NW signalling in phase II (if needed).
· Proposals
· Option 1: Introduce network assistance on neighbour cell LTE configuration (Apple, Intel, MTK, QC)
· Option 1A: NW signaling include LTE presence, location and sequence (Apple, MTK)
· Option 1B: NW signaling include number of CRS ports and cell id, MBSFN configuration, CRS muting flag for the neighbor LTE cell (QC)
· Option 1C: Full network assistance (Intel)
· For scenario 1, Physical Cell ID, Number of CRS antenna ports, CRS muting usage flag
· For scenario 2, Physical Cell ID, Number of CRS antenna ports, CRS muting usage flag, Bandwidth of the LTE carrier, Center of the LTE carrier, MBSFN configuration
· Option 1D: Partial network assistance (Intel)
· For scenario 1, Physical Cell ID, CRS muting usage flag or Physical Cell ID of cells without CRS muting
· For scenario 2, Physical Cell ID, CRS muting usage flag, MBSFN configuration
· Option 1E: Light network assistance for scenario 2 (Intel)
· Physical Cell ID of LTE cells without CRS muting
· Option 2: Do not consider network assistant information (CMCC, Ericsson, China Telecom, Huawei, Intel for scenario 1, Nokia for scenario 1)
· Ericsson: it is too risky for UE to directly use the assistant information from gNB by signaling since this information might be wrong (not reflect current cell status because of the quick mobility)
· Recommended WF
· TBA on the recommended option. 
· For option 1, companies are encouraged to provide feedback on the (maximum) number of neighboring cells to be signaled. 

Issue 3-5: Potential impact by misdetection of network parameters without network signalling
· Discussion status in RAN4#100e (R4-2115740):
· Aspects to consider for simulations/analysis without NW assistance (For Information Only)
· Probability and potential impact of Mis-detection/No detection of CRS Muting, if CRS Muting is enabled.
· Probability and potential impact of Mis-detection/No detection of MBSFN configuration, and the potential scenario with different MBSFN configurations in neighbouring cells. 
· Probability and potential impact of Mis-detection of number of CRS ports.
· Proposals:
· Option 1: Not to consider any misdetection in phase II (Nokia, Ericsson, China Telecom)
· Nokia: CRS-IM will only be effective when handling high interference, hereby it can be assumed that blind detection will work without degradation of the detected CRS information, as the interferer can be detected with high accuracy.
· Ericsson: The blind detection can be done with certain success rate under the SNR lower than the potential requirement that will be defined for LLR weighing. 
· China Telecom: 
· CRS muting: The probability of configuring CRS muting is very low in the real network. As we are focusing the typical network for CRS-IM, we do not think we need to consider such probability.
· MBSFN configuration: For scenario 1, UE can obtain the MBSFN configuration from the CRS-RM RRC message for the target cell. For scenario 2, MBSFN are not configured since the interference cell is a pure LTE cell.
· CRS ports: UE can perform energy detection on all the REs in the OFDM symbols containing LTE CRS. Therefore, UE does not need to explicitly know the neighbor cell CRS port number
· Option 2: Consider the following aspects (Qualcomm)
· CRS muting: If UE is not aware of CRS muting on neighbor LTE cell and still applies LLR weighting, performance degrades by ~2.5dB compared to doing nothing.
· MBSFN configuration: UE will apply LLR scaling on wrong RE locations and will still see MBSFN interference.
· CRS ports: UE will either apply LLR weighting on more REs (if 2 ports is mis-detected as 4 ports) or less REs (if 4 ports is mis-detected as 2 ports).
· Moderator’s Observation:
· The discussion is also related to the network assumptions discussed in Issue 3-2.
· Recommended WF
· TBA

Issue 3-6: Whether to introduce CRS-IM UE capability signalling
· Proposals
· Option 1: Introduce UE capability signalling for CRS-IM. (Apple, China Telecom)
· Option 1A: Introduce UE capability signaling for CRS-IM as a per band capability. (Apple)
· Recommended WF
· TBA

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

	Company A
	Issue 3-1: Parameters needed for LLR weighting

Issue 3-2: Assumptions on the network configuration

Issue 3-3: How could UE obtain the parameters identified in Issue 3-1 if not signalled by the network

Issue 3-4: Whether to introduce network assistance signalling

Issue 3-5: Potential impact by misdetection of network parameters without network signalling

Issue 3-6: Whether to introduce CRS-IM UE capability signalling


	China Telecom
	Issue 3-1: Parameters needed for LLR weighting
1) Regarding whether the interference CRS sequence is needed to perform LLR weighting: our simulation results are based on LLR weighting option 2, i.e., not use the CRS sequence, and our results for LLR weighting are aligned with other companies’ results.
2) Regarding whether energy detection is performed on all the REs that may be occupied by the neighbor cell CRS for LLR weighting: our answer is yes. For example, if UE does not know the number of CRS port in the neighboring cell, it can estimate and compare the received signal energy in the 1st and 2nd OFDM symbols, which is very straightforward.

Issue 3-2: Assumptions on the network configuration
We support the following assumptions:
· On CRS muting in scenario 1 and 2:
· Option 1: CRS muting is not configured
· On MBSFN configuration for scenario 1:
· Option 1: The same MBSFN configuration in the serving and neighbouring cells
· On MBSFN configuration for scenario 2:
· Option 1: MBSFN is not configured (since the interference cell is a pure LTE cell in scenario 2) 
· On CRS port number in scenario 1:
· Option 2: The number of CRS ports in the serving and neighbouring cells can be different.
Our consideration is that: Usually the number of CRS ports is the same in neighboring areas. But given that LLR weighting does not need to explicitly know the CRS port number. Not limiting the CRS port number to be the same could leave more flexibility.

Issue 3-3: How could UE obtain the parameters identified in Issue 3-1 if not signalled by the network
Option 2 is feasible as analysed in our paper.
Regarding “UE performs inter-RAT LTE measurements when LTE MO is configured and during measurement gaps.” as mentioned by Apple, we have different understanding after checking with our RAN2 colleague. In our understanding, after gNB configure the inter-RAT measurement, UE will perform the LTE measurements only when the RSRP/RSRQ of the serving cell is lower than a certain threshold.

Issue 3-4: Whether to introduce network assistance signalling
Option 2 for both scenario 1 and 2.

Issue 3-5: Potential impact by misdetection of network parameters without network signalling
Option 1.

Issue 3-6: Whether to introduce CRS-IM UE capability signalling
Option 1. 

	CMCC
	Issue 3-1: Parameters needed for LLR weighting
For the first aspect, we think LLR weighting Option 2 can acquire correct CRS location and power.
For the second aspect, we think the energy detection can be performed on all the Res that may be occupied by the neighbour cell CRS.
Therefore, we think Option 2 is enough and it can be provided by UE detection.

Issue 3-2: Assumptions on the network configuration
On CRS muting in scenario 1 and 2: Option 1.
On MBSFN configuration for scenario 1: Option 1.
On MBSFN configuration for scenario 2: Option 1.

Issue 3-3: How could UE obtain the parameters identified in Issue 3-1 if not signalled by the network
Option 2 and blind detection if all configurations in Option 2 is disabled.

Issue 3-4: Whether to introduce network assistance signalling
Option 2. Based on our analysis of Issue 3-1 to 3-3, and the CRS-IM feature application timeline, we suggest not to consider network assistant information.

Issue 3-5: Potential impact by misdetection of network parameters without network signalling
Option 1.
We have discussed the CRS Muting, MBSFN configuration and CRS port configuration in issue 3-1, no need to further consider misdetection in phase II.

Issue 3-6: Whether to introduce CRS-IM UE capability signalling
We prefer Option 1, we think this should be per-UE capability, since CRS-IM is demodulation algorithm and independent with specific frequency band.

	Huawei
	
Issue 3-1: Parameters needed for LLR weighting
1) Whether the interference CRS sequence is needed? 
In our simulations there are no big performance difference for LLR weighting using/not using CRS sequence in some cases. For now we think it is not needed for LLR weighting. More evaluation are welcome.
2) Whether energy detection is performed on all the REs that may be occupied by the neighbor cell CRS
If we perform LLR weighting not using CRS sequence, it is the simplest way for UE to perform LLR weighting for all REs where CRS may be transmitted without significant complexity increasing. By this way, UE needn’t know any CRS information of neighbouring cell.
Issue 3-2: Assumptions on the network configuration
· On CRS muting in scenario 1 and 2:
We support Option 1;
· On MBSFN configuration for scenario 1:
We support Option 1;
· On MBSFN configuration for scenario 2:
We support Option 1; 
· On CRS port number in scenario 1:
We support Option 1; Different CRS ports only leads to different CRS locations which has been reflected for different vshift. We don't think it is needed to use different CRS ports 
Issue 3-3: How could UE obtain the parameters identified in Issue 3-1 if not signalled by the network
If CRS sequence is used, PBCH decoding and inter-RAT measurement are needed. After decoding PBCH, only information UE can't acquire is CRS-muting configuration which can be easily detected by CRS presence detection.
If CRS sequence is not used, only inter-RAT measurement is needed. Details are captured in our contribution
Issue 3-4: Whether to introduce network assistance signalling
Option 2.  From our above analysis, UE can perform LLR weighting with or without CRS sequence. Therefore, network assistance signalling is not needed. 
Issue 3-5: Potential impact by misdetection of network parameters without network signalling
Based on our understanding, all situations listed in this issue can be solved by CRS presence detection and from our simulation results, it has no impact on performance.

Issue 3-6: Whether to introduce CRS-IM UE capability signalling
Option 1



	Intel
	For most of the issues under this topic we suggest to have separate discussion for Scenario 1 and Scenario 2.
Issue 3-1: Parameters needed for LLR weighting
Usually, requirements are defined applicable for different receiver types. In our paper we have description of two types of LLR weighting processing and we have another processing described by China Telecom. Same time, we can have different implementation in the field. Taking into account, that we define the minimum requirements we think that at least Option 3 should be assumed, which can be used by different LLR weighting implementations.
Issue 3-2: Assumptions on the network configuration
–	On CRS muting in scenario 1 and 2: we would like to check the view from NW vendors, whether this feature is used in real deployment.
–	On MBSFN configuration for scenario 1: Support Option 1
–	On MBSFN configuration for scenario 2: More clarification on Option 1 is needed before agreement.
–	On CRS port number in scenario 1: Based on our understanding, we can’t assume same number of CRS ports for all cells in the network.
We also suggest to include assumptions that center and bandwidth of LTE carrier for Scenario 1 are aligned for the serving and neighboring cells.
Issue 3-3: How could UE obtain the parameters identified in Issue 3-1 if not signalled by the network
For scenario 1, some parameters can be obtained from rate matching pattern configuration in case the following network assumptions are agreed in Issue 3-2: the bandwidth of the LTE carrier, center of the LTE carrier and MBSFN configuration are same for serving and neighbouring cells.
As for CRS muting, it depends on outcome of Issue 3-2.
As for Cell ID and Number of CRS ports, we think that these parameters can be detected by Inter-RAT measurement, PBCH decoding or CRS presence detection.
For scenario 2, we have more complicated situation, because information about the bandwidth of the LTE carrier, center of the LTE carrier and MBSFN configuration is not available. Based on the previous discussion, there was suggestion to consider the inter-RAT MO as the source of this information. We share the similar view as Apple that we can not guaranty that inter-RAT MO will be configured all the time. Therefore, if inter-RAT MO is not configured then UE should do LTE cell search and PBCH decoding which will affect the UE power consumption.
Issue 3-4: Whether to introduce network assistance signalling
In our paper we suggest to consider several options for further discussion: Full, Partial or No NW assistance for Scenario 1 and Full, Partial or Light NW assistance for Scenario 2.
From our side, we suggest at least to define Partial NW assistance signalling, whether Serving cell just provides the list of cell IDs of neighbouring cells with information about using of CRS muting and MBSFN configuration (for scenario 2).
As for question from recommended WF, based on our understanding, it depends on deployment and feedback from operators and NW vendors is beneficial to understand the maximum number of neighboring cells. At least for LTE, 8 is used.
Issue 3-5: Potential impact by misdetection of network parameters without network signalling
Based on our understanding, detection of some parameters required for CRS-IM processing mainly affects the complexity of RX processing and power consumption. Same time, we are fine to double check the performance impact in case some parameters will be detected with error.
Issue 3-6: Whether to introduce CRS-IM UE capability signalling
We support introduction of CRS-IM UE capability signalling. But we think more discussion on details (granularity and whether we need several capabilities in case multiple reference receivers will be considered) is needed. 

	Nokia, Nokia Shanghai Bell
	Issue 3-1: Parameters needed for LLR weighting
Sufficient to know the location of CRS RE, the exact CRS RE sequence is not required for LLR Weighting. The position of the CRS REs can either be determined using NWA or energy detection on potential CRS locations. It is unclear to us at this point how the exact sequence could improve LLR Weighting.
Issue 3-2: Assumptions on the network configuration
For scenario 1 (LTE and NR DSS), the DSS serving cell is assumed to have CRS RM configured with no CRS muting, and the MBSFN subframe configuration and number of CRS ports are assumed to be the same for both the serving and neighbour cells.
Issue 3-3: How could UE obtain the parameters identified in Issue 3-1 if not signalled by the network
We use DSS framework which delivers most of the information and can be supplemented by inter-rat measurements and PBCH decoding.
We do not see an issue of configuring inter-rat MO for conformance testing. In reality, we expect the inter-rat MO to be configured if the UE is at cell-edge.
As already indicated, we support using scenario 1 as baseline. In this case, the needed information will already be available through the DSS CRS-RM implementation. Any remaining parameters should be collected by measurements.
Issue 3-4: Whether to introduce network assistance signalling
As the question of dynamic mobility (Case B) which was shortly discussed in the previous meeting was not discussed in detail, it is still unclear how strongly dynamic mobility will interfere with the signalled information as the information cannot anymore be defined as semi-static. The dynamic mobility (caseB) should be studied further before deciding on any level of network assistance signalling.
We still maintain that option 2 is the most robust and reliable way forward. 
We would like to ask for option 1E how frequently the information would need to be updated. It is also our understanding that this would only impact RRC signalling.
Issue 3-5: Potential impact by misdetection of network parameters without network signalling
We remain with Option 1. As discussed previously CRS muting should not be activated for the requirements, and MBSFN configuration is perfectly known in scenario 1, and CRS ports only change the RE position (we argued previously that power detection is sufficient) and power detection is robust.

	Apple
	Issue 3-1: Parameters needed for LLR weighting
Our understanding is that presence, location and sequence of interference is needed for LLR weighting. 
Depending on UE implementation of LLR weighting different parameters are needed. 
We would like to understand more about Option 2 implementation from Huawei. Is the UE needed to blindly detect the possible V-shift and CRS ports and estimate the CRS interference power and then apply the weighting? 
To moderator – is the note on energy detection related to CRS interference measurement or applying the weighting on REs affected by CRS interference? Even if the CRS interfernece is estimated on fewer REs or with 1 or 2 port CRS, the scaling should be applied on all REs.
We think option 3 would cover all UE implementation and should be used as the assumption.


Issue 3-2: Assumptions on the network configuration
· CRS Muting – we would also like feedback from operators and infra vendors on the probability of configuring CRS muting. Would it be safe to assume that it would not be configured?
· MBSFN config: 
· For scenario 1 the same can be used as serving cell.
· For scenario 2 it needs to be provided by the network via NWA. We don’t support option 1. We cannot just assume not configured for simulation and have to deal with it in the real network. We don’t think its practical to assume that MBSFN is not configured in scenario 2.
· CRS ports in scenario 1: We don’t think we can assume that same number of CRS ports are used by all cells and we cannot get this info from serving cell RM config. Also, the number of CRS ports is needed to know the symbols affected by CRS interference

Issue 3-3: How could UE obtain the parameters identified in Issue 3-1 if not signalled by the network
Our comments on inter-RAT MO are for both scenario 1 and 2. 
@China Telecom, thanks for your feedback. If inter-RAT measurement is performed only when serving cell RSRP/RSRQ is lower than a certain threshold, how can we assume that the condition is always met for UE to make the required blind detection/estimation for CRS-IM/IC? We have both periodic and event triggered reporting, so the assumption is that UE would make inter-RAT measurements during measurement gaps. 
Our understanding is that NR UE might not be configured with inter-RAT measurement in good NR cell conditions. Is it always guaranteed to be configured when there is a neighbouring LTE cell? 
For scenario 1: From serving cell RM pattern, we can obtain the LTE carrier center freq and BW and possibly MBSFN config. For cell ID, v-shift, CRS ports UE would need to detect the interfering cell and also do PBCH decoding. PBCH decoding is not part of inter-RAT measurements. Again, inter-RAT measurements must be configured for this. CRS-muting information has to be configured if CRS muting is enabled
For Scenario 2: Can it be assumed that inter-RAT measurement is always configured? Based on inter-RAT measurements, UE would only know LTE cell ID. PBCH decoding is needed for LTE system infor and number of CRS ports. MBSFN config and CRS muting info has to be indicated to the UE. 
--Update--
When measurement gaps are configured for inter-RAT measurements, they are configured to cover LTE PSS/SSS in either subframe#0 or subframe #5. PBCH is only in subframe #0, so it is not guaranteed that the measurement gap would have subframe#0 where LTE PBCH is transmitted. 

Issue 3-4: Whether to introduce network assistance signalling
Option 1. Yes, we need to introduce network assistance info. Our first preference is full network assistance info. Especially for scenario 2 we are not sure how companies assume that UE can obtain all the LTE config info needed for CRS-IM. As we have pointed out that inter-RAT MO might not always be configured and not all the information can be obtained from inter-RAT measurements. Also, UE would need to make inter-RAT measurements in measurement gaps. 
The number of neighbouring cells to be signalled would be based on operator feedback and dependent on deployment. 

Issue 3-5: Potential impact by misdetection of network parameters without network signalling
Without NWA the UE processing, complexity and power consumption is increased, which cannot be quantified by numerical results. There is also a chance of mis-detection of number of CRS ports, or the UE just assumes the same number of ports as serving cell and there is a mis-match in scenario 1. Not providing CRS muting flag or MBSFN config would definitely have performance impact. 

Issue 3-6: Whether to introduce CRS-IM UE capability signalling
Yes, we are open to discuss the granularity of such capability at later stage. 


	Qualcomm
	Issue 3-1: Parameters needed for LLR weighting
Prefer Option 3 since RAN4 is defining minimum requirements. Assuming Option 1 and 2 would mean that UE is doing additional processing to obtain the necessary parameters, which will be an enhancement rather than minimum requirement.

Issue 3-2: Assumptions on the network configuration
We would like to ask operators whether they can guarantee that all the proposals listed here can be honoured all the time in the field. If not, UE needs to be told when these assumptions are not honoured so that UE can skip CRS-IM in those conditions. In either case, UE will need some sort of NWA.

Issue 3-3: How could UE obtain the parameters identified in Issue 3-1 if not signalled by the network
In our opinion, UE will have to rely on IRAT measurements for both scenarios, which may or may not be configured by NW in all SNR regimes.

Issue 3-4: Whether to introduce network assistance signalling
We support Option 1 as explained in above responses and our contribution. 

Issue 3-5: Potential impact by misdetection of network parameters without network signalling
As mentioned in our contribution, performance can significantly degrade if NWA is not provided.

Issue 3-6: Whether to introduce CRS-IM UE capability signalling
As CRS-IM is a new enhanced receiver, we support introducing UE capability signalling. We prefer it to be per band combination.

	MediaTek
	Issue 3-1: Parameters needed for LLR weighting
Prefer Option 3. Considering that there are different implementation for LLR weighting, we think option 3 should be used as assumption.

Issue 3-2: Assumptions on the network configuration
It does impact UE demodulation performance if UE uses the wrong configuration for CRS muting and MSBFN subframe. It is a must for UE to perform the algorithm of LLR weighting. From the perspective of testing, it could have such assumptions for simplification. However, we are wondering that whether these assumptions can be guaranteed in the real deployment. For MBSFN configuration, it could make the assumption that there are same MBSFN configuration for both serving and neighboring cell in scenario 1. However, for scenario 2, can it be guaranteed that the MBSFN is not configured in real deployment? To our understanding, MBSFN subframe is for multiple purposes in LTE design. 
To sum up, we think it is too risky for UE to have any assumption for NW configuration and NW should give the CRS muting and MBSFN information to UE for reducing the burden of UE.

Issue 3-3: How could UE obtain the parameters identified in Issue 3-1 if not signalled by the network
For scenario 1, even with serving cell rate matching pattern, UE can only know LTE carrier frequency, BW, and MBSFN configuration. It still not have the information of number of CRS port and the cell ID of the neighboring cell, which can be obtained by inter-RAT measurement and PBCH decoding.
For scenario 2, we think it is a more complexity scenario as there is no serving LTE and may cause more effort to UE for acquiring the necessary information. Hence, we suggest to consider scenario 1 as baseline.

Issue 3-4: Whether to introduce network assistance signalling
Support Option 1A and Option 1B. 
There will be always beneficial for UE to have network assistance. Theoretically, UE can always do some kind of blind detection to obtain the necessary network configuration for LLR weighting. However, if NW can provide "assistance", we think it will help UE to reduce the complexity and/or power consumption. 
We think this issue is related to the issue 3-2. If CRS muting and MBSFN configuration can be guaranteed by NW vender, we can preclude them in this discussion. Otherwise, as we mentioned in issue 3-2, it is necessary to introduce NW assistance signalling at least for the configuration of CRS muting and MBSFN subframe. 
Especially for scenario 2, UE needs assistance from NW as some information cannot be inferred from the serving LTE cell.

Issue 3-6: Whether to introduce CRS-IM UE capability signalling
Option 1

	Ericsson
	Issue 3-1: Parameters needed for LLR weighting
Whether the interference CRS sequence is needed:
It can be used for power estimation. But this is not the only way.
It’s been discussed that there are at least two ways to do the LLR weighting, with and without knowing sequence information. And the second one is also the easier one. We don’t see any performance difference between using CRS sequence or not for LLR weighting. 

Whether energy detection is performed on all the Res that may be occupied by the neighbour cell CRS: 
Yes, in case that UE has not been signalled. 

Issue 3-2: Assumptions on the network configuration
· On CRS muting in scenario 1 and 2:
· Option 1 
· On MBSFN configuration for scenario 1:
Could it be clarified that why do we need to configure the MBSFN? 
· On MBSFN configuration for scenario 2:
· Option 1
· On CRS port number in scenario 1:
· Option 2: no assumption on CRS port number for LLR weighting

Issue 3-3: How could UE obtain the parameters identified in Issue 3-1 if not signalled by the network
How to obtain the parameter has been discussed completely. Regarding to Apple’s comments that inter-RAT MO may not be always configured, we think that the UE demodulation requirements does not take the inter-RAT measurement gap into account when calculating the throughput. TE knows when UE is doing inter-RAT measurement. So it is easy for TE to exclude the measurement gap while calculating the throughput. 

Issue 3-4: Whether to introduce network assistance signalling
Option 2 for both scenarios. 

Issue 3-5: Potential impact by misdetection of network parameters without network signalling
Option 1

Issue 3-6: Whether to introduce CRS-IM UE capability signalling
We are fine with introducing UE capability signalling for CRS-IM.

	ZTE
	Issue 3-1: Parameters needed for LLR weighting
Knowing CRS sequences would be helpful for time and frequency selective radio channels, so the choice is much dependent on the selected channels for the requirements.

Issue 3-2: Assumptions on the network configuration
Requirements are specified under the assumption that CRS is not muted. If CRS is muted in real networks, CRS-IM requirements do not apply.

Issue 3-3: How could UE obtain the parameters identified in Issue 3-1 if not signalled by the network
Option 2 is reasonable.

Issue 3-4: Whether to introduce network assistance signalling
Option 2 do not introduce network assistance. By nature, the CRS-IM can be conducted by UE itself anyhow, and also as Ericsson comments, network configured information may be obsolete.

Issue 3-5: Potential impact by misdetection of network parameters without network signalling
Option 1. Requirements are specified under the correct network parameters. And if it turns out that misdetection of network parameters may degrade performance severely, then a separate performance requirement on network parameters detection might be considered.

Issue 3-6: Whether to introduce CRS-IM UE capability signalling
If network can make use of this information for improving system performance, then it is fine to introduce such capability signaling.



Summary for 1st round 
Open issues 
	
	Status summary 

	
	Issue 3-1: Parameters needed for LLR weighting
Summary of 1st round discussion:
· Proposals on the needed information for LLR weighting:
· Option 1: The presence and location of interference CRS (Ericsson, Intel, Nokia)
· Option 2: The presence of interference CRS (China Telecom, HW, CMCC)
· Option 3: The presence, location and sequence of interference CRS (Apple, MTK, Intel, HW, QC)
· Note: the presence information includes the presence of LTE cell, MBSFN configuration, CRS muting information, and the CRS location information includes LTE carrier frequency, bandwidth, v-shift, CRS port number
· Companies’ feedback on the following technical issues:
· On whether the interference CRS sequence is needed to estimate the CRS power
· Option 1: Yes 
· Option 2: No (China Telecom, CMCC, Huawei, Nokia, E///)
· HW: Similar performance for LLR weighting with and without CRS sequence.
· Option 3: UE can have different implementation in the field (Intel, Apple)
· Option 4: Dependent on the selected channels for the requirements (ZTE)
· On whether energy detection is performed on all the REs that may be occupied by the neighbor cell CRS
· Option 1: Yes (China Telecom, CMCC, Huawei, E///)
· CTC: For CRS port number (2 or 4 ports), UE can estimate and compare the received signal energy in the 1st and 2nd OFDM symbols
· Option 2: No
· Option 3: UE can have different implementation in the field (Intel, Apple)
GTW Discussion on Nov 3rd
Agreement:
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]
FFS how UE can obtain above parameters which can be discussed in case by case manner also depending on deployment scenarios with below candidate alternatives  
1. UE detection 
1. NWA signaling including existing signaling or new dedicated signaling
1. Following some specific assumption under certain conditions/scenarios 
Agreement：
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.
Interested companies can bring simulation result for power difference between symbols with and without CRS REs) for the detection of number of CRS ports.
· Further discuss the assumption of interference cell PDSCH loading  
The complexity and power consumption impact also need to be considered when RAN4 make decision. 
Companies continued to discuss the candidate options for the implementation of LLR weighting receiver 
Recommendations for 2nd round:
· Capture the GTW agreements (green highlighted part) in the WF.
· Further discuss the assumption of interference cell PDSCH loading for simulating power difference between symbols with and without CRS REs.
· For the yellow highlighted part, the LLR weighting implementation is discussed in Issue 2-4 and 2-5.


	
	Issue 3-2: Assumptions on the network configuration
Summary of 1st round discussion:
· On CRS muting in scenario 1 and 2:
· Feedback from operators and infra vendors: 
· Option 1: CRS muting is not configured (China Telecom, Nokia, CMCC, Huawei, E///, ZTE)
· Feedback from chipset and UE vendors:
· Option 2: Not to have any assumption for NW configuration (MTK)
· Need clarification from operators and infra vendors on the probability of configuring CRS muting (Apple, Intel, QC)
· On MBSFN configuration for scenario 1:
· Feedback from operators and infra vendors: 
· Option 1: The same MBSFN configuration in the serving and neighbouring cells (China Telecom, Nokia, CMCC, Huawei, [E///])
· E///: Need clarification on why MBSFN will be configured in scenario 1.
· CTC: MBSFN subframe may be configured in the subframes with NR SSB to avoid the CRS interference to the NR SSB.
· Feedback from chipset and UE vendors:
· Option 1: The same MBSFN configuration in the serving and neighbouring cells (Intel, Apple)
· Option 2: Not to have any assumption for NW configuration (MTK)
· Need clarification from operators (QC)
· On MBSFN configuration for scenario 2:
· Feedback from operators and infra vendors: 
· Option 1: MBSFN is not configured (China Telecom, CMCC, Huawei, E///)
· Feedback from chipset and UE vendors:
· Option 2: Not practical to assume that MBSFN is not configured (Apple, MTK)
· More clarification is needed on option 1 (Intel, QC)
· On CRS port number in scenario 1:
· Feedback from operators and infra vendors: 
· Option 1: The same number of CRS ports in the serving and neighbouring cells (Nokia, Huawei)
· Option 2: The number of CRS ports in the serving and neighbouring cells can be different (China Telecom, E///)
· Feedback from chipset and UE vendors:
· Option 2: The number of CRS ports in the serving and neighbouring cells can be different (Intel, Apple, MTK)
· On centre frequency and bandwidth of LTE carrier for scenario 1:
· Option 1: Aligned for the serving and neighbouring cells (Intel)
Recommendations for 2nd round:
· Encourage companies to think about compromised proposals/wording.


	
	Issue 3-3: How could UE obtain the parameters identified in Issue 3-1 if not signalled by the network
Summary of 1st round discussion:
· Option 1: By inter-RAT measurement, PBCH decoding (Apple, MTK, CMCC if all configurations in Option 2 is disabled, HW if CRS sequence is used, Intel for scenario 2)
· Apple: Cannot guarantee that subframe #0 with LTE PBCH is within the measurement gap.
· Option 2:
· For scenario 1, by the configuration of serving cell CRS-RM (CMCC, Ericsson, China Telecom, Nokia, Intel, HW if CRS sequence is not used, ZTE)
· For scenario 2, by the configuration of 7.5KHz shift and inter-RAT MO (CMCC, Ericsson, China Telecom, HW if CRS sequence is not used, ZTE)
· Moderator’s observation:
· Companies have different views on the inter-RAT MO configuration issue raised by Apple:
· Whether inter-RAT MO can be always configured?
· Option 1: We expect the inter-rat MO to be configured if the UE is at cell-edge (Nokia)
· Option 2: NR UE might not be configured with inter-RAT measurement in good NR cell conditions (Intel, Apple, QC)
· Whether inter-RAT LTE measurement is performed right after receiving the inter-RAT MO, which may leads to performance degradation:
· Option 1: UE will perform the LTE measurements only when the RSRP/RSRQ of the serving cell is lower than a certain threshold configured by the NW (China Telecom)
· Option 2: We have both periodic and event triggered reporting, so the assumption is that UE would make inter-RAT measurements during measurement gaps (Apple) 
Recommendations for 2nd round:
· Further discuss the technical aspects, e.g.
· Whether inter-RAT MO can be always configured
· Whether inter-RAT LTE measurement is performed right after receiving the inter-RAT MO

	
	Issue 3-4: Whether to introduce network assistance signalling
Summary of 1st round discussion:
· Candidate options:
· Option 1: Introduce network assistance on neighbour cell LTE configuration (Apple, Intel, MTK, QC)
· Option 1A: NW signaling include LTE presence, location and sequence (Apple, MTK)
· Option 1B: NW signaling include number of CRS ports and cell id, MBSFN configuration, CRS muting flag for the neighbor LTE cell (QC, MTK)
· Option 1C: Full network assistance (Intel, Apple)
· For scenario 1, Physical Cell ID, Number of CRS antenna ports, CRS muting usage flag
· For scenario 2, Physical Cell ID, Number of CRS antenna ports, CRS muting usage flag, Bandwidth of the LTE carrier, Center of the LTE carrier, MBSFN configuration
· Option 1D: Partial network assistance (Intel)
· For scenario 1, Physical Cell ID, CRS muting usage flag or Physical Cell ID of cells without CRS muting
· For scenario 2, Physical Cell ID, CRS muting usage flag, MBSFN configuration
· Option 1E: Light network assistance for scenario 2 (Intel)
· Physical Cell ID of LTE cells without CRS muting
· Option 2: Do not consider network assistant information (CMCC, Ericsson, China Telecom, Huawei, Intel for scenario 1, Nokia for scenario 1, ZTE)
· Issues related to Option 1:
· Feedbacks on the (maximum) number of neighboring cells to be signaled for option 1:
· Intel, Apple: Based on operator feedback and dependent on deployment. At least for LTE, 8 is used.
· How frequently the information would need to be updated, e.g., to avoid the strongly dynamic mobility impact. (Nokia)
Recommendations for 2nd round:
· Further discuss the two issues related to option 1. 


	
	Issue 3-5: Potential impact by misdetection of network parameters without network signalling
Summary of 1st round discussion:
· Option 1: Not to consider any misdetection in phase II (Nokia, Ericsson, China Telecom, CMCC, Huawei, ZTE)
· Option 2: Consider the following aspects (Qualcomm, Apple)
· QC: 
· CRS muting: If UE is not aware of CRS muting on neighbor LTE cell and still applies LLR weighting, performance degrades by ~2.5dB compared to doing nothing.
· MBSFN configuration: UE will apply LLR scaling on wrong RE locations and will still see MBSFN interference.
· CRS ports: UE will either apply LLR weighting on more REs (if 2 ports is mis-detected as 4 ports) or less REs (if 4 ports is mis-detected as 2 ports).
· Moderator’s Observation:
· The discussion is related to the network assumptions discussed in Issue 3-2.
Recommendations for 2nd round:
· On hold pending on the discussion on other related issues.

	
	Issue 3-6: Whether to introduce CRS-IM UE capability signalling
Summary of 1st round discussion:
· Option 1: Introduce UE capability signalling for CRS-IM. (Apple, China Telecom, Huawei, CMCC, Intel, QC, MTK, E///, ZTE)
· Option 1A: Introduce UE capability signaling for CRS-IM as a per band capability. (Apple, QC)
· Option 1B: Introduce UE capability signaling for CRS-IM as a per UE capability (CMCC)
· Option 1C: More discussion on details is needed (Intel, Apple)
Tentative agreement:
· Agree to introduce UE capability signalling for CRS-IM.
· FFS on the granularity of the capability.




Discussion on 2nd round


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

	R4-2117740
	CMCC
	Proposal 1: Cover TDD 15kHz SCS 20MHz CBW in Scenario 1.
Proposal 2: Do not enable CRS muting and configure MBSFN for neighboring cells in the simulation assumption.
Observation 1: 4-layer processing with 256QAM and 15 kHz/50 MHz (3240 subcarriers) is not typical scenario for applying CRS-IM.

	R4-2118005
	Intel Corporation
	Proposal 1:	Consider the following assumptions for CRS-IM requirements definition for scenarios with overlapping spectrum for LTE and NR
•	Scenario 1 (DSS) with PDSCH duration 9 symbols and Scenario 2 (NR and LTE)
•	Duplex mode: FDD and TDD 
•	CBW/SCS: 10 MHz/15 kHz 
•	TDD configuration: 3D1S1U with S = 10D+2G+2U
•	Antenna configuration: 4x2 and 4x4 ULA Low
•	Channel model: TDLA30-10
•	Interference modelling
o	Number of explicitly modelled interfering cells: 2
o	Non-colliding CRS pattern
o	Time offset and frequency shift: 3us/300 Hz and -1us/-100Hz
o	Transmission rank: 80% and 20% probability for rank 1 and rank 2 transmission in the interfering cell(s). 
o	Modulation scheme for the interference PDSCH: 16 QAM randomly modulated symbols in the interfering PDSCH when exists 
o	Precoding scheme for the interference PDSCH: Random precoding 
o	No MBSFN is configured on LTE carrier 
o	Centre frequency is same between serving cell and neighbouring cells
o	Loading and INR values
	Option 1: Loading 20 %, INR 1 = 10.45 dB, INR 2 = 4.6 dB
	Option 2: Loading 30 %, INR 1 = 9.69 dB, INR 2 = 3.7 dB
	Option 3: Loading 40 %, INR 1 = 8.79 dB, INR 2 = 2.7 dB
	Option 4: Loading 50 %, INR 1 = 8.36 dB, INR 2 = 1.7 dB
•	Serving PDSCH FRC
o	Option 1: Rank 1, MCS 4
o	Option 2: Rank 1, MCS 13

	R4-2118398
	Ericsson
	Proposal 1: Synchronous scenario for phase II
Proposal 2: FDD 15kHz or phase II
Proposal 3: 20% PDSCH loading level on interfering cell in phase II
Proposal 4: Both MCS4 and MCS13 in phase II
Proposal 5: Reuse other agreed simulation assumption in phase I

	R4-2118867
	China Telecom
	Proposal 1: Reuse the following phase I evaluation parameters in phase II requirement definition:
•	General scenario:
−	Cover both scenario 1 and scenario 2.
•	Interference Model:
−	Model 2 interference LTE CRS cells.
−	For CRS pattern, use non-colliding CRS between the serving cell CRS (if exits) and interference cell CRS, and non-colliding CRS between the two interfering cells
−	Use full bandwidth RB allocation for frequency domain.
−	Use the following time and frequency offset for sync network:
o	Time offset: The serving cell is 3 us and -1 us for interfering cell 1 and cell 2 respectively
o	Frequency shift: The serving cell is 300 Hz and -100 Hz for interfering cell 1 and cell 2 respectively.
−	Use 80% and 20% probability for rank 1 and rank 2 transmission in the interfering cells
−	Use 16 QAM randomly modulated symbols in the interfering PDSCH when exists
−	Use random precoding for the interference PDSCH
−	No MBSFN is configured on LTE carrier 
−	Use same carrier frequency between serving and LTE interference cells
•	Common parameters:
−	Focus on NR single carrier scenario
−	Cover both 2Rx and 4Rx
−	Use TDLA30-10 channel model and ULA low antenna correlation
•	Target NR parameters:
−	Rank 1 for the target NR PDSCH
−	Random precoding (Single panel Type 1) with PRB bundling size is 2 with PRB bundling type is static
−	4 HARQ process number for FDD and further discuss for TDD.
−	PDSCH mapping type A with full PRB allocation, use DMRS Type 1 with single symbol front loaded and 1 additional DMRS, with FDM applied between DMRS and data.
−	Reuse the Rel-15 assumptions for ZP CSI-RS, NZP CSI-RS and TRS configuration in PDSCH demodulation requirements for the serving cell
−	Configure the first SSB in slot #0 in every 20 ms, and the slot #0 in every 20 ms is not scheduled for PDSCH transmission
−	Overhead as 18 when Rel-15 CRS-RM is configured for the target cell (Scenario 1), and overhead as 0 for scenario 2.
Proposal 2: For FDD 15kHz SCS, both 10MHz and 20MHz should be covered to cover typical deployment scenarios. For TDD 15kHz SCS, use 20MHz CBW.
Proposal 3: Consider 20% PDSCH loading level on interference cell.
Observation 1:‘additionalDMRS-DL-Alt’ can be supported by most of UEs supporting DSS, to avoid unnecessary waste of data REs in DSS scenarios.. for the NR PDSCH demod tests for Rel-15 CRS-RM for the target cell, both S = 3, L = 9 and S = 3, L = 11 symbol allocation are covered. 
Proposal 4: Cover both S = 3, L = 9 and S = 3, L = 11 symbol allocation for scenario 1 and define test applicability to ensure the test cases number will not be increased, reuse the same configuration for scenario 2, i.e., S = 2, L = 12 for scenario 2. 
Proposal 5: Cover 2 and 4 CRS ports for the neighbour cell LTE.


Open issues summary
Sub-topic 4-1:	General test setup
Issue 4-1-1: Sync or async test setup for FDD
· WID description (RP-212636):
· Focus on synchronous network scenario.
· Proposals
· Option 1: Focus on synchronous test cases in phase II (Ericsson, WI description)
· Recommended WF
· Option 1
· Note: Companies do not need to feedback if support the recommended WF. 

Issue 4-1-2: Test scenario
· Agreements for phase I evaluation in RAN4 #99e (R4-2108662):
· According to WID, both scenarios are valid.
· Scenario 1: LTE and NR DSS
· Scenario 2: NR and LTE deployed in neighbouring BS/areas
· Proposals
· Option 1: Follow the WID and previous RAN4 agreement, i.e., cover both scenarios
· Option 2: Finish baseline CRS-IM requirements based on scenario 1 (LTE and NR DSS). Discuss scenario 2 after baseline requirements are finalized (Nokia)
· Nokia: Scenario 2 has currently open points on how to effectively obtain all relevant parameters needed for LLR weighting.
· Recommended WF
· Option 1
· Note: Companies do not need to feedback if support the recommended WF. 

Issue 4-1-3: Modelling of the change of dominant interference
· Agreements for phase I evaluation in RAN4 #99e (R4-2108662):
· Baseline RM scheme for performance comparison with PDSCH CRS-IM:
· …
· Case B: the 1 interference cell with RM is NOT always the first dominant interference. Interested companies can provide simulation results for Case B.
· e.g., INR of the 1 interference cell with RM is INR1 or INR2 with 50%: 50% probability. If the INR for the interference cell with RM is INR1, then the INR for the other interference cell is INR2, and vice versa. The INR levels for the two interference cells can be changed per [1000] slots. 
· The above example for Case B is optional, and other options for Case B are not precluded. 
· Case B is for initial simulation only, and FFS whether to consider it for performance requirement definition.
· Discussion status in RAN4#100e (R4-2115740):
· Discussion on the other following aspects is not precluded based on contribution driven (For Information Only)
· …
· Modelling of the change of dominant interference 
· Proposals
· Option 1: Study on the mobility scenario and case B can be a good start (Ericsson)
· Ericsson: UE’s mobility will lead to the continuously changing of dominant interfering cell, especially the UE is moving near the cell edge
· Recommended WF
· TBA

Issue 4-1-4: CBW and SCS for target and interference cells
· Agreements for phase I evaluation in RAN4 #99e (R4-2108662):
· Use the following SCS/CBW for performance evaluation before RP #93e, FFS for performance requirement definition:
· FDD 15kHz: 10MHz CBW
· TDD 15kHz: to be discussed in the next meeting
· Agreements in RAN4 #100e (R4-2115740)
· For NR TDD 15 kHz SCS
· Option 1: use 20MHz bandwidth as starting point for phase II (if there will be a phase II)
· Option 2: Discuss after RAN #93e
· Proposals
· For FDD 15kHz:
· Option 1: 10MHz CBW (Intel, Ericsson)
· Option 2: 10MHz and 20MHz CBW (China Telecom)
· For TDD 15kHz:
· Option 1: 20MHz CBW (China Telecom, CMCC)
· Option 2: 10MHz CBW (Intel)
· Recommended WF
· TBA

Issue 4-1-5: TDD configuration for target and interference cells
· Agreements in RAN4 #100e (R4-2115740)
· UL/DL patterns/transmissions are aligned in the serving and interference cells for TDD
· Proposals
· Option 1: 3D1S1U with S = 10D+2G+2U (Intel)
· Recommended WF
· TBA

Sub-topic 4-2:	Interference model
Issue 4-2-1: Number of explicitly modelled interfering cells
· Agreements for phase I evaluation in RAN4 #99e (R4-2108662):
· 2 interference cell will be modelled for initial LLS evaluation
· FFS for the configuration of requirements if introduced in later phase with the consideration together with the availability of NW assistant signalling.
· Proposals
· Option 1: 2 interference cells (Intel, China Telecom)
· Recommended WF
· Option 1
· Note: Companies do not need to feedback if support the recommended WF. 

Issue 4-2-2: Interference power level
· Agreements for phase I evaluation in RAN4 #99e (R4-2108662):
· Use option 1 with INR1 = 10.45 dB and INR2 = 4.6 dB as baseline, other power levels can also be simulated by interested companies.
· Proposals
· Option 1: Select one of the following cases refers to LTE CRS-IC TR 36.863 based on further analysis on CRS-IM performance (Intel)
· Case 1: Loading 20 %, INR 1 = 10.45 dB, INR 2 = 4.6 dB
· Case 2: Loading 30 %, INR 1 = 9.69 dB, INR 2 = 3.7 dB
· Case 3: Loading 40 %, INR 1 = 8.79 dB, INR 2 = 2.7 dB
· Case 4: Loading 50 %, INR 1 = 8.36 dB, INR 2 = 1.7 dB
· Intel: Performance benefits of CRS-IC receiver (i.e. > 1 dB) can be observed for all consider interference modelling cases. Same time, testable performance benefits of LLR whitening, mainly can be observed for cases 1-3 for Scenario 1 and case 1 for Scenario 2.
· Option 2: INR1 = 10.45 dB and INR2 = 4.6 dB (Ericsson)
· Option 3: Related to Issue 2-3, in addition to INR1/2= 10.45/4.6 dB, 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. (China Telecom)
· Recommended WF
· TBA

Issue 4-2-3: PDSCH loading level on interference cell
· Agreements for phase I evaluation in RAN4 #99e (R4-2108662):
· In time domain, probability of occurrence of data transmission in interference cells: simulate 20%, and it is also encouraged to simulate 0%, 50% and 100%.
· In frequency domain: full bandwidth allocation.
· Proposals
· Option 1: Select one of the following cases refers to LTE CRS-IC TR 36.863 based on further analysis on CRS-IM performance (Intel)
· Case 1: Loading 20 %, INR 1 = 10.45 dB, INR 2 = 4.6 dB
· Case 2: Loading 30 %, INR 1 = 9.69 dB, INR 2 = 3.7 dB
· Case 3: Loading 40 %, INR 1 = 8.79 dB, INR 2 = 2.7 dB
· Case 4: Loading 50 %, INR 1 = 8.36 dB, INR 2 = 1.7 dB
· Option 2: 20% PDSCH loading level with full PRB allocation on interfering cell (Ericsson, China Telecom)
· Recommended WF
· TBA

Issue 4-2-4: CRS pattern
· Agreements for phase I evaluation in RAN4 #99e (R4-2108662):
· Non-colliding between the serving cell CRS (if exits) and interference cell CRS
· Non-colliding CRS between the two interfering cells
· For example:
· For scenario 1, v-shift = 0, 1, 2 for the serving and two interference cells
· For scenario 2, v-shift = 1, 2 for the two interference cells
· Proposals
· Option 1: Use the phase I assumption (Intel, Ericsson, China Telecom)
· Non-colliding between the serving cell CRS (if exits) and interference cell CRS
· Non-colliding CRS between the two interfering cells
· For example:
· For scenario 1, v-shift = 0, 1, 2 for the serving and two interference cells
· For scenario 2, v-shift = 1, 2 for the two interference cells
· Recommended WF
· Option 1
· Note: Companies do not need to feedback if support the recommended WF. 

Issue 4-2-5: Time offset and frequency shift for sync network
· Agreements for phase I evaluation in RAN4 #99e (R4-2108662):
· Option 1 for initial simulation:
· Time offset: The serving cell is 3 us and -1 us for interfering cell 1 and cell 2 respectively
· Frequency shift: The serving cell is 300 Hz and -100 Hz for interfering cell 1 and cell 2 respectively.
· Other options are not precluded.
· Proposals
· Option 1: Use the phase I assumption (Intel, Ericsson, China Telecom)
· Time offset: The serving cell is 3 us and -1 us for interfering cell 1 and cell 2 respectively
· Frequency shift: The serving cell is 300 Hz and -100 Hz for interfering cell 1 and cell 2 respectively.
· Recommended WF
· Option 1
· Note: Companies do not need to feedback if support the recommended WF. 

Issue 4-2-6: Transmission rank for the interference LTE
· Agreements for phase I evaluation in RAN4 #99e (R4-2108662):
· Reuse the assumption from LTE HomNet CRS-IM, i.e., 80% and 20% probability for rank 1 and rank 2 transmission in the interfering cell(s).
· Proposals
· Option 1: 80% and 20% probability for rank 1 and rank 2 transmission in the interfering cell(s). (Intel, Ericsson, China Telecom)
· Recommended WF
· Option 1
· Note: Companies do not need to feedback if support the recommended WF. 

Issue 4-2-7: Modulation scheme for the interference PDSCH
· Agreements for phase I evaluation in RAN4 #99e (R4-2108662):
· Reuse the assumption from LTE HomNet CRS-IM, i.e., 16 QAM randomly modulated symbols in the interfering PDSCH when exists
· Proposals
· Option 1: 16 QAM randomly modulated symbols in the interfering PDSCH when exists (Intel, Ericsson, China Telecom)
· Recommended WF
· Option 1
· Note: Companies do not need to feedback if support the recommended WF. 

Issue 4-2-8: Precoding scheme for the LTE interference PDSCH
· Agreements for phase I evaluation in RAN4 #99e (R4-2108662):
· Random precoding
· Proposals
· Option 1: Random precoding (Intel, China Telecom, Ericsson)
· Recommended WF
· Option 1
· Note: Companies do not need to feedback if support the recommended WF. 

Issue 4-2-9: MBSFN configuration for interference LTE PDSCH
· Agreements for phase I evaluation in RAN4 #99e (R4-2108662):
· No MBSFN is configured on LTE carrier
· Proposals
· Option 1: No MBSFN is configured on LTE carrier (CMCC, Intel, Ericsson, China Telecom)
· Recommended WF
· Option 1
· Note: Companies do not need to feedback if support the recommended WF. 

Issue 4-2-10: CRS muting for interference LTE
· Proposals
· Option 1: Disable CRS muting on LTE carrier (CMCC)
· Recommended WF
· Option 1
· Note: Companies do not need to feedback if support the recommended WF. 

Issue 4-2-11: Centre frequency for the interference LTE cell
· Agreements for phase I evaluation in RAN4 #99e (R4-2108662):
· Same between serving cell and neighbouring cells
· Proposals
· Option 1: Same between serving cell and neighboring cells (Intel, Ericsson, China Telecom)
· Recommended WF
· Option 1
· Note: Companies do not need to feedback if support the recommended WF. 

Sub-topic 4-3:	Common parameters for target and interfering cells
Issue 4-3-1: Tx antenna and LTE CRS port number
· Agreements for phase I evaluation in RAN4 #99e (R4-2108662):
· For initial simulation, prioritize 4 CRS ports and interested companies can provide results for 2 CRS ports case.
· FFS for performance requirement definition
· Proposals
· Option 1: Only cover 4Tx (Intel, Ericsson)
· Option 2: Cover 2 and 4 for LTE CRS ports (China Telecom)
· China Telecom: 2 CRS ports is the scenario in our deployment.
· Recommended WF
· TBA

Issue 4-3-2: Rx antenna port number
· Agreements for phase I evaluation in RAN4 #99e (R4-2108662):
· 2Rx and 4Rx
· Proposals
· Option 1: Cover 2Rx and 4Rx (Intel, Ericsson, China Telecom)
· Recommended WF
· Option 1
· Note: Companies do not need to feedback if support the recommended WF. 

Issue 4-3-3: Propagation condition for target and interference cell
· Agreements for phase I evaluation in RAN4 #99e (R4-2108662):
· TDLA30-10 and ULA low for the initial simulation
· Proposals
· Option 1: TDLA30-10 ULA low (Intel, Ericsson, China Telecom)
· Recommended WF
· Option 1
· Note: Companies do not need to feedback if support the recommended WF. 

Issue 4-3-4: NR Carrier number
· Agreements for phase I evaluation in RAN4 #99e (R4-2108662):
· Focus on NR single carrier scenario
· Proposals
· Option 1: NR single carrier scenario (Ericsson, China Telecom)
· Recommended WF
· Option 1
· Note: Companies do not need to feedback if support the recommended WF. 

Sub-topic 4-4: Target NR PDSCH parameters
Issue 4-4-1: Rank for target NR PDSCH
· Agreements for phase I evaluation in RAN4 #99e (R4-2108662):
· Rank 1
· Proposals
· Option 1: Rank 1 (Intel, Ericsson, China Telecom)
· Recommended WF
· Option 1
· Note: Companies do not need to feedback if support the recommended WF. 

Issue 4-4-2: MCS for target NR PDSCH
· Agreements for phase I evaluation in RAN4 #99e (R4-2108662):
· Cover QPSK MCS 4 and 16QAM MCS 13 for initial simulation
· FFS whether to cover 64QAM MCS 19
· Proposals
· Option 1: Do not introduce requirements for CRS-IM with MCS 4, and consider operating SINR > -6dB in selecting simulation parameters (Apple)
· Apple: Operating SINR for reference scheme without CRS-IM lower than -6dB with MCS4. With CRS-IM the SINR would be lower.
· Option 2: Select MCS 4 or MCS 13 based on further analysis on CRS-IM performance under different INR and loading levels (Intel)
· Option 3: Both MCS4 and MCS13 (Ericsson)
· Recommended WF
· TBA

Issue 4-4-3: Precoding scheme for the NR target PDSCH
· Agreements for phase I evaluation in RAN4 #99e (R4-2108662):
· Random precoding (Single panel Type 1) with PRB bundling size is 2 with PRB bundling type is static
· Proposals
· Option 1: Random precoding (Single panel Type 1) with precoding granularity is 2, PRB bundling size is 2 with PRB bundling type is static (Ericsson, China Telecom)
· Recommended WF
· Option 1
· Note: Companies do not need to feedback if support the recommended WF. 

Issue 4-4-4: HARQ process number for target NR PDSCH
· Agreements for phase I evaluation in RAN4 #99e (R4-2108662):
· 4 for FDD, further discuss for TDD
· Proposals
· Option 1: 4 for FDD (Ericsson, China Telecom)
· Recommended WF
· 4 for FDD
· Encourage proposal for TDD

Issue 4-4-5: PDSCH configuration for target NR
· Agreements for phase I evaluation in RAN4 #99e (R4-2108662):
· PDSCH mapping type A with full PRB allocation, use DMRS Type 1 with single symbol front loaded and 1 additional DMRS, with FDM applied between DMRS and data.
· Proposals
· Option 1: PDSCH mapping type A with full PRB allocation, use DMRS Type 1 with single symbol front loaded and 1 additional DMRS, with FDM applied between DMRS and data.  (Ericsson, China Telecom)
· Recommended WF
· Option 1
· Note: Companies do not need to feedback if support the recommended WF. 

Issue 4-4-6: Symbol length (L) for the target PDSCH
· Agreements for phase I evaluation in RAN4 #99e (R4-2108662):
· For the scenario that Rel-15 or Rel-16 CRS-RM is configured (for scenario 1 and 2): Focus on S = 3, L = 9. Interested companies can bring analysis for S = 3, L = 11.
· For the scenario that CRS-RM is not configured (for scenario 2): S = 2, L = 12
· Proposals
· Option 1: L = 9 for scenario 1, L = 12 for scenario 2 (Intel)
· Option 2: Cover both L = 9 and L = 11 symbol allocation for scenario 1 and define test applicability to ensure the test cases number will not be increased, reuse the same configuration for scenario 2, i.e., S = 2, L = 12 for scenario 2. (China Telecom)
· China Telecom: ‘additionalDMRS-DL-Alt’ can be supported by most of UEs supporting DSS, to avoid unnecessary waste of data REs in DSS scenarios. For the NR PDSCH demod tests for Rel-15 CRS-RM for the target cell, both S = 3, L = 9 and S = 3, L = 11 symbol allocation are covered.
· Recommended WF
· TBA

Issue 4-4-7: Overhead for TBS determination 
· Agreements for phase I evaluation in RAN4 #99e (R4-2108662):
· For the scenario that Rel-15 or Rel-16 CRS-RM is configured (for scenario 1 and 2): 18
· For the scenario that CRS-RM is not configured (for scenario 2): 0
· Proposals
· Option 1: Overhead as 18 when Rel-15 CRS-RM is configured for the target cell (Scenario 1), and overhead as 0 for scenario 2 (China Telecom)
· Recommended WF
· Option 1
· Note: Companies do not need to feedback if support the recommended WF. 

Issue 4-4-8: CSI-RS configuration for the target NR
· Agreements for phase I evaluation in RAN4 #99e (R4-2108662):
· ZP CSI-RS, NZP CSI-RS and TRS configuration for target cell:
· Reuse the Rel-15 assumptions for ZP CSI-RS, NZP CSI-RS and TRS configuration in PDSCH demodulation requirements for the serving cell
· Proposals
· Option 1: Not necessary for PDSCH demod test (Ericsson)
· Option 2: Reuse the Rel-15 assumptions for ZP CSI-RS, NZP CSI-RS and TRS configuration in PDSCH demodulation requirements for the serving cell (China Telecom)
· Recommended WF
· TBA

Issue 4-4-9: SSB configuration for target NR
· Agreements for phase I evaluation in RAN4 #99e (R4-2108662):
· Configure the first SSB in slot #0 in every 20 ms, and the slot #0 in every 20 ms is not scheduled for PDSCH transmission
· Proposals
· Option 1: Configure the first SSB in slot #0 in every 20 ms, and the slot #0 in every 20 ms is not scheduled for PDSCH transmission (Ericsson, China Telecom)
· Recommended WF
· Option 1
· Note: Companies do not need to feedback if support the recommended WF. 

Sub-topic 4-5:	Other parameters
Issue 4-5-1: Other NR target and LTE interference parameters
· Proposals
· Option 1: (Ericsson)
	Parameters
	Value

	Active DL BWP index
	1

	PDCCH allocation 
	Scenario 1: symbols #2
Scenario 2: symbols #0 and #1 

	LTE interference TM
	TM4

	Maximum HARQ transmission
	4

	CP type
	Normal for NR target and interference LTE


	NR target PDSCH configuration
	k0
	0

	
	PDSCH aggregation factor
	1

	
	Resource allocation type
	Type 0

	
	RBG size
	Config2

	
	VRB-to-PRB mapping type
	Non-interleaved

	
	VRB-to-PRB mapping interleaver bundle size
	N/A


· Recommended WF
· TBA

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

	Company A
	Sub-topic 4-1: General test setup
Issue 4-1-1: Sync or async test setup for FDD

Issue 4-1-2: Test scenario

Issue 4-1-3: Modelling of the change of dominant interference

Issue 4-1-4: CBW and SCS for target and interference cells

Issue 4-1-5: TDD configuration for target and interference cells

Sub-topic 4-2: Interference model
Issue 4-2-1: Number of explicitly modelled interfering cells

Issue 4-2-2: Interference power level

Issue 4-2-3: PDSCH loading level on interference cell

Issue 4-2-4: CRS pattern

Issue 4-2-5: Time offset and frequency shift for sync network

Issue 4-2-6: Transmission rank for the interference LTE

Issue 4-2-7: Modulation scheme for the interference PDSCH

Issue 4-2-8: Precoding scheme for the LTE interference PDSCH

Issue 4-2-9: MBSFN configuration for interference LTE PDSCH

Issue 4-2-10: CRS muting for interference LTE

Issue 4-2-11: Centre frequency for the interference LTE cell

Sub-topic 4-3: Common parameters for target and interfering cells
Issue 4-3-1: Tx antenna and LTE CRS port number

Issue 4-3-2: Rx antenna port number

Issue 4-3-3: Propagation condition for target and interference cell

Issue 4-3-4: NR Carrier number

Sub-topic 4-4: Target NR PDSCH parameters
Issue 4-4-1: Rank for target NR PDSCH

Issue 4-4-2: MCS for target NR PDSCH

Issue 4-4-3: Precoding scheme for the NR target PDSCH

Issue 4-4-4: HARQ process number for target NR PDSCH

Issue 4-4-5: PDSCH configuration for target NR

Issue 4-4-6: Symbol length (L) for the target PDSCH

Issue 4-4-7: Overhead for TBS determination 

Issue 4-4-8: CSI-RS configuration for the target NR

Issue 4-4-9: SSB configuration for target NR

Sub-topic 4-5: Other parameters
Issue 4-5-1: Other NR target and LTE interference parameters


	China Telecom
	Sub-topic 4-1: General test setup
Issue 4-1-2: Test scenario
Option 1

Issue 4-1-3: Modelling of the change of dominant interference
Ok to model the change of dominant interference in demod test, to reflect the practical scenario. Whether case B can be assume might need further discussion considering that:
1) Whether it is feasible from TE implementation perspective
2) With case B, the performance of RM can be impacted obviously, but the performance of IM might not be changed.

Issue 4-1-4: CBW and SCS for target and interference cells
We support the following options, since 20MHz CBW is very typical for FDD and TDD.
· For FDD 15kHz:
· Option 2: 10MHz and 20MHz CBW
· For TDD 15kHz:
· Option 1: 20MHz CBW

Sub-topic 4-2: Interference model
Issue 4-2-2: Interference power level
Option 3. We believe it is quite important to ensure the CRS-IM can be beneficial for UEs in different locations and with different INRs. For the exact INR values, we agree we can find one set from LTE CRS-IM TR 36.863.

Issue 4-2-3: PDSCH loading level on interference cell
Option 2 is preferred.

Sub-topic 4-3: Common parameters for target and interfering cells
Issue 4-3-1: Tx antenna and LTE CRS port number
Option2. 2 CRS ports is the scenario in our deployment for 2.1GHz FDD band. 
We proposed to consider 2 ports in phase I, and compromised to down-prioritize 2 ports to reduce the simulation workload due to the short time for phase I. But it is important to cover this scenario in the test requirements in Phase II. 

Sub-topic 4-4: Target NR PDSCH parameters
Issue 4-4-2: MCS for target NR PDSCH
Ok with option 1, and ok to use MCS 13 when INR1/2 = 10.45/4.6 dB.

Issue 4-4-4: HARQ process number for target NR PDSCH
4 for FDD is ok, and we can use 8 for TDD.

Issue 4-4-6: Symbol length (L) for the target PDSCH
Option 2. 

Issue 4-4-8: CSI-RS configuration for the target NR
Option 2. 

Sub-topic 4-5: Other parameters
Issue 4-5-1: Other NR target and LTE interference parameters
Option 1 is ok.

	CMCC
	Sub-topic 4-1: General test setup
Issue 4-1-3: Modelling of the change of dominant interference
We are ok with case B as the starting point. We also agree with CTC’s view.

Issue 4-1-4: CBW and SCS for target and interference cells
For FDD 15kHz, both Option 1 and Option 2 are ok for us.
For TDD 15kHz, we prefer Option 1.

Issue 4-1-5: TDD configuration for target and interference cells
NR TDD 15kHz UL/DL pattern: DDDSU(10D+2G+2U)
NR TDD 30kHz UL/DL pattern: 7DS2U(6D+4G+4U)
LTE TDD 15kHz UL/DL pattern: DSUDDDSUDD

Sub-topic 4-2: Interference model
Issue 4-2-2: Interference power level
Option 2 can be a baseline. Similar with Issue 2-3, we are open to Option 3 to have more investigation. 

Issue 4-2-3: PDSCH loading level on interference cell
Option 2 is fine for us.

Sub-topic 4-3: Common parameters for target and interfering cells
Issue 4-3-1: Tx antenna and LTE CRS port number
Option 2. 2 CRS port is also typical configuration in our network.

Sub-topic 4-4: Target NR PDSCH parameters
Issue 4-4-4: HARQ process number for target NR PDSCH
We propose to use 8 for TDD

Issue 4-4-6: Symbol length (L) for the target PDSCH
We prefer Option 2 which can guarantee the test coverage.

Sub-topic 4-5: Other parameters
Issue 4-5-1: Other NR target and LTE interference parameters
We can go with Option 1.

	Huawei
	Sub-topic 4-1: General test setup
Issue 4-1-1: Sync or async test setup for FDD
Option 1
Issue 4-1-2: Test scenario
Option 1 
Issue 4-1-3: Modelling of the change of dominant interference

We prefer not to consider change of dominant interference. It is used for rate-matching and can bring large performance degradation since only one RM pattern can be used. However, UE can perform LLR weighting for all interference REs and we don't see any performance degradation but the test complexity will be increased.

Issue 4-1-4: CBW and SCS for target and interference cells

For TDD, we prefer to only consider 10MHz/15kHz 

Issue 4-1-5: TDD configuration for target and interference cells
Option 1 is OK

Sub-topic 4-2: Interference model
Issue 4-2-1: Number of explicitly modelled interfering cells

Option 1

Issue 4-2-2: Interference power level

Option 2. We propose to only select one INR values and loading since it has no impact on demodulation. For option 3, we don’t think whether CRS-IM turn on can be verified by such small CRS-IM gain since different UE may have different conditions for turning on CRS-IM

Issue 4-2-3: PDSCH loading level on interference cell

Option 2. LLR weighting is only valid for transmissions without data, higher loading will cause smaller performance gain. We think 20% is enough.

Issue 4-2-4: CRS pattern
Option 1

Issue 4-2-5: Time offset and frequency shift for sync network

Option 1

Issue 4-2-6: Transmission rank for the interference LTE

Option 1

Issue 4-2-7: Modulation scheme for the interference PDSCH
Option 1


Issue 4-2-8: Precoding scheme for the LTE interference PDSCH
Option 1

Issue 4-2-9: MBSFN configuration for interference LTE PDSCH
Option 1

Issue 4-2-10: CRS muting for interference LTE
Option 1

Issue 4-2-11: Centre frequency for the interference LTE cell
Option 1

Sub-topic 4-3: Common parameters for target and interfering cells
Issue 4-3-1: Tx antenna and LTE CRS port number
Option 1. 4 ports CRS has more interference than 2 ports. For minimum requirements, we propose to only define 2 ports

Issue 4-3-2: Rx antenna port number
Option 1
Issue 4-3-3: Propagation condition for target and interference cell
Option 1
Issue 4-3-4: NR Carrier number
Option 1
Sub-topic 4-4: Target NR PDSCH parameters
Issue 4-4-1: Rank for target NR PDSCH
Option 1
Issue 4-4-2: MCS for target NR PDSCH
We are OK to only consider MCS13 

Issue 4-4-3: Precoding scheme for the NR target PDSCH
Option 1
Issue 4-4-4: HARQ process number for target NR PDSCH
Option 1
Issue 4-4-5: PDSCH configuration for target NR
Option 1
Issue 4-4-6: Symbol length (L) for the target PDSCH
Option 1.  No demodulation processing chane
Issue 4-4-7: Overhead for TBS determination 
Option 1
Issue 4-4-8: CSI-RS configuration for the target NR
Option 2
Issue 4-4-9: SSB configuration for target NR
Option 1
Sub-topic 4-5: Other parameters
Issue 4-5-1: Other NR target and LTE interference parameters
Generally we are OK for option 1. Should we specify the LTE transmission mode? 

	Intel
	Issue 4-1-3: Modelling of the change of dominant interference
We think that for requirements definition we can focus on scenario without change of dominant interference, because it allows to verify CRS-IM processing and simplifies the test procedure.
Issue 4-1-4: CBW and SCS for target and interference cells
Option 1 for FDD and TDD or Option 1 for FDD and Option 2 for TDD
We think that considering of single CBW per duplex mode should be sufficient and we can consider 10 MHz, i.e. similar to LTE-NR coexistence requirements. Same time, we are also fine to consider 20 MHz for TDD case.
Issue 4-2-2: Interference power level
At current stage, we are fine with any INR options from TR 36.863 for further analysis to identify the reasonable test conditions.
Issue 4-2-3: PDSCH loading level on interference cell
At the initial stage, we can consider different loading options for further analysis. For example, we can focus on 20 and 40% to reduce the number of options.
Issue 4-3-1: Tx antenna and LTE CRS port number
We prefer to focus on scenario with 4 Tx case as baseline scenarios for Phase I stage and for LTE-NR co-existence requirements.
Issue 4-4-2: MCS for target NR PDSCH
Option 2.
As for Option 1, we need to have more discussion on SINR calculation for scenario with partial loading, because the effective SINR will be higher than SNR/(ΣINR+1). Also, probably we need more discussion on down-selection criteria for these scenarios. Therefore, we suggest to consider MCS 4 and 13 as candidates for further down selection based simulation results.
Issue 4-4-4: HARQ process number for target NR PDSCH
We suggest to reuse assumptions from LTE-NR coexistence requirements (4 for FDD and 8 for TDD) in case Option 1 will be agreed for Issue 4-1-5
Issue 4-4-6: Symbol length (L) for the target PDSCH
Option 1.
Based on our understanding, it is sufficient to take L = 9 for scenario 1 to verify CRS-IM processing. In case UE can pass the requirements with L = 9, such UE supports CRS-IM for L = 11.
Issue 4-4-8: CSI-RS configuration for the target NR
Support Option 2 (i.e. similar to all existing demodulation requirements)
Issue 4-5-1: Other NR target and LTE interference parameters
Option 1 looks fine for us

	Nokia, Nokia Shanghai Bell
	Issue 4-1-2: Test scenario
We would like to get a better understanding on how widespread scenario 2 is and why it is not possible to enable DSS. Scenario 1 is very common and can directly be used as a baseline.
We would like to gather some more feedback from other companies before agreeing to option 1.
Issue 4-1-3: Modelling of the change of dominant interference
We agree with the proposal to further study caseB as a starting point. This would provide confidence if dynamic changing mobility conditions can impact at any level of network signalling assistance.

	Apple
	Sub-topic 4-1: General test setup
Issue 4-1-2: Test scenario
We are fine with prioritizing scenario 1 over scenario 2, if it can help make progress. We evaluated both in phase 1, but WID doesn’t specifically say we have to define requirements for both and we can de-prioritize scenario 2. 

Issue 4-1-3: Modelling of the change of dominant interference
We don’t think this is relevant to CRS-IM.
Issue 4-1-4: CBW and SCS for target and interference cells
10MHz CBW for FDD and TDD 15KHz

Issue 4-1-5: TDD configuration for target and interference cells
Okay with option 1. 

Sub-topic 4-2: Interference model

Issue 4-2-2: Interference power level
Option 2. We prefer to use one pair of interference levels at this stage and don’t spend more time on evaluation. 

Issue 4-2-3: PDSCH loading level on interference cell
Option 2. 20% loading is reasonable for CRS_IM. We might not see measuremable gains with CRS-IM with higher loading. 

Sub-topic 4-3: Common parameters for target and interfering cells
Issue 4-3-1: Tx antenna and LTE CRS port number
Could we only cover 2 CRS ports in requirements if that’s a scenario in deployment, instead of both 2 and 4 CRS ports?

Sub-topic 4-4: Target NR PDSCH parameters

Issue 4-4-2: MCS for target NR PDSCH
Option 1. For the concerns raised we prefer to only consider MCS13 for the INR levels used for evaluation. We agree with Intel’s observations on SINR calculation. But we still have concerns whether MCS 4 is practical with such high INR levels especially in scenario 2 where DMRS is also affected by CRS interference. 


Issue 4-4-4: HARQ process number for target NR PDSCH
8 for TDD

Issue 4-4-6: Symbol length (L) for the target PDSCH
Option 1 is good for defining requirements. We don’t have to spend additional time and effort to define requirements for L=9,11 for scenario 1. 

Issue 4-4-8: CSI-RS configuration for the target NR
Option 2.

Sub-topic 4-5: Other parameters
Issue 4-5-1: Other NR target and LTE interference parameters
Suggest the following:
Number of PDCCH candidates : 1
PDCCH aggregation level: 8


	Qualcomm
	Sub-topic 4-1: General test setup
Issue 4-1-2: Test scenario
Prefer Option 2.

Issue 4-1-3: Modelling of the change of dominant interference
Given the time constraints, we prefer not to evaluate any more scenarios.

Issue 4-1-4: CBW and SCS for target and interference cells
As a compromise, we are ok with 10MHz for FDD and 20MHz for TDD.

Issue 4-1-5: TDD configuration for target and interference cells
Ok with Option 1.

Sub-topic 4-2: Interference model
Issue 4-2-2: Interference power level
Prefer Option 2. Given the limited time left, we would like to reduce simulation and test effort.

Issue 4-2-3: PDSCH loading level on interference cell
Prefer 20% loading. Higher loading will diminish the gains of CRS-IM and RAN4 is trying to define a test in a scenario where CRS-IM gain is visible. So, we don’t want to waste resources on evaluating higher loading.

Sub-topic 4-3: Common parameters for target and interfering cells
Issue 4-3-1: Tx antenna and LTE CRS port number
Prefer Option 1 since that is the worst case as more REs will be impacted compared to 2 ports.

Sub-topic 4-4: Target NR PDSCH parameters
Issue 4-4-2: MCS for target NR PDSCH
Prefer MCS13.

Issue 4-4-4: HARQ process number for target NR PDSCH
8 for TDD

Issue 4-4-6: Symbol length (L) for the target PDSCH
Prefer to consider L = 9 only for scenario 1. Prefer not to define tests for scenario2 at this stage.

Issue 4-4-8: CSI-RS configuration for the target NR
Prefer Option 2, same as other PDSCH tests.

Sub-topic 4-5: Other parameters
Issue 4-5-1: Other NR target and LTE interference parameters
Other LTE/NR parameters could be same as existing NR PDSCH LTE-NR Coexistence tests.

	Ericsson
	Sub-topic 4-1: General test setup
Issue 4-1-1: Sync or async test setup for FDD
We are fine for defining requirements for synchronous network in phase II. But we propose to study the asynchronous network scenario in phase II.  

Issue 4-1-2: Test scenario
Option 1 is our first preference. But it is based on the progress of discussion. Option 2 is also acceptable for us as long as there is no NWA signalling introduced. 

Issue 4-1-3: Modelling of the change of dominant interference
We are fine to deprioritize the study of this scenario. 

Issue 4-1-4: CBW and SCS for target and interference cells
For FDD: option 1. For TDD, option 2 is fine for us. 

Sub-topic 4-2: Interference model

Issue 4-2-2: Interference power level
Option 2, reuse the INR values from phase I. 

Issue 4-2-3: PDSCH loading level on interference cell
Option 2, reuse the INR values from phase I. 

Sub-topic 4-3: Common parameters for target and interfering cells
Issue 4-3-1: Tx antenna and LTE CRS port number
We prefer to focus on only 4Tx. 

Sub-topic 4-4: Target NR PDSCH parameters
Issue 4-4-1: Rank for target NR PDSCH
Support the recommended WF

Issue 4-4-2: MCS for target NR PDSCH
OK with only consider MCS13.

Issue 4-4-4: HARQ process number for target NR PDSCH
Option 1 for TDD

Issue 4-4-6: Symbol length (L) for the target PDSCH
Option 1

Issue 4-4-8: CSI-RS configuration for the target NR
Actually we are saying no need to specify. Reuse the Rel-15 assumptions could be the default.

	MediaTek
	Sub-topic 4-1: General test setup
Issue 4-1-1: Sync or async test setup for FDD
Support Option 1.

Issue 4-1-2: Test scenario
Prefer Option 2. We have the concern as Nokia that how widespread scenario 2 is and why it is not possible to enable DSS. Also, we share the same view as Apple that it can help make progress to prioritize the discussion for scenario 1.

Issue 4-1-3: Modelling of the change of dominant interference
We prefer not to study the mobility scenario.

Issue 4-1-4: CBW and SCS for target and interference cells
For FDD, we support Option 1. For TDD, we are fine with both options.

Issue 4-1-5: TDD configuration for target and interference cells
OK with Option 1.

Sub-topic 4-4: Target NR PDSCH parameters
Issue 4-4-2: MCS for target NR PDSCH
OK with Option 2.

Issue 4-4-6: Symbol length (L) for the target PDSCH
OK with Option 1.

Issue 4-4-8: CSI-RS configuration for the target NR
Option 2.


	ZTE
	Sub-topic 4-1: General test setup
Issue 4-1-1: Sync or async test setup for FDD
Option 1.

Issue 4-1-2: Test scenario
Option 1.

Issue 4-1-3: Modelling of the change of dominant interference
It is not clear to us why we need to introduce a “dynamically changing” condition.

Issue 4-1-4: CBW and SCS for target and interference cells
For FDD, Option 1. For TDD, Option 1.
Issue 4-1-5: TDD configuration for target and interference cells
Fine with Option 1.

Sub-topic 4-2: Interference model
Issue 4-2-1: Number of explicitly modelled interfering cells
Fine with Option 1.

Issue 4-2-2: Interference power level
Option 2.

Issue 4-2-3: PDSCH loading level on interference cell
Option 2.

Issue 4-2-4: CRS pattern
Fine with Option 1.

Issue 4-2-5: Time offset and frequency shift for sync network
Fine with Option 1.

Issue 4-2-6: Transmission rank for the interference LTE
Fine with Option 1.

Issue 4-2-7: Modulation scheme for the interference PDSCH
Fine with Option 1.

Issue 4-2-8: Precoding scheme for the LTE interference PDSCH
Option 1.

Issue 4-2-9: MBSFN configuration for interference LTE PDSCH
Option 1.

Issue 4-2-10: CRS muting for interference LTE
Fine with Option 1.

Issue 4-2-11: Centre frequency for the interference LTE cell
Fine with Option 1.

Sub-topic 4-3: Common parameters for target and interfering cells
Issue 4-3-1: Tx antenna and LTE CRS port number
If the use of 2 CRS ports confirmed, then fine with Option 2.

Issue 4-3-2: Rx antenna port number
Fine with Option 1.

Issue 4-3-3: Propagation condition for target and interference cell
Fine with Option 1.

Issue 4-3-4: NR Carrier number
Option 1, single carrier.
Sub-topic 4-4: Target NR PDSCH parameters
Issue 4-4-1: Rank for target NR PDSCH
Option 1.

Issue 4-4-2: MCS for target NR PDSCH
For simulation purpose, we can accept Option 3 (both MCS4 and MCS13), and decide which should be specified after simulation results are collected. If no performance gain is observed for MCS4, then we can just specify requirements for MCS13 only. 

Issue 4-4-3: Precoding scheme for the NR target PDSCH
Fine with Option 1.

Issue 4-4-4: HARQ process number for target NR PDSCH
Fine with Option 1 for both FDD and TDD. 

Issue 4-4-5: PDSCH configuration for target NR
Fine with Option 1.

Issue 4-4-6: Symbol length (L) for the target PDSCH
Option 2 is fine.

Issue 4-4-7: Overhead for TBS determination 
Option 1.
Issue 4-4-8: CSI-RS configuration for the target NR
Option 1.

Issue 4-4-9: SSB configuration for target NR
Fine with Option 1.
Sub-topic 4-5: Other parameters
Issue 4-5-1: Other NR target and LTE interference parameters
Option 1.



Summary for 1st round 
Open issues 
	
	Status summary 

	Sub-topic 4-1: General test setup
	Issue 4-1-1: Sync or async test setup for FDD
Summary of 1st round discussion:
· Option 1: Focus on synchronous test cases in phase II (Ericsson, Huawei, MTK, ZTE, WI description)
· Option 2: In addition to sync network, study the asynchronous network scenario in phase II (E///)
Recommendations for 2nd round:
Check if option 1 is agreeable.

Issue 4-1-2: Test scenario
Summary of 1st round discussion:
· Option 1: Follow the WID and previous RAN4 agreement, i.e., cover both scenarios (E/// first preference, all other companies not listed in option 2)
· Option 2: Finish baseline CRS-IM requirements based on scenario 1 (LTE and NR DSS). Discuss scenario 2 after baseline requirements are finalized (Nokia, Apple, QC, E/// if no NWA introduced, MTK)
· Moderator’s observation
· In phase I, there was extensive discussion on the two scenarios. To save efforts and avoid repeated discussion, it should be more constructive to stick to the previous agreements.
Recommendations for 2nd round:
· Agree on option 1.

Issue 4-1-3: Modelling of the change of dominant interference
· Agreements for phase I evaluation in RAN4 #99e (R4-2108662):
· Baseline RM scheme for performance comparison with PDSCH CRS-IM:
· …
· Case B: the 1 interference cell with RM is NOT always the first dominant interference. Interested companies can provide simulation results for Case B.
· e.g., INR of the 1 interference cell with RM is INR1 or INR2 with 50%: 50% probability. If the INR for the interference cell with RM is INR1, then the INR for the other interference cell is INR2, and vice versa. The INR levels for the two interference cells can be changed per [1000] slots. 
· The above example for Case B is optional, and other options for Case B are not precluded. 
· Case B is for initial simulation only, and FFS whether to consider it for performance requirement definition.
Summary of 1st round discussion:
· Option 1: Model the change of dominant interference in demod test (Ericsson, China Telecom, CMCC, Nokia)
· Option 1A: Case B as a start point (Ericsson, CMCC, Nokia)
· Option 1B: Need further discussion on the detailed modeling (China Telecom, CMCC)
· Option 2: Not to consider change of dominant interference (Huawei, Intel, Apple, QC, MTK)
· Huawei, CTC: The performance of RM can be impacted obviously, but the performance of IM might not be changed under Case B.
· Option 3: Deprioritize the study of the mobility scenario (E///)
Tentative agreement:
· Option 3 

Issue 4-1-4: CBW and SCS for target and interference cells
Summary of 1st round discussion:
· For FDD 15kHz:
· Option 1: 10MHz CBW (Intel, Ericsson, CMCC, Apple, QC, MTK, ZTE)
· Option 2: 10MHz and 20MHz CBW (China Telecom, CMCC)
· For TDD 15kHz:
· Option 1: 20MHz CBW (China Telecom, CMCC, Intel, QC, MTK, ZTE)
· Option 2: 10MHz CBW (Intel, Huawei, Apple, Ericsson, MTK)
Recommendations for 2nd round:
· Check if it is agreeable to follow majority view and to use the following CBW:
· 10MHz CBW for FDD 15kHz
· 20MHz CBW for TDD 15kHz

Issue 4-1-5: TDD configuration for target and interference cells
Summary of 1st round discussion:
· For the target NR with TDD 15kHz SCS:
· Option 1: 3D1S1U with S = 10D+2G+2U (Intel, Huawei, CMCC, Apple, QC, MTK, ZTE)
· For the interference LTE with TDD:
· Option 1: 3D1S1U with S = 10D+2G+2U (Intel, Huawei, Apple, QC, MTK, ZTE)
· Option 2: DSUDDDSUDD (CMCC)
Tentative agreement:
· Use 3D1S1U with S = 10D+2G+2U for the target NR cell with TDD 15kHz SCS
Recommendations for 2nd round:
· Check if it is agreeable to use 3D1S1U with S = 10D+2G+2U for the interference LTE.


	Sub-topic 4-2: Interference model
	Issue 4-2-1: Number of explicitly modelled interfering cells
Tentative agreement:
· Model 2 interference cells for the requirement definition for CRS-IM test.

Issue 4-2-2: Interference power level
Summary of 1st round discussion:
· Option 1: Select one of the following cases refers to LTE CRS-IC TR 36.863 based on further analysis on CRS-IM performance (Intel)
· Case 1: Loading 20 %, INR 1 = 10.45 dB, INR 2 = 4.6 dB
· Case 2: Loading 30 %, INR 1 = 9.69 dB, INR 2 = 3.7 dB
· Case 3: Loading 40 %, INR 1 = 8.79 dB, INR 2 = 2.7 dB
· Case 4: Loading 50 %, INR 1 = 8.36 dB, INR 2 = 1.7 dB
· Option 2: INR1 = 10.45 dB and INR2 = 4.6 dB (Ericsson, CMCC, Huawei, Apple, QC, ZTE)
· Option 3: Related to Issue 2-3, in addition to INR1/2= 10.45/4.6 dB, 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. (China Telecom, [Intel])
· CTC: we can find one set of INRs from LTE CRS-IM TR 36.863
· CMCC: Open to have more discussion
· HW: Different UE may have different conditions for turning on CRS-IM
Tentative agreement:
· Option 2 will be used as the INR for defining requirements.
· FFS other INR value can be included.

Issue 4-2-3: PDSCH loading level on interference cell
Summary of 1st round discussion:
· Option 1: Select one of the following cases refers to LTE CRS-IC TR 36.863 based on further analysis on CRS-IM performance (Intel)
· Case 1: Loading 20 %, INR 1 = 10.45 dB, INR 2 = 4.6 dB
· Case 2: Loading 30 %, INR 1 = 9.69 dB, INR 2 = 3.7 dB
· Case 3: Loading 40 %, INR 1 = 8.79 dB, INR 2 = 2.7 dB
· Case 4: Loading 50 %, INR 1 = 8.36 dB, INR 2 = 1.7 dB
· Option 2: 20% PDSCH loading level with full PRB allocation on interfering cell (Ericsson, China Telecom, CMCC, Huawei, Apple, QC, ZTE)
· HW, QC: Higher loading will diminish the gains of CRS-IM
Tentative agreement:
· Option 2 will be used as the interference loading level for defining requirements.
· FFS other interference loading level can be included.

Issue 4-2-4: CRS pattern
Tentative agreement:
· Reuse the phase I assumption
· Non-colliding between the serving cell CRS (if exits) and interference cell CRS
· Non-colliding CRS between the two interfering cells
· For example:
· For scenario 1, v-shift = 0, 1, 2 for the serving and two interference cells
· For scenario 2, v-shift = 1, 2 for the two interference cells

Issue 4-2-5: Time offset and frequency shift for sync network
Tentative agreement:
· Reuse the phase I assumption:
· Time offset: The serving cell is 3 us and -1 us for interfering cell 1 and cell 2 respectively
· Frequency shift: The serving cell is 300 Hz and -100 Hz for interfering cell 1 and cell 2 respectively.

Issue 4-2-6: Transmission rank for the interference LTE
Tentative agreement:
· 80% and 20% probability for rank 1 and rank 2 transmission in the interfering cell(s). 

Issue 4-2-7: Modulation scheme for the interference PDSCH
Tentative agreement:
· 16 QAM randomly modulated symbols in the interfering PDSCH when exists

Issue 4-2-8: Precoding scheme for the LTE interference PDSCH
Tentative agreement:
· Random precoding

Issue 4-2-9: MBSFN configuration for interference LTE PDSCH
Tentative agreement
· No MBSFN is configured on LTE carrier

Issue 4-2-10: CRS muting for interference LTE
Tentative agreement
· Disable CRS muting on LTE carrier 

Issue 4-2-11: Centre frequency for the interference LTE cell
Tentative agreement
· Same between serving cell and neighboring cells


	Sub-topic 4-3: Common parameters for target and interfering cells
	Issue 4-3-1: Tx antenna and LTE CRS port number
Summary of 1st round discussion:
· Option 1: Only cover 4Tx (Intel, Ericsson, Huawei, QC)
· Option 2: Cover 2 and 4 for LTE CRS ports (China Telecom, CMCC, ZTE)
· China Telecom, CMCC: 2 CRS ports is the scenario in our deployment.
· Option 3: Only cover 2 CRS ports (Apple)
Recommendations for 2nd round:
· Further discuss

Issue 4-3-2: Rx antenna port number
Tentative agreement
· Cover 2Rx and 4Rx

Issue 4-3-3: Propagation condition for target and interference cell
Tentative agreement
· TDLA30-10 ULA low

Issue 4-3-4: NR Carrier number
Tentative agreement
· NR single carrier scenario


	Sub-topic 4-4: Target NR PDSCH parameters
	Issue 4-4-1: Rank for target NR PDSCH
Tentative agreement
· Rank 1 

Issue 4-4-2: MCS for target NR PDSCH
Summary of 1st round discussion:
· Option 1: Do not introduce requirements for CRS-IM with MCS 4, and consider operating SINR > -6dB in selecting simulation parameters (Apple, China Telecom)
· Intel: the effective SINR will be higher than SNR/(ΣINR+1).
· Option 2: Select MCS 4 or MCS 13 based on further analysis on CRS-IM performance under different INR and loading levels (Intel)
· Option 3: Both MCS4 and MCS13 (Ericsson, ZTE)
· Option 4: Use MCS 13 when INR1/2 = 10.45/4.6 dB (China Telecom, Huawei, Apple, QC, E///, MTK, ZTE if no performance gain for MCS 4)
Recommendations for 2nd round:
· Check if it is agreeable to use MCS 13 as baseline for INR1/2 = 10.45/4.6 dB

Issue 4-4-3: Precoding scheme for the NR target PDSCH
Tentative agreement
· Random precoding (Single panel Type 1) with precoding granularity is 2, PRB bundling size is 2 with PRB bundling type is static

Issue 4-4-4: HARQ process number for target NR PDSCH
Summary of 1st round discussion:
· Proposals for FDD: 4
· Proposals for TDD:
· Option 1: 8 for TDD (China Telecom, CMCC, Intel, Apple, QC)
· Option 2: 4 for TDD (E///, ZTE)
Tentative agreement 
· Follow Rel-15 PDSCH demod assumption and majority view in round 1:
· 4 for FDD
· 8 for TDD

Issue 4-4-5: PDSCH configuration for target NR
Tentative agreement
· PDSCH mapping type A with full PRB allocation, use DMRS Type 1 with single symbol front loaded and 1 additional DMRS, with FDM applied between DMRS and data

Issue 4-4-6: Symbol length (L) for the target PDSCH
Summary of 1st round discussion:
· Option 1: L = 9 for scenario 1, L = 12 for scenario 2 (Intel, Huawei, Apple, QC for scenario 1, E///, MTK)
· Option 2: Cover both L = 9 and L = 11 symbol allocation for scenario 1 and define test applicability to ensure the test cases number will not be increased, reuse the same configuration for scenario 2, i.e., S = 2, L = 12 for scenario 2. (China Telecom, CMCC, ZTE)
Recommendations for 2nd round:
· To focus on other more essential issues, check if it is agreeable to use option 1.  

Issue 4-4-7: Overhead for TBS determination 
Tentative agreement:
· Overhead as 18 when Rel-15 CRS-RM is configured for the target cell (Scenario 1), and overhead as 0 for scenario 2.

Issue 4-4-8: CSI-RS configuration for the target NR
Summary of 1st round discussion:
· Option 1: Not necessary for PDSCH demod test
· Option 2: Reuse the Rel-15 assumptions for ZP CSI-RS, NZP CSI-RS and TRS configuration in PDSCH demodulation requirements for the serving cell (China Telecom, Huawei, Intel, Apple, QC, E///, MTK)
Tentative agreement:
· Option 2

Issue 4-4-9: SSB configuration for target NR
Tentative agreement
· Configure the first SSB in slot #0 in every 20 ms, and the slot #0 in every 20 ms is not scheduled for PDSCH transmission


	Sub-topic 4-5: Other parameters
	Issue 4-5-1: Other NR target and LTE interference parameters
Tentative agreement:
· Following parameters (same as the existing NR PDSCH LTE-NR Coexistence tests) can be agreeable (Ericsson, China Telecom, CMCC, Huawei, Intel, ZTE, QC)
	Parameters
	Value

	Active DL BWP index
	1

	PDCCH allocation 
	Scenario 1: symbols #2
Scenario 2: symbols #0 and #1 

	Maximum HARQ transmission number
	4

	CP type
	Normal for NR target and interference LTE


	NR target PDSCH configuration
	k0
	0

	
	PDSCH aggregation factor
	1

	
	Resource allocation type
	Type 0

	
	RBG size
	Config2

	
	VRB-to-PRB mapping type
	Non-interleaved

	
	VRB-to-PRB mapping interleaver bundle size
	N/A


Open issue summary of 1st round discussion:
· For the LTE interference TM
· Option 1: TM4 (E///, CTC, CMCC, Intel, ZTE)
· Huawei: Should we specify the LTE transmission mode?
· Additional target NR PDCCH parameters
· Option 1: Number of PDCCH candidates as 1, PDCCH aggregation level as 8 (Apple)
· For the other parameters: 
· Option 1: Other LTE/NR parameters could be same as existing NR PDSCH LTE-NR Coexistence tests (QC)
Recommendations for 2nd round:
· Companies to further check:
· Whether to have TM4 assumption for the interference LTE.
· Except for the agreed parameters in the above table, whether we can reuse the other parameters from the existing NR PDSCH LTE-NR Coexistence tests (including the Number of PDCCH candidate and the PDCCH aggregation level).




Discussion on 2nd round


Topic #5: Others
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2119050
	Huawei, HiSilicon
	Observation 7: The implementation based approach to reduce the impact on LTE UE will waste transmission power or NZP CSI-RS resource and BS’s implementation will be restricted.
Observation 8: Information exchange between gNBs is up to BS’s implementation and shouldn’t be considered for RAN 4 UE requirements definition.

	R4-2119092
	Nokia, Nokia Shanghai Bell
	Observation 1: It is important to have a solution to the imbalance interference profile issue on the LTE UE side, which is caused by NR CRS-Interfering cell. 
Observation 2: NZP CSI-RS, random data and copy of PDSCH data-based solutions solve the problem of interference mismatch between the CRS REs and PDSCH REs. However, these energy signals degrade the channel estimation of the LTE UEs, and thus, their demodulation performance.
Observation 3: The NR UE cannot make use of the proposed energy signal in Option 1 (Random data and copy of PDSCH data), hence from an NR UE perspective it is a waste of energy and resources.
Observation 4: LTE CRS signal can be used as an energy signal (in rate-matched REs on top of rate matching) which can be implemented with the current standards. Advanced LTE UE could also be able to use its CRS-IC receiver to improve its channel estimation hence its demodulation performance. 
Proposal 1: RAN4 to assume that the LTE UE demodulation performance issues due to interference profile imbalance coming from NR CRS-RM can be solved in implementation, by the BS transmitting signals on the CRS REs (be it duplicated/random data, CSI-RS, or emulated LTE CRS).



Open issues summary
Sub-topic 5-1:	Implementation aspects for interference cell CRS-RM
Issue 5-1: Implementation aspects for interference cell CRS-RM
· Agreements for in the WID (RP-212636):
· Phase II: Define NR PDSCH demodulation requirements for neighbouring cell LTE CRS-IM in scenarios with overlapping spectrum for LTE and NR
· Use LLR weighting as baseline reference receiver.
· …
· Discussion in RAN4#100e (R4-2115740)
· Discussion on the other following aspects are not precluded based on contribution driven (For Information Only)
· Implementation aspects for interference cell CRS-RM (for the purpose of maintaining the TR, although without specification impact)
· The implementation-based approach to reduce the impact on LTE UE.
· Option 1: Transmit signal energy in rate-matched REs on top of rate matching. This signal energy could be NZP CSI-RS, random data, copy of PDSCH data or some other signal.
· Other aspects like such as how gNB could know which interferer is the dominant one (even if the dominant interferer never changes), whether the information exchange between gNBs is needed.
· Proposals:
· Proposal 1: 1) We don’t think Option 1 is a valid solution, since it will introduce additional limitation to network behavior. 2) gNB can’t know the dominant interferer unless introduce additional measurement and measurement report from UE. (CMCC)
· Proposal 2: 1) The implementation-based approach to reduce the impact on LTE UE will waste transmission power or NZP CSI-RS resource and BS’s implementation will be restricted. 2) Information exchange between gNBs is up to BS’s implementation and shouldn’t be considered in RAN 4 UE requirements definition. (Huawei)
· Proposal 3: RAN4 to assume that the LTE UE demodulation performance issues, caused by interference profile imbalance coming from NR CRS-RM, can be solved in implementation. E.g., by the BS transmitting signals on the CRS REs (be it duplicated/random data, NZP CSI-RS, or emulated LTE CRS) (Nokia)
· Nokia: 1) These energy signals degrade the channel estimation of the LTE UEs and their demodulation performance. 2) it is a waste of energy and resources. 3) LTE CRS signal can be used as an energy signal (in rate-matched REs on top of rate matching). Advanced LTE UE could also be able to use its CRS-IC receiver to improve its channel estimation hence its demodulation performance.
· Recommended WF
· If any agreements can be reached, to capture the agreements in the TR. If not, focus on the performance requirement definition for CRS-IM in phase II.

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

	Company A
	Issue 5-1: Implementation aspects for interference cell CRS-RM


	Nokia, Nokia Shanghai Bell
	Issue 5-1: Implementation aspects for interference cell CRS-RM
Other solutions to CSI-RS resources exist (see our proposals) and the used transmission power is rather negligible for the BS. We agree that BS implementation should not be captured in RAN4.

	Intel2
	Taking into account, that in the last RAN meeting in was agreed to have Phase II with definition of CRS-IM requirements, we think that we can deprioritize discussion on CRS-RM and focus of issues related to requirements definition.

	
	


Summary for 1st round 
Open issues 
	
	Status summary 

	
	Issue 5-1: Implementation aspects for interference cell CRS-RM
· Tentative agreement:
· Focus on the performance requirement definition for CRS-IM in phase II.



Discussion on 2nd round

Recommendations for Tdocs
1st round 
New tdocs
	Title
	Source
	Comments

	WF on CRS-IM receiver in scenarios with overlapping spectrum for LTE and NR
	China Telecom
	

	
	
	

	
	
	



Existing tdocs
	Tdoc number
	Title
	Source
	Recommendation  
	Comments

	R4-2117188
	Updated work plan for Further enhancement on NR demodulation performance WI
	China Telecom
	To be revised 
	

	R4-2117436
	Discussion on CRS interference mitigation in NR
	Apple
	Noted
	

	R4-2117437
	Discussion on Network Assistance for CRS-IM in NR
	Apple
	Noted
	

	R4-2117639
	On NR UE Receiver Assumptions for CRS IM
	Nokia, Nokia Shanghai Bell
	Noted
	

	R4-2117640
	On Necessity of Network assistant signaling
	Nokia, Nokia Shanghai Bell
	Noted
	

	R4-2117739
	Discussion on the network assistant signaling necessity for CRS-IM
	CMCC
	Noted
	

	R4-2117740
	Discussion on the test setup for CRS-IM
	CMCC
	Noted
	

	R4-2118003
	CRS-IM receiver assumptions for scenarios with overlapping spectrum for LTE and NR
	Intel Corporation
	Noted
	

	R4-2118004
	Network assistance signaling for CRS-IM receiver for scenarios with overlapping spectrum for LTE and NR
	Intel Corporation
	Noted
	

	R4-2118005
	Test setup for CRS-IM receiver requirements for scenarios with overlapping spectrum for LTE and NR
	Intel Corporation
	Noted
	

	R4-2118396
	Discussion on receiver assumption for CRS interference handling
	Ericsson
	Noted
	

	R4-2118397
	Discussion on the necessity of network assistance signling
	Ericsson
	Noted
	

	R4-2118398
	Discussion on the test set-up for CRS interference handling
	Ericsson
	Noted
	

	R4-2118865
	Discussion on the receiver assumption for CRS-IM requirement definition
	China Telecom
	Noted
	

	R4-2118866
	Discussion on the necessity of network assistance signalling and UE capability signalling for CRS-IM
	China Telecom
	Noted
	

	R4-2118867
	Discussion on the test setup for CRS-IM reqquirement definition
	China Telecom
	Noted
	

	R4-2119050
	Discussion on open issues for CRS-IM receiver
	Huawei, HiSilicon
	Noted
	

	R4-2119051
	Simulation results for CRS-IM receiver
	Huawei, HiSilicon
	Noted
	

	R4-2119092
	On Implementation aspects for interference cell CRS-RM
	Nokia, Nokia Shanghai Bell
	Noted
	

	R4-2119406
	Discussion on CRS interference handling in NR
	MediaTek inc.
	Noted
	

	R4-2119550
	Views on CRS Interference Mitigation in NR
	Qualcomm Incorporated
	Noted
	



Notes:
1) Please include the summary of recommendations for all tdocs across all sub-topics incl. existing and new tdocs.
2) For the Recommendation column please include one of the following: 
a. CRs/TPs: Agreeable, Revised, Merged, Postponed, Not Pursued
b. Other documents: Agreeable, Revised, Noted
3) For new LS documents, please include information on To/Cc WGs in the comments column
4) Do not include hyper-links in the documents

2nd round 
	Tdoc number
	Title
	Source
	Recommendation  
	Comments

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	



Notes:
1) Please include the summary of recommendations for all tdocs across all sub-topics.
2) For the Recommendation column please include one of the following: 
a. CRs/TPs: Agreeable, Revised, Merged, Postponed, Not Pursued
b. Other documents: Agreeable, Revised, Noted
3) Do not include hyper-links in the documents

[bookmark: _Toc79478152]Annex 
Contact information
	Company
	Name
	Email address

	Nokia, Nokia Shanghai Bell
	Karsten Petersen
	Karsten.petersen@nokia-bell-labs.com

	Apple
	Manasa Raghavan
	Manasa.raghavan@apple.com

	Qualcomm
	Gaurav Nigam
	gnigam@qti.qualcomm.com

	MediaTek
	Licheng Lin
	Licheng.lin@mediatek.com



Note:
1) Please add your contact information in above table once you make comments on this email thread. 
2) If multiple delegates from the same company make comments on single email thread, please add you name as suffix after company name when make comments i.e. Company A (XX, XX)
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