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Introduction
In RAN#91-e, an email thread [91E][33][CRS_IC_DSS] is assigned to discuss the following tdocs: RP-210350, RP-210521, RP-210522, RP-210549, RP-210646, RP-210317, RP-210680, RP-210523.
	Tdoc
	Title
	Source

	RP-210317
	On IRC receiver performance in time selective interferencce
	vivo

	RP-210350
	Discussion of LTE CRS-IC for DSS
	Qualcomm Incorporated

	RP-210521
	Proposal on handling LTE CRS interference in scenarios with overlapping spectrum for LTE and NR
	China Telecom, Vodafone, ZTE, Orange, Telecom Italia, CMCC, Telefonica, Huawei, HiSilicon, Intel

	RP-210522
	Lab testing results on performance impact by LTE CRS interference to NR UE in DSS scenarios
	China Telecom

	RP-210523
	Revised WID: Further enhancement on NR demodulation performance
	China Telecom

	RP-210549
	Scope update for Rel-17 NR demodulation performance WI: TRS-IC/CSI-RS-IC for inter-cell interference
	Huawei, HiSilicon

	RP-210646
	Discussion on DSS for LTE CSI-RS interference handling
	MediaTek Inc.

	RP-210680
	Views on CRS-IM for LTE/NR co-existence scenarios
	Intel Corporation



Initial round
Open issues and companies views’ collection
Topic #1: LTE CRS-IM in LTE/NR co-existence scenarios
4 contributions discussed the detailed objectives on LTE CRS-IM. Moderator suggests to take the proposed objective in RP‑210521 as the starting point, and further discuss the following issues based on RP‑210350/0646/0680.
Issue 1-1: Synchronous or asynchronous network
· Option A: Synchronous network only (MediaTek, Intel)
· Option B: Both synchronous and asynchronous networks for FDD 
· Option C: Leave the discussion to RAN4
Issue 1-2: SCS
· Option A: 15kHz SCS only (Intel)
· Option B: 15kHz and 30kHz SCS for NR
· Option C: Leave the discussion to RAN4
Issue 1-3: Network assistance
· Option A: Further discuss whether or not to assume semi-static RRC assistant information from network in RAN4
· Option B: Further discuss whether or not to assume assistant information from network in RAN4, both semi-static RRC configuration and dynamic rate-matching pattern indication are not precluded (MediaTek)
Issue 1-4: Baseline scheme for performance comparison
· Option A: Use Rel-16 feature of rate matching around 2nd CRS pattern as baseline (Qualcomm)
· Option B: Use serving cell LTE CRS rate matching as baseline
· Option C: The need of serving cell LTE CRS-IM in DSS scenario is to be further discussed and considered as lower priority.


	Company
	Comment

	China Telecom
	Issue 1-1: Option C, i.e., leave the discussion to RAN4. Based on the offline discussion, we see some operators are interested in async network. Meanwhile, CRS-IM in async network has impact on UE implementation.  So, we suggest to make decision in WG based on more technical analysis. 

Issue 1-2: Option C, i.e., leave the discussion to RAN4. Similar to Issue 1-1, considering the operator need and the UE implementation impact, we can make decision in WG based on more technical analysis.
 
Issue 1-3: Option A, i.e., only further discuss the need of semi-static network signaling. Dynamic rate-matching pattern indication would increase the workload in multiple WGs.
 
Issue 1-4: Use option B as baseline, while option C is not precluded. To option A, we are afraid of the additional overhead increase by the 2nd CRS rate matching; moreover, as mentioned, this 2nd CRS rate matching is a Rel-16 feature  and cannot be utilized by Rel-15 BSs in the field.

	Huawei
	Issue 1-1: Option A
Issue 1-2: Option A. We can focus on practical deployment.
Issue 1-3: Option A. Actually we prefer no assistant signaling. If assistant signaling was introduced, then it would cannot meet the timeline of DSS deployment since both network and UE need update.
Issue 1-4: Option B. Not sure if we can clearly understand Option A. According to our understanding, Rel-16 UE is supposed to do rate-matching for up to 3 CRS patterns per NR carrier. We need to check whether Rel-16 can do CRS-IC around  2 CRS patterns in one LTE carrier frequency range. Most likely only one CRS patter is used for a LTE carrier. Maybe Option B can cover Option A.

	MTK
	Issue 1-1: Option A.
Even in LTE, we do not have CRS-IC in async network. We have no idea how it could be feasible to consider CRS-IC or any rate-matching pattern under async scenario. To reduce RAN4 effort under limited TU, we suggest to preclude async case.
 
Issue 1-2:  Option A.
We do not think it is feasible from UE complexity viewpoint to consider this mix-numerology case
 
Issue 1-3: Option B.
Network assistance is anyway needed. The only detail is whether it should be semi-static RRC or dynamic DCI indication. We should not make decision without looking into the performance comparison.  One more thing to mention is that dynamic rate-matching indication has no impact to UE processing delay. 
 
Issue 1-4: Option A
Since this is an Rel-17 WI, we should consider any practical Rel-16 solutions as a baseline.

	CMCC
	Issue 1-1: Option C (leave the discussion to RAN4). We need more operator input on the practical scenarios before we make decision.
Issue 1-2: Option B (15kHz and 30kHz SCS for NR)or Option C (Leave the discussion to RAN4). As we also known, 30KHz is widely used in NR TDD deployment. In China Mobile’s network, 30KHz is used for n41, and 15KHz is used for band 41 LTE. And we already observe the interference caused by LTE CRS. This is the practical deployment scenario that needs to be resolved. We cannot agree to only consider 15KHz SCS.
Issue 1-3: Option A (Further discuss whether or not to assume semi-static RRC assistant information from network in RAN4), dynamic rate-matching pattern introduces additional complexity and workload in other WGs. We prefer to consider no or only semi-static assistance signaling.
Issue 1-4: Not sure whether we need to have this level of discussion in plenary. Which baseline scheme for performance comparison is usually a WG level discussion. We prefer to leave this to RAN4.

	AT&T
	Issue 1-1: Our preference is Option C, i.e., leave this to RAN4
Issue 1-2: From a deployment perspective our main interest is Option A but we are also okay to leave this to RAN4
Issue 1-3: Our preference is Option A. We also agree with Huawei’s comments.
Issue 1-4: We agree with CMCC, i.e., leave this decision to RAN4

	Apple
	Issue 1-1: Synchronous or asynchronous network
Option A: Synchronous network only
In LTE CRS-IM was introduced for synchronous network alone. We are not sure of the benefits of introducing CRS-IM in asynchronous network. We think it is essential to limit scenarios in the WID rather than leave them open for RAN4 discussion.
Issue 1-2: SCS
Option A: 15kHz SCS only
CRS rate matching patterns for DSS are only defined for 15KHz SCS on NR carrier. It would make sense to limit the CRS-IC scope to the same scenarios. Also, we would need to consider UE complexity for mixed numerology case. Given the reasons we prefer to limit it to 15KHz SCS on NR carrier in WID scope and not leave it to further discussion in RAN4. 
Issue 1-3: Network assistance
We assume that Option B is network assistance shall be included, discuss details in RAN4. We support to include network assistance for CRS-IC for NR. In LTE for different interference mitigation enhancements network assistance is always included. The details of network assistance can be further decided in RAN4. We propose to include this in the scope of WID as well, that details of network assistance shall be further discussed in RAN4. 
Issue 1-4: Baseline scheme for performance comparison
It would be useful to study and understand the benefits of CRS-IC against a baseline before introducing requirements for CRS-IC. We  support to compare against Rel-16 RM pattern before introducing requirements with CRS-IC.

	Qualcomm 
	Issue 1-1: Option A
Issue 1-2: Option A
Issue 1-3: Option B; But we believe network assistance is required in both cases 
Issue 1-4: Option A/C; As mentioned in our contribution, Option A would require RAN1 to revisit the PDSCH processing time requirements to accommodate the additional time needed for performing CSI-RS IC; therefore Option A may not feasible as a RAN4 only item.  
Note that we understand 1-4 Option C with the following correction: “The need of serving neighbor cell LTE CRS-IM in DSS scenario is to be further discussed and considered as lower priority.”

	 Samsung
	 In general, we can focus  to resolve the CRS interference issue under LTE-NR co-existence scenario which observed  by operators in real field.
 
Then for details solutions, CSI-IM/rate matching around interference LTE CRS, which can be further discussed and decided in WG level.  Considering all the issues list here, we believe a study phase for this objective needed.  Detailed view for each issues are 
Issue 1-1: Synchronous or asynchronous network- Option C
All  the issues list in topic 1 with issue 1-1~1-4  belongs to details which should be further discussed and evaluated  in WG level. Once general work objective can be approved in RAN, we can start thorough study in RAN4, then we can decide the details.
For this issue, both operators' input for deployment scenario,  and achievable performance benefits  with feasible UE processing need to be considered and which supposed to  be WG task with detailed analysis.
With above considerations, we support option C.
 
Issue 1-2: SCS - Option C
Same comments for issue 1-1, we support option C to further study in RAN4 if general proposal approved. 
 
Issue 1-3: Network assistance- Option B
Similar reason as issue 1-1, we support option B to further discuss in WG level. Considering this impact, RAN2 need to be involved as secondary WG. 
 
 
Issue 1-4: Baseline scheme for performance comparison -N.A
Baseline scheme shall be discussed in the study phase before normitive work starts in RAN4. 

	KDDI
	Issue 1-1: Option C
Issue 1-2: Option C
Issue 1-3: No strong opinion, but prefer Option A
Issue 1-4: We share the view with China Telecom

	CATT
	Issue 1-1: we are fine to start with synchronous network for the first step. E.g. Option A.
Issue 1-2: We support Option C to leave the discussion to RAN4.
Issue 1-3: Option A.
Issue 1-4: Agree with CMCC comments that the baseline scheme for performance comparison should be discussed further in RAN4.

	vivo
	Issue 1-1: Option A
It is not clear how CRS-IC is feasible in async network.
Issue 1-2: Option B. 
Since there are interests from operators in both 15kHz SCS and 30kHz SCS, both needs to be considered.
Issue 1-3: Option A. 
NW assistance signaling can be further discussed in WG.
Issue 1-4: 
This can be left to WG discussion.

	Telecom Italia
	Issue 1-1: B or C
Issue 1-2: A. as a possible compromise specify SCS 15 kHz first and then 30 kHz SCS
Issue 1-3: B

	Ericsson
	Issue 1-1: Option C. Many DSS scenarios are for FDD bands, and synchronization for FDD could end up solving the interference issue only in a corner case. We understand that the CRS-IM for unsynchronized may be somewhat more complex and are OK to discuss in RAN4, but we should not in RAN preclude benefits in some quite significant scenarios
Issue 1-2: Prefer A, but could consider leave to RAN4. 15kHz is likely the most relevant scenario.
Issue 1-3: A. We actually prefer no signaling, but are OK to discuss in RAN4 whether to re-use the serving cell signaling or just a CRS present or not signaling.
Issue 1-4: We understand B to mean RM in the serving cell, compared to RM in the serving cell and CRS-IM. We think both B and A can be baselines, but there is some dependency on the discussions on whether network signaling is assumed and synchronization.

	ZTE
	Issue 1-1: Option C
Issue 1-2: Option C	
Issue 1-3: Option A or ok to conclude without network assistance now
Issue 1-4: Option B. The potential gain over the RM in the serving cell is the key and should be investigated.

	ORANGE
	Issue 1-1: Option B
Asynchronous scenario is also of interest since it cannot be assumed that neighbor LTE cells will be synchronized.
Issue 1-2: Option A
We agree to focus on the most common scenario for DSS, ie 15 kHz SCS
Issue 1-3: Option A
We agree to reduce the complexity in addressing network assistance. Interest to specify should depend on actual gains.
Issue 1-4: Option B
Option A should not be the baseline. Rate matching around 2nd CRS pattern implies an overhead and is not seen as an practical deployment option. CRS IC should tackle the deployment scenarios where rate matching is only applied to the serving cell.

	Vodafone
	Issue 1-1: Option A/C – synchronous is of primary interest for us, but we are open to further discussion
Issue 1-2: Option A – agree to focus on 15
Issue 1-3: Option A – agree to minimise additional signalling, but can be discussed further in WG
Issue 1-4: Option B, but agree this can also be discussed further in the WG.

	Nokia
	Issue 1-1: Option A:  start with the synchronous case which is much simpler. It is RAN plenary’s job to define the scope properly – this decision should not be pushed to RAN4.
Issue 1-2: Option A:  start with 15kHz. 30kHz could be considered later. It is RAN plenary’s job to define the scope properly – this decision should not be pushed to RAN4.
Issue 1-3: Option A: start with the simpler and more realistic case, but note that the case of no assistance information should be considered first before deciding on assistance information. 
Issue 1-4: Discuss in RAN4, or agree on Option A.

	BT
	Issue 1-1: Option B. Both, synchronous and asynchronous networks with special interest in synchronous networks.

Issue 1-2: Option A We prefer to focus on 15 kHz SCS which is the most common DSS scenario.

Issue 1-3: Option A. It is important to follow a practical approach, therefore a solution without network assistance is highly preferred. Same solution used for LTE should be used for NR UEs when DSS.
It will facilitate operators DSS deployments.

Issue 1-4: As baseline, we should consider the most basic feature for DSS which is Rel-15 LTE CRS rate matching with 1 CRS pattern for rate matching. More advance features are enhancements so we’re ok to add them as part of the study but not as baseline.

	Spreadtrum
	Issue 1-1: Option A.
Issue 1-2: Option A.
We should focus on real deployment case. 
Issue 1-3: Option A.
We have not seen the necessity of introducing dynamic network assistance information. Generally LTE-CRS is periodic signal. RRC level network assistance is enough.
Issue 1-4: Option A. 
Before introducing CRS-IM into the WID scope, baseline scheme should be  ensured to evaluate and understand the benefit of CRS-IM.

	Intel
	Issue 1-1: Support Option A. Most of LTE advanced receiver requirements are defined for synchronous network, because it allows to achieve reasonable complexity of receive processing (i.e. processing can be done in frequency domain without multiple FFT processing) and achieve significant performance improvement.
Issue 1-2: We are fine to consider 15 and 30 kHz in the scope of WI. Same time, we suggest to prioritize scenario with 15 kHz SCS (because receive processing is more straightforward) and further study 30 kHz case.
Issue 1-3: Both options are fine for us and we can discuss the details in the WI stage.
Issue 1-4: Based on our understanding, Option B should be considered as baseline because this scenario was considered for Rel-15/16 LTE-NR coexistence UE requirements. As for option C, based on our understanding, it may affect LTE UE performance and impact should be further discuss. As for option A, we expect that such solution can lead to reduction of maximum achievable throughput due to less number of available REs for Serving PDSCH mapping.




Topic #2: TRS-IC/CSI-RS-IC for inter-cell interference (RP-210549)
Companies are invited to provide views on NR TRS-IM, NR CSI-RS-IM and NR SSB-IM respectively.
	Company
	Comment

	China Telecom
	On TRS-IM: In general interested. Meanwhile, since this is the first meeting to discuss this proposal, the views on the feasibility from other  chipset/UE vendors would be helpful.
On CSI-RS-IM: Similar comment as to the previous one.
On SSB-IM: Similar comment as to the previous one.

	Huawei
	We would like to consider those three kinds of IM.

	MTK
	In general we are OK to have some study, but we think Topic #1 has a higher priority over this one. In case that workload is a concern, we prefer to deprioritize TRS/CSI-RS/SSB-IM for inter-cell interference.

	CMCC
	 OK to study.

	AT&T
	Same view as CMCC and MTK

	Apple
	Unlike LTE where CRS is always ON for the entire BW, signals in NR are transmitted to the UE in the active BWP, except SSB. In NR the network has a lot of flexibility in scheduling to avoid interference. Introducing additional IM schemes just increases UE complexity. We are not sure how much benefit introducing additional IM would bring. 

	Qualcomm
	On TRS-IM: Not to consider in Rel-17 due to unfavorable complexity/benefit tradeoff
On CSI-RS-IM: Not to consider in Rel-17 due to unfavorable complexity/benefit tradeoff
On SSB-IM: Not to consider in Rel-17 due to unfavorable complexity/benefit tradeoff. Neighbor SSB collides with PDSCH only in the uncommon case of neighbor cells having different SSB configuration. SSB collision with SSB doesn’t necessitate IM solution.  

	 Samsung
	Considering the issues list in topic #1, worry about the general work load. Same as MTK, we are open to do some study pending on remaining TU budget in RAN4 and topic #1 which identified by several operators should be first priority. 

	KDDI
	We share the view with China Telecom on all three discussion points.

	 CATT
	 We are open for such study if RAN4 capacity is allowable.

	vivo
	These TRS-IM/CSI-RS-IM will have much higher complexity compared to CRS-IM as there are multiple TRS-IM/CSI-RS-IM resources. UE needs to detect which TRS-IM/CSI-RS-IM resources of neighbor cells have interference on the serving cells firstly. Computation complexity is foreseen for the detection procedure, though NW signaling may help to alleviate UE implementation complexity. Potential gain should be evaluated by taking this detection procedure into consideration. This may be possible in FR1 where omni antenna is assumed. In FR2 the potential gain and feasibility are unclear.
For SSB-IM, it is not clear how demodulation performance requirements can be specified. T/F tracking based on SSB is more of UE implementation.

	Ericsson
	We do not think the benefit from mitigating these signals will be so high as they are less frequent and can be managed. The work on LTE CRS-IM already looks like it will take some time/effort in RAN4; we support to introduce LTE CRS-IM, but we think that consideration of these other signals should be left for another release to avoid RAN4 overload.

	ZTE
	If considering that TRS/CSI-RS is not always on like LTE CRS, the overall potential performance gain may not be as that much, more studies may be needed, and we also share similar concerns on the current RAN4 workload.

	ORANGE
	We are supportive of considering all 3 cases (TRS / CSI-RS / SSB).
Reducing the interference generated by reference signals between cells is an interesting lever to increase the capacity of the network.
Due to the fact that most reference signals in NR are configurable, network assistance may be necessary to obtain good performance and should be studied.

	Vodafone
	We are not opposed to studying these, but also concerned about workload. Topic#1 should be the first priority, considering it has been raised by many operators as an area of significant concern.

	Nokia
	Consider the RAN4 workload situation. 

	BT
	We’re in favour to study these three cases as part of Rel-17. In order to simplify a future implementation, a solution without network assistance should be considered.
On TRS-IM: In favour to study as part of Rel-17
On CSI-RS-IM: In favour to study as part of Rel-17
On SSB-IM: In favour to study as part of Rel-17

	Spreadtrum
	Not support to study or discuss this issue in Rel-17. On one hand, it could be foreseen that the complexity/workload for this topic would be very high, while the current RAN4 workload has approached to be saturated. On the other hand, both TRS and SSB are periodic signals, we believe it could be managed well by network. 

	Intel
	On CSI-RS-IM: Similar to LTE, ZP CSI-RS can be used for protection from the neighboring cell CSI-RS interference without significant impact on serving throughput, because CSI-RS is transmitted not in every slots.
On TRS-IM: Based on our understanding, the only scenarios which can be considered for further analysis is scenario with TRS-to-TRS interference. Because in such scenario, TRS based estimation of channel propagation conditions can be affected, which may lead to PDSCH performance degradation. As for TRS-to-PDSCH interference, we think that muting CSI-RS can be used for protection (i.e. similar to CSI-RS)
On SSB-IM: Clarification on type of requirements is needed (i.e. accuracy of time-frequency estimation and RRM measurements or PBCH/PDSCH demodulation)



Topic #3: IRC receiver performance (RP‑210317)
Companies are invited to provide views on the scenarios and the corresponding receiver implementation when the interference observed on DMRS REs is not fully aligned with data REs.
	Company
	Comment

	China Telecom
	On scenarios with different PDSCH durations and/or different symbol for DMRS:
According to the approved WID, non-slot-based transmission is considered as lower priority compared to the slot based transmission. We can discuss the details on PDSCH duration and DMRS configurations when the  work on non-slot-based transmission is started in RAN4.
On scenarios with and without data multiplexed on DMRS symbols:
This is related to the DMRS configuration in the serving/interfering cells. Maybe we can first have more technical discussion in RAN4. 

	Huawei
	We are open to those two scenarios. We do not think those scenarios are precluded in WID.

	MTK
	Non-slot based transmission is deprioritized in this WI. RAN4 should first work on slot based cases. Some discussions may be needed to protect UE from this degradation due to non-slot based interference. We are open to have further discussion  in WG.

	Apple
	According to the WID Scenario1 is limited to slot based transmission and our interpretation is that its for both the serving and interfering cells. In RAN4 discussion we should only consider cases where UE can reject the interference. 

	Qualcomm 
	No concrete proposal was made in RP-210317, so unclear why it is used to motivate additional RAN4 work. 
 
On scenarios with different PDSCH durations and/or different symbol for DMRS:
       Network needs to ensure proper time domain (TDRA) alignment for good performance. No need to consider transparent UE-based solutions. Possible non-transparent solutions can be considered in the future but that would be a RAN1-led work, not in the scope of the current discussion.  
On scenarios with and without data multiplexed on DMRS symbols
       Network needs to provide appropriate interference measurement opportunity for estimation based on DM-RS REs and also on non-data REs in the DM-RS symbols wherever the latter is needed. No other solution is needed in Rel-17. The scenario discussion for regular IRC requirements should be conducted in RAN4, it does not require Plenary discussion.    

	 Samsung
	Not clear what's the target of this topic. In the sourced t-doc only share some observations and no proposals. 
In the existing Rel-17 RAN4 performance enhancement WI, MMSE-IRC for handling inter-cell interference already included in the objectives including  both Non-slot  and slot based (first priority) PDSCH scheduling. 
In our view, this should be WG level discussion under the existing WI objective as mentioned above.  
Clearly as analyzed in the t-doc, due to configurable DMRS pattern and PDSCH scheduling, the interference condition across time domain and frequency domain on both data REs and DMRS REs can be variant  which is different then LTE. 
The applicable scenarios for MMSE-IRC receiver and detailed interference covariance matrix estimation assumption will be further discussed in RAN4 under existing WI working objective.
I don't think this need to be address and open discussion in RAN-P level at current moment.

	KDDI
	Prefer to leave the discussion up to RAN4.

	vivo
	It is proposed to study these scenarios further in the WG level discussion and clarify the WID if necessary. Even for slot based transmission which is not deprioritized, the performance of IRC receiver still can degrades significantly in case the interference measurement on DMRS does not reflect actual interference for data part.

	Ericsson
	It is not obvious that a revision to the WID is being requested. We think that the slot based IRC based on DM-RS should be first priority. We should not add additional objectives to RAN4 for this considering the workload, although after solving DM-RS based IRC we are open to discuss the benefits of this.

	ZTE
	More clarifications on the setup of the presented numerical results may be needed, but this should be discussed in RAN4 instead.

	Nokia
	Consider the RAN4 workload situation. 

	BT
	Our preference is to discuss first in RAN4 as part of non-slot based transmission and come back to RAN Plenary if needed.

	Spreadtrum
	After reviewing the t-doc, no obvious conclusion or proposal or request is being presented in the paper. We prefer leaving the door open for further discussion at this stage.

	Intel
	On scenarios with different PDSCH durations and/or different symbol for DMRS:
Based on our understanding, this scenario is included in the WID. Same time, based on our understanding, using of MMSE receiver with DMRS based interference covariance estimation will not handle the interference signal in considered scenario. Based on our understanding, MMSE receiver with Data based interference covariance estimation should be considered. We are open to extend the scope to consider receiver enhancements.

On scenarios with and without data multiplexed on DMRS symbols:
Based on our understanding, this scenario is not precluded in the WID and definition of requirements for such scenario can be discussed in the WI stage. As for receiver, we think that MMSE with Data based interference covariance estimation can be considered as one candidate.



Initial round Summary
Topic #1: LTE CRS-IM in LTE/NR co-existence scenarios
Issue 1-1: Synchronous or asynchronous network
· Option A: Synchronous network only (Huawei, MTK, Apple, Qualcomm, Samsung, CATT, vivo, Vodafone, Nokia, Spreadtrum, Intel)
· Option B: Both synchronous and asynchronous networks for FDD (Telecom Italia, ORANGE, BT)
· Option C: Leave the discussion to RAN4 (China Telecom, CMCC, AT&T, KDDI, Telecom Italia, Ericsson, ZTE, Vodafone)
11 companies support Option A, 3 company supports Option B, and 8 companies support Option C. 
UE complexity/feasibility issue was raised for CRS-IM in async network. Meanwhile, as commented by several companies, we may not hurry to try any conclusion in this RAN plenary meeting, but to firstly allow some technical discussion in RAN4. So moderator proposes to add the following bullet in the objective:
· Synchronous network scenario is included, and further discuss whether or not to cover asynchronous network scenario.

Issue 1-2: SCS
· Option A: 15kHz SCS only (Huawei, MTK, AT&T, Apple, Qualcomm, Telecom Italia, Ericsson, ORANGE, Vodafone, Nokia, BT, Spreadtrum)
· Option B: 15kHz and 30kHz SCS for NR (CMCC, vivo, Intel)
· Option C: Leave the discussion to RAN4 (China Telecom, CMCC, AT&T, Samsung, KDDI, CATT, Ericsson, ZTE)
12 companies support Option A, 3 companies support Option B, and 8 companies support Option C. 
Similar situation to Issue 1-1, we may not hurry to try any conclusion in this RAN plenary meeting, but to firstly allow some technical discussion in RAN4. So moderator proposes to add the following bullet in the objective:
· 15kHz SCS for NR is included, and further discuss whether or not to cover 30kHz SCS for scenarios with LTE and NR deployed in neighboring BSs/areas. 

Issue 1-3: Network assistance
· Option A: Further discuss whether or not to assume semi-static RRC assistant information from network in RAN4 (China Telecom, Huawei, CMCC, AT&T, KDDI, CATT, vivo, Ericsson, ZTE, ORANGE, Vodafone, Nokia, BT, Spreadtrum, Intel)
· HW, AT&T, Ericsson, ZTE, Nokia, BT: preference is no network signalling
· Option B: Further discuss whether or not to assume assistant information from network in RAN4, both semi-static RRC configuration and dynamic rate-matching pattern indication are not precluded (MediaTek, Apple, Qualcomm, Samsung, Telecom Italia, Intel)
· Assume that Option B is network assistance shall be included, discuss details in RAN4.
15 companies support Option A, and 6 companies support Option B. 
It looks difficult to reach any further agreement for the time being, and moderator suggests to keep the bullet on network signalling in the original proposal in RP-210521, and further discuss the details in WG level, i.e., keep the bullet as:
· Further discuss whether or not to assume assistant information from network

Issue 1-4: Baseline scheme for performance comparison
· Option A: Use Rel-16 feature of rate matching around 2nd CRS pattern as baseline (Qualcomm, MTK, Apple, Ericsson, Nokia, Spreadtrum)
· Option B: Use serving cell LTE CRS rate matching as baseline (China Telecom, Huawei, KDDI, Ericsson, ZTE, ORANGE, Vodafone, BT, Intel)
· Option C: The need of serving cell LTE CRS-IM in DSS scenario is to be further discussed and considered as lower priority. (China Telecom)
· Option D (new option added in the discussion): Which baseline scheme for performance comparison is usually a WG level discussion. (CMCC, AT&T, Samsung, CATT, vivo, Vodafone, Nokia)
6 companies support Option A, 9 companies support Option B, 1 company support Option C, and 7 companies support Option D.
It looks no company objects to have some evaluation on the performance benefits by CRS-IM, with no clear majority preference on Option A or Option B. So moderator suggests add one bullet on performance benefit evaluation and leave the discussion on the exact baseline solution in WG level. 
· The performance benefit of neighboring cell LTE CRS-IM over the existing solution shall be evaluated.

In summary, moderator suggests to update the objective in RP-210521 as follows:
· Add the following objective in Rel-17 NR demod performance enhancement WI:
· Define NR PDSCH demodulation requirements for LTE CRS-IM in scenarios with overlapping spectrum for LTE and NR 
· Candidate reference receiver is neighboring cell CRS-IM
· Handling of the neighboring cell LTE CRS is included. The need of handling the serving cell LTE CRS in DSS scenario is to be further discussed and considered as lower priority.
· The performance benefit of neighboring cell LTE CRS-IM over the existing solution shall be evaluated.
· The potential impact to LTE operation needs to be considered when deciding whether or not to handle the serving cell LTE CRS in DSS scenario during the WI
· Further discuss whether or not to assume assistant information from network
· Synchronous network scenario is included, and further discuss whether or not to cover asynchronous network scenario.
· 15kHz SCS for NR is included, and further discuss whether or not to cover 30kHz SCS for scenarios with LTE and NR deployed in neighboring BSs/areas. 
Topic #2: TRS-IC/CSI-RS-IC for inter-cell interference (RP-210549)
On TRS-IM, CSI-RS-IM, SSB-IM: 
· Interested (China Telecom, KDDI)
· Support (Huawei, ORANGE)
· OK to study (CMCC, MTK, AT&T, Samsung, CATT, BT)
· MTK, Samsung: Lower priority compared to Topic #1
· Not support (Apple, Qualcomm, Ericsson, ZTE, Vodafone, Nokia, Spreadtrum)
· Ericsson, ZTE, Vodafone: Topic #1 is the priority 
· Potential gain should be evaluated for TRS-IM and CSI-RS-IM, and not clear how demodulation performance requirements can be specified for SSB-IM (vivo)
· Not see the need of CSI-RS-IM and TRS-to-PDSCH IM, and the only scenarios which can be considered for further analysis is scenario with TRS-to-TRS interference. On SSB-IM, clarification on type of requirements is needed (Intel)
No clear majority preference is shown on whether to study/specify TRS-IM/CSI-RS-IM/SSB-IM in Rel-17. It looks difficult to reach consensus in this RAN plenary meeting, and moderator proposes to postpone the discussion to the next meeting. 

Topic #3: IRC receiver performance (RP‑210317)
14 companies provided feedback on topic #3, and majority companies think the related discussion can be taken in RAN4 and no revision on the WID is needed. No further discussion in this meeting.

Intermediate round 1
Open issues and companies views’ collection
Given the discussion in the initial round, moderator suggests to focus on Topic #1 in the intermediate round.
Topic #1: LTE CRS-IM in LTE/NR co-existence scenarios
Issue 2-1: Further refine the objectives based on the initial round summary
Issue 2-2: Time to start the work in RAN4, i.e., Apr, May or Aug RAN4 meeting
	Company
	Comment

	Ericsson
	Issue 2-1: We would prefer a re-wording of the bottom two bullets. The reason is to clarify that the inclusion or not of 30kHz and asynchronous is based on a RAN4 evaluation of feasibility as opposed to being unfinished RAN discussion on the scope:
 
·          Synchronous network scenario is included. RAN4 should evaluate the feasibility and usefulness of  the asynchronous network scenario and specify if feasible and useful.
·          15kHz SCS for NR is included. RAN4 should evaluate the feasibility and usefulness of 30kHz SCS for scenarios with LTE and NR deployed in neighboring BSs/areas and specify if feasible and useful.
 
Issue 2-2: In our view, April is too soon since we only conclude and add this scope 1 week before the submission deadline. There are anyhow other topics to start in April and the meeting is 5+2 days. We would prefer August start, or possibly May if there is a strong view to start earlier.

	Nokia
	Issue 2-1: We are not sure that “further discuss” is helpful. In view of the RAN4 workload situation, we propose to start with the simple cases. Further cases could be considered later.
·          The work shall first handle the case of no assistance information from the network.
·          The work shall first handle the synchronous network scenario.
·          The work shall first handle the 15kHz SCS for NR.
 
Issue 2-2: We agree with Tom that April is unfeasible. May or August would be OK.

	Apple
	Issue 2-1:
ü The performance benefit of neighboring cell LTE CRS-IM over the existing solution shall be evaluated.
This part is unclear as there is no existing solution to handle neighbor cell CRS. In case we plan to compare CRS-IM against Rate-matching for neighbor cell CRS, it should be mentioned.
 
It would be good to have some agreements in WID to limit scope of RAN4 work rather than leave everything open to RAN4.
 
Network assistance:
Without network assistance, UE complexity is very high. We propose to include network assistance and what is included in network assistance can be further discussed in RAN4.
 
Asynchronous network:
To realize the benefits of CRS-IM, we should limit to synchronous network which was the case in LTE.
 
SCS other than 15KHz for NR:
For NR standalone in neighboring LTE deployments NR carrier with 30KHz SCS is possible to be affected by CRS interference from neighbor cell. But implementing CRS-IM with mixed numerology would have significant UE processing complexity and timeline impact. Supporting CRS-IM with 30KHz  on NR carrier would need further study.
Issue 2-2: Starting work in April would not be feasible given RAN4 contribution deadline next week. Aug meeting would be better considering May meeting is scheduled for 5+2 days.
 

	CMCC
	Issue 2-1:
 o  15kHz SCS for NR is included, and further discuss whether or not to cover 30kHz SCS for scenarios with LTE and NR deployed in neighboring BSs/areas. 
As we commented during the initial round, in our commercial network, 30KHz SCS is used for n41 NR, and 15KHz SCS is used for band 41 LTE. And we already observe the interference from neighboring LTE cells. This is a practical scenario that needs to be solved. We appreciate companies to consider this. Thank you.
 
Although we prefer to directly include 30KHz in the WID, we can compromise to have further discuss in RAN4.
 
 Issue 2-2: Better to start from Aug considering the Tdoc submission deadline.

	AT&T
	Issue 2-1: Both revisions from Ericsson and Nokia are fine. We prefer the revision from Nokia.
 
Issue 2-2: May or August are fine. 

	China Telecom
	Issue 2-1:
For async and 30kHz SCS scenario, companies’ views are very clear in  the initial round. In this round, we should work on an compromised approach but not repeat the argument in the initial round. 
We agree there will be additional UE complexity for async or 30kHz SCS, however there is no analysis on how much the additional complexity will be. So we think some technical discussion in RAN4 would be helpful before making the conclusion.
We are ok with wording proposed by moderator or Ericsson.
 
For assistance signaling, our preference is also no signaling, so that the new UEs can benefit from CRS-IM without upgrading the network. But given the difficult situation, we can accept to further discuss based on more technical analysis.
 
To Apple, in our understanding, the existing solution refers to the solution already in the spec, i.e., Rel-15 serving cell LTE CRS RM or Rel-16 RM around 2nd CRS pattern as we discussed in the initial round.
 
Issue 2-2:
Agree that April meeting is too soon, and suggest to start from May meeting to ensure the timely completion of the work in Rel-17.

	Qualcomm
	The current formulation is not acceptable to us for multiple reasons:
· The evaluation must precede any decision on what type of receiver should be specified or whether any new receiver should be specified for that matter. The objective should be limited to evaluation for the time being
· Our comment on the PDSCH processing timeline has been ignored
· The evaluation baseline should be Rel-16 rate matching. We understand that the majority has a different preference but no adequate technical reason was given. There is no need to artificially boost CRS-IC performance by not comparing it to the rate matching solution.  
· We don’t understand the following: “The need of handling the serving cell LTE CRS in DSS scenario is to be further discussed and considered as lower priority.” What needs to be discussed? 
 
The following would be a more acceptable version: 
 
 −  Evaluate, and if found beneficial, define NR PDSCH demodulation requirements for LTE CRS-IM in scenarios with overlapping spectrum for LTE and NR
 o  Candidate reference receiver is neighboring cell CRS-IM
 o  Handling of the neighboring cell LTE CRS is included. The need of handling the serving cell LTE CRS in DSS scenario is to be further discussed and considered as lower priority.
 ü The performance benefit of neighboring cell LTE CRS-IM over the existing solutions shall be evaluated, where the existing solutions include rate matching around neighbor cell CRS.
 ü The potential impact to LTE operation needs to be considered when deciding whether or not to handle the serving cell LTE CRS in DSS scenario during the WI
 The potential impact to NR PDSCH processing timeline needs to be considered
 o  Further discuss whether or not to assume assistant information from network
 o  Synchronous network scenario is included, and further discuss whether or not to cover asynchronous network scenario.
 o  15kHz SCS for NR is included, and further discuss whether or not to cover 30kHz SCS for scenarios with LTE and NR deployed in neighboring BSs/areas. 
 

	 Samsung
	 Issue 2-1
 
As we commented in first round, we agree CRS interference issue under LTE/NR spectrum sharing need to be  investigated and address with proper solutions since operators already observed this issue in real field. 
 For candidate solutions of handling neighbour cell CRS interference in LTE/NR spectrum scenarios, two solutions on the table:
1) CRS rate-matching around neighbor cell CRS
2) CSI-IM receiver 
 Our preference is keeping all the solutions on the table and further decide in WG level with through evaluation and analysis. 
 With above consideration, our suggestions as following:
 - Study and define NR PDSCH demodulation requirements for LTE CRS-IM if needed  in scenarios with overlapping spectrum for LTE and NR
  . other solutions for neighbor cell CRS interference handling is not excluded 
For Synchronous network/asynchronous network and SCS, we are ok to take Synchronous  and 15kHz SCS as starting point, meanwhile asynchronous and  other SCS(30kHz) can be further discussed/evaluated and also operators' input would be highly appreciated in WG discussion. 
For NW assistant signaling, we are OK to keep it open and leave it to WG level discussion.
 
Issue 2-2:
 
Based on endorsed TU budget in last RAN-P (RP-202856), the available TU quite limited in Q2. Also please keep in mind in Q2, RAN4 only schedule E-meeting with 7days, which obvious  handling capability smaller than traditional E-meeting with 10 days; following RAN4 leadership guidance, we even need to further reduce the items handled in May meeting for the ongoing Rel-17 WI/SI objectives.
 
With above facts, two alternatives can be considered:
1) Start in May meeting if urgency foreseen from operators, then some of existing objectives i.e. 2 sub- objectives  in Rel-17 performance enhancement WI  should not included in May meeting RAN4 agenda
 
2) Start in August meeting 

	KDDI
	Issue 2-1:

We share the view with Nokia considering RAN4 work load, e.g. starting from the following simple cases.
The work shall first handle the case of no assistance information from the network.
The work shall first handle the synchronous network scenario.
The work shall first handle the 15kHz SCS for NR.

Issue 2-2: 
May or August are fine.

	MTK
	Issue 2-1:
· The gain over Rel-16 solutions should be justified before introduce any requirement
· The the existing solution is Rel-16 rate-matching pattern for neighboring cell. This point should be clear in WID to avoid mis-understanding in RAN4
· Handling co-site CRS should be not be considered due to the impact to LTE network. We are fine to capture it as ‘de-prioritized’ in the WID
· The impact to UE PDSCH decoding delay should be investigated. RAN1 may need to be involved.
· To save RAN4 effort, we should prioritize sync scenario in the WID. Current sentence is not clear about the prioritization
· To save RAN4 effort, we should prioritize same numerology in the WID. Current sentence is not clear about the prioritization
Issue 2-2: Either May or Aug is fine to us

	Spreadtrum
	·     Issue 2-1:
· We share the same view with Qualcomm. We should first evaluate, and if the benefits exists, then defining NR PDSCH demodulation requirements for LTE CRS-IM.
· Regarding to evaluation assumption, considering RAN4 workload and what we have said in initial round, we should focus the following:
-          Synchronous network scenario
-          15KHz SCS
-          RRC level network assistance information should be considered, otherwise, the complexity for UE is too high
·         
·         Issue 2-2: 
·         Either May or August is fine to us.

	Intel
	Issue 2-1
We support wording from E/// on synchronous network and 15 kHz SCS. 
As for solution to handle neighboring cell CRS interference, based on comments from other companies, we have CRS-IM receiver and Rate matching around CRS at the transmitter side. Our preference is CRS-IM receiver, because it has reasonable UE complexity and does not lead to reduction of resource elements for PDSCH mapping in comparison to rate matching solution. Please find below our suggestion on objectives wording change.
· Define NR PDSCH demodulation requirements for LTE CRS-IM in scenarios with overlapping spectrum for LTE and NR 
· Candidate reference receiver is neighboring cell CRS-IM 
· The performance benefit of neighboring cell LTE CRS-IM over the existing solution (e.g. rate matching around neighbor cell CRS at the transmitter side) shall be evaluated.
· Handling of the neighboring cell LTE CRS is included. The need of handling the serving cell LTE CRS in DSS scenario is to be further discussed and considered as lower priority. 
· The performance benefit of neighboring cell LTE CRS-IM over the existing solution shall be evaluated.
· The potential impact to LTE operation needs to be considered when deciding whether or not to handle the serving cell LTE CRS in DSS scenario during the WI
· Further discuss whether or not to assume assistant information from network
· Synchronous network scenario is included. RAN4 should evaluate the feasibility and usefulness of  the asynchronous network scenario and specify if feasible and useful.
· 15kHz SCS for NR is included. RAN4 should evaluate the feasibility and usefulness of 30kHz SCS for scenarios with LTE and NR deployed in neighboring BSs/areas and specify if feasible and useful.
Issue 2-2
· We are fine with work start in May or August. As for May, probably we can also check the RAN4 chairman view.

	ORANGE
	Issue 2-1 :
The wording “The performance benefit of neighboring cell LTE CRS-IM over the existing solution shall be evaluated” is unclear.
If this implies using rate-matching around neighbor cell CRS, we are not in line with the proposal. As explained before, this solution brings additional overhead and reduces capacity. Our view is that an optimal network implementation would be “rate matching around CRS of serving cell + CRS IC of neighbor cells”. 
To illustrate the benefit of CRS IC in this case, we think that one of the baseline for assessing the gains should be Rel15 rate matching (without neighbor cells).

Regarding the proposal on synchronous / asynchronous, we think both should be included from the start.

We agree on the last proposal to focus on 15 kHz SCS.

Issue 2-2:
We think this should start as early as possible since there are urgent needs for commercial deployments. If April is too early, we would be fine with May.

	Telecom Italia
	Issue 2-2:
We think this should start as early as possible since there are urgent needs for commercial deployments. If April is too early, we would be fine with May.

	Huawei, HiSilicon
	Issue 2-1
According to our analysis, there is gain of CRS-IM. We would like to define the requirement directly. But if companies insisted doing analysis first, we are also OK.

Regarding the performance comparison with respect to “rate matching around neighbor cell CRS at transmitter side”, we have different understanding. In our understanding, in Rel-16 the “rate matching around neighbor cell CRS” applies for the case where multi-TRP is configured and when UE supports multi-TRP capability. It may not be straightforward to use such technology to the scenario for CRS-IC for neighbor cell. So we do not think that we should include “rate matching around neighbor cell CRS” for performance comparison. We would like to use “rate matching around serving cell CRS” as reference receiver for performance comparison.

Regarding synchronization, we think it is complicated to support CRS-IM for synchronization scenario and no such scenario is studied for LTE. But we are OK with Ericsson’s compromise to allow further study in WG.

Regarding 15KHz SCS and 30KHz SCS, we can leave them to further study in WG.

Regarding network signaling, no assistant signaling should be baseline. We are open to discuss the need of network signaling.

Issue 2-2
We prefer to study from August meeting. We still have time for Rel-17 performance part.

	CATT
	Issue 1-1
We are fine to do some study to shown the gain bring by CRS-IM.
Regarding synchronous or asynchronous network, we propose to start from synchronous network since there is a good basis from LTE considering the workload and that RAN4 has never studied asynchronous networks so far. 
Regarding SCS, we propose to further discuss in WG level.
Regarding network signaling it can also be further checked in WG level together with the gain evaluation process in WG level.

Issue 2-2
We propose to start from August meeting. May meeting is also fine by us if majority view supports to do so.

	ZTE
	Issue 2-1:
As discussed above, there are mainly disputative views on four elements: handling of neighbouring cell and serving cell interference; with or without network assistance; sync or async; 15k or 30k SCS for NR. Our preference is: 1) Clear priority defined in order to avoid repetition of similar discussions in RAN4; 2) Applying similar wording style to all these four elements, e.g., something like:
 o No assistant information from network is assumed. Whether or not to include the scenario with assistant information from network is to be further discussed and considered as lower priority
 o  Synchronous network scenario is included. Whether or not to include asynchronous network scenario is to be further discussed and considered as lower priority.
 o  15kHz SCS for NR is included. Whether or not to include 30kHz SCS is to be further discussed and considered as lower priority. 

Issue 2-2:  
April is not feasible, and we slightly prefer to start in August so RAN4 can focus on working with the current objectives in April and May meeting.

	Vodafone
	Issue 1-1: 
Agree that 15 kHz SCS and synchronized networks should be the first priorities. We are open to further study on 30 kHz SCS and asynchronous networks depending on workload.
Agree with Orange that rel-15 rate matching should be the baseline for evaluating the effectiveness of CRS-IC. We are open to further study the need / necessity of network signaling.
Issue 1-2: 
We think this should start as early as possible since there are urgent needs for commercial deployments. If April is too early, we would be fine with May.

	BT
	Issue 2-1:
We share Nokia’s and KDDI’s view. The work should start with most common case:
· The work shall first handle the case of no assistance information from the network.
· The work shall first handle the synchronous network scenario.
· The work shall first handle the 15kHz SCS for NR.
For operators, it is important to minimize the full ecosystem impact.
Issue 2-2: 
Preferable May.

	vivo
	Issue 2-1:
Agree that most common case 15 kHz SCS and synchronized networks can be baseline. 
Issue 2-2: 
Prefer from August

	 OPPO
	  Issue 2-1:  Regarding to LTE CRS from neighbouring cell, to echo what moderator says: the corresponding performance benefit over existing solution shall be evaluated, we prefer to following wording (similar to Ericsson's suggestion): 
- Handling of the neighboring cell LTE CRS is included, if the evaluation study shows positive feasibility and performance benefit over the existing solution.
 - The performance requirement of LTE CRS-IM does not apply to the case where more than one CRS from more than one neihtboring cell overlaps. 
  -  The need of handling the serving cell LTE CRS in DSS scenario is to be further discussed and considered as lower priority. 
         -- The potential impact to LTE operation needs to be considered when deciding whether or not to handle the serving cell LTE CRS in DSS scenario during the WI
Regarding to assistant information from network, we think the assistant information is needed, otherwise, UE may need to do quite some hypothesis detections, some of which were even not implemented in LTE UE hardware. We suppose there exists certain NR UE not supporting LTE Uu protocol at all, meaning the UE cannot detect LTE SSB or read LTE system information (like BW) for CRS.
 Regarding to network synchronization, although the intention here is to mention time-domain sync only, it seems the discussion assumes frequency-domain sync as well. In practice, one NR carrier may overlap with two LTE carriers, where the center frequencies of two LTE carriers stay apart by an integer multiple of 100kHz, which may or maynot be interger multiple of SCS=15kHz. Then it is likely just one LTE carrier aligns its subcarrier with NR while another LTE carrier does not. We want to exclude this case and would like to propose a rephrase of the last two bullets as following: 
   - Focus on synchronous network with 15kHz SCS for both NR and LTE as well as perfect subcarrier alignment between two RAT. FFS whether to support other deployment scenarios.  




Intermediate round 1 summary
Topic #1: LTE CRS-IM in LTE/NR co-existence scenarios
Issue 2-1: Further refine the objectives based on the initial round summary
20 companies participated in the intermediate round discussion, and 8 operators show strong support. Based on companies’ comments, moderator recommends to consider the following updates on the objective:
1) Add the performance evaluation in the main bullet
2) Add the consideration on potential impact to PDSCH processing time
3) Remove serving cell CRS-IM due to the strong concern from chipset side
4) Regarding the rate matching scheme for performance comparison, majority companies support to only consider serving cell LTE CRS rate matching, while 3 companies have strong view on rate matching around neighbor cell CRS. In addition, one company raise different understanding on the usage of Rel-16 rate matching. Companies’ positions are not changed after two rounds of discussion, and it is recommended to leave the discussion to WG level.
5) Regarding whether to cover asynchronous network and 30 kHz SCS scenarios, with strong views from both sides, consensus still cannot be reached, and the re-wording from Ericsson is seen as a reasonable compromise.

Correspondingly, the objective is recommended to be further updated as follows:
Add the following objective in Rel-17 NR demod performance enhancement WI:
· Evaluate and Define define NR PDSCH demodulation requirements for LTE CRS-IM if needed in scenarios with overlapping spectrum for LTE and NR 
· Candidate reference receiver is neighboring cell CRS-IM
· Handling of the neighboring cell LTE CRS is included. The need of handling the serving cell LTE CRS in DSS scenario is to be further discussed and considered as lower priority.
· The performance benefit of neighboring cell LTE CRS-IM over the existing rate matching solution shall be evaluated.
· The potential impact to NR PDSCH processing timeline can be considered if needed
· The potential impact to LTE operation needs to be considered when deciding whether or not to handle the serving cell LTE CRS in DSS scenario during the WI
· Further discuss whether or not to assume assistant information from network
· Synchronous network scenario is included. RAN4 should evaluate the feasibility and usefulness of the asynchronous network scenario and specify if feasible and useful., and further discuss whether or not to cover asynchronous network scenario.
· 15kHz SCS for NR is included. RAN4 should evaluate the feasibility and usefulness of 30kHz SCS for scenarios with LTE and NR deployed in neighboring BSs/areas and specify if feasible and useful., and further discuss whether or not to cover 30kHz SCS for scenarios with LTE and NR deployed in neighboring BSs/areas. 

Issue 2-2: Time to start the work in RAN4, i.e., Apr, May or Aug RAN4 meeting
No company proposes April meeting due to the tight time for contribution preparation. 8 companies are ok with either May or August meeting, 5 companies/operators propose to start from May meeting, and 5 companies propose to start from Aug meeting.
The main point to not start from May meeting is that May meeting is scheduled for 3+4 days and RAN4 Chairmen planned to treat each Rel-17 WI with possibly reduced scope. In addition, the time for contribution preparation is not sufficient.
Moderator recommends to add in the WID that:
The work can be started from May or August meeting depending on RAN4 Chairmen’s arrangement on the meeting agenda.
Intermediate round 2
Open issues and companies views’ collection
Topic #1: LTE CRS-IM in LTE/NR co-existence scenarios
The intermediate round 2 discussion aims to further improve and stabilize the objective. Companies’ comments via emails are copied below:
	Company
	Comment

	OPPO
	Thanks for the summary. We have some comments for proposal under issue 2-1. 
1). The bullet of "The potential impact to NR PDSCH processing timeline can be considered if needed" can be interpreted to allow a potential modification of NR PDSCH processing timeline (e.g., dynamically changing/adding the timeline parameter depending on whether LTE CRS-IC is enabled or not). This may likely trigger a discussion in RAN1 with RAN1 spec impact, which is not desirable in our view because so far this WI is for RAN4 only and any timeline change in RAN1 may have impacts to undergoing RAN1 study such as URLLC. RAN4 can certainly consider any correlation with PDSCH processing timeline (not only "impact to the timeline", but also "restriction from the timeline"), but should keep in mind that those considerations do not result in RAN1 spec impact. Therefore, our suggestion is to modify the bullet a bit as following
            ü The potential impact from/to NR PDSCH processing timeline can be considered if needed, without having RAN1 specification impacts
2). The earlier proposal in this thread seemed to promote synchronous network and 15kHz SCS as at least the first-step focus, and to leave async network and 30kHz SCS with kind of low priority. But the latest proposal put them on the same RAN4 schedule importance: they are all marked as "evaluate and define/specify if needed/feasible".  We prefer some wording tuning for prioritization as moderator concluded from the initial round discussion, for example, the work on async/30kHz goes after sync/15kHz, or depending on TU availability.   
3).  Our earlier comment on subcarrier alignment was not reflected in the latest revision. Though this can be a part of RAN4 study, we just want to note here that per our understanding the "synchronous network" in this proposal has LTE/NR sync in both time domain and frequency domain for all REs having LTE CRS signal. 


	Qualcomm
	Xiaoming,
Thank you for accommodating our comments. The current version looks good as long as the processing time issue can be further clarified.  
 
Wenfeng, 
I’m not sure how the impact to processing timeline would be discussed/decided without RAN1 involvement. We think it is rather the other way around, i.e. RAN1 should be explicitly added from the start. That is needed even if we prioritize solutions with no RAN1 specification change. 
Therefore we would suggest to update the paragraph as 
-           The potential impact to NR PDSCH processing timeline is to be evaluated [RAN1] 
-           Priority will be given to solutions not having RAN1 specification impact
 
Regarding the May vs. August start time, we are discussing it internally but August would be probably ok. 


	Moderator
	It looks we are approaching to an agreeable version of the objective. Please directly comment on the reflector by 11:59h UTC Thursday in case of any additional comments. 
I’d also like to ask WI Rapporteur to provide an updated WID to reflect the discussion outcome.
 
Dear Peter and Wenfeng,
For PDSCH processing timeline, I would suggest the following proposal in the middle. For now, it is not preferred to involve RAN1, since RAN4 discussion on the reference receiver structure has not started. Hope this update is acceptable.
-           The potential impact from/to NR PDSCH processing timeline can be considered if needed. Priority will be given to solutions not having RAN1 specification impact
 
Dear Wenfeng,
For the async/30kHz, as I mentioned in the summary document, with strong views from both sides, consensus still cannot be reached. A few companies think the re-wording from Ericsson is a bit more soft than the earlier proposal and can be seen as a reasonable compromise.
For the subcarrier alignment, I did not add additional bullet in the objective, since I have not got feedback from other companies. To my understanding, the subcarrier is aligned in DSS scenario. 
 


	OPPO
	Thanks Peter for the comments and Xiaoming for the update. In my thinking, this CRS-IC study/evaluation (which is agreeable to be the first step before specifying any performance requirements) can take two directions:

    direction-a: Whether CRS-IC can outperform Rel-16 rate matching without modifying existing PDSCH timeline?

    direction-b: In order to make CRS-IC outperform Rel-16 rate matching, is it necessary to modify existing PDSCH timeline? If yes, what is the modified timeline?

The direction-a is completely in RAN4 scope, and I agree direction-b needs RAN1 to join-in. But the direction-b seems to base on an hypothesis that CRS-IC solution needs to be there, which conflicts with the proposal saying the solution should be justified by evaluation. Further, we are indeed not the fan to PDSCH timeline modification, which may cause new RAN1 issues in areas like URLLC. 
@Xiaoming, 
Still we may ask for clarification on "Priority will be given to solutions not having RAN1 specification impact". What does "solution" refer to here? Does "solution" include "Rel-16 rate matching" or only include something based on CRS-IC principle? To my understanding, the output of this RAN4 objectiveness is certain requirement, not a specific solution.  


	Moderator
	Dear Wenfeng,
Thank you for sharing your views.
The possible future directions are quite related to RAN4 discussion on the reference receiver and performance evaluation outcome, so currently it seems hard to draw a conclusion. Generally speaking, CRS-IM with the corresponding requirements can also be seen as a solution. 

Dear all,
For your convenience, I copy the proposed WID revision based on intermediate round discussion and further comments from Qualcomm and OPPO here.
Please interested companies check the latest proposal, and directly comment on the reflector by 11:59h UTC Thursday in case of any additional comments. 

Add the following objective in Rel-17 NR demod performance enhancement WI:
· Evaluate and define NR PDSCH demodulation requirements for LTE CRS-IM if needed in scenarios with overlapping spectrum for LTE and NR 
· Candidate reference receiver is neighboring cell CRS-IM
· Handling of the neighboring cell LTE CRS is included. The need of handling the serving cell LTE CRS in DSS scenario is to be further discussed and considered as lower priority.
· The performance benefit of neighboring cell LTE CRS-IM over the existing rate matching solution shall be evaluated.
· The potential impact to NR PDSCH processing timeline can be considered if needed. Priority will be given to solutions not having RAN1 specification impact.
· The potential impact to LTE operation needs to be considered when deciding whether or not to handle the serving cell LTE CRS in DSS scenario during the WI
· Further discuss whether or not to assume assistant information from network
· Synchronous network scenario is included. RAN4 should evaluate the feasibility and usefulness of the asynchronous network scenario and specify if feasible and useful. , and further discuss whether or not to cover asynchronous network scenario.
· 15kHz SCS for NR is included. RAN4 should evaluate the feasibility and usefulness of 30kHz SCS for scenarios with LTE and NR deployed in neighboring BSs/areas and specify if feasible and useful. , and further discuss whether or not to cover 30kHz SCS for scenarios with LTE and NR deployed in neighboring BSs/areas.
The work can be started from May or August meeting depending on RAN4 Chairmen’s arrangement on the meeting agenda.


	MediaTek
	Thanks for providing the compromised version. The current version is in general fine to us. Just 2 comments below:

· Regarding whether to have RAN1 spec impact, our suggestion is to let RAN4 study all possibilities without limitation. What we care is whether 3GPP can come out a solution that can help operators to mitigate the interference issue. It may be too early at this stage to preclude any potential solutions. 

· Regarding sync/async and 15KHz/30KHz scenarios, our suggestion is to give a clear prioritization guidance to RAN4. It can help focus RAN4 discussion and ensure on time delivery of the outcome. We understand operators are also facing this issue in async or 30KHz scenarios. We are looking into it internally, but with the understanding of its difficulty we do not expect any early conclusions. Therefore we do not want these 2 scenarios to delay the whole work.


	Qualcomm
	Thank you for the further discussion. 

Regarding processing time, we think that the wording "can be considered" is a bit too vague. Would suggest to modify the sentence as follows: 

Feasibility of the considered solution regarding NR PDSCH processing timeline need to be checked by RAN1. Priority will be given to solutions not having RAN1 specification impact.

(This is very similar language to that used in RedCap eDRX.) We don't think RAN1 TUs are necessarily needed for this, the check can be handled in the usual LS exchange. But we do think that the impact, if any, needs to be assessed before moving to the specification phase. 

Confirmed that we would prefer August start time. This would give adequate preparation for the simulation work. 


	China Telecom
	In our view, it is reasonable to check if the existing NR PDSCH processing timeline can be kept for the IM receiver. But RAN4 people could also be able to check it based on the RAN1 spec. If there is anything that RAN4 is not sure, then LS can be sent to consult with RAN1. So we made minor update below, and please check could it be fine. Thanks.

Feasibility of the considered solution regarding NR PDSCH processing timeline need to be checked by RAN1. Priority will be given to solutions not having RAN1 specification impact.


	Orange
	Thanks for this version.
From our perspective this is a good proposal.
However we still have a fundamental concern on the baseline used for assessing the benefits:
· The performance benefit of neighboring cell LTE CRS-IM over the existing rate matching solution shall be evaluated.

The “existing rate matching solution” implies Rel16 rate matching around neighbor CRS.
As explained during the previous rounds, rate matching around neighbour CRS comes with an extra overhead which may be undesirable.
We think we should add to the baseline the Rel15 rate matching solution, with rate matching only around CRS of the serving cell.

To accommodate this concern, we could propose the following rewording:
· The performance benefit of neighboring cell LTE CRS-IM over the existing rate matching solutions specified in rel15 and rel16 shall be evaluated.

If needed, we can go one step further and be more explicit on which solutions these are.

	Intel
	Regarding the objectives, we agree that an initial discussion on the possible impacts on the processing timelines/flow may take place in RAN4. RAN4 can further check with RAN1 via usual LS process on the processing time impacts (rather than the feasibility) if concerns are raised. Given that, the wording provided by China Telecom below is sufficient. Also, we agree with wording correction from Orange for existing RM solutions.

With respect to the timelines, given the fact that CRS-IM receivers may require some network assistance and RAN2 signalling may be required, we prefer to have an early start in May. For instance, we may agree on common simulations assumptions in May and the actual simulations can be provided in August. We guess this is aligned with Qualcomm’s suggestion to give an adequate time to prepare for the simulation work. Meantime, in case majority companies prefer Aug, this would be acceptable for us as well. 

	Telecom Italia
	I restate the importance to start the activity as soon as possible. I am aware we are talking about Release 17, but this is addressing a major issue we are experiencing in DSS deployed (or soon to be deployed) networks.

	Nokia
	Thank you for the updates. A few further comments:
1. We support Orange’s proposal to be explicit about the comparison with the Rel-15 and Rel-16 baselines. 
1. We understand the use case for considering the 30kHz, so we can accept the proposed wording for that bullet. 
1. For assistance information, the solution should work without any, for widest applicability. Therefore the baseline should be no assistance info, as stated before. Please see modification below. 
1. We still prefer to focus on synchronous networks first, in order to have something useful ready quickly without taking too much time for the evaluations in RAN4. See modification below.
These changes are shown in green below. 

Add the following objective in Rel-17 NR demod performance enhancement WI:
· Evaluate and define NR PDSCH demodulation requirements for LTE CRS-IM if needed in scenarios with overlapping spectrum for LTE and NR 
· Candidate reference receiver is neighboring cell CRS-IM
· Handling of the neighboring cell LTE CRS is included. The need of handling the serving cell LTE CRS in DSS scenario is to be further discussed and considered as lower priority.
· The performance benefit of neighboring cell LTE CRS-IM over the existing rate matching solutions specified in rel15 and rel16 shall be evaluated.
· The potential impact to NR PDSCH processing timeline can be considered if needed. Priority will be given to solutions not having RAN1 specification impact.
· The potential impact to LTE operation needs to be considered when deciding whether or not to handle the serving cell LTE CRS in DSS scenario during the WI
· The baseline assumption is noFurther discuss whether or not to assume assistant information from network
· Synchronous network scenario is included. As second priority, RAN4 cshould evaluate the feasibility and usefulness of the asynchronous network scenario and specify if feasible and useful. , and further discuss whether or not to cover asynchronous network scenario.
· 15kHz SCS for NR is included. RAN4 should evaluate the feasibility and usefulness of 30kHz SCS for scenarios with LTE and NR deployed in neighboring BSs/areas and specify if feasible and useful. , and further discuss whether or not to cover 30kHz SCS for scenarios with LTE and NR deployed in neighboring BSs/areas.
The work can be started from May or August meeting depending on RAN4 Chairmen’s arrangement on the meeting agenda.


	BT
	Our comments
· BT agrees with Orange that it’s critical to consider the most basic Rel-15 CRS rate matching and therefore, it needs to be included in the evaluation. We are fine with this.
· BT agrees with Nokia that the solution needs to work without network assistance.
· BT also agrees with China Telecom to avoid any extra effort in RAN1. Our preference is to keep the discussion in RAN4 and avoid any extra load RAN1. If anything is required from RAN1, it is always possible to send a LS.
· There are multiple scenarios but the most common is synchronous network with 15 SCS. Due to the importance of this activity, we would like to prioritize such scenarios. 


Add the following objective in Rel-17 NR demod performance enhancement WI:
· Evaluate and define NR PDSCH demodulation requirements for LTE CRS-IM if needed in scenarios with overlapping spectrum for LTE and NR 
· Candidate reference receiver is neighboring cell CRS-IM
· Handling of the neighboring cell LTE CRS is included. The need of handling the serving cell LTE CRS in DSS scenario is to be further discussed and considered as lower priority.
· The performance benefit of neighboring cell LTE CRS-IM over the existing rate matching solutions specified in rel15 and rel16 shall be evaluated.
· The potential impact to NR PDSCH processing timeline can be considered if needed. Priority will be given to solutions not having RAN1 specification impact.
· The potential impact to LTE operation needs to be considered when deciding whether or not to handle the serving cell LTE CRS in DSS scenario during the WI
· The baseline assumption is noFurther discuss whether or not to assume assistant information from network
· Synchronous network scenario is prioritized included. As second priority, RAN4 cshould evaluate the feasibility and usefulness of the asynchronous network scenario and specify if feasible and useful. , and further discuss whether or not to cover asynchronous network scenario.
· 15kHz SCS for NR is prioritized included. RAN4 should evaluate the feasibility and usefulness of 30kHz SCS for scenarios with LTE and NR deployed in neighboring BSs/areas and specify if feasible and useful. , and further discuss whether or not to cover 30kHz SCS for scenarios with LTE and NR deployed in neighboring BSs/areas.
The work can be started from May or August meeting depending on RAN4 Chairmen’s arrangement on the meeting agenda.


	Vodafone
	Vodafone shares BT’s views below. Nothing more to add at this stage.

	Moderator
	Thanks all for your fruitful discussion. Since the deadline for intermediate round is approaching, I would like to invite companies to provide further comments if any. BTW, regarding processing time, please kindly note the proposal has been updated as follows based on latest email discussion, 

Feasibility of the considered solution regarding NR PDSCH processing timeline need to be checked by RAN1. Priority will be given to solutions not having RAN1 specification impact.


	AT&T
	AT&T supports the views by Orange, BT, VDF, and Nokia and would also like to stress the importance and urgency as pointed out by TI.



Intermediate round 2 summary
Topic #1: LTE CRS-IM in LTE/NR co-existence scenarios
Updated moderator’s summary
1) For the objective, moderator recommends to use the version from BT, while consider the latest wording on the processing time, i.e.,
Add the following objective in Rel-17 NR demod performance enhancement WI (updated from the intermediate round 1 summary):
· Evaluate and define NR PDSCH demodulation requirements for LTE CRS-IM if needed in scenarios with overlapping spectrum for LTE and NR 
· Candidate reference receiver is neighboring cell CRS-IM
· The performance benefit of neighboring cell LTE CRS-IM over the existing rate matching solutions specified in Rel-15 and Rel-16 shall be evaluated.
· The potential impact to NR PDSCH processing timeline can be considered if neededFeasibility of the considered solution regarding NR PDSCH processing timeline need to be checked. Priority will be given to solutions not having RAN1 specification impact.
· The baseline assumption is noFurther discuss whether or not to assume assistant information from network
· Synchronous network scenario is prioritizedincluded. As second priority, RAN4 should could evaluate the feasibility and usefulness of the asynchronous network scenario and specify if feasible and useful.
· 15kHz SCS for NR is prioritizedincluded. RAN4 should evaluate the feasibility and usefulness of 30kHz SCS for scenarios with LTE and NR deployed in neighboring BSs/areas and specify if feasible and useful.
2) For the start time, on one hand, starting from August meeting would give adequate preparation for the simulation work; on the other hand, operators have urgent demand to start the activity as soon as possible, and simulation assumption discussion can be taken in May meeting. So, moderator recommends to keep the proposal in the intermediate round 1 summary:
The work can be started from May or August meeting depending on RAN4 Chairmen’s arrangement on the meeting agenda.
Final proposal
1) Revise WID on “Further enhancement on NR demodulation performance” to capture the following proposal. 
Add the following objective in Rel-17 NR demod performance enhancement WI:
· Evaluate and define NR PDSCH demodulation requirements for LTE CRS-IM if needed in scenarios with overlapping spectrum for LTE and NR 
· Candidate reference receiver is neighboring cell CRS-IM
· The performance benefit of neighboring cell LTE CRS-IM over the existing rate matching solutions specified in Rel-15 and Rel-16 shall be evaluated.
· Feasibility of the considered solution regarding NR PDSCH processing timeline need to be checked. Priority will be given to solutions not having RAN1 specification impact.
· The baseline assumption is no assistant information from network
· Synchronous network scenario is prioritized. As second priority, RAN4 could evaluate the feasibility and usefulness of the asynchronous network scenario and specify if feasible and useful.
· 15kHz SCS for NR is prioritized. RAN4 should evaluate the feasibility and usefulness of 30kHz SCS for scenarios with LTE and NR deployed in neighboring BSs/areas and specify if feasible and useful.
The work can be started from May or August meeting depending on RAN4 Chairmen’s arrangement on the meeting agenda.
2)  “Proposal on handling LTE CRS interference in scenarios with overlapping spectrum for LTE and NR” in RP-210521 is recommended to be Noted, and to add 4 more co-sourcing companies including CATT, BT, AT&T, KDDI in the Chairman Notes.
3) All other contributions covered in this thread including RP-210317, RP-210350, RP-210522, RP-210549, RP-210646 and RP-210680 are recommended to be Noted.



