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1 Introduction

This document was drafted by the moderator of the agenda item under the direction of the RAN1 Chairman following the below guidance whose purpose it serves:

	· August 10th – 14th: preparation phase (not for Rel-17 SI/WIs)

· August 10th – 11th: FLs to prepare summary

· August 12th – 14th: FLs to lead the discussion identifying the set of email threads

· A single email thread is used for Rel-16 WIs with a total number of email thread budget (instead of per sub-agenda budget as for other WIs, as detailed in the next two slides)

· In the email approval phase, multiple email threads may be used (& announced accordingly)

· Note: PLEASE KEEP THE EMAIL DISCUSSION SCOPE PER EMAIL THREAD REASONABLE!
· Too much scope will force Chairman/Vice Chairman to step in to do the necessary cut down using the best judgement ( if so, no complaints please. 


Section 2 is the moderator’s summary of contributions submitted to RAN1 #102-e in this agenda item according to the Chairman’s guidance. During the preparation phase, companies were given the opportunity to revise their views in the moderator’s summary in Section 2 using revision marks as shown below, if any. Section 3 was jointly drafted by the moderator and contributing companies during the preparation phase of RAN1 #102-e whereby companies present their views on the moderator’s proposals according to the Chairman’s guidance above in the respective tables. After conclusion of the preparation phase, the moderator submitted the final document as input to RAN1 #102-e with recommendations captured in Section 4. All proposals are based on the latest RAN1 UE features list for Rel-16 NR in [18].
2 Summary 

The following is the moderator’s summary of contributions submitted to RAN1 #102-e in this agenda item.
	16-1a-1
	SSB/CSI-RS for L1-SINR measurement
	Per slot limitations:

1. The max number of [unique] SSB/CSI-RS [(1Tx)] for CMR 

2. The max number of CSI-IM/NZP-IMR resources 

3.  The max number of CSI-RS (2Tx) resources for CMR

Memory limitations:

4. The max number of SSB/CSI-RS resources as CMR

5. The max number of CSI-IM/NZP IMR resources

Other limitations:
6. Supported density of CSI-RS (CMR)

7. The max number of aperiodic CSI-RS resources across all CCs configured to measure L1-SINR (including CMR and IMR) shall not exceed MD_1

8. Supported SINR measurements: {SSB as CMR with dedicated IMR, CSI-RS as CMR with dedicated [CSI-IM/NZP IMR] configured, CSI-RS as CMR without dedicated IMR configured, [CSI-RS (2Tx) resources for CMR]}


	2-21, 2-22 or 2-23, 2-23a
	Yes 
	N/A
	
	Per band
	No
	No
	
	Component 1: Candidate values {8, 16, 32, 64}

Component 2: Candidate values {[0,] 8, 16, 32, 64}

Component 3: Candidate values {[0, 4,] 8, 16, 32, 64}

Component 4: Candidate values {[8,] 16, 32, 64 [, 128]}

Component 5: Candidate values {[0,] 8, 16, 32, 64 [, 128]}

Component 6: Candidate values {‘1 only’, ‘3 only’, ‘1 and 3’}

Component 7: Candidate values {[0, 1, 2, 4,] 8, 16, 32, 64}

Component 8: Candidate values FFS
Note: For Component 8, UE must at least report support of one [FFS: which one(s)]
FFS: How CSI-RS is counted when it is configured as CMR without dedicated IMR
	Optional with capability signalling


	Company
	Summary

	ZTE [3]
	Regarding “Note: For Component 8, UE must at least report support of one [FFS: which one(s)]”

· Considering that there is similar complexity for CSI-IM and NZP-IMR, “CSI-RS as CMR with dedicated CSI-IM/NZP-IMR configured” is supported as a mandatory function for component-11.  

Regarding component-8, we have the following updates for clarification:

· 8. Supported SINR measurements: one or combination of {SSB as CMR with dedicated IMR, CSI-RS as CMR with dedicated [CSI-IM/NZP IMR] configured, CSI-RS as CMR without dedicated IMR configured, [CSI-RS (2Tx) resources for CMR]}

	MediaTek Inc. [5]
	Our view for 16-1a-1 is as follows.

· Component 1: Remove ‘[unique]’ and the bracket for (1Tx)

· Component 8: 

· Candidate values: 3bit bitmap 

· UE must at least report support of ‘CSI-RS as CMR without dedicated IMR configured’

· CSI-RS is counted as one time when it is configured as CMR without dedicated IMR.

Adopt the following changes for FG 16-1a:
· Per slot limitations:

· The max number of [unique] SSB/CSI-RS [(1Tx)] for CMR 

· Other limitations:
· Supported SINR measurements: {SSB as CMR with dedicated IMR, CSI-RS as CMR with dedicated [CSI-IM/NZP IMR] configured, CSI-RS as CMR without dedicated IMR configured, [CSI-RS (2Tx) resources for CMR]}

	Huawei, HiSilicon [6]
	· Keep 0 for the candidate values of component -3.  

· For the component -8, if the candidate value 0 for component 3 is kept, ‘[CSI-RS (2Tx) resources for CMR]’ should be removed, for other values, we suggest to add ‘NZP-CSI-RS based IMR only, CSI-IM IMR only’. 

· Follow the same reported type for FG 16-1g. 

	Intel Corporation [7]
	During [101-e-Post-NR-UE-Features-10] email discussion the minimum value of component 2, 3 and 5 were discussed. It has been noted that it is tightly connected with candidate value of component 8. More specifically, the candidate value of 0 can be removed if the candidate value in component 8 allows disabling of the L1-SINR measurement on corresponding measurement resources. To maintain commonality with Rel-15 capability, support of 2Tx CSI-RS resources can be managed through candidate value of 0, while support of other options of L1-SINR measurement can be indicated directly by component 8. 

In addition, the option of decoupling of CSI-IM and NZP-IMR based interference measurements into two components were proposed. From our perspective the complexity of these measurements is the same and the corresponding fragmentation is not sufficiently justified. Moreover, to facilitate deployment of the corresponding FG it is necessarily to define mandatory measurement option for UE supporting 16-1a-1. More specifically, L1-SINR measurement based on CSI-IM/NZP IMR should be considered as a promising candidate due to relatively small complexity at the UE and reasonable measurement accuracy.

Similar to Rel-15, due to support of different SCS, interpretation of “per slot” for components 1-3 should be clarified. It is also important to ensure that the corresponding clarification is a future proof wrt to introduction of the new bands that may support new SCS. It is, therefore, proposed to consider lowest SCS supported in the associated band to determine slot duration. 

Regarding time domain behaviour of L1-SINR reporting. Similar to L1-RSRP, aperiodic L1-SINR measurements and reporting should be considered as essential functionality for the UE supporting FG 16-1a-1. Therefore, we don’t see necessity to define small candidate values of {0, 1, 2, 4} for component 7.
Per slot limitations:

1. The max number of [unique] SSB/CSI-RS[(1Tx) for CMR 

2. The max number of CSI-IM/NZP-IMR resources 

3.  The max number of CSI-RS (2Tx) resources for CMR

Memory limitations:

4. The max number of SSB/CSI-RS resources as CMR

5. The max number of CSI-IM/NZP IMR resources

Other limitations:
6. Supported density of CSI-RS (CMR)

7. The max number of aperiodic CSI-RS resources across all CCs configured to measure L1-SINR (including CMR and IMR) 
8. Supported SINR measurements: {SSB as CMR with dedicated IMR, CSI-RS as CMR with dedicated CSI-IM/NZP IMR configured, CSI-RS as CMR without dedicated IMR configured, }
NOTE: “Per slot” for components 1-3 is defined as slot duration for the lowest SCS supported for the reported band.
Per band

Component 1: Candidate values {8, 16, 32, 64}

Component 2: Candidate values {[ 8, 16, 32, 64}

Component 3: Candidate values {0, 4, 8, 16, 32, 64}

Component 4: Candidate values {8, 16, 32, 64 , 128}

Component 5: Candidate values {8, 16, 32, 64 , 128}

Component 6: Candidate values {‘1 only’, ‘3 only’, ‘1 and 3’}

Component 7: Candidate values { 8, 16, 32, 64}

Component 8: Candidate values {SSB as CMR with dedicated IMR, CSI-RS as CMR with dedicated CSI-IM/NZP IMR configured, CSI-RS as CMR without dedicated IMR configured},
Note: For Component 8, UE must at least report support of one CSI-IM/NZP IMR

FFS: How CSI-RS is counted when it is configured as CMR without dedicated IMR
Optional with capability signalling
Rel-15 supports FG 2-23/2-23a indicating support semi-persistent CSI reporting for L1-RSRP reporting. Given that RAN1 is not planning to introduce a similar FGs in Rel-16 for the purpose of semi-persistent L1-SINR reporting, the desription of the existing Rel-15 capability should be extended for L1-SINR.
Proposal 14: Rel-15 FGs 2-23/2-23a are extended for L1-SINR.
sp-BeamReportPUCCH

Indicates support of semi-persistent 'CRI/RSRP', 'SSBRI/RSRP', ‘CRI/SINR’ or ‘SSBRI/SINR’ reporting using PUCCH formats 2, 3 and 4 in one slot.
Band
No
No
Yes

sp-BeamReportPUSCH

Indicates support of semi-persistent 'CRI/RSRP', 'SSBRI/RSRP', ‘CRI/SINR’ or ‘SSBRI/SINR’ reporting on PUSCH.
Band
No
No
Yes



	Apple [12]
	· We suggest to change component 8 to " Supported SINR measurements: {SSB as CMR with dedicated IMR, CSI-RS as CMR with dedicated CSI-IM/NZP IMR configured, CMR (CSI-RS) + CSI-IM, CMR (CSI-RS) + NZP-IMR, CMR (SSB) + CSI-IM, CMR (SSB) + NZP-IMR, CSI-RS as CMR without dedicated IMR configured, [CSI-RS (2Tx) resources for CMR]}

· If 0 is included as candidate value for component 3, we are fine to remove “[CSI-RS (2Tx) resources for CMR]”, otherwise we need to have “CSI-RS (2Tx) resources for CMR”

· We should remove CMR + CSI-IM + NZP-IMR from 38.214 or UE should be able to indicate that UE does not support it

· We can add note: For UE supports FG16-1a-1, UE need s to support “CMR + CSI-IM”

	LG Electronics [13]
	We’d like to suggest aligning signaling method on how to indicate what UE can or cannot support for L1-SINR measurement, i.e., via adding candidate value of 0 into a component or via adding that L1-SINR measurement into component 8. If candidate value of 0 is added to component 2 and 5, meaning that UE can report whether or not to support ‘CMR with dedicated IMR’ using this value, then it looks somehow duplicated with ‘SSB as CMR with dedicated IMR’ and ‘CSI-RS as CMR with dedicated IMR’ using component 8. Easiest way to align signaling methods may be deleting candidate values of 0 from component 2, 3 and 5, then keeping ‘CSI-RS (2Tx) resources for CMR’ into component 8.
16-1a-1
SSB/CSI-RS for L1-SINR measurement
Per slot limitations:

9. The max number of [unique] SSB/CSI-RS [(1Tx)] for CMR 

10. The max number of CSI-IM/NZP-IMR resources 

11.  The max number of CSI-RS (2Tx) resources for CMR

Memory limitations:

12. The max number of SSB/CSI-RS resources as CMR

13. The max number of CSI-IM/NZP IMR resources

Other limitations:
14. Supported density of CSI-RS (CMR)

15. The max number of aperiodic CSI-RS resources across all CCs configured to measure L1-SINR (including CMR and IMR) shall not exceed MD_1

16. Supported SINR measurements: {SSB as CMR with dedicated IMR, CSI-RS as CMR with dedicated [CSI-IM/NZP IMR] configured, CSI-RS as CMR without dedicated IMR configured, [CSI-RS (2Tx) resources for CMR]}

2-21, 2-22 or 2-23, 2-23a
Yes 

N/A

Per band

No

No

Component 1: Candidate values {8, 16, 32, 64}

Component 2: Candidate values {[0,] 8, 16, 32, 64}

Component 3: Candidate values {[0, 4,] 8, 16, 32, 64}

Component 4: Candidate values {[8,] 16, 32, 64 [, 128]}

Component 5: Candidate values {[0,] 8, 16, 32, 64 [, 128]}

Component 6: Candidate values {‘1 only’, ‘3 only’, ‘1 and 3’}

Component 7: Candidate values {[0, 1, 2, 4,] 8, 16, 32, 64}

Component 8: Candidate values FFS
Note: For Component 8, UE must at least report support of one [FFS: which one(s)]
FFS: How CSI-RS is counted when it is configured as CMR without dedicated IMR


	Nokia, Nokia Shanghai Bell [14]
	It is not OK to have component values that can be disabled by means of the signaling values, as this is contrary to the basic principles used to build the FG list. In particular we are not OK to have candidate value ‘0’ in component 3.

	Qualcomm Incorporated [16]
	•
Component 1: Prefer to remove “unique”, since same RS ID can appear twice in a 60kHz slot

•
Component 8: Prefer to keep dedicated “CSI=IM/NZP IMR”. UE at least should support either CSI-RS as CMR + dedicated CSI-IM, or CSI-RS as CMR + dedicated NZP IMR

	Ericsson [17]
	FG 16-1a-1 is the basic feature for L1-SINR reporting. If the UE does not report FG 16-1a-1, the UE does not support L1-SINR reporting. Therefore, it is critical to complete this FG.

FG 16-1a-1 has 8 components:

1. The max number of [unique] SSB/CSI-RS [(1Tx)] for CMR 

2. The max number of CSI-IM/NZP-IMR resources 

3.  The max number of CSI-RS (2Tx) resources for CMR

4. The max number of SSB/CSI-RS resources as CMR

5. The max number of CSI-IM/NZP IMR resources

6. Supported density of CSI-RS (CMR)

7. The max number of aperiodic CSI-RS resources across all CCs configured to measure L1-SINR (including CMR and IMR) shall not exceed MD_1

8. Supported SINR measurements

Most components are relatively stable. However, there is disagreement on component 2, 5 and 8, as well as component 7. Based on the later part of the email discussion, we propose the following compromise for components 8, 2 and 5:

· Component 8: 

· Supported SINR measurements: {SSB as CMR with dedicated IMR, CSI-RS as CMR with dedicated CSI-IM/NZP IMR configured, CMR (CSI-RS) + CSI-IM, CMR (CSI-RS) + NZP-IMR, CMR (SSB) + CSI-IM, CMR (SSB) + NZP-IMR, CSI-RS(CMR) without dedicated IMR configured, [CSI-RS (2Tx) resources for CMR]}.
· Add a note: For a UE that supports FG16-1a-1, UE at least needs to support “CMR (CSI-RS) + CSI-IM”.
· Comment: a more efficient way to signal the above information is to include “CMR (CSI-RS) + CSI-IM” in the basic feature description, remove the value “CMR (CSI-RS) + CSI-IM” from component 8, rename component 8 “Additional support SINR measurements”, and make component 8 optional. The UE can in this case omit component 8, which reduces the signaling.
· Component 2 and 5:
· Remove 0 from the list of candidate values. Since all UEs that support L1-SINR reporting must support CSI-IM, 0 is not a relevant value.
For component 7, the issue relates to the candidate values. Here we propose to follow the same thinking as we did for FG 2-24 in Rel-15: although the candidate values include 0, the description in 38.306 states:


[image: image1]
Hence, the UE cannot use any value smaller than 4 for maxNumberAperiodicCSI-RS-Resource.

We propose that 4 is the smallest candidate value also related to L1-SINR reporting: The candidate values for component 7 in FG 16-1a-1 are {4, 8, 16, 32, 64}.


	16-1g
	Resources for beam management, [pathloss measurement, BFD, and BFR]
	1. The maximum number of [unique] SSB/CSI-RS/CSI-IM resources configured to measure within a slot across all CCs for any of L1-RSRP measurement, L1-SINR measurement, [pathloss measurement, BFD, RLM] and new beam identification

2.  The maximum number of SSB/CSI-RS/CSI-IM resources configured across all CCs for any of L1-RSRP measurement, L1-SINR measurement, [pathloss measurement, BFD, RLM] and new beam identification
	2-24, 2-31
	Yes

	N/A
	
	[Per band]

[Per BC]

[Per UE]
	No
	No
	
	Component-1: candidate value set is {4, 8, 16, 32, 64, 128, FFS}

[Component-2: candidate value set is {4, 8, 16, 32, 64, 128, 256, FFS}]
	Optional with capability signaling


	Company
	Summary

	Vivo [2]
	Currently, there are the following alternatives under discussion. Our understanding is that Alt-3 is more aligned with the original intention for defining 2-24. With clarification that “across all CCs” means all CCs in the reported band, the note from Rel-15 may not be needed.

· Alt-1: Per band reporting + Note inherited from Rel-15 + Conclusion made in RAN1#101-e meeting

· Supported by: Huawei, HiSilicon

· Alt-2: Per UE reporting + FR1/FR2 differentiation + Joint restriction for FR1 & FR2 CA/DC case + Conclusion made in RAN1#101-e meeting

· Supported by: Huawei, HiSilicon

· Alt-3: Per band reporting where across “across all CCs” means all CCs in the reported band irrespective of the used band combination

· Alt-4: Per band reporting where across “across all CCs” means all CCs in the band combination that contains the reported band

· Alt-5: Define two FGs: one per band and one per UE (without FR1/FR2 differentiation).
Besides the “per band” or “per UE” signaling issue and the “reference SCS” issue, counting of RS may also need to be clarified: 

· For periodic RS, if they are “configured to measure”, is it counted only in the slot there is the RS or is it counted across all slots before they are turned off through reconfiguration?

· For RS configured for new beam identification, are they counted only after there is beam failure or they are always counted?

· The “configure to measure” RS are those in active BWP. But the configured RS includes all configured including both active and inactive BWP. 

Proposal: Define per band reporting of 16-1g, where “across all CCs” means all CCs in the reported band irrespective of the used band combination. Clarify the reference SCS if necessary. 

· Similar clarification is also needed for 16-1a-1.

Proposal: Clarify how to count the number of RS for 16-1g:

· For periodic RS, if they are “configured to measure”, they are only counted only in the slot there is the RS.

· For RS configured for new beam identification, they are always counted regardless of beam failure event.

· The “configure to measure” RS (component1) only counts those in active BWP. But the configured RS(component2) counts all configured including both active and inactive BWP. 

	MediaTek Inc. [5]
	Our view for 16-g is as follows.

· Feature Group: Remove the bracket for ‘pathloss measurement, BFD, and BFR’

· Component 1: Remove ‘[unique]’

· Component 1 and 2: Remove the bracket for ‘pathloss measurement, BFD, RLM’

· Per band

· Remove ‘FFS’

Suggest the following changes for FG 16-1g: 

· Feature Group: 

· Resources for beam management, [pathloss measurement, BFD, and BFR]
· Components:

· The maximum number of [unique] SSB/CSI-RS/CSI-IM resources configured to measure within a slot across all CCs for any of L1-RSRP measurement, L1-SINR measurement, [pathloss measurement, BFD, RLM] and new beam identification.

· The maximum number of SSB/CSI-RS/CSI-IM resources configured across all CCs for any of L1-RSRP measurement, L1-SINR measurement, [pathloss measurement, BFD, RLM] and new beam identification

· Type: Per band

	Huawei, HiSilicon [6]
	Based on the email discussion in [101-e-Post-NR-UE-Features-10], we propose to remove the bracket of ‘pathloss measurement, BFD, RLM’ in component 1 & 2. With regarding to the reported type, there are five alternatives to be downselected,

· Alt-1: Per band reporting + Note inherited from Rel-15 + Conclusion made in RAN1#101-e meeting

· Alt-2: Per UE reporting + FR1/FR2 differentiation + Joint restriction for FR1 & FR2 CA/DC case + Conclusion made in RAN1#101-e meeting

· Alt-3: Per band reporting where across “across all CCs” means all CCs in the reported band irrespective of the used band combination

· Alt-4: Per band reporting where across “across all CCs” means all CCs in the band combination that contains the reported band

· Alt-5: Define two FGs: one per band and one per UE (without FR1/FR2 differentiation).

We prefer to go with either Alt-1 or Alt-2. Regarding Alt-3, the capabilities for CA/DC scenario are still to be further discussed. For Alt-4, for FR1+FR2 BC one note or conclusion saying FR1/FR2 differentiation should be needed because some features are optional for FR1 (i.e., BFR). In addition, Alt-3 and Alt-4 may introduce additional interpretation that is different from R15, which may require different implementations. For Alt-5, if FR1/FR2 differentiation is kept, there is not essential difference from that of Alt-1 or Alt-2 but with increasing the reporting overhead. For the candidate value of component-2, we propose add some values’ 40, 48, 72，80, 96’ on top of the existed values’ 4, 8, 16, 32, 64, 128, 256 ’. In this way, both gNB scheduling flexibility and reduced UE implementation complexity can be further exploited. For example, gNB can configure 32 CMR for RSRP and 8 CMR-only/8 CMR+8 IMR for L1-SINR. 

· Remove the bracket of ‘pathloss measurement, BFD, RLM’ in component 1 & 2.

· Adopt Alt-1 or Alt-2 for the reported type

· Add some values ’ 40, 48, 72，80, 96 ’ on top of the existed values ’ 4, 8, 16, 32, 64, 128, 256 ’ for the candidate value of component-2

	Intel Corporation [7]
	During [101-e-Post-NR-UE-Features-10] email discussion, granularity of the reporting for FG 16-1g was discussed. In particular, it was proposed to reuse approach taken for FG2-24, where the components are reported with per band granularity, but the reported values are the same to avoid possible ambiguity for the “across all CCs” wording. From our perspective, such signalling approach adopted in Rel-15 is inefficient and contains signalling of the redundant information. It is, therefore, preferable to adopt conventional per band reporting by removing “across all CCs” wording in the description to avoid ambiguity identified in Rel-15. 

Similar to 16-1a-1, due to support of different SCS, interpretation of “per slot” for component 1 should be clarified. It is also important to ensure that the corresponding clarification is a future proof wrt to introduction of the new bands that may support new SCS. It is, therefore, proposed to consider lowest SCS supported in the reported band as the reference for the slot duration.  
3. The maximum number of [unique] SSB/CSI-RS/CSI-IM resources configured to measure within a slot  for any of L1-RSRP measurement, L1-SINR measurement, [pathloss measurement, BFD, RLM] and new beam identification

4.  The maximum number of SSB/CSI-RS/CSI-IM resources configured for any of L1-RSRP measurement, L1-SINR measurement, [pathloss measurement, BFD, RLM] and new beam identification

NOTE: “Per slot” for components 1 is defined as slot duration for the lowest SCS supported for the reported band.
Per band


Component-1: candidate value set is {4, 8, 16, 32, 64, 128, FFS}

[Component-2: candidate value set is {4, 8, 16, 32, 64, 128, 256, FFS}]


	OPPO [9]
	In the email discussion “101-e-Post-NR-UE-Features-10”, there were extensive discussions on FG 16-1g. One controversial issue is how to define the two components and interpret the meaning of “across all CCs”. Five alternatives were proposed in the email discussion as below:

· Alt.1: Per band reporting + Note inherited from Rel-15 + Conclusion made in RAN1#101-e meeting

· Alt.2: Per UE reporting + FR1/FR2 differentiation + Joint restriction for FR1 & FR2 CA/DC case + Conclusion made in RAN1#101-e meeting

· Alt.3: Per band reporting where across “across all CCs” means all CCs in the reported band irrespective of the used band combination

· Alt.4: Per band reporting where across “across all CCs” means all CCs in the band combination that contains the reported band

· Alt.5: Define two FGs: one per band and one per UE (without FR1/FR2 differentiation).  

Each alternative has its own advantages and disadvantages. Alt.1 is the most straightforward solution and consistent with the design of Rel-15 signaling for many UE feature groups. Meanwhile, the potential issues for the Rel-15 similar design are also applicable to Alt.1. Alt.2 achieves the same aim with some improvement over Alt.1. Alt.3/4/5 may lead to confusion on the UE capability signaling since similar UE capabilities are defined with totally different meanings. Moreover, Alt.5 will require UE can share the UE processing capability among FR1 and FR2, which is too aggressive from the perspective of UE implementation.   In a summary, Alt.1 is slightly preferred due to the coherence of Rel-16 and Rel-15 designs. 

16-1g
Resources for beam management, [pathloss measurement, BFD, and BFR]
1. The maximum number of[unique] SSB/CSI-RS/CSI-IM resources configured to measure within a slot across all CCs for any of L1-RSRP measurement, L1-SINR measurement, [pathloss measurement, BFD, RLM] and new beam identification

2. The maximum number of SSB/CSI-RS/CSI-IM resources configured across all CCs for any of L1-RSRP measurement, L1-SINR measurement, [pathloss measurement, BFD, RLM] and new beam identification
2-24, 2-31

Yes

 

N/A

 
[Per band]
[Per BC]
[Per UE]
No

No

 
Component-1: candidate value set is {4, 8, 16, 32, 64, 128, FFS}

 

[Component-2: candidate value set is {4, 8, 16, 32, 40, 48, 64, 72, 80, 96, 128, 256, FFS}]
  The UE supports a total number of resources equal to the maximum of the FR1 and FR2 value, but no more than the maximum FR1 value across all FR1 serving cells and no more than the maximum FR2 value across all FR2 serving cells
Optional with capability signaling



	Apple [12]
	16-1g

Resources for beam management, [pathloss measurement, BFD, and BFR]
1. The maximum number of[unique] SSB/CSI-RS/CSI-IM resources configured to measure within a slot across all CCs for any of L1-RSRP measurement, L1-SINR measurement, [pathloss measurement, BFD, RLM] and new beam identification
2. The maximum number of SSB/CSI-RS/CSI-IM resources configured across all CCs for any of L1-RSRP measurement, L1-SINR measurement, [pathloss measurement, BFD, RLM] and new beam identification
2-24, 2-31

Yes

 
N/A

 
[Per band]
[Per BC]
[Per UE]
No

No

 
Component-1: candidate value set is {4, 8, 16, 32, 64, 128, FFS}

 

[Component-2: candidate value set is {4, 8, 16, 32, 40, 48, 64, 72, 80, 96, 128, 256, FFS}]
 
The UE supports a total number of resources equal to the maximum of the FR1 and FR2 value, but no more than the maximum FR1 value across all FR1 serving cells and no more than the maximum FR2 value across all FR2 serving cells
Optional with capability signaling



	LG Electronics [13]
	· During email discussion [101-e-Post-NR-UE-Features-10], a note “If the UE sets a value other than 0 in an FR1 band, it shall set that same value in all FR1 bands. If the UE sets a value other than 0 in an FR2 band, it shall set that same value in all FR2 bands. The UE supports a total number of resources equal to the maximum of the FR1 and FR2 value, but no more than the FR1 value across all FR1 serving cells and no more than the FR2 value across all FR2 serving cells” was proposed to accommodate inter-band CA/DC cases. Since this report is for ‘across all CCs’, ‘per BC’ or ‘per UE’ reporting is more reasonable than ‘per band’ to address inter-band CA/DC cases rather than adding the note and making the reporting granularity as ‘per band’. Considering that FR1 and FR2 may have different values, we suggest ‘per BC’ reporting for this FG.

· Editorial suggestion: update the feature description to ‘Resources for beam management, pathloss measurement, BFD, RLM, and new beam identification for BFR’ to be aligned with updated component

16-1g
Resources for beam management, [pathloss measurement, BFD, RLM, and new beam identification for BFR]
5. The maximum number of [unique] SSB/CSI-RS/CSI-IM resources configured to measure within a slot across all CCs for any of L1-RSRP measurement, L1-SINR measurement, [pathloss measurement, BFD, RLM] and new beam identification

6.  The maximum number of SSB/CSI-RS/CSI-IM resources configured across all CCs for any of L1-RSRP measurement, L1-SINR measurement, [pathloss measurement, BFD, RLM] and new beam identification

2-24, 2-31

Yes
N/A

[Per band]

[Per BC]

[Per UE]
No
No
Component-1: candidate value set is {4, 8, 16, 32, 64, 128, FFS}

[Component-2: candidate value set is {4, 8, 16, 32, 64, 128, 256, FFS}]


	Nokia, Nokia Shanghai Bell [14]
	· We would prefer to remove the text on “[pathloss measurement, BFD, and RLM]”, but we can accept it as long as there is no impact on Rel-15 functionality. This needs to be explicitly clarified to avoid future confusions. As for introducing more component values, it is OK to introduce one intermediate value or two to avoid underreporting, but a fine granularity might create more problems than it solves. 

· Per band signaling.

	Qualcomm Incorporated [16]
	· Component 1: 

· Prefer to remove “unique”, since same RS ID can appear twice in a 60kHz slot

· Prefer to “keep pathloss measurement, BFD, RLM”

· Prefer to add candidate value of 12

· Component 2: 

· Prefer to “keep pathloss measurement, BFD, RLM”

· For both components

· Prefer “per band”

· Ok with the following note

· The UE supports a total number of resources equal to the maximum of the FR1 and FR1 value, but no more than the maximum FR1 value across all FR1 serving cells and no more than the maximum FR2 value across all FR2 serving cells

	Ericsson [17]
	For FG 16-1g, there is a discussion on the reporting type, how to capture the inter-band CA/DC cases, and how to handle varying slot lengths in different CCs. The Rel-15 solution for the corresponding issues related to L1-RSRP reporting (FG 2-24) are the following:

· The feature is reported per band

· The following note in 38.306: “If the UE sets a value other than n0 in an FR1 band, it shall set that same value in all FR1 bands. If the UE sets a value other than n0 in an FR2 band, it shall set that same value in all FR2 bands. The UE supports a total number of resources equal to the maximum of the FR1 and FR2 value, but no more than the FR1 value across all FR1 serving cells and no more than the FR2 value across all FR2 serving cells.”

· The following conclusion from RAN1#101-e: For UE features maxNumberSSB-CSI-RS-ResourceOneTx and maxNumberCSI-RS-ResourceTwoTx in feature group beamManagementSSB-CSI-RS,  

· the total number of resources within a slot and across serving cells in FR1 is determined by x within 1 slot of subcarrier spacing of 15kHz

· the total number of resources within a slot and across serving cells in FR2 is determined by y within 1 slot of the smallest subcarrier spacing configured for PDSCH in FR2

· the total number of resources within a slot and across FR1 and FR2 serving cells is determined by max (x, z*y) within 1 slot of subcarrier spacing of 15 kHz,  

· where x is the reported value in FR1 and y is the reported value in FR2 and z is the ratio of the smallest subcarrier spacing configured in FR2 and 15kHz. 

What is tried to capture here is a mix of pooled and non-pooled resources: the resources within the respective frequency range are pooled. Resources in FR1 and FR2 are not pooled, but they are not completely independent either, since it’s not possible to use all FR1 resources and all FR2 resources at the same time (“… The UE supports a total number of resources equal to the maximum of the FR1 and FR2 value…”), which indicates that there are still some resources that are pooled also across FR1 and FR2.
Capturing limitations as RAN1 conclusions is highly undesirable: system design is based on specifications, and not on other documents. This should not be repeated for 16-1g, the full specification of FG 16-1g should be in 38.306 and 38.331. 

The first two bullets of the conclusion reflect the per-FR limitations. To handle this, we propose to define a reference slot length per frequency range: for FR1, a reference slot would be 1ms (corresponding to an SCS of 15kHz), and for FR2, a reference slot would be 0.25ms (corresponding to an SCS of 60kHz). Hence, we propose 

Proposal 1 Modify component 1 of 16-1g to “The maximum number of SSB/CSI-RS/CSI-IM resources configured to measure within a reference slot across all CCs in the frequency range for the reported band for any of L1-RSRP measurement, L1-SINR measurement, pathloss measurement, BFD, RLM and new beam identification”

Proposal 2 Add a note to 16-1g stating that the reference slot is 1ms for FR1 and 0.25ms for FR2.

With these two proposals, the first two bullets of the RAN1 conclusion from RAN1#101-e are captured. What remains is to take care of the FR1-FR2 CA/DC case, i.e., the third bullet of the RAN1 conclusion.

To handle the FR1-FR2 CA/DC case, we propose to introduce a per-UE feature with a corresponding definition. This per-UE feature would describe how many resources the UE can handle in total, across all configured cells during a reference slot. In this case, the reference slot would be 1ms, which is the same as a subframe. Hence, we propose

Proposal 3 Introduce the per-UE FG 16-1g-1: “The maximum number of SSB/CSI-RS/CSI-IM resources configured to measure within a subframe across all CCs for any of L1-RSRP measurement, L1-SINR measurement, pathloss measurement, BFD, RLM and new beam identification”

This proposal would then correspond to the third bullet in the RAN1 conclusion, but instead of a fixed value (max (x, z*y)), the UE would signal the limitation. The proposal would thus increase the freedom on how the UE pools the resources between FR1 and FR2.  

Similar modifications would be needed for component 2 of 16-1g, but without the complications related to slot length. Hence, we propose

Proposal 4 Modify component 2 of 16-1g to “The maximum number of SSB/CSI-RS/CSI-IM resources configured across all CCs in the frequency band for the reported band for any of L1-RSRP measurement, L1-SINR measurement, pathloss measurement, BFD, RLM and new beam identification

Proposal 5 Introduce a second component for the per-UE FG 16-1g-1: “The maximum number of SSB/CSI-RS/CSI-IM resources configured across all CCs for any of L1-RSRP measurement, L1-SINR measurement, pathloss measurement, BFD, RLM and new beam identification”


	16-2a
	Multi-DCI based multi-TRP
	1. The maximum number of CORESETs configured per “PDCCH-Config”

2. The maximum number of CORESETs configured per CORESETPoolIndex ( if CORESETPoolIndex is not configured, it is assumed CORESETPoolIndex = 0) per “PDCCH-Config”

3. Support fully/partially overlapping PDSCHs in time and non-overlapping in frequency 

4. Maximum number of unicast PDSCHs per CORESETPoolIndex per slot

5. [PDSCH processing capability for CC]

	FFS
	Yes
	N/A
	
	FFS
	No
	No
	
	Note: A UE may assume that its maximum receive timing difference between the DL transmissions from two TRPs is within a CP

FFS: component (5) only applies to UE processing capability #1
Component 1:  Candidate values {[2,] 3,4,5}

Component 2: Candidate values {1,2,3}

Component 4: Candidate values {1,2,4,7}

Note: per SCS, similar with Rel-15


	Optional with capability signaling


	Company
	Summary

	Vivo [2]
	Currently the views on the type of 16-2a and 16-2b-3 is diverging. On the one hand, if these features are reported per FS, there would be concerns of “under reporting” since the bandwidth of CCs may be different in the same band. UE would determine whether to support the feature based on the largest bandwidth of the band and thus cause “under reporting”. On the other hand, if the features are reported per FSPC, there would be concerns of “under deployment” in the sense that the potential fragmentation would make the UE reporting un-predictable and thus not easy to determine which CC to rollout the feature.

m-TRP is a useful feature for 5G deployment and neither “under reporting” nor “under deployment” are expected outcome from user experience perspective.

Another way that worth a try might be to limit number of CCs and total bandwidth that can be put as restriction to support FG16-2a and FG16-2b-3. The more complicated processing related to PDCCH for M-DCI (e.g. increased number of CORESETs, BD/CCE) are more related to number of CC, while the more complicated processing of PDSCH is related to total bandwidth that UE can process for M-DCI OOO and S-DCI scheme 2b. By directly limiting the number of CCs and total bandwidth would thus provide spaces for UE to trade between CA and m-TRP without increasing implementation complexity too much and also give the network proper choice of CCs to implement the feature.

Proposal: Consider to put limit on number of CCs and total bandwidth for 16-2a and 16-2b-3 if the compromise cannot be reached regarding FSPC or FS for the two features. 

	MediaTek Inc. [5]
	per FSPC

	Huawei, HiSilicon [6]
	Update component 1 in FG 16-2a with “the maximum number of CORESETs configured per BWP (CORESET 0 is not counted in)” and keep the minimal value of 2 for the candidate value of component 1
With regarding to reporting type of FG16-2 family:  It is very important to ensure a proper reporting type for given FGs so that those FGs as soon as possible. It is unfortunate that MIMO features are normally expensive for UE implementations so that a fine reporting type will help chipset vendors to implement an advanced feature with basic functions earlier and then support more FGs/CCs associated with that feature in later versions. From this perspective, it will eventually benefit the gNB vendors as well to implement MIMO features as soon as possible. In our current understanding, the targeted deployment of M-DCI and S-DCI M-TRP do not require all CCs per band per band combination to be implemented. Since each CC have own consideration, due to FR/BW etc, our NW/chipset can start implementation of FG16-2 family for given CC(s) as soon as possible. It will also help to lower UE chipset cost by targeting key at CC(s)/scenarios with M-TRP. Therefore from HiSilicon point of view, we insist FG16-2a as FSPC at least.

	Samsung [11]
	Considering that multi-DCI based multi-TRP requires a lot of burden in UE side, it is desirable to make the support of FG16-2a to be flexible as much as possible. So, we support the type of FG16-2a to be FSPC. 

	Apple [12]
	We think FG16-2a requires some change.  

· The CORESET can also be configured in “PDCCH-ConfigSIB1” and “PDCCH-ConfigCommon”

· Based on my understanding, CORESET#0 is not always configured or even needed for UE to support, for example in the SCell where NW does not plan to support initial acquisition. So, we should not mixed CORESET#0 with the other CORESETs

· We should follow what is used in Rel-15, for example, FG3-1, quoted below

· "One configured CORESET per BWP per cell in addition to CORESET0"
Furthermore, there are two remaining issues for FG16-2a

· Component 4

· We should add 3 as well, i.e. {1, 2, 3, 4, 7}. 4 was a mistake from Rel-15, we should try to correct it in Rel-16. This is regarding PDCCH monitoring capability 3-5b

· For (2, 2), up to 7 spans in a slot

· For (7, 3), up to 2 spans in a slot

· For (4, 3), up to 3 spans in a slot, not 4

· We propose to add a new component to address the PDCCH monitoring capability issue

· Component 5

· For PDCCH processing capability FG3-1

· Processing one unicast DCI scheduling DL and one unicast DCI scheduling UL per CORESETPoolIndex per slot per scheduled CC for FDD

· Processing one unicast DCI scheduling DL and 2 unicast DCI scheduling UL per CORESETPoolIndex per slot per scheduled CC for TDD

· Reason: FG3-1 is across all the CORESETs, and UE is only required to process one unicast DL DCI which will limit the Multi-DCI Multi-TRP operation. This extends the support to be per CORESETPoolIndex, and, it should be an optional component. We prefer to have a new FG or we can work out some solution with flexible candidate value

We need “per FSPC”


16-2a
Multi-DCI based multi-TRP
1.     The maximum number of CORESETs configured per “PDCCH-Config” per BWP per cell in addition to CORESET0
2.     The maximum number of CORESETs configured per CORESETPoolIndex ( if CORESETPoolIndex is not configured, it is assumed CORESETPoolIndex = 0) per “PDCCH-Config” per BWP per cell in addition to CORESET0
3.     Support fully/partially overlapping PDSCHs in time and non-overlapping in frequency 

4.     Maximum number of unicast PDSCHs per CORESETPoolIndex per slot

5.     [PDSCH processing capability for CC]
      5. For PDCCH processing capability FG3-1
· Processing one unicast DCI scheduling DL and one unicast DCI scheduling UL per CORESETPoolIndex per slot per scheduled CC for FDD
· Processing one unicast DCI scheduling DL and 2 unicast DCI scheduling UL per CORESETPoolIndex per slot per scheduled CC for TDD 

FFS
Yes
N/A
 
per FSPC

No
No
 
Note: A UE may assume that its maximum receive timing difference between the DL transmissions from two TRPs is within a CP
Processing capability 2 is not supported in any CC if at least one CC is configured with two values of CORESETPoolIndex
FFS: component (5) only applies to UE processing capability #1
Component 1: Candidate values {[2,] 3,4,5}
Component 2: Candidate values {1,2,3}
Component 4: Candidate values {1,2,3,4,7}
Note: per SCS, similar with Rel-15
Component 5: Candidate values {per CORESETPoolIndex, across both CORESETPoolIndex}
Optional with capability signalling


	Nokia, Nokia Shanghai Bell [14]
	· Component 1: remove [2], at least 3 CORESETs should be supported for M-DCI based M-TRP.

· Component 5 is not needed and it should be removed

· Regarding FG type we do not support FSPC. This would imply significant reporting overhead and adds to fragmentation. The needs from UE chipset vendors can be addressed by introducing limitations on the number of carriers where 16-2a is supported, for example.

	Qualcomm Incorporated [16]
	· Component 1: The description should change to “The maximum number of CORESETs configured per BWP per CC in addition to CORESET 0 “PDCCH-Config”” to align with Rel. 15 FGs 3-1 and 3-3. In addition, the bracket around component 2 should be removed as 2 CORESETs (in addition to CORESET 0) is a valid capability for multi-DCI.

· Component 2: The description should change similar to component 1 for consistency.

· Component 5: We prefer to keep this component, and add candidate values {Cap1, Cap2, Cap2 with scheduling limitation}. In this case, similar to Rel. 15, the following note should be added: “For Cap2 with scheduling limitation, it is applicable to 30KHz only. For Cap2, it is supported only if all CCs are self-scheduled. Both Cap2 and Cap2 with scheduling limitations are applicable to FR1 only”. In addition, we should add the following note “The value of configured CCs X as defined in FGs 5-5a/5-13/5-13a/5-13c, does not count multi-DCI CCs”.
· If component 5 is removed, a note should be added as “Processing capability 2 is not supported in any CC if at least one CC is configured with two values of CORESETPoolIndex”
Regarding “type” for 16-2 family FGs: The issue of type for mTRP FGs were discussed both in RAN1 #101-e meeting as well as in Email discussions “101-e-Post-NR-UE-Features-10” in July / August 2020. As indicated before, the basic mTRP features (i.e., FGs 16-2a, 16-2b-1, 16-2b-2, 16-2a-3, 16-2b-4, 16-2b-5) should have a type that allows the UE to handle the extensive processing requirements for these features, and indicate the corresponding capability with reasonable amount of flexibility. Among those, 16-2a and 16-2b-3 are the most complicated ones and the UE may require using its CA capability for implementing the features. Hence, FSPC is required for 16-2a.

	Ericsson [17]
	In FG 16-2a, it is preferable to align the component description of components 1 and 2 with those in Rel-15 features 3-1 and 3-3.  Hence, we propose changing “per PDCCH-Config’ in components 1 and 2 to ‘per BWP in addition to CORESET0’.  With this change we can support keeping the component value of 2 for component 1.

Proposal: For FG 16-2a, replace ‘per PDCCH-Config’ in the description of components 1 and 2 with ‘per BWP in addition to CORESET0’ and support the component value of 2 for component 1.


	16-2a-0
	Overlapping PDSCHs in time and fully overlapping in frequency and time
	1. Support PDSCHs with fully overlapping REs, i.e. the allocated REs for PDSCH scheduled by DCI in CORESET configured with CORESETPoolIndex = 0 and PDSCH scheduled by DCI in CORESET configured with CORESETPoolIndex = 1 are exactly the same REs 
2. The maximal number of PDSCH scrambling sequences per serving cell
	16-2a
	Yes
	N/A
	
	FFS
	No
	No
	
	Note: A UE may assume that its maximum receive timing difference between the DL transmissions from two TRPs is within a CP

Component 2: Candidate values {1, 2}
	Optional with capability signalling


	Company
	Summary

	CATT [4]
	Regarding the FG type of 16-2a-0, considering the overhead issue, type of FSPC should be avoided as much as possible. Therefore, per band is preferred for 16-2a-0.

	MediaTek Inc. [5]
	per FSPC

	Samsung [11]
	Setting the type as ‘per band’ is actually meaningless given that their pre-requisite (FG16-2a) is set as FSPC. Since FSPC indicates each CC inside a band, the bands and CCs supported for FG16-2a-0 would be governed by FG16-2a, no matter which bands are reported for them. So the reasonable type for FG16-2a-0 would be FSPC which can further limit the CCs supporting those FGs compared to FG16-2a, resulting in lightening UE implementation burden.


	16-2a-1
	Overlapping PDSCHs in time and partially overlapping in frequency
	1. Support PDSCHs with partially overlapping REs, i.e. the allocated REs for PDSCH scheduled by DCI in CORESET configured with CORESETPoolIndex = 0 and PDSCH scheduled by DCI in CORESET configured with CORESETPoolIndex = 1 are partially overlapped, with at least one RE 
 
	16-2a-0
	Yes
	N/A
	
	FFS
	No
	No
	
	
	Optional with capability signalling


	Company
	Summary

	CATT [4]
	Regarding the FG type of 16-2a-1, considering the overhead issue, type of FSPC should be avoided as much as possible. Therefore, per band is preferred for 16-2a-1.

	MediaTek Inc. [5]
	per FSPC

	Samsung [11]
	Setting the type as ‘per band’ is actually meaningless given that their pre-requisite (FG16-2a) is set as FSPC. Since FSPC indicates each CC inside a band, the bands and CCs supported for FG16-2a-1 would be governed by FG16-2a, no matter which bands are reported for them. So the reasonable type for FG16-2a-1 would be FSPC which can further limit the CCs supporting those FGs compared to FG16-2a, resulting in lightening UE implementation burden.

	Nokia, Nokia Shanghai Bell [14]
	FG type: per band


	16-2a-2
	Out-of-order operation for DL
	1. Support out-of-order operation for PDCCH to PDSCH

2. Support out-of-order operation for PDSCH to HARQ-ACK
	16-2a
	Yes
	N/A
	
	FFS
	No
	No
	
	
	Optional with capability signalling


	Company
	Summary

	MediaTek Inc. [5]
	per FSPC 

	Nokia, Nokia Shanghai Bell [14]
	FG type: per band


	16-2a-3
	Out-of-order operation for UL
	1. Support out-of-order operation for PDCCH to PUSCH
	16-2a
	Yes
	N/A
	
	FFS
	No
	No
	
	Note: “Same closed loop index for power control across PUSCHs associated with different CORESETPoolIndex values is not supported by a UE indicating the support of this feature”
	Optional with capability signalling


	Company
	Summary

	MediaTek Inc. [5]
	per FSPC 

	Huawei, HiSilicon [6]
	It was agreed that “Out-of-order operation for DL” and “Out-of-order operation for UL” are reported by the UE. Based on the note, once the UE report it supports “Out-of-order operation for UL”, the UE does not expects to receive same close loop index for power control in two PUSCHs associated with different CORESETPoolIndex. However, the note seems to suggest that the gNB has been mandated to implement two different close loop power controls, no matter whether gNB has enabled (or not) 16-2a-3 functionality, (i.e. the gNB may prefer to implement in-order PUSCHs associated with different CORESETPoolIndex values following Rel-15 specification), as long as the UE has reported to support16-2a-3. We propose to clarify that the note in FG 16-2a-3 does not apply to in-order operation for PUSCHs associated with different CORESETPoolIndex values

	Nokia, Nokia Shanghai Bell [14]
	FG type: per band


	16-2c
	Simultaneous reception with different Type-D
	Supports simultaneous reception with different Type-D [based on multiple spatial domain receiver filters]. This applies to [PDCCHs]/PDSCHs
	
	Yes
	N/A
	
	Per band
	N/A
	FR2 only
	
	
	Optional with capability signalling


	Company
	Summary

	Vivo [2]
	The following 16-2c is still undecided. There are several comments regarding the feature:

· One comment is regarding whether to keep PDCCH part or not. The argument is mainly related to there is no clear UE behavior defined in spec. Our understanding is that this capability is un-related to PDCCH or PDSCH. Whether to support PDCCH is determined by the related UE behavior defined in 38.213 rather than determined here. We may not need to mention whether this UE capability is applicable to PDCCH or not.

Another comment is regarding the relationship between 16-2c and 16-2a: if UE does not support 16-2a, does it mean M-TRP has to be scheduled with the QCL-D RS. This is unrelated to the definition of the UE capability of 2c. But rather related to the prerequisite relationship between 16-2c and 16-2a. These relationship can be further clarified in 16-2a.
16-2c

Simultaneous reception with different Type-D

Supports simultaneous reception with different QCL Type-D RSs [based on multiple spatial domain receiver filters]. This applies to [PDCCHs]/PDSCHs
Optional with capability signalling


	ZTE [3]
	One remaining issue of FG 16-2c for MTRP is whether to support PDCCH simultaneous reception with different QCL-TypeD as highlighted by yellow in the following box. 

Since Rel-16 UE is able to support two PDSCHs with different QCL-TypeD, it is natural to support PDCCHs with different QCL-TypeD as well. Especially in the case when the slot offset between PDCCH and the corresponding PDSCH is less than the threshold, the default TCI of PDSCH follows respective PDCCH for Multi-DCI based MTRP transmission. Because PDSCHs can be received by different QCL-TypeD in such case, UE should be able to receive PDCCHs with different QCL-TypeD. Otherwise, PDCCHs from two TRPs can only be TDMed, and only single TRP transmission is supported in the case when the slot offset between PDCCH and the corresponding PDSCH is less than the threshold. FG16-2c apply to both PDCCHs and PDSCHs.

	Huawei, HiSilicon [6]
	Our preference is to keep [PDCCHs] as it is, because we have defined a number of default behaviour for all 16-1 families in spec which are anchored with associated PDCCH.

	Apple [12]
	We propose to remove PDCCH otherwise the specification has to be changed since we don’t have specification support of simultaneous PDCCH + PDCCH or PDCCH + PDSCH reception with different beams
16-2c
Simultaneous reception with different Type-D
Supports simultaneous reception with different QCL Type-D RSs [based on multiple spatial domain receiver filters]. This applies to [PDCCHs]/PDSCHs
 
Yes
N/A
 
 
N/A
FR2 only
 
 
Optional with capability signalling


	LG Electronics [13]
	Editorial suggestion for the first sentence and the feature description: Simultaneous reception with different QCL Type-D RSs 
For the yellow part, there were proposals to enhance multi-PDCCH reception behavior according to UE capability but it is still a pending issue. To our understanding, if we delete the second sentence, it would automatically apply to the supported features in Rel-16. If there is no consensus on enhancement for PDCCH, this UE capability report would apply to PDSCH only, and if there is an enhancement for PDCCH in Rel-16, this UE capability report would apply to both PDSCH and PDCCH. So, to move forward considering very limited time for UE capability discussion, it would be considerable to delete the second sentence. 

16-2c

Simultaneous reception with different QCL Type-D RSs
Supports simultaneous reception with different QCL Type-D RSs [based on multiple spatial domain receiver filters]. This applies to [PDCCHs]/PDSCHs
Yes

N/A

N/A
FR2 only


	Nokia, Nokia Shanghai Bell [14]
	· Remove ”[based on multiple spatial domain receiver filters]”

· Remove ”[PDCCH]”

	Ericsson [17]
	In FG 16-2c, the part with ‘[based on multiple spatial domain receiver filters]’ can be removed.  In addition, we support simultaneous reception of PDCCHs, hence we prefer to remove the brackets around PDCCHs.


	16-2a-9
	[Simultaneous reception across CCs with Multi-DCI]
	[The maximum number of CCs supporting multi-DCI based multi-TRP simultaneously]
	
	Yes
	N/A
	
	FSS
	FSS
	FSS
	
	Note: If the type of 16-2a is agreed to be FSPC or Fs this FG will be removed 
	Optional with capability signalling


	Company
	Summary

	Nokia, Nokia Shanghai Bell [14]
	This FG can be used to provide the necessary trade-off of number of CCs supported with mTRP, and hence it needs to be considered together with 16-2a.


	16-2a-10
	Value of BD factor
	Value of R for BD/CCE 
	
	Yes
	N/A
	
	Per BC
	No
	No
	
	Component:  {1,2}
	Optional with capability signalling


	Company
	Summary

	Qualcomm Incorporated [16]
	Add FG 16-2a as a prerequisite


	16-2b-1
	Single-DCI based SDM scheme
	1. Support of single-DCI based SDM scheme

	
	Yes
	N/A
	
	[Per band or per FSPC]
	N/A
	N/A
	
	
	Optional with capability signaling


	Company
	Summary

	MediaTek Inc. [5]
	per FSPC

	Huawei, HiSilicon [6]
	reporting type is FSPC

	Nokia, Nokia Shanghai Bell [14]
	FG type: per band

	Qualcomm Incorporated [16]
	Regarding “type” for 16-2 family FGs: The issue of type for mTRP FGs were discussed both in RAN1 #101-e meeting as well as in Email discussions “101-e-Post-NR-UE-Features-10” in July / August 2020. As indicated before, the basic mTRP features (i.e., FGs 16-2a, 16-2b-1, 16-2b-2, 16-2a-3, 16-2b-4, 16-2b-5) should have a type that allows the UE to handle the extensive processing requirements for these features, and indicate the corresponding capability with reasonable amount of flexibility. Among those, 16-2a and 16-2b-3 are the most complicated ones and the UE may require using its CA capability for implementing the features. Hence, for 16-2b-1 our preference is FS due to the additional channel estimation complexity corresponding to two TCI states. As mentioned during “101-e-Post-NR-UE-Features-10”, we can be more flexible for this FG if 16-2a and 16-2b-3 are FSPC.


	16-2b-1b
	Single-DCI based SDM scheme – Support of new DMRS port entry
	1. Support of new DMRS port entry {0, 2, 3}
	
	Yes
	N/A
	 
	Per band
	N/A
	N/A
	 
	 
	Optional with capability signaling


	Company
	Summary

	Qualcomm Incorporated [16]
	Add FG 16-2b-1 as a prerequisite


	16-2b-2
	Single-DCI based FDMSchemeA
	Support of single-DCI based FDMSchemeA


	
	Yes
	N/A
	
	[Per band or per FSPC]
	No
	No
	
	
	Optional with capability signaling


	Company
	Summary

	MediaTek Inc. [5]
	per FSPC 

	Nokia, Nokia Shanghai Bell [14]
	FG type: per band

	Qualcomm Incorporated [16]
	Regarding “type” for 16-2 family FGs: The issue of type for mTRP FGs were discussed both in RAN1 #101-e meeting as well as in Email discussions “101-e-Post-NR-UE-Features-10” in July / August 2020. As indicated before, the basic mTRP features (i.e., FGs 16-2a, 16-2b-1, 16-2b-2, 16-2a-3, 16-2b-4, 16-2b-5) should have a type that allows the UE to handle the extensive processing requirements for these features, and indicate the corresponding capability with reasonable amount of flexibility. Among those, 16-2a and 16-2b-3 are the most complicated ones and the UE may require using its CA capability for implementing the features. Hence, for 16-2b-2 our preference is FS due to the additional channel estimation complexity corresponding to two TCI states. As mentioned during “101-e-Post-NR-UE-Features-10”, we can be more flexible for this FG if 16-2a and 16-2b-3 are FSPC.


	16-2b-3
	Single-DCI based FDMSchemeB
	Support of single-DCI based FDMSchemeB
	
	Yes
	N/A
	
	 [per FSPC]
	No
	No
	
	
	Optional with capability signaling


	Company
	Summary

	Vivo [2]
	Currently the views on the type of 16-2a and 16-2b-3 is diverging. On the one hand, if these features are reported per FS, there would be concerns of “under reporting” since the bandwidth of CCs may be different in the same band. UE would determine whether to support the feature based on the largest bandwidth of the band and thus cause “under reporting”. On the other hand, if the features are reported per FSPC, there would be concerns of “under deployment” in the sense that the potential fragmentation would make the UE reporting un-predictable and thus not easy to determine which CC to rollout the feature.

m-TRP is a useful feature for 5G deployment and neither “under reporting” nor “under deployment” are expected outcome from user experience perspective.

Another way that worth a try might be to limit number of CCs and total bandwidth that can be put as restriction to support FG16-2a and FG16-2b-3. The more complicated processing related to PDCCH for M-DCI (e.g. increased number of CORESETs, BD/CCE) are more related to number of CC, while the more complicated processing of PDSCH is related to total bandwidth that UE can process for M-DCI OOO and S-DCI scheme 2b. By directly limiting the number of CCs and total bandwidth would thus provide spaces for UE to trade between CA and m-TRP without increasing implementation complexity too much and also give the network proper choice of CCs to implement the feature.

Proposal: Consider to put limit on number of CCs and total bandwidth for 16-2a and 16-2b-3 if the compromise cannot be reached regarding FSPC or FS for the two features.

	MediaTek Inc. [5]
	per FSPC 

	Huawei, HiSilicon [6]
	With regarding to reporting type of FG16-2 family:  It is very important to ensure a proper reporting type for given FGs so that those FGs as soon as possible. It is unfortunate that MIMO features are normally expensive for UE implementations so that a fine reporting type will help chipset vendors to implement an advanced feature with basic functions earlier and then support more FGs/CCs associated with that feature in later versions. From this perspective, it will eventually benefit the gNB vendors as well to implement MIMO features as soon as possible. In our current understanding, the targeted deployment of M-DCI and S-DCI M-TRP do not require all CCs per band per band combination to be implemented. Since each CC have own consideration, due to FR/BW etc, our NW/chipset can start implementation of FG16-2 family for given CC(s) as soon as possible. It will also help to lower UE chipset cost by targeting key at CC(s)/scenarios with M-TRP. We also fine with FG16-2b-3 as FSPC. 

	Apple [12]
	We need “per FSPC”

	Nokia, Nokia Shanghai Bell [14]
	FG type: per band

	Qualcomm Incorporated [16]
	Regarding “type” for 16-2 family FGs: The issue of type for mTRP FGs were discussed both in RAN1 #101-e meeting as well as in Email discussions “101-e-Post-NR-UE-Features-10” in July / August 2020. As indicated before, the basic mTRP features (i.e., FGs 16-2a, 16-2b-1, 16-2b-2, 16-2a-3, 16-2b-4, 16-2b-5) should have a type that allows the UE to handle the extensive processing requirements for these features, and indicate the corresponding capability with reasonable amount of flexibility. Among those, 16-2a and 16-2b-3 are the most complicated ones and the UE may require using its CA capability for implementing the features. Hence, FSPC is required for 16-2b-3. 


	16-2b-3a
	Single-DCI based FDMSchemeB CW soft combining
	1. For FDMSchemeB, Support CW soft combining that UE can support
	16-2b-3
	Yes
	N/A
	
	[per FSPC]
	No
	No
	
	
	Optional with capability signaling


	Company
	Summary

	MediaTek Inc. [5]
	per FSPC

	Nokia, Nokia Shanghai Bell [14]
	FG type: per band or similarly to FG16-2a consider tradeoff between number of ssupported CCs and 16-2b-3a. In any case FSPC is not an acceptable option due to the amount of overhead and unnecessary fragmentation.


	16-2b-4
	Single-DCI based TDMSchemeA
	1. Support of single-DCI based TDMSchemeA

2. Supported maximum TBS size for TDMSchemeA


	
	Yes
	N/A
	
	[Per band or per FSPC]
	No
	No
	
	Component 2 candidate values {3, 5, 10, 20, no restriction} KByte

	Optional with capability signaling


	Company
	Summary

	MediaTek Inc. [5]
	per FSPC

	Nokia, Nokia Shanghai Bell [14]
	FG type: per band

	Qualcomm Incorporated [16]
	Regarding “type” for 16-2 family FGs: The issue of type for mTRP FGs were discussed both in RAN1 #101-e meeting as well as in Email discussions “101-e-Post-NR-UE-Features-10” in July / August 2020. As indicated before, the basic mTRP features (i.e., FGs 16-2a, 16-2b-1, 16-2b-2, 16-2a-3, 16-2b-4, 16-2b-5) should have a type that allows the UE to handle the extensive processing requirements for these features, and indicate the corresponding capability with reasonable amount of flexibility. Among those, 16-2a and 16-2b-3 are the most complicated ones and the UE may require using its CA capability for implementing the features. Hence, for 16-2b-4 our preference is FS due to the additional channel estimation complexity corresponding to two TCI states. As mentioned during “101-e-Post-NR-UE-Features-10”, we can be more flexible for this FG if 16-2a and 16-2b-3 are FSPC.


	16-2b-5
	Single-DCI based inter-slot TDM
	1. Support of single-DCI based inter-slot TDM
2. Support of RepNumR16 in PDSCH-TimeDomainResourceAllocation and the maximum value of RepNumR16 
3. Supported maximum TBS size 

4.  [Maximum number of TCI states]
	
	Yes
	N/A
	
	[Per band or per FSPC]
	No
	No
	
	Component 2 candidate values: {{2,3,4,5,6,7,8,16}}

Component 3 candidate values {{3, 5, 10, 20, no restriction} KByte }


	Optional with capability signaling


	Company
	Summary

	Vivo [2]
	The component 4 of 16-2b-5 is still undecided regarding whether to keep it or not.

There are several arguments that the component 4 should not be kept. We don’t think these arguments are valid.

· One is whether there is additional UE complexity. This depends on how one view complexity increase. Single TRP dynamic inter-slot repetition is obviously a new scheme compared with legacy schemes and requires new implementation for PDSCH/PDCCH/RRC etc. This is more complicated.

· Another is how this feature fits into M-TRP framework. The logic behind this is that when UE features are defined, they must be associated with some specific deployment scenarios. But this is not true. They are associated with pre-requisites if necessary. 

Based on above understanding we propose to keep component 4.

	CATT [4]
	Component 4 should be removed. The intention of introducing inter-slot TDM is to improve the reliability of PDSCH by using multiple TRPs. Therefore, two TCI states should be supported for inter-slot TDM as one of the basic functionalities.

	MediaTek Inc. [5]
	per FSPC

	Huawei, HiSilicon [6]
	We still prefer to remove component 4, since it seems to be natural that the UE, who can support multi-TRP, shall support more than one TCI states. Although we have single TRP based dynamic repetition in Rel-16 is to provide NW fallback, it is not the main intention for multi-TRP design.

	LG Electronics [13]
	Support to delete the square brackets, and candidate values of 1 and 2.
16-2b-5
Single-DCI based inter-slot TDM
5. Support of single-DCI based inter-slot TDM
6. Support of RepNumR16 in PDSCH-TimeDomainResourceAllocation and the maximum value of RepNumR16 
7. Supported maximum TBS size 

8. [Maximum number of TCI states]
Yes
N/A

No

No

Component 2 candidate values: {{2,3,4,5,6,7,8,16}}

Component 3 candidate values {{3, 5, 10, 20, no restriction} KByte }

Component 4 candidate values: {1,2}


	Nokia, Nokia Shanghai Bell [14]
	· Component 4: not needed

· FG type: per band

	Qualcomm Incorporated [16]
	Keep component 4 of FG 16-2b-5, and add candidate values {1,2} for this component.
Regarding “type” for 16-2 family FGs: The issue of type for mTRP FGs were discussed both in RAN1 #101-e meeting as well as in Email discussions “101-e-Post-NR-UE-Features-10” in July / August 2020. As indicated before, the basic mTRP features (i.e., FGs 16-2a, 16-2b-1, 16-2b-2, 16-2a-3, 16-2b-4, 16-2b-5) should have a type that allows the UE to handle the extensive processing requirements for these features, and indicate the corresponding capability with reasonable amount of flexibility. Among those, 16-2a and 16-2b-3 are the most complicated ones and the UE may require using its CA capability for implementing the features. Hence, for 16-2b-5, our preference is FS due to the additional channel estimation complexity corresponding to two TCI states. As mentioned during “101-e-Post-NR-UE-Features-10”, we can be more flexible for this FG if 16-2a and 16-2b-3 are FSPC.

	Ericsson [17]
	In FG 16-2b-5, component 4 can be retained and add component values of {1, 2} for component 4.


	16-3a
	Regular eType-II
	Basic components:

1. {Max # of Tx ports in one resource, Max # of resources and total # of Tx ports} to support regular eType-II for R=1

2. Support of parameter combinations  1-6

3. Support of rank 1,2
4. [Number of beams L per CSI-RS ports]
	2-35
	Yes
	N/A
	
	Per band and per BC
	N/A
	N/A
	
	Candidate values for component 1:

· Maximum 16 triplets

· Max # of Tx ports in one resource: {[2,] 4,8,12,16,24,32}

· Max # resources: {1 to 64}

· Max # total ports: {2 to 256}
	Optional with capability signaling


	Company
	Summary

	Apple [12]
	· We should keep component 4 on "Number of beams L per CSI-RS ports”

· We agree that UE is mandated to support the first 6 parameters settings, i.e. L=2 and 4, for eTypeII codebook. The agreement does not mean we have to support L=2/4 for all the number of CSI-RS ports we can support. In other words, due to the constraint on the UE processing capability, UE may support L=2/4 for 16 CSI-RS ports, but only support L=2 for 32 CSI-RS ports. This provides flexibility to both the UE and also the NW (system). The other alternative, in this example, is that UE cannot indicate UE supports 32-port CSI-RS, which anyhow, NW can choose not to configure. We can add a note to confirm that UE has to support the first 6 parameters setting at least for some number of CSI-RS ports.

· The intension for component 4 is not to revert the agreement that UE is mandated to support L=2/4, it is to provide some trade-off between L and number of CSI-RS port in terms of eType II codebook support. We hope companies can understand.  This is allowed in Rel-15. 

· We are fine to remove “2” from component 1


16-3a
Regular eType-II
Basic components:
1. {Max # of Tx ports in one resource, Max # of resources and total # of Tx ports} to support regular eType-II for R=1
2. Support of parameter combinations 1-6
3. Support of rank 1,2
4. [Number of beams L per CSI-RS ports] Parameter "Lx" (number of beams) in codebook generation, where x is index of Tx ports, corresponding to 4,8,12,16,24 and 32 ports.”. Candidate value {2, 4, 6} 
2-35
Yes
N/A
 
Per band and per BC
N/A
N/A
 
Candidate values for component 1:
· Maximum 16 triplets
· Max # of Tx ports in one resource: {[2,] 4,8,12,16,24,32}
· Max # resources: {1 to 64}
· Max # total ports: {2 to 256}
Note: For UE supports FG16-3a, UE is mandated to report L=4 for at least one CSI-RS port configuration among {4, 8, 12, 16, 24, 32} ports
Optional with capability signalling


	LG Electronics [13]
	Component 4 in 16-3a and 3b is not needed since the parameter combinations in component 2 already contain the supported L value. Moreover, the component may restrict the support on some parameter combinations depending on the number of Tx ports.
16-3a
Regular eType-II

Basic components:

1. {Max # of Tx ports in one resource, Max # of resources and total # of Tx ports} to support regular eType-II for R=1

2. Support of parameter combinations  1-6

3. Support of rank 1,2
4. [Number of beams L per CSI-RS ports]
2-35
Yes
N/A
Per band and per BC

N/A

N/A

Candidate values for component 1:

· Maximum 16 triplets

· Max # of Tx ports in one resource: {[2,] 4,8,12,16,24,32}

· Max # resources: {1 to 64}

· Max # total ports: {2 to 256}



	Nokia, Nokia Shanghai Bell [14]
	Remove component 4 and modify component 2 to: ”Support of parameter combinations 1-6 (3-6 not supported for 4 tx ports)”

	Ericsson [17]
	Update the name of the feature groups to “Support of PMI sub-bands with R=2 for regular eType-II” and “Support of PMI sub-bands with R=2 for port selection eType-II”, respectively


	16-3b
	Port selection eType-II
	Basic components:

1. {Max # of Tx ports in one resource, Max # of resources and total # of Tx ports} to support port selection eType-II for R=1

2. 6 parameter combinations (combos with L=6 don’t apply) 

3. Support of rank 1,2

4. [Number of beams L per CSI-RS ports]
	2-35
	Yes
	N/A
	
	Per band and per BC
	N/A
	N/A
	
	Candidate values for component 1:

· Maximum 16 triplets

· Max # of Tx ports in one resource: {[2,] 4,8,12,16,24,32}

· Max # resources: {1 to 64}

· Max # total ports: {2 to 256}
	Optional with capability signaling


	Company
	Summary

	Apple [12]
	· We should keep component 4 on "Number of beams L per CSI-RS ports”

· We agree that UE is mandated to support the first 6 parameters settings, i.e. L=2 and 4, for eTypeII codebook. The agreement does not mean we have to support L=2/4 for all the number of CSI-RS ports we can support. In other words, due to the constraint on the UE processing capability, UE may support L=2/4 for 16 CSI-RS ports, but only support L=2 for 32 CSI-RS ports. This provides flexibility to both the UE and also the NW (system). The other alternative, in this example, is that UE cannot indicate UE supports 32-port CSI-RS, which anyhow, NW can choose not to configure. We can add a note to confirm that UE has to support the first 6 parameters setting at least for some number of CSI-RS ports.

· The intension for component 4 is not to revert the agreement that UE is mandated to support L=2/4, it is to provide some trade-off between L and number of CSI-RS port in terms of eType II codebook support. We hope companies can understand.  This is allowed in Rel-15. 

· We are fine to remove “2” from component 1

16-3b
Port selection eType-II
Basic components:
1. {Max # of Tx ports in one resource, Max # of resources and total # of Tx ports} to support port selection eType-II for R=1
2. 6 parameter combinations (combos with L=6 don’t apply)
3. Support of rank 1,2
4. [Number of beams L per CSI-RS ports] Parameter "Lx" (number of beams) in codebook generation, where x is index of Tx ports, corresponding to 4,8,12,16,24 and 32 ports.”. Candidate value {2, 4, 6} 
 
2-35
Yes
N/A
 
Per band and per BC
N/A
N/A
 
Candidate values for component 1:
· Maximum 16 triplets
· Max # of Tx ports in one resource: {[2,] 4,8,12,16,24,32}
· Max # resources: {1 to 64}
· Max # total ports: {2 to 256}
Note: For UE supports FG16-3b, UE is mandated to report L=4 for at least one CSI-RS port configuration among {4, 8, 12, 16, 24, 32} ports
Optional with capability signalling


	LG Electronics [13]
	Component 4 in 16-3a and 3b is not needed since the parameter combinations in component 2 already contain the supported L value. Moreover, the component may restrict the support on some parameter combinations depending on the number of Tx ports.
16-3b
Port selection eType-II

Basic components:

1. {Max # of Tx ports in one resource, Max # of resources and total # of Tx ports} to support port selection eType-II for R=1

2. 6 parameter combinations (combos with L=6 don’t apply) 

3. Support of rank 1,2

4. [Number of beams L per CSI-RS ports]

2-35
Yes
N/A
Per band and per BC

N/A

N/A

Candidate values for component 1:

· Maximum 16 triplets

· Max # of Tx ports in one resource: {[2,] 4,8,12,16,24,32}

· Max # resources: {1 to 64}

· Max # total ports: {2 to 256}



	Nokia, Nokia Shanghai Bell [14]
	Remove component 4 and modify component 2 to: ”Support of parameter combinations 1-6 (3-6 not supported for 4 tx ports)”

	Ericsson [17]
	Update the name of the feature groups to “Support of PMI sub-bands with R=2 for regular eType-II” and “Support of PMI sub-bands with R=2 for port selection eType-II”, respectively


	16-5a
	UL full power transmission mode of fullpower
	1. Supported UL full power transmission mode of fullpower
	2-13, 2-14
	Yes
	N/A
	
	Per FS 
	N/A
	N/A
	
	
	Optional with capability signaling


	Company
	Summary

	Apple [12]
	16-5a
UL full power transmission mode of fullpower
1.     Supported UL full power transmission mode of fullpower: {2Tx, 4TX}
2-13, 2-14
Yes
N/A
 
Per FS 
N/A



	16-5b
	UL full power transmission fullpowerMode1
	1. Supported UL full power transmission fullpowerMode1
2. [Number of Tx to support mode 1: {2Tx, 4Tx, 2Tx_4Tx}]


	2-13, 2-14
	Yes
	N/A
	
	Per FS 
	No
	No
	
	
	Optional with capability signaling


	Company
	Summary

	Vivo [2]
	Following FG was proposed by moderator during pre-RAN1#102e email discussion, however no consensus reached. In our view, definition of UE features should support variety of UE implementation and should not be forced to choose one way or other. 

16-5b
UL full power transmissionfullpowerMode1
1.    Supported UL full power transmissionfullpowerMode1
2.    [Number of Tx to support mode 1: {2Tx, 4Tx, 2Tx_4Tx}]
The most contentious part of the email discussion was capability reporting for an UE supporting 4Tx. It is obvious that, gNB may configure 2-port SRS for the with 4Tx UE capability, even in Rel-15. 

On FG 16-5b, “Number of Tx to support mode 1: {2Tx, 4Tx, 2Tx_4Tx}” should be kept to allow flexible capability reporting to support variety of UE implementations. 4Tx UE supporting mode1 may support mode 0 when configured with 2-port SRS, thus the FG should be allow an UE to report whether mode1 is supported when configured with 2-port and 4-port SRS for 4Tx UE. In this sense we support the proposal from moderator.

	ZTE [3]
	Regarding 16-5b, the component-2 should be removed (as follows in red) considering that there is few UE implementation of further supporting 2Tx, e.g., one more TPMI for 2Tx case, for 4Tx mode-1 UE.
1.  [Number of Tx to support mode 1: {2Tx, 4Tx, 2Tx_4Tx}]

16-5b

UL full power transmission fullpowerMode1
1. Supported UL full power transmission fullpowerMode1
2. [Number of Tx to support mode 1: {2Tx, 4Tx, 2Tx_4Tx}]

2-13, 2-14

Yes
N/A

Per FS 

No

No

Optional with capability signaling



	CATT [4]
	On “Number of Tx to support mode 1: {2Tx, 4Tx, 2Tx_4Tx}”, assuming UE will reports a single value from the candidate value set, “2Tx_4Tx” is needed. A 4Tx UE capable of 4-port mode 1 operation does not necessarily support 2Tx mode 1 operation, and it is preferred to leave some implementation flexibility to UE vendors.

	Huawei, HiSilicon [6]
	Based on the email discussion in [101-e-Post-NR-UE-Features-10], we provide our view on the UE FG for full power transmission as following:

For 16-5b, the component of “Number of Tx to support mode 1: {2Tx, 4Tx, 2Tx_4Tx}” should be removed. The reasons is that full power mode-1 is designed for the case that no virtualization, the maximum number of SRS ports in a resource is already reported by UE, the component provide no more additional information. Actually, if to introduce this component, the ambiguity will be introduced. Since the power scaling is defined based on the maximum ports supported by UE, i.e., “[image: image3.png]


 is the ratio of a number of antenna ports with non-zero PUSCH transmission power over the maximum number of SRS ports supported by the UE in one SRS resource“, the reported value in the component cannot be different with the maximum number SRS ports in a resource. For example, UE is 4Tx, then the reported maximum SRS ports in a resource is 4, if UE report the component is 2Tx for mode-1, only 1/2 power can be achieved. Furthermore, it is more confusion that 2Tx_4Tx, since UE only can be full power transmission based on one case in Mode-1, cannot be both of them.

In summary, the component provide no additional useful information compared to Rel-15 UE capability of maximum number of SRS ports (also the same as the maximum number of MIMO layers), but introduce some ambiguity for different values reported for this component and the maximum number of SRS ports. So, we propose to remove the component “ Number of Tx to support mode 1: {2Tx, 4Tx, 2Tx_4Tx}” in FG 16-5b to avoid the ambiguity of UE capability reporting for full power transmission mode-1.

	Intel Corporation [7]
	During [101-e-Post-NR-UE-Features-10] email discussion, some companies suggested to keep component 2 “Number of Tx to support mode 1: {2Tx, 4Tx, 2Tx_4Tx}” for FG 16-5b. And the argument to keep it is that for the 4-port UE, the output power for 2-port in Mode 1 can be 3dB more than the legacy Rel-15 mode, although it is not full power. For example, for UE with [17 17 17 17] dBm PA architecture, the output power for Rank-1 with 2-port in Rel-15 will be 17 dBm, and the output power for Rank-1 with 2-port in Mode 1 will be 20 dBm.

However, even though the 2-port with Mode 1 can achieve 3dB more power than Rel-15, we think for the capability reporting, it is still not necessary to keep component 2.

Firstly, in the current spec, when 4-port UE indicates the support of Mode 1, the gNB could also configure the UE with 2-port with Mode 1 operation. There is no restriction in current spec that the gNB can’t configure the UE with Mode 1 together with 2-port SRS for the 4-port UE.

Secondly, from the UE implementation perspective, if the 4-port UE reports the support of Mode 1, it means the UE can apply small delay diversity transmission over the entire four Tx antennas. Obviously, the UE can also perform the small delay diversity over a subset of the Tx antennas, i.e. over 2 ports. Thus, if the 4-port UE indicates the support of Mode-1, it means the UE can also supports 2-port Mode 1 operation.

Therefore, when the 4-port UE reports the support of Mode 1, it means the UE can support 2-port Mode 1 operation and the gNB can also configure the UE with 2-port Mode 1 operation. Thus, the component 2 of “Number of Tx to support mode 1: {2Tx, 4Tx, 2Tx_4Tx}” is not necessary.
16-5b
UL full power transmission fullpowerMode1
1. Supported UL full power transmission fullpowerMode1
2. [Number of Tx to support mode 1: {2Tx, 4Tx, 2Tx_4Tx}]


	Samsung [11]
	In our view, the square bracket can be removed since the three candidate values provide implementation flexibility to a UE.

	Apple [12]
	· For component 2: It is much preferable that we split this into two components, one for UE configured as 2 port and one for UE configured as 4 port

· The SRS configuration with different number of antenna ports for Mode 2 when UE is configured with 2 port operation: {NULL, 1_2}

· The SRS configuration with different number of antenna ports for Mode 2 when UE is configured with 4 port operation: {NULL, 1_4, 2_4, 1_2_4}

16-5b
UL full power transmission fullpowerMode1
1.     Supported UL full power transmission fullpowerMode1
2.     [Number of Tx to support mode 1: {2Tx, 4Tx, 2Tx_4Tx}]
2-13, 2-14
Yes
N/A
 
Per FS 
No


	LG Electronics [13]
	Our first preference is removing second bullet, since it is supported by Rel-15 UE capability (FG 2-13). If majority companies want to keep the second bullet for flexible UE capability reporting, we could live with second bullet.
16-5b
UL full power transmission fullpowerMode1
3. Supported UL full power transmission fullpowerMode1
4. [Number of Tx to support mode 1: {2Tx, 4Tx, 2Tx_4Tx}]
2-13, 2-14

Yes

N/A

Per FS 
No

No



	Ericsson [17]
	There are proposals to separately indicate the number of transmit antennas used for UL full power Mode 1 from those supported in the Rel-15 capability 2-53 of the maximum number of SRS ports per resource.  While we understand UE vendors may wish to have this flexibility, it seems difficult to implement according to the definition of Mode 1. Mode 1 power scaling is based on the maximum number of SRS ports per resource, and so if 16-5b were to use a different number of SRS ports in the scaling, this would be inconsistent with Mode 1 operation.  Furthermore, Mode 2 is designed to scale according to a configured number of SRS ports per resource, and defining a different number of Tx antennas for Mode 1 seems to duplicate Mode 2 functionality.

Proposal: Do not introduce 16-5b component 2: “[Number of Tx to support mode 1: {2Tx, 4Tx, 2Tx_4Tx}]”


	16-5c
	UL full power transmission fullpowerMode2
	1. The maximum number of SRS resources in one SRS resource set with usage set to ‘codebook’ for Mode 2: {1, 2, 4}
	2-13, 2-14
	Yes
	N/A
	
	Per FS 
	No
	No
	
	
	Optional with capability signaling


	Company
	Summary

	Apple [12]
	16-5c
UL full power transmission fullpowerMode2
The maximum number of SRS resources in one SRS resource set with usage set to ‘codebook’ for Mode 2: {1, 2, 4}

1. The maximum number of SRS resources in one SRS resource set with usage set to ‘codebook’ when UE is configured with 2 port operation: {1, 2}.

2. The maximum number of SRS resources in one SRS resource set with usage set to ‘codebook’ when UE is configured with4 port operation: {1, 2, 4} .

2-13, 2-14
Yes
N/A
Per FS 
No



	16-5c-2
	UL full power transmission fullpowerMode2 – SRS resources
	1. [Number of Tx to support mode 2: {2Tx, 4Tx, 2Tx_4Tx}]
2. The SRS configuration with different number of antenna ports for Mode 2: {[NULL,] 1_2, 1_4, [2_4], 1_2_4}
	16-5c
	Yes
	N/A
	
	Per FS
	No
	No
	
	
	Optional with capability signaling


	Company
	Summary

	Vivo [2]
	Following FG was proposed by moderator during pre-RAN1#102e email discussion, however no consensus reached. In our view, definition of UE features should support variety of UE implementation and should not be forced to choose one way or other. 

16-5c-2
UL full power transmissionfullpowerMode2– SRS resources
1. [Number of Tx to support mode 2: {2Tx, 4Tx, 2Tx_4Tx}]
2.    The SRS configuration with different number of antenna ports for Mode 2: {[NULL,]1_2, 1_4, [2_4],1_2_4}
The most contentious part of the email discussion was capability reporting for an UE supporting 4Tx. It is obvious that, gNB may configure 2-port SRS for the with 4Tx UE capability, even in Rel-15. 

On FG 16-5c-2, this FG is about mode2 with multiple SRS resources configured with different number of ports in a set, thus it is irrelevant when there is only 1 SRS resource configured in a set. It has been agreed to increase max number of SRS resources within a set to 4, thus discussion should focus on combinations configured SRS ports for 2 resources, 3 resources and 4 resources. It is clear there are only 1_2 and 1_4 combinations of SRS ports for the case of 2 resources as full power transmission is more relevant single layer PUSCH transmission. For the case of 3 resources the combination of 1_2_4 SRS ports is straight forward. In this sense, we support the proposal from moderator.

	ZTE [3]
	Regarding 16-5c-2, we recommend to remove 2_4 from the component 2 as follows (in red), considering the usage is unclear and, in Rel-15, full power transmission for 1-port PUSCH has already been supported. If UE vendor still prefer to indicate the number of SRS configuration with different port(s), we can support to have a new FG about the number of SRS configuration with different SRS ports, and the corresponding candidate value can be {1,2,3}.

1. The SRS configuration with different number of antenna ports for Mode 2: {[NULL,] 1_2, 1_4, [2_4], 1_2_4}
16-5c-2

UL full power transmission fullpowerMode2 – SRS resources

1. [Number of Tx to support mode 2: {2Tx, 4Tx, 2Tx_4Tx}]
2. The SRS configuration with different number of antenna ports for Mode 2: {[NULL,] 1_2, 1_4, [2_4], 1_2_4}

16-5c

Yes

N/A

Per FS

No

No

Optional with capability signaling



	CATT [4]
	· Overall, there are some redundancies within 3 components in 16-5c-2 and 16-5c-3. Although it is possible to further optimize (e.g. reduce) the components, we are OK to keep the current component structure so as not to further prolong the discussion. It is noted that in theory there might be some conflicting capabilities if the combinations of 3 reported component values are unrestricted; however we do not think it is necessary to exhaustively define the list of valid value combinations. This can be left to UE/gNB implementation.

· On the “number of Tx to support mode 2: {2Tx, 4Tx, 2Tx_4Tx}”, {2Tx_4Tx} should be kept. “4Tx” should be interpreted that the maximum number of SRS port in the SRS resource set is 4, and gNB should not assume 2Tx SRS can be configured. 

· On “SRS configurations with different number of antenna ports for Mode 2”, [Null] shall be removed.

	Huawei, HiSilicon [6]
	The value 2_4 should be kept, otherwise a UE capability is missing. In 16-5c-2, there are two information should be reported by UE: 1. How many SRS resources with different number of ports UE can support, e.g., up to 1 or 2 or 3 resources with different ports? 2. How many ports in each resource for the SRS resources with different ports, e.g., supporting 2-port reouce+4-port resource, or support 1-port resource+2-port resource?  If 2_4 is missing, then the following highlighted UE capability is missing. 

1_2: means UE support {1},{2}, {1,2}
1_4: means UE support {1},{4},{1,4}
2_4: means UE support {1}, {2}, {4}, {1,2}, {1,4}, and {2, 4}
1_2_4: means UE support {1}, {2}, {4}, {1,2}, {1,4}, {2, 4} and {1,2,4}

Without the 2_4, it means UE is forced to support up to 3 SRS resources with different number of SRS ports if the UE want to support 2-port and 4-port SRS resources. So, we propose to keep the value 2_4 in FG 16-5c-2 to complete UE capability design.

	Intel Corporation [7]
	During [101-e-Post-NR-UE-Features-10] email discussion, consensus couldn’t be reached on FG 16-5c-2.

In our view, the first component is not necessary as it is duplicated. The information of component 1 can be provided by other components.

For the second component, the value of [NULL] should be removed, because the FG of 16-5c-2 is optional. And the value of ‘2_4’ should be kept because it can provide the information on the supported antenna ports when the UE reports the maximum number of SRS resources of 2 for Mode 2 operation. Otherwise, this kind of information is missing.
16-5c-2

UL full power transmission fullpowerMode2 – SRS resources

1. [Number of Tx to support mode 2: {2Tx, 4Tx, 2Tx_4Tx}]
2. The SRS configuration with different number of antenna ports for Mode 2: {[NULL,] 1_2, 1_4, [2_4], 1_2_4}



	Samsung [11]
	In our view, the first component can be deleted since we already have the second component about different SRS port combinations. For component 2, the technical motivation of having 2Tx_4Tx is unclear since for the case when the UE is configured with multiple SRS resources with different number of ports, full power can only be achieved with 1-port SRS resource. Since 1Tx is not included in 2Tx_4Tx, it is not needed in the UE capability reporting. Note that the full power can already be achieved in R15 if the UE is configured with a single 1-port SRS resource. Regarding the NULL value, since this FG is optional, it is redundant to include NULL as a candidate value, since it is the same as UE not reporting this FG. So, we prefer to remove both NULL and 2_4 from the set of candidate values for component 2.

	Apple [12]
	· For component 1: we support to keep it. For us, the intention is to report the full power transmission capability when downgrade happens. In other words, 2Tx_4Tx means that, for a 4 port capable UE, UE supports mode 2 in both the case when NW configure 2 port PUSCH operation or 4 port PUSCH operation. This is similar understanding for FG16-5b

· For example, for a 4 port UE with {23, 17, 23, 17} PA, there is no need for UE to support mode 2 when UE is configured as 2 port UL operation, in fact, UE should be a mode 0 UE which is missing in the current capability design

· For component 2: UE should be able to indicate that UE does not support different number of ports for SRS resources, i.e. UE does not plan to perform antenna virtualization and only signals the PMI that UE can support FP Tx based on the PA. This is the intention of “NULL”. There are two alternatives, and the second one need further check with RAN2

· Alt1: Include NULL 

· Alt2: Remove NULL. This means UE is not required to report component 2, in which case, it is interpreted as “NULL”, i.e. UE only supports the same number of ports for SRS resource in the SRS resource set configured with “codebook” usage. However, this may not be allowed by the RAN2, i.e. within a FG, UE is allowed to only indicate a subset of components and not reporting the other components. Last time I check with our RAN2 team, this is my understanding

16-5c-2
UL full power transmission fullpowerMode2 – SRS resources
1.    [Number of Tx to support mode 2: {2Tx, 4Tx, 2Tx_4Tx}]
2.     The SRS configuration with different number of antenna ports for Mode 2: {[NULL,] 1_2, 1_4, [2_4], 1_2_4}
2. The SRS configuration with different number of antenna ports for Mode 2 when UE is configured with 2 port operation: {NULL, 1_2}
3. The SRS configuration with different number of antenna ports for Mode 2 when UE is configured with 4 port operation: {NULL, 1_4, 2_4, 1_2_4}
16-5c
Yes
N/A
 
Per FS
No


	LG Electronics [13]
	Support deleting 1st bullet and keep 2_4 in the 2nd bullet.
16-5c-2

UL full power transmission fullpowerMode2 – SRS resources

3. [Number of Tx to support mode 2: {2Tx, 4Tx, 2Tx_4Tx}]
4. The SRS configuration with different number of antenna ports for Mode 2: {[NULL,] 1_2, 1_4, [2_4], 1_2_4}

16-5c

Yes
N/A

Per FS

No

No



	Qualcomm Incorporated [16]
	· Remove component 1 “[Number of Tx to support mode 2: {2Tx, 4Tx, 2Tx_4Tx}]”, which is redundant, given component 2. 

· “2_4” should be included in component 2

	Ericsson [17]
	Similar to 16-5b, there is a proposal to introduce a component 1 that indicates the number of transmit antennas used for UL full power Mode 1 from those supported in the Rel-15 capability 2-53 of the maximum number of SRS ports per resource.  This seems redundant with component 2, which can the number of ports supported in combinations of SRS resources.  Furthermore, it is unclear what the number of Tx antennas would actually be used for in Mode 2, since Mode 2 power scaling is according to the number of SRS resources configured to the UE or indicated by SRI.

Proposal: Do not introduce 16-5c-2 component 1: ‘[Number of Tx to support mode 1: {2Tx, 4Tx, 2Tx_4Tx}]”

Component 2 has been proposed to include a ‘NULL’ value, which we think is redundant with not indicating support for 16-5c-2.  Therefore, this value should not be specified as a value for component 2.

Component 2 has been proposed to include a value of ‘2_4’.  Since component 2 lists the SRS configurations supported by the UE with different numbers of ports, 2_4 seems to exclude single port full power transmission for Mode 2.  This is less than what is supported for Rel-15 with DCI format 0_0 or when the UE is configured with one SRS port and is triggered with DCI format 0_1.  A UE indicating ‘2_4’ therefore does not seem to be a full power UE, and the ‘2_4’ value here is actually an indication of UE ‘incapability’.  Other interpretations of component 2 have been offered wherein a ‘2_4’ UE would support single port transmission, but in this case component 2 should be clarified to support such an interpretation. 

Proposal: Do not introduce the value of ‘NULL’ or ‘2_4’ into 16-5c-2 component 2 


	16-5c-3
	UL full power transmission fullpowerMode2 – full power TPMI groups 
	2. TPMI group(s) which delivers full power: {2-port {2-bit bitmap}, 4-port non-coherent {G0~G3}, 4-port partial-coherent {G0~G6}, [FFS: 4-port full-coherent {G0~G6}]}
	16-5c
	Yes
	N/A
	
	Per FS
	No
	No
	
	
	Optional with capability signaling


	Company
	Summary

	Vivo [2]
	Following FG was proposed by moderator during pre-RAN1#102e email discussion, however no consensus reached. In our view, definition of UE features should support variety of UE implementation and should not be forced to choose one way or other. 

16-5c-3
UL full power transmissionfullpowerMode2– full power TPMI groups
1.    TPMI group(s) which delivers full power: {2-port {2-bit bitmap}, 4-port non-coherent {G0~G3}, 4-port partial-coherent {G0~G6}, [FFS: 4-port full-coherent {G0~G6}]}
The most contentious part of the email discussion was capability reporting for an UE supporting 4Tx. It is obvious that, gNB may configure 2-port SRS for the with 4Tx UE capability, even in Rel-15. 

On 16-5c-3, maybe it is not a good idea to start discussing the TPMI groups all over again. The contentious part of the discussion was about the note captured below, as a compromise we can accept this FG with this note.

“Note: For 4 port partial-coherent or full-coherent UE, UE can report: 2-port {2-bit bitmap} and 4-port non-coherent {G0~G3} and 4-port partial-coherent {G0~G6}”

In this sense, we can support the proposal from moderator.

	ZTE [3]
	Regarding 16-5c-3, after RAN1 email discussion, we recommend the following proposal where the changes are marked in red, in order to guarantee sufficient flexibility of UE capability reporting.
16-5c-3

UL full power transmission fullpowerMode2 – full power TPMI groups 

TPMI group(s) which delivers full power: {2-port {2-bit bitmap}, one 4-port non-coherent group from {G0~G3}, one 4-port partial-coherent group from {G0~G6}, [FFS: 4-port full-coherent {G0~G6}]}

16-5c

Yes

N/A

Per FS

No

No

Note: When a full coherent UE operates in mode 2, the way it reports TPMIs should be the same as a partial-coherent UE

Note: For 4 port partial-coherent or full-coherent UE, UE can report: 2-port {2-bit bitmap} and one 4-port non-coherent group from {G0~G3} and one 4-port partial-coherent group from {G0~G6}

For 4 port non-coherent UE, UE can report: 2-port {2-bit bitmap} and 4-port non-coherent {G0~G3}

For 2 port UE, UE can report: 2-port {2-bit bitmap}

Optional with capability signaling



	CATT [4]
	We are OK to remove “4-port full-coherent {G0~G6}”. A full-coherent 4Tx UE assume that the same set of non/partial-coherent 4Tx TPMI can be used for full-power transmission when gNB configuration downgrades it to operate as a 4Tx partial-coherent UE.

	Samsung [11]
	First, since TPMI group reporting for 4 port full coherent is the same as that for 4 port partial coherent, the FFS on 4 port full coherent can be removed and the first note should be added. Second, regarding the third column, it should be clarified that only one TPMI group from {G0-G3} can be reported in case of 4 port non-coherent. Likewise, only one TPMI group from {G0-G6} can be reported in case of 4 port partial-coherent. The second note should be revised accordingly. Finally, regarding the second note, it should be clarified that whether a 4 port partial-coherent UE can report only A or one of A, B, or, C, where

· A: (X1, X2, X3)

· X1: 2-port, 2-bit bitmap 

· X2: 4-port, non-coherent, one from {G0-G3} and 

· X3: 4-port, partial-coherent, one from {G0-G6}. 

· B: (X1, X3)

· X1: 2-port, 2-bit bitmap 

· X3: 4-port, partial-coherent, one from {G0-G6}. 

· C: X3

· X3: 4-port, partial-coherent, one from {G0-G6}. 

In our view, the UE should report only A, i.e., all of (X1, X2, X3). Likewise, the note for 4 port non-coherent should also be clarified. 
16-5c-3
UL full power transmissionfullpowerMode2– full power TPMI groups
1.    TPMI group(s) which delivers full power: {2-port {2-bit bitmap}, one 4-port non-coherent group from {G0~G3},one 4-port partial-coherent group from {G0~G6}, [FFS: 4-port full-coherent {G0~G6}]}
Note: When a full coherent UE operates in mode 2, the way it reports TPMIs should be the same as a partial-coherent UE
Note: For 4 port partial-coherent or full-coherent UE, UE shallcan report: 2-port {2-bit bitmap} and one 4-port non-coherent group from {G0~G3} and one 4-port partial-coherent group from {G0~G6}
For 4 port non-coherent UE, UE shallcan report: 2-port {2-bit bitmap} and one 4-port non-coherent group from {G0~G3}
For 2 port UE, UE can report: 2-port {2-bit bitmap}
16-5c-3


	Apple [12]
	· In general, we are fine with FG16-5c-3. However, this is one of the most difficult topic since it is connected with the TPMI list discussion and the reply we need for RAN2 LS. There is a possibility that we change the current TPMI list so that we can support different PA architecture better. But given the current TPMI list, current FG16-5c-4 is what we prefer

· We need to clarify the meaning of the candidate value, to avoid confusion, since it is not bitmap, nor enumerated. Therefore, we propose to clarify it as 

· For 4 port partial-coherent or full-coherent UE, UE needs to report: 2-port {2-bit bitmap} and 4-port non-coherent {G0~G3} and 4-port partial-coherent {G0~G6}

· For 4 port non-coherent UE, UE needs to report: 2-port {2-bit bitmap} and 4-port non-coherent {G0~G3} 

· For 2 port UE, UE needs to report: 2-port {2-bit bitmap} 

16-5c-3
UL full power transmission fullpowerMode2 – full power TPMI groups 
1.     TPMI group(s) which delivers full power: {2-port {2-bit bitmap}, 4-port non-coherent {G0~G3}, 4-port partial-coherent {G0~G6}, [FFS: 4-port full-coherent {G0~G6}]}
16-5c
Yes
N/A
 
Per FS
No
No
 
Note: When a full coherent UE operates in mode 2, the way it reports TPMIs should be the same as a partial-coherent UE
Note: For 4 port partial-coherent or full-coherent UE, UE needs to report: 2-port {2-bit bitmap} and 4-port non-coherent {G0~G3} and 4-port partial-coherent {G0~G6}
For 4 port non-coherent UE, UE needs to report: 2-port {2-bit bitmap} and 4-port non-coherent {G0~G3} 
For 2 port UE, UE needs to report: 2-port {2-bit bitmap} 
Optional with capability signalling


	LG Electronics [13]
	During the email discussion [101-e-Post-NR-UE-Features-10], a note was added for the clarification purpose, and we are fine with this clarification.
16-5c-3
UL full power transmission fullpowerMode2 – full power TPMI groups 

1. TPMI group(s) which delivers full power: {2-port {2-bit bitmap}, one 4-port non-coherent group from {G0~G3},one 4-port partial-coherent group from {G0~G6}, [FFS: 4-port full-coherent {G0~G6}]}
16-5c

Yes
N/A

Per FS

No

No

Note: When a full coherent UE operates in mode 2, the way it reports TPMIs should be the same as a partial-coherent UE

Note: For 4 port partial-coherent or full-coherent UE, UE can report: 2-port {2-bit bitmap} and one4-port non-coherent group from {G0~G3} and one 4-port partial-coherent group from {G0~G6}

For 4 port non-coherent UE, UE can report: 2-port {2-bit bitmap} and 4-port non-coherent {G0~G3}

For 2 port UE, UE can report: 2-port {2-bit bitmap}


	Qualcomm Incorporated [16]
	4-port full coherent UE follow the same way as 4-port partial coherent UE to report full power TPMI, with the understanding that gNB assumes full coherent UE can support full power on TPMIs without zero power ports in additional to the reported full power TPMIs.


	16-8
	Active CSI-RS resources and ports for mixed codebook types in any slot
	1. Report a list of codebook combinations as {codebook 1, codebook 2}
2. For each codebook combination, report a list of {max number of ports per resource, max number of resources, max number of total ports}
	[2-35]
	Yes
	N/A
	
	per band and per BC
	N/A
	N/A
	
	Component-1 candidate values:

Codebook 1 = {Type I SP, Type I MP}

codebook 2 = {Type II, Type II PS, eType II R=1, eType II R=2, eType II PS R=1, eType II PS R=2 }

FFS: whether introduce codebook 3, where codebook 3 is downselected from {Type II, Type II PS, eType II R=1, eType II R=2, eType II PS R=1, eType II PS R=2, NULL}
Note 3：if a UE reports one or more codebook combinations in 16-8, then usage of active CSI-RS resources and ports for multiple codebooks in any slot is allowed only within those combinations

Note 4: For coexisting of mixed codebooks in any slot, gNB need to honor 16-8 and per-codebook capability 2-36/40/41/43 and 16-3a/b

FFS: the max number of combinations can be signaled in component 1
FFS: the minimum requirement for component 2
	Optional with capability signaling


	Company
	Summary

	Samsung [11]
	The main discussion is about the candidate values for component 1. In particular, it was argued that the candidate values (Codebook 2, Codebook 3) = (eType II R=1, NULL), (eType II R=2, NULL), (eType II PS R=1, NULL), (eType II PS R=2, NULL) are redundant since there are separate FGs 16-3a-1 and 16-3b-1 for reporting capability about the R value. That is, if the UE reports capability according to FG 16-3a-1, then the UE supports (Codebook 2, Codebook 3) = (eType II R=1, NULL), (eType II R=2, NULL) implicitly. In our view, this argument is restrictive to UE implementations since it requires a UE to be always capable of (Codebook 2, Codebook 3) = (eType II R=1, NULL), (eType II R=2, NULL) if the UE reports capability according to FG 16-3a-1. In practice, a UE capable of FG 16-3a-1 may not be capable of supporting FG 16-8 at all. So, we prefer to keep all values for component 1.
16-8
Active CSI-RS resources and ports for mixed codebook types in any slot
1. Report a list of codebook combinations as {codebook 1, codebook 2, codebook 3}
2. For each codebook combination, report a list of {max number of ports per resource, max number of resources, max number of total ports}
[2-35] 2-36/2-40/2-41/2-43 in Rel-15, and 16-3a, 16-3b in Rel-16
Component-1 candidate values:
Codebook 1 = {Type I SP, Type I MP}
codebook 2 = {Type II, Type II PS, eType II R=1, eType II R=2, eType II PS R=1, eType II PS R=2 }
(Codebook 2, Codebook 3) = {(Type II, NULL), (Type II PS, NULL), (eType II R=1, NULL), (eType II R=2, NULL), (eType II PS R=1, NULL), (eType II PS R=2, NULL), (Type II, Type II PS)}
 
FFS: whether introduce codebook 3, where codebook 3 is downselected from {Type II, Type II PS, eType II R=1, eType II R=2, eType II PS R=1, eType II PS R=2, NULL}
 
Note 3：if a UE reports one or more codebook combinations in 16-8, then usage of active CSI-RS resources and ports for multiple codebooks in any slot is allowed only within those combinations
 
Note 4: For coexisting of mixed codebooks in any slot, gNB need to honor 16-8 and per-codebook capability 2-36/40/41/43 and 16-3a/b
 
FFS: the max number of combinations can be signaled in component 1
Note 5: Up to 4 combinations for component 1
FFS: the minimum requirement for component 2
 
Component-2 candidate values:
· Maximum 16 triplets for each codebook combination
· Max # of Tx ports in one resource: {4,8,12,16,24,32}
· Max # resources: {1 to 64}
· Max # total ports: {4 to 256}


	Apple [12]
	· Prerequisite: There is a typo “FG2-42” should be “FG2-43”

· For Note 4

· We expect UE will report new FG2-36/40/41/43, not the old Rel-15 reporting

· We need to make sure that RAN2 will allow UE to report Rel-16 version of FG2-36/40/41/43  
16-8
Active CSI-RS resources and ports for mixed codebook types in any slot
1. Report a list of codebook combinations as {codebook 1, codebook 2, codebook 3}
For each codebook combination, report a list of {max number of ports per resource, max number of resources, max number of total ports}
[2-35] 2-36/2-40/2-41/2-423 in Rel-15, and 16-3a, 16-3b in Rel-16
Yes
N/A
 
per band and per BC
N/A
N/A
 
Component-1 candidate values:
Codebook 1 = {Type I SP, Type I MP}
codebook 2 = {Type II, Type II PS, eType II R=1, eType II R=2, eType II PS R=1, eType II PS R=2 }
(Codebook 2, Codebook 3) = {(Type II, NULL), (Type II PS, NULL), (eType II R=1, NULL), (eType II R=2, NULL), (eType II PS R=1, NULL), (eType II PS R=2, NULL), (Type II, Type II PS)}
 
FFS: whether introduce codebook 3, where codebook 3 is downselected from {Type II, Type II PS, eType II R=1, eType II R=2, eType II PS R=1, eType II PS R=2, NULL}
 
Note 3：if a UE reports one or more codebook combinations in 16-8, then usage of active CSI-RS resources and ports for multiple codebooks in any slot is allowed only within those combinations
 
Note 4: For coexisting of mixed codebooks in any slot, gNB need to honor 16-8 and per-codebook capability 2-36/40/41/43 (new Rel-16 replicas of Rel-15 FG2-36/40/41/43) and 16-3a/b
 
FFS: the max number of combinations can be signaled in component 1
Note 5: Up to 4 combinations for component 1
FFS: the minimum requirement for component 2
 
Component-2 candidate values:
· Maximum 16 triplets for each codebook combination
· Max # of Tx ports in one resource: {2,4,8,12,16,24,32}
· Max # resources: {1 to 64}
Max # total ports: {2 to 256}
Optional with capability signalling


	Nokia, Nokia Shanghai Bell [14]
	Do not introduce codebook 3. Instead add the following candidate values to codebook 2: {“ Type II and/or Type II PS”, “eType II and/or eType II PS”}

	Qualcomm Incorporated [16]
	· Supporting combinations of 3 codebooks concurrently does not seem to be a typical case, so it is preferred to only allowing combinations of 2 codebooks. If there is consensus in allowing combinations of 3 codebooks considering flexibility and forward compatibility, combinations of 2 codebooks should also be included as options for UE reporting. Prefer not including combinations (1st preference) of 3 codebooks, or at least allowing reporting “NULL” in combination of 3 codebooks (2nd preference).

· On number of codebook combinations, 4 should be a reasonable number considering flexibility and overhead. Support reporting max 4 codebook combinations

· On minimum requirement for Type II and eType II, we don’t think standard is the right place to discuss this issue. Standard should provide sufficient flexibility for UE to report Type II and eType II CSI. 


3 Issues for discussion during the preparation phase

After review of contributions submitted to RAN1 #102-e in this agenda item, the following topics have been identified by the moderator as candidates for discussion/approval during RAN1 #102-e. Companies are invited to express their views in the tables below whether these topics should be discussed during RAN1 #102-e. 
3.1 Clarify note in FG 16-2a-3
One company would like to clarify that the note in FG 16-2a-3 does not apply to in-order operation for PUSCHs associated with different CORESETPoolIndex values.
Companies are invited to express their views in the table below whether this proposal should be discussed during RAN1 #102-e.
	Company
	Comments/Questions/Suggestions

	LG
	No need to discuss. The note applies OOO PUSCH as it is written.

	ZTE
	We are fine to discuss this issue

	Ericsson
	Ok to discuss this; But this may not be urgent as this does not have ASN1 impact.  We can discuss this after resolving other urgent open issues that have ASN.1 impact.

	Intel
	We are ok to discuss this

	Apple
	We are okay to discuss this

	QC
	Same view as Ericsson. Ok to discuss but not high priority.  

	Samsung
	Okay to discuss this.

	Lenovo/MotM
	Ok to discuss and clarify that for a UE supporting 16-2a-3, the note only applies when out-of-order operation occurs for PUSCHs


3.2 Add FG 16-2a as a prerequisite for FG 16-2a-10
One company would like to add FG 16-2a as a prerequisite for FG 16-2a-10.
Companies are invited to express their views in the table below whether this proposal should be discussed during RAN1 #102-e.
	Company
	Comments/Questions/Suggestions

	LG
	Support the proposal

	ZTE
	We are fine to discuss it

	Ericsson
	Should be discussed.

	Intel
	We are ok to discuss this

	Apple
	We are okay to discuss this 

	QC
	Support

	Samsung
	Support.

	Lenovo/MotM
	Ok to discuss.


3.3 Add FG 16-2b-1 as a prerequisite for FG 16-2b-1b
One company would like to add FG 16-2b-1 as a prerequisite for FG 16-2b-1b.
Companies are invited to express their views in the table below whether this proposal should be discussed during RAN1 #102-e.
	Company
	Comments/Questions/Suggestions

	LG
	Support the proposal

	ZTE
	We are fine to discuss it

	Ericsson
	Should be discussed.

	Intel
	We are ok to discuss this

	Apple
	We are okay to discuss this 

	QC
	Support.

	Samsung
	Support

	Lenovo/MotM
	Ok to discuss.


3.4 Name of feature groups 16-3a and 16-3b
One company would like to update the name of feature groups 16-3a and 16-3b to “Support of PMI sub-bands with R=2 for regular eType-II” and “Support of PMI sub-bands with R=2 for port selection eType-II”, respectively.
Companies are invited to express their views in the table below whether this proposal should be discussed during RAN1 #102-e.
	Company
	Comments/Questions/Suggestions

	 LG
	Not support since FG 16-3a and 16-3b are the basic FG for regular eType-II and port selection eType-II, respectively. There is no reason for updating the name and for the support of PMI sub-bands with R=2, the corresponding FGs are already in 16-3a-1 and 16-3b-1.

	ZTE
	These two FGs are not related with R=2. 

	Ericsson
	Should be discussed.

	Apple
	The name change looks fine to us. But we assume it is meant for FG16-3a-1 and FG16-3b-1

	QC
	If 6-3a-1 and 16-3b-1 needs to be renamed, a better one should be "CSI-RS capabilities to support R=2 for eType II" and "CSI-RS capabilities to support R=2 for eType II port-selection" as the fG is about signlaing CSI-RS capabilities.

	Samsung
	Same view as LG, it is not needed

	Lenovo/MotM
	Not support - no need to discuss. Share the same views with LG.


3.5 Maximum number of unicast PDSCHs for FDMSchemeB / TDMSchemeA

FG 5-11/5-11a/5-11b describe the maximum number of unicast PDSCH’s per slot per CC a UE supports for UE processing time capability 1. FG 5-13/5-13a/5-13b/5-13c describe the maximum number of unicast PDSCHs per slot per CC a UE supports for UE processing time capability 2. In the current description of 5-11/5-12/5-13, it is not very clear if 2 PDSCH transmissions for FDM scheme B and TDM scheme A are counted separately toward the number a UE reported. In our view, both the schemes involve demodulation and LLR generation operation similar to handling of two separate PDSCH TB’s in non-M-TRP situation. They also involve combining operation of two separately processed LLR’s for decoding operation or may involve two decoding operations depending on implementation. In that sense, those two PDSCHs should be counted separately toward the number a UE reported. Hence, we would like to propose to confirm RAN1 interpretation in the following way.

Proposal: Confirm the interpretation that two PDSCHs in FDM scheme B and TDM scheme A are counted separately for the purpose of FG 5-11/5-12/5-13.
Companies are invited to express their views in the table below whether this proposal should be discussed during RAN1 #102-e.
	Company
	Comments/Questions/Suggestions

	ZTE
	It is unnecessary to discuss it.  In our view, 2 PDSCH transmissions for FDM scheme B and TDM scheme A should be one unicast PDCCH since they belong to the same TB.

	Ericsson
	Ok to discuss

	Intel
	We are ok to discuss this

	Apple
	We are okay to discuss it 

	QC
	We have concern with the proposal. The proposal basically means that supporting 2 TBs per slot (FG 5-11, 5-13) become a prerequisite for supporting FDM scheme B and TDM scheme A. However, the FGs 5-11 and 5-13 are not designed for repetitions and they involve different DCIs scheduling different PDSCH containing different TBs in the same slot. We do not think UE needs to be capable of FGs 5-11 and 5-13 to be able to support FDM scheme B and TDM scheme A and vice versa.

	Samsung
	Support the proposal. We think FG 5-11/-13 should be understood as capabilities for processing TBs regardless they are repeated or not for these FDM/TDM schemes.

	Lenovo/MotM
	Ok to discuss.


3.6 Remaining open issues as identified in email discussion/approval [101-e-Post-NR-UE-Features-10]
The following items were discussed during email discussion/approval [101-e-Post-NR-UE-Features-10] but no agreement could be reached. They are to be discussed and resolved with highest priority during RAN1 #102-e. 

· Finalize open issues of FG 16-1a-1: component descriptions, component candidate values, default values if any, how CSI-RS is counted when it is configured as CMR without dedicated IMR

· Finalize open issues of FG 16-1g: component descriptions, component candidate values, type

· Finalize open issues of FG 16-2a: component descriptions, component candidate values, type, prerequisites, FFS in component (5) 

· Finalize open issues of FG 16-2a-0: type

· Finalize open issues of FG 16-2a-1: type
· Finalize open issues of FG 16-2a-2: type

· Finalize open issues of FG 16-2a-3: type

· Finalize open issues of FG 16-2c: component descriptions

· Finalize open issues of FG 16-2b-1: type

· Finalize open issues of FG 16-2b-2: type

· Finalize open issues of FG 16-2b-3: type

· Finalize open issues of FG 16-2b-3a: type

· Finalize open issues of FG 16-2b-4: type

· Finalize open issues of FG 16-2b-5: component descriptions, type

· Finalize open issues of FG 16-3a: component descriptions, component candidate values

· Finalize open issues of FG 16-3b: component descriptions, component candidate values

· Finalize open issues of FG 16-5b: component descriptions

· Finalize open issues of FG 16-5c-2: component descriptions

· Finalize open issues of FG 16-5c-3: component descriptions

· Finalize open issues of FG 16-8: prerequisites and the following FFS 

· whether introduce codebook 3, where codebook 3 is downselected from {Type II, Type II PS, eType II R=1, eType II R=2, eType II PS R=1, eType II PS R=2, NULL}

· the max number of combinations can be 
ignalled in component 1

· the minimum requirement for component 2
Companies are invited to express their views in the table below whether this proposal is acceptable.
	Company
	Comments/Questions/Suggestions

	ZTE
	We are supportive to discuss these issues in this meeting with high priority.

	Ericsson
	Agree with Moderator’s assessment.  This should be discussed with the highest priority as it has ASN.1 impact.

	Intel
	We also propose to include issue of UE capability for SP L1-SINR reporting between two options:

- Extend Rel-15 capabilities of SP L1-RSRP to also include L1-SINR

- Introduce new FGs for SP L-SINR reporting on PUCCH and PUSCH

It can be discussed as part of FG 16-1a-1

	Apple
	We are supportive to discuss it 

	QC
	Support discussing the issues as high priority. 

	Samsung
	Support moderator’s proposal.

	Lenovo/MotM
	Agree with assessment of Moderator.


4 Conclusion

Based on the comments and feedback in Section 3, the following email discussions/approvals were agreed for RAN1 #102-e in this agenda item:
[102-e-NR-UEFeatures-eMIMO-01] Email discussion/approval for remaining issues on UE features for NR MIMO enhancements, till 8/20 – Ralf (AT&T)

· Finalize open issues of FG 16-1a-1: component descriptions, component candidate values, default values if any, how CSI-RS is counted when it is configured as CMR without dedicated IMR, whether/how capability of SP L1-SINR reporting is supported

· Finalize open issues of FG 16-1g: component descriptions, component candidate values, type

· Finalize open issues of FG 16-2a: component descriptions, component candidate values, type, prerequisites, FFS in component (5) 

· Finalize open issues of FG 16-2a-0: type

· Finalize open issues of FG 16-2a-1: type

· Finalize open issues of FG 16-2a-2: type

· Finalize open issues of FG 16-2a-3: type and note per Section  3.1 in R1-2005947

· Finalize open issues of FG 16-2a-10: prerequisites per Section  3.2 in R1-2005947

· Finalize open issues of FG 16-2c: component descriptions

· Finalize open issues of FG 16-2b-1: type

· Finalize open issues of FG 16-2b-1b: prerequisites per Section  3.3 in R1-2005947

· Finalize open issues of FG 16-2b-2: type

· Finalize open issues of FG 16-2b-3: type

· Finalize open issues of FG 16-2b-3a: type

· Finalize open issues of FG 16-2b-4: type

· Finalize open issues of FG 16-2b-5: component descriptions, type

· Finalize open issues of FG 16-3a: component descriptions, component candidate values

· Finalize open issues of FG 16-3b: component descriptions, component candidate values

· Finalize open issues of FG 16-5b: component descriptions

· Finalize open issues of FG 16-5c-2: component descriptions

· Finalize open issues of FG 16-5c-3: component descriptions

· Finalize open issues of FG 16-8: prerequisites and the following FFS 

· whether introduce codebook 3, where codebook 3 is down selected from {Type II, Type II PS, eType II R=1, eType II R=2, eType II PS R=1, eType II PS R=2, NULL}

· the max number of combinations can be signaled in component 1

· the minimum requirement for component 2

· Maximum number of unicast PDSCHs for FDMSchemeB / TDMSchemeA per Section  3.5 in R1-2005947
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