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Introduction
In RAN1#94bis and RAN1#95, Rel-15 RAN1 NR UE feature list has been updated [1] after further discussion.  In this contribution, we discuss and provide our views on some of the remaining issues for RAN1 related UE features.
NR RAN1 UE features
It is important for NR to have good support on channel reciprocity based operation since most of the NR bands are TDD bands.  Channel reciprocity based operation ensures efficient network deployment and provides an important mean to acquire accurate CSI for massive MIMO systems.   Therefore, we would like to highlight our proposals related to channel reciprocity including Proposal 1 on beam correspondence, Proposal 6 on non-PMI feedback and Proposal 7 on SRS Tx switch.   
Further, a quick decision on RAN1 recommendation of optional support of feature 2-28 was made in RAN1#95, but the consequence of UE not reporting this value is not clear. Hence we’d like to highlight our Proposal 3 to make 2-28 A-CSI-RS beam switching timing mandatory.
Beam correspondence

	2-20
	Beam correspondence
	1. Support Beam correspondence
2. When CA is configured, whether the same beam correspondence relationship for beam management is supported across CCs. 
Note: RAN4 to check the feasibility for component-2, e.g. intra-band or inter-band
	 
	Yes
	Beam correspondence is not supported
	Type 1
	No need
	N.A.
	
	Note: Beam correspondence means each Tx port can be beamformed in a desirable direction but does not imply setting phase across ports
	
	[Mandatory/optional] with capability signaling

Component-2, candidate value: {Yes, No}

	[Mandatory/optional] with capability signaling



In RAN1#95 and RAN4#89, RAN1 and RAN4 had a joint session to discuss the beam correspondence related UE capabilities.  The following 5 alternatives were identified in the discussion.
Alt.1: 
· Beam correspondence is mandatory with capability signalling 
· Do not introduce relaxation on spherical coverage and minimal EIRP
Alt.2: 
· Beam correspondence is optional with capability signalling 
· Do not introduce relaxation spherical coverage and minimal EIRP
Alt.3: 
· Beam correspondence is mandatory with capability signalling 
· Introduce a new UE capability to indicate whether UE request the relaxation based on existing spherical coverage and minimal EIRP. 
· FFS about the relaxation value(s) in RAN4
Alt.4: 
· Beam correspondence is mandatory/optional per power class
· PC3 UE is mandated to support beam correspondence with certain relaxation
· FFS about the relaxation value(s) in RAN4
· Other PCs are optional.  

Alt.5: 
· Beam correspondence and uplink beam management cannot be both optional. 
· UE needs to report to support either beam correspondence (FG 2-20) or uplink beam management (2-30) or both. 
Majority companies support Alt1 i.e. Beam correspondence is mandatory with capability signaling and no relaxation is needed.  
During NR discussion, operation with beam correspondence is an important operation mode.   With beam correspondence, transmission of PRACH and MSG3 can be based on SSB which is essential to efficient network deployment at least for FR2.  In addition, uplink beam management can be simplified with beam correspondence since uplink beams can be fully or partially determined by downlink beam measurement.  Therefore, we propose to have mandatory support on beam correspondence at least for FR2.  To ensure the usefulness of this UE feature, we support Alt1 i.e. without relaxation on spherical coverage and minimum peak EIRP.  The corresponding core requirements should remain the same.
Proposal 1:  
Support of the feature 2-20 on beam correspondence is mandatory with capability signaling.
· Core requirements on spherical coverage and minimum peak EIRP should remain the same
· No relaxation introduced for spherical coverage and minimum peak EIRP      
During the joint RAN1 and RAN4 session, it was concluded that majority of companies in the session consider the decision of beam correspondence as mandatory or optional can be made before RAN4 finish the potential remaining work.   There were some concerns from some companies on this including the concern that RAN4 requirement for beam correspondence must be completed before deciding this FG as mandatory or optional.  However, it is very common in the past that UE features are decided to be mandatory or optional before any RAN4 work.  If companies still have strong concerns and if Alt4 is considered as a compromise, we can consider to first introduce a new capability component in FG 2-20 to allow introduction of relaxation in signaling perspective.  Then RAN4 continues to work on it and decide whether relaxation is allowed.  RAN4 can further check on the difference between SSB and CSI-RS based correspondence.  If relaxation is allowed in some cases and relaxation value(s) is decided by RAN4, then we can make use of the introduced signaling.  However, before committing to this approach, there should be a maximum allowable relaxation (e.g. < 2dB) to make this feature useful.  A large value like 6dB (suggested from some companies in the joint session) should be avoided since it would potentially make this feature useless.  In addition, if this approach is used, support of FG 2-30 on UL beam management should be mandatory.



[bookmark: _GoBack]Beam reporting
	2-21
	Periodic beam report
	1. Support report on PUCCH formats over 1 – 2 OFDM symbols once per slot
2. Support report on PUCCH formats over 4 – 14 OFDM symbols once per slot

	
	Yes
	No support of periodic L1-RSRP report 
	Type 1
	N.A.
	N.A.
	
	
	
	Mandatory with UE capability at least for FR2 
FFS: for FR1

	Mandatory with UE capability for FR2
[Mandatory/optional] with UE capability for FR1

	2-22
	Aperiodic beam report
	1. Support report on PUSCH
	
	Yes
	No support of aperiodic L1-RSRP report
	Type 1
	N.A.
	N.A.
	
	
	
	Mandatory with UE capability at least for FR2

	Mandatory with UE capability for FR2
[Mandatory/optional] with UE capability for FR1


It was agreed in RAN1#94 for the feature 2-24 SSB/CSI-RS for beam measurement that UE is mandated to signal MB_1 (number of SSB/CSI-RS for beam measurement) >=8 for FR2 while   MB_1 >=8 is supported mandatory with capability signaling for FR1.   Then beam report should be naturally supported.  Both periodic report and aperiodic report have their own use cases.  Periodic report can provide regular beam quality to gNB while aperiodic report is useful for triggering particular beam(s) for bursty traffic scheduling need.  In addition, it is certainly not good for the network implementation to consider some UEs supporting periodic report but some other UEs supporting aperiodic report if we keep both are optional.     Therefore, both should be mandatory for FR1.
Proposal 2:  Support of the feature 2-21 and 2-22 on periodic and aperiodic beam reports are mandatory for FR1.  

A-CSI-RS beam switching timing
	2-28
	A-CSI-RS beam switching timing
	1. Minimum time between the DCI triggering of AP-CSI-RS and aperiodic CSI-RS transmission shall be at least KBi symbols. (Symbols measured from last symbol containing the indication to first symbol of CSI-RS), where
i is the index of SCS, l=1,2 corresponding to 60,120 kHz SCS.

	2-27
	Yes 
	No recommendation on the desired beam switching timing 
	Type1
	N.A.
	N.A.
	
	[Note: any value larger than 56 is not supported in  RRC configuration now. ]
	
	Optional with capability signaling
Only applicable to FR2
Candidate values:
{14, 28, 48, 224, 336}  

	


A-CSI-RS beam switching timing is a feature to inform gNB how much time is required for the UE to obtain the QCL information from the indicated trigger state in DCI and decide which receive beam is used for aperiodic CSI-RS reception according to the QCL information.  The consequence of not supporting this feature is “No recommendation on the desired beam switching timing”.   In RAN1#95, it has been recommended from RAN1 that this feature is optional.  However, in the current RAN1 spec, the UE behavior is not described if this is not reported.  Without this feature, it would be very restrictive to use aperiodic CSI-RS in FR2.    Therefore, we propose to make this feature mandatory.  In addition, this note should be removed “[Note: any value larger than 56 is not supported in RRC configuration now. ]”  since RRC spec has been updated to include larger values.

Proposal 3:  Support of the feature 2-28 on A-CSI-RS beam switching timing is mandatory.   Remove the note:
“[Note: any value larger than 56 is not supported in  RRC configuration now. ]” from 2-28.

Uplink beam management
	2-30
	Uplink beam management
	1 Support of SRS based beam management 
2. Supported max number of SRS resource per set (SRS set use is configured as for beam management).
3. Supported max number of SRS resource sets (SRS set use is configured as for beam management).

	
	Yes
	Uplink beam management is not supported
	Type1
	N.A.
	N.A.
	
	Note: Component-3 also impose additional constraint on the maximum number of SRS resource sets per supported time domain behavior (periodic/semi-persistent/aperiodic) as {1,1,1,2,2,2,4,4} corresponding to reported values {from 1 to 8}
	
	Component-2, candidate value set is {2, 4, 8, 16} 
Component-3, candidate value set is {from 1 to 8}
	[Mandatory/Optional] with capability signaling 
Component-2, candidate value set is {2, 4, 8, 16} 
Component-3, candidate value set is {from 1 to 8}



Even though if beam correspondence is supported, it is expected beam correspondence accuracy varies with different scenarios and implementation especially if we are discussing about possible relaxation.  Full beam correspondence is not always valid.   Therefore, it at least requires some certain degree of uplink beam management e.g. for beam refinement. In addition, sometimes it is more efficient to start beam management in UL direction.     
Proposal 4:  Support of the feature 2-30 on uplink beam management is mandatory at least for FR2.  

Beam failure recovery
Beam failure recovery is essential to ensure fast recovery and avoid frequent disconnection for FR2. Therefore, it is desirable to have mandatory support on beam failure recovery.  Regarding component-3 in the following table, UE in FR2 should have the capability of measuring up to 64 SS/PBCH block resources for guaranteeing the measurement for any of whole-space DL beams in gNB sides, and consequently in beam recovery, UE should mandate to support at least 64. Otherwise, there may exist a blind zone of identifying new candidate beam(s) which severely degrades the performance of beam failure recovery.  
	2-31
	Beam failure recovery
	1. Maximal number of CSI-RS resources across all CCs for UE to monitor PDCCH quality  

2. Maximal number of different SSBs across all CCs for UE to monitor PDCCH quality  

3. Maximal number of different CSI-RS and/or SSB resources across all CCs for new beam identifications. 
	 1-7  for CSI-RS based BFD/BFR
	Yes
	Beam failure recovery is not supported 
	Type 1
	N.A.
	N.A.
	
	

	
	
Component-1 candidate value set: {from 1 to 16} 
Component-2 candidate: {from 1 to 16} 
Component-3:
Candidate value set is: {from 1 to 128}

[UE is mandate to support at least 64.]  


Proposal 5: Support of the feature 2-31 on beam failure recovery is mandatory for FR2.  For component 3, Support “at least 64 different CSI-RS and/or SSB resources across all CCs for new beam identification” as mandatory. 
 
Non-PMI feedback
In previous RAN1 and RAN meetings, it has been discussed whether the following feature group should be mandatory or optional.
	2-38
	CSI report without PMI
	Support CSI report without PMI
	2-35
	Yes
	CSI report without PMI is not supported
	Type 4
	No need
	Yes
	
	RAN1 to clarify whether it depends on SRS Tx switch
	
	
	Mandatory/Optional] with capability signaling


This feature is non-PMI feedback for DL CSI acquisition, where UE just reports RI and CQI based on CSI report configuration. Specifically, gNB acquires channel information based on reciprocity in gNB side, but gNB cannot acquire correct information about interference which affects the best transmission rank. Then based on the CSI acquired from reciprocity, gNB transmits beamformed CSI-RS to let UE measure the beamformed channel and interference. UE measure the CSI-RS/IMR to calculate the RI and CQI. To calculate CQI, UE can just measure a part of the configured ports based on the configured non-PMI-PortIndication. Further, the precoding assumption to calculate CQI is an identity matrix on the configured partial CSI-RS ports. Hence UE does not need to search PMI to calculate and report CQI.   
Based on the above analysis, the complexity of non-PMI feedback is extremely low compared to Type I or Type II codebook.
· The required reciprocity is on gNB side. For UE side, UE just need to calculate RI and CQI based on identity matrix on semi-statically configured port indices. UE is not required to calibrate for reciprocity or search PMI. 
· As a matter of fact, non-PMI feedback is marked as low complexity CSI when determining Z and Z’ values [2]. 
On the other hand, based on previous evaluation [3], the performance gain is quite large for non-PMI feedback when reciprocity holds in gNB side. Since the gNB determines the beamformer based on channel reciprocity, it is not limited to the DFT beams defined in standardized codebooks.  The beamformer acquired from this approach is usually more accurate than codebook based feedback.  This is the advantage for the system with channel reciprocity especially for TDD.  This approach has been used and implemented for practical TDD systems.  If non-PMI based feedback is not supported, the only way to do the feedback is codebook based CSI feedback which causes RI/CQI mismatch and hence significant performance degradation since the precoder assumption is not consistent with actual beamformer used as shown in our previous evaluation.  In addition, it causes unnecessary PMI feedback overhead.  
In RAN#80, there is some concern on mandating this feature for FDD. However, even for FDD, there is no extra requirement on UE side. All the implementation to make use of reciprocity or statistical reciprocity is on gNB side. The UE behavior is same for TDD and FDD. Further, non-PMI feedback is marked as low complexity CSI regardless of FDD or TDD in RAN1 specifications. Therefore, we support to make non-PMI feedback mandatory.
Proposal 6: Support “2-38 CSI report without PMI” as a mandatory feature.

SRS Tx switch
	2-55
	SRS Tx switch
	1. Support SRS Tx port switch, 

2. Report whether the uplink TX switching impact to downlink receiving in a band, 
3. Report whether the UL Tx is switched together with UL Tx in another band
	2-53
	Yes
	SRS Tx Switch is not supported
	Type 3
	N.A.
	N.A.
	
	Component-2 is agreed with conditioned to RAN4’s decision.
Component-2 is per band pair per band combination
Note that Component-3 is per band pair per band combination
Note that the band pair in Component-2 and Component-3 can be an LTE band and an NR band
	RAN1/4
	Mandatory with capability signaling

Component-1 is a list of TRx  pairs, candidates are {“Not supported”, “1T2R”, “1T4R”, “2T4R”, “1T4R/2T4R”, “1T=1R”, “2T=2R”, “4T=4R”}
Component-2: Candidate value set:, {yes, no},
Note: “R” refers to a subset/set of receive antennas for PDSCH; “T” refers to the SRS antennas used for DL CSI acquisition

Component-3: Candidate value set:, {yes, no},
	[Mandatory/Optional] with capability signaling
Component-1 is a list of TRx  pairs, candidates are {“1T2R”, “1T4R”, “2T4R”, “1T4R/2T4R”, “T=R”}
Component-2: Candidate value set:, {yes, no},


SRS Tx switch is essential to operations based on channel reciprocity.   With mandatory support on 4RX in NR in some bands, it is expected to often have less number of Tx than Rx in practice.  Therefore, this feature is essential for practical system to obtain full channel information for downlink massive MIMO transmission.    This is particularly important for massive MIMO deployment in TDD.  Mandatory support on this feature is needed to ensure operations based on channel reciprocity.  In RAN1#94bis, mandatory with capability signaling is agreed with the candidate value of ‘no support’.  We think ‘no support’ is allowed for some bands but the basic antenna switching ‘1T2R’ should be mandated in some bands e.g. the bands where 4 layers is mandated.
Proposal 7:  For 2-55 SRS Tx Switch, UE is mandated to signal ‘1T2R’ for some bands.

MAC-CE indication of PUCCH spatial relation 
	4-24
	PUCCH-spatialrelationinfo indication by a MAC CE per PUCCH resource

	
	
	Yes
	
	Type 1
	N.A.
	N.A.
	
	
	RAN1
	Mandatory with capability signaling for FR2
Optional with capability signaling for FR1
	Mandatory with capability signaling for FR2
Optional with capability signaling for FR1



In RAN1#95, this feature has been agreed as optional with capability signaling for FR1.  However, all other FGs related to spatial relations e.g. 2-59, 2-60 are applicable to FR2 only.  This does not work for FR1 if a UE does not support 2-59 for FR1 since MAC-CE activation is supported only if multiple spatial relation information are configured.  In fact, feature 2-59 should be the prerequisite feature group for 4-24.
Proposal 8:  FG 4-24 is only applicable to FR2 .

	6-18
	Supplemental uplink with dynamic switch
	DCI based selection of PUSCH carrier
	6-16
	Yes
	
	Type 3
	NA
	NA
	
	This is conditioned on the support of SUL band combination(s). The band combination definition is up to RAN4.
	
	
	


SUL aims to solve coverage issue which is mainly impacted by channel’s large scale parameters. The benefit of making this feature mandatory is not clear. So, we think feature 6-18 should be optional with UE capability signaling.
Proposal 9:  Feature 6-18 should be optional with UE capability signaling.

Conclusion
In this contribution, we provide our proposals on mandatory or optional support on some of the UE features.
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