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1 Introduction
The latest RAN1 Rel-16 UE features list after RAN1#103-e meeting is provided in [1]. In this contribution, we provide our views for Rel-16 UE features based on the latest UE feature list.
2 New FGs that are not dedicated to a specific Rel-16 work item/TEI
2.1 PUCCH group related new FG
In RAN1#103-e meeting, three new FGs are introduced including FG22-6, FG22-6a, FG22-7, in [1]. There are still some note and FFS that needs to be clarified. We provide our view as below

Proposal 2-1: Regarding the Note and FFS for newly introduced FG22-6, FG22-6a, FG22-7
· For the carrier type of SDL
· If SDL only overlaps with either TDD or FDD band: it follows the carrier type of the band it overlaps with 
· If SDL overlaps with both TDD and FDD band: it follows FDD
· If SDL has no overlapped TDD or FDD band: it follows FDD
· In future, if SUL can be associated with NUL in different FR, or, in different licensed/unlicensed 
· When the carrier type of NUL is indicated for PUCCH transmission location, for the associated SUL that is in a different FR, or in a different licensed/unlicensed carrier type, UE can further indicate whether UE can support PUCCH transmission location to be configured in SUL
· SUL is counted as number of bands for the condition of FG22-7
2.2 cri-RI-CQI CSI reporting related new FG
In Rel-15, a special port selection CSI report is designed by configuring the UE with a CSI-ReportConfig with the higher layer parameter reportQuantity set to 'cri-RI-CQI'. The detailed UE behavior is specified in Clause 5.2.1.4.2 in 38.214. There are two modes of  'cri-RI-CQI' report summarized as below

· Simpler mode, without non-PMI-PortIndication. In this mode, the port grouping for each rank is hardcoded in the specification 
· More complicated mode, with non-PMI-PortIndication. In this mode, the port grouping for each rank is RRC configured independently for each CSI-RS resource.

Compared to the simpler mode, the mode with non-PMI-PortIndication requires UE to have more memory to store the RRC configuration of port grouping of each rank. This configuration is done per CSI-ReportConfig per CC, which may require large amount of UE memory to store the RRC configuration. Furthermore, it is not clear to us whether RRC configured port grouping can really provide meaningful performance benefit, since CSI-RS transmission is transparent such that gNB already has full flexibility to determine the beam forming applied to each CSI-RS ports. Therefore, it is reasonable to assume that a UE may only support 'cri-RI-CQI' report without non-PMI-PortIndication, but does not support 'cri-RI-CQI' report with non-PMI-PortIndicatio.

In the current UE feature design, the above differentiation is not allowed. We only have a single FG, i.e. FG 2-38 csi-ReportWithoutPMI, to indicate whether UE supports 'cri-RI-CQI' report. UE has to support either both with and without non-PMI-PortIndication, or, neither of them. This limits the possibilities that a UE can support 'cri-RI-CQI' report and, also limits the potential gain that can be achieved in the field for reciprocity based MIMO operation especially in TDD frequency band.

Furthermore, even for UE that supports 'cri-RI-CQI' report, currently the UE is not allowed to report the CSI-RS resource related capability, such as the maximum number of CSI-RS resources and the maximum number of ports of CSI-RS resource, unlike other codebook types such as FG2-36, FG2-40, FG2-41, FG2-43

To address those issues, we propose the following new FGs 

Proposal 2-2: Introduce the following FG and UE capability related to PUCCH group
· FG22-7a/7b to address the missing 'cri-RI-CQI' report related UE capability 
· Replicate FG 2-38, i.e., csi-ReportWithoutPMI, to address the NBC issue
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (V2X WI only)”.
	Consequence if the feature is not supported by the UE
	Type

	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	22. NR Others
	22-7a
	Support of 'cri-RI-CQI' report with non-PMI-PortIndication
	UE supports CSI-ReportConfig with the higher layer parameter reportQuantity set to 'cri-RI-CQI' and the higher layer parameter non-PMI-PortIndication configured
	2-38
	Yes
	N/A
	
	Per UE
	N/A
	N/A 
	N/A
	
	Optional with capability signalling


	22. NR Others
	22-7b
	CSI-RS resource limitation on 'cri-RI-CQI' report
	A list of supported combinations, each combination is {Max # of Tx ports in one resource, Max # of resources and total # of Tx ports} across all CCs simultaneously. 
	2-38
	Yes
	N/A
	
	Per UE
	N/A
	N/A 
	N/A
	
	Optional with capability signalling

Maximum size of the list is 16. 
the candidate values for the max # of Tx port in one resource is 
{2, 4, 8} 
The candidate value set of the max # of resources is: 
{from 1 to 64} 
The candidate value set of total # of ports (including both channel and NZP-CSI-RS based interference measurement) is: 
{from 2 to 256} 



3 Rel-16 eMIMO Features 
3.1 multi-DCI multi-TRP HARQ scheduling 
For multi-DCI multi-TRP operation, one of the most feasible UE implementation is to use CA architecture to support multi-DCI multi-TRP, i.e., PDSCH reception of each TRP is handled by independent CC. Current multi-DCI multi-TRP design allows the HARQ retransmission to be scheduled by a different TRP, i.e., CORESETPoolIndex. In NR CA, there is no requirement, or the gNB is not allowed to schedule HARQ reception in one CC that is a retransmission of the HARQ process in another CC. In other words, in the current NR-CA operation/implementation, UE is not expected to combine HARQ processes from two different CCs to decode a TB. Figure below further illustrates the problem 
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Figure 1 multi-DCI multi-TRP HARQ trasnmission scheduled by different TRP
As an example illustrated in Figure 1, for HARQ process X, initially TRP0 (CORESETPoolIndex = 0) schedules a new transmission. Later, for the same HARQ process X, TRP1 (CORESETPoolIndex = 1) schedules a retransmission by indicating the same HARQ process ID and the same NDI. When UE uses CA architecture to support multi-DCI multi-TRP, this requires UE to obtain the LLR buffer from TRP0 (CC0) to be used for combining for the PDSCH processing in TRP1 (CC1) which is never required in the current CA design. This can put unnecessary complexity on the UE implementation especially considering the amount of LLR buffer needed to be exchanged between different CCs at high data rate. 

Based on the above explanation, it is important that, at least for some UE that is capable of multi-DCI multi-TRP, we do not mandate UE to support HARQ retransmission scheduled by different TRP. In terms of the detailed solution, we are very flexible, either (1) introduce as new, or existing, UE capability or (2) modifying the specification 

Proposal 3-1: At least, for some UEs that support multi-DCI multi-TRP, those UEs are not mandated to support PDSCH retransmission scheduled by different TRP. Detailed solutions can be further discussed, including
· Introduce a new UE capability
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	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (V2X WI only)”.
	Consequence if the feature is not supported by the UE
	Type

	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	
	16-2a-8
	Support PDSCH HARQ retransmission scheduled by a different TRP (CORESETPoolIndex) for multi-DCI multi-TRP 
	For multi-DCI multi-TRP operation, UE supports the PDSCH HARQ retransmission scheduled by a different TRP, i.e., for the same HARQ process ID, DCI from a different CORESETPoolIndex schedules the PDSCH retransmission, i.e., NDI not flipped. 
	16-2a
	Yes
	N/A
	
	Per UE
	N/A
	N/A 
	N/A
	
	Optional with capability signalling




· Reuse existing UE capability
· Modifying the specification 

3.2 Active RS counting rule for FG2-24, FG16-1a-1, FG16-1g, FG16-1g-1
In this section, we address one remaining issue from the last meeting in term of how to count for the active resource that UE can measure simultaneously within a reference slot for FG2-24, FG16-1a-1, FG16-1g, FG16-1g-1, including L1-RSRP, L1-SINR, PLRS, RLM, BFD and CBD in the following four areas 
· Time duration of active RS
· Uniqueness of active RS
· Unit for active RS
· Default behavior handling 

Proposal 3-2: Regarding active RS counting rule for FG2-24, FG16-1a-1, FG16-1g, FG16-1g-1
Time duration 
· For both SSB and CSI-RS, they are counted in the reference slot that overlaps with the actual slot in which the corresponding reference signals are transmitted 

Uniqueness of RS

· For SSB
· It is counted only once when SSB is configured for one or multiple of L1-RSRP, PLRS, CBD, RLM and BFD
· P3 procedure is considered as L1-RSRP as well 
· It is always double counted when SSB is configured for L1-SINR
· For CSI-RS
· It is counted only once when CSI-RS is configured for one or multiple of L1-RSRP, PLRS and CBD
· P3 procedure is considered as L1-RSRP as well 
· It is counted only once when CSI-RS is configured for one or multiple of RLM and BFD
· It is always double counted when SSB is configured for L1-SINR
· Note: “double counted” means the “If a resource is referred N times by one or more CSI Reporting Settings, the resource is counted N times.” from 38.214

	 
	SSB
	CSI-RS

	PL RS, CBD,
L1-RSRP (including P3)
	Counted once
	Counted once

	RLM, BFD
	
	Counted once

	L1-SINR
	Double counted
	Double counted



Unit for resource counting
· SSB: per SSB index
· CSI-RS: per NZP-CSI-RS-Resource

Default behavior handling
· Default RLM/BFD (RS QCL for PDCCH decoding) 
· Yes, they should be counted 
· CBD fall back from BFRA to CBRA
· We are fine for CBD in CBRA not counted (in FG2-31, FG16-1g, FG16-1g-1)
· P3: report quantity of “none” and corresponding NZP-CSI-RS-ResourceSet with Repetition set to “on”
· [bookmark: _GoBack]Yes, they should be counted for FG2-24, FG16-1g and FG16-1g-1 as L1-RSRP measurement
4 Rel-16 UE mobility enhancement 
According to the latest agreed UE feature group in [1], the UL power sharing mode, i.e., FG 21-2/2a/2b, could apply to both inter-frequency and intra-frequency DAPS HO as showing in Table 1. However, this is not fully aligned with the agreed CR in [2]. More specifically,  for intra-frequency DAPS, UE drops and cancels source cell transmission when source and target cell transmission overlap. So there is no scenario the UE would transmit simultaneously to source cell and target cell for intra-fequenchy DAPS HO, the power sharing mode is not necessary feature for intra-frequency DAPS HO.
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Table 1: UE feature on mobility enhancement excerpt from [1]
Proposal 4-1: Clarify in UE feature that FG 21-2/2a/2b are only applicable on inter-frequency DAPS HO. 
Proposal 4-2: FG 21-1b is the prerequisite feature group for FG21-2/2a/2b.
For UE FG 21-1a intra-frequency DAPS HO, currently RAN1 categorize it as per band, but according to RAN2’s agreement in RAN2#110-e meeting, intra-frequency DPAS HO is per band per BC. To avoid misalignment with RAN2 and possible additional ASN.1 work, RAN1 can update FG21-1a as Per Band/Per BC.
Agreements (NR)

12a introduce separate capabilities for intraFreq and interFreq as below:
	Per Band/per BC (for intraFreq capabilities), I.e. put under BandParameters-v16xy:
	intraFreqDiffSCS-DAPS-r16;
	intraFreqAsyncDAPS-r16
	intraFreqMultiUL-TransmissionDAPS-r16

Per BC (for interFreq capabilities), i.e. put under CA-ParametersNR-v16xy:
	interFreqDiffSCS-DAPS-r16
	interFreqAsyncDAPS-r16
	interFreqMultiUL-TransmissionDAPS-r16. 

12b	All UEs supporting DAPS support these capabilities (can discuss signalling details and naming):
	SyncDAPS-r16
	SingleUL-TransmissionDAPS-r16
	intraFreqTwoTAGs-DAPS-r16  (with 2 TAGs)
	(for interFreq since RAN2 agreed to “Reuse CA capability “supportedNumberTAG” for DAPS handover.)

8a	Remove UplinkPowerSharingDAPS-HO
8b	Add separate capabilities for 21-2, 21-2a, 21-2b as semiStaticPowerSharingDAPS-Mode1, semiStaticPowerSharingDAPS-Mode2 and dynamicPowersharingDAPS.
8c	RAN2 thinks that these apply only for multiple UL supporting UEs,

10	Remove pdcch-BlindDetectionSource and pdcch-BlindDetectionTarget from RAN2 agreed capabilities. 

11	Add syncDAPS and simultaneous UL transmission based on RAN4 latest capability table. 

13	Introduce separate capabilities for intraFreq and interFreq for power sharing capabilities.
Proposal 4-3: Update the capability of intra-frequency APS HO to per band per BC.
An example of updated UE feature on mobility enhancement is showing in the Table 2. 
[image: A picture containing timeline

Description automatically generated]
Table 2: updated UE feature on mobility enhancement 
5 Conclusion
In this contribution, we address the following issues related to the UE feature design

· Clarify the Note the FFS in newly introduced FG22-6, FG22-6a, FG22-7
· Introduce new FG and UE capability related to cri-RI-CQI CSI reporting
· Handling PDSCH retransmission scheduling restriction for multi-DCI multi-TRP operation 
· Active RS counting rule for FG2-24, FG16-1a-1, FG16-1g, FG16-1g-1
· Rel-16 mobility enhancement related

The detailed proposals are as follows

Proposal 2-1: Regarding the Note and FFS for newly introduced FG22-6, FG22-6a, FG22-7
· For the carrier type of SDL
· If SDL only overlaps with either TDD or FDD band: it follows the carrier type of the band it overlaps with 
· If SDL overlaps with both TDD and FDD band: it follows FDD
· If SDL has no overlapped TDD or FDD band: it follows FDD
· In future, if SUL can be associated with NUL in different FR, or, in different licensed/unlicensed 
· When the carrier type of NUL is indicated for PUCCH transmission location, for the associated SUL that is in a different FR, or in a different licensed/unlicensed carrier type, UE can further indicate whether UE can support PUCCH transmission location to be configured in SUL
· SUL is counted as number of bands for the condition of FG22-7

Proposal 2-2: Introduce the following FG and UE capability related to PUCCH group
· FG22-7a/7b to address the missing 'cri-RI-CQI' report related UE capability 
· Replicate FG 2-38, i.e., csi-ReportWithoutPMI, to address the NBC issue
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (V2X WI only)”.
	Consequence if the feature is not supported by the UE
	Type

	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	22. NR Others
	22-7a
	Support of 'cri-RI-CQI' report with non-PMI-PortIndication
	UE supports CSI-ReportConfig with the higher layer parameter reportQuantity set to 'cri-RI-CQI' and the higher layer parameter non-PMI-PortIndication configured
	2-38
	Yes
	N/A
	
	Per UE
	N/A
	N/A 
	N/A
	
	Optional with capability signalling

	22. NR Others
	22-7b
	CSI-RS resource limitation on 'cri-RI-CQI' report
	A list of supported combinations, each combination is {Max # of Tx ports in one resource, Max # of resources and total # of Tx ports} across all CCs simultaneously. 
	2-38
	Yes
	N/A
	
	Per UE
	N/A
	N/A 
	N/A
	
	Optional with capability signalling

Maximum size of the list is 16. 
the candidate values for the max # of Tx port in one resource is 
{2, 4, 8} 
The candidate value set of the max # of resources is: 
{from 1 to 64} 
The candidate value set of total # of ports (including both channel and NZP-CSI-RS based interference measurement) is: 
{from 2 to 256} 



Proposal 3-1: At least, for some UEs that support multi-DCI multi-TRP, those UEs are not mandated to support PDSCH retransmission scheduled by different TRP. Detailed solutions can be further discussed, including
· Introduce a new UE capability
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (V2X WI only)”.
	Consequence if the feature is not supported by the UE
	Type

	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	
	16-2a-8
	Support PDSCH HARQ retransmission scheduled by a different TRP (CORESETPoolIndex) for multi-DCI multi-TRP 
	For multi-DCI multi-TRP operation, UE supports the PDSCH HARQ retransmission scheduled by a different TRP, i.e., for the same HARQ process ID, DCI from a different CORESETPoolIndex schedules the PDSCH retransmission, i.e., NDI not flipped. 
	16-2a
	Yes
	N/A
	
	Per UE
	N/A
	N/A 
	N/A
	
	Optional with capability signalling




· Reuse existing UE capability
· Modifying the specification 

Proposal 3-2: Regarding active RS counting rule for FG2-24, FG16-1a-1, FG16-1g, FG16-1g-1
Time duration 
· For both SSB and CSI-RS, they are counted in the reference slot that overlaps with the actual slot in which the corresponding reference signals are transmitted 

Uniqueness of RS

· For SSB
· It is counted only once when SSB is configured for one or multiple of L1-RSRP, PLRS, CBD, RLM and BFD
· P3 procedure is considered as L1-RSRP as well 
· It is always double counted when SSB is configured for L1-SINR
· For CSI-RS
· It is counted only once when CSI-RS is configured for one or multiple of L1-RSRP, PLRS and CBD
· P3 procedure is considered as L1-RSRP as well 
· It is counted only once when CSI-RS is configured for one or multiple of RLM and BFD
· It is always double counted when SSB is configured for L1-SINR
· Note: “double counted” means the “If a resource is referred N times by one or more CSI Reporting Settings, the resource is counted N times.” from 38.214

	 
	SSB
	CSI-RS

	PL RS, CBD,
L1-RSRP (including P3)
	Counted once
	Counted once

	RLM, BFD
	
	Counted once

	L1-SINR
	Double counted
	Double counted



Unit for resource counting
· SSB: per SSB index
· CSI-RS: per NZP-CSI-RS-Resource

Default behavior handling
· Default RLM/BFD (RS QCL for PDCCH decoding) 
· Yes, they should be counted 
· CBD fall back from BFRA to CBRA
· We are fine for CBD in CBRA not counted (in FG2-31, FG16-1g, FG16-1g-1)
· P3: report quantity of “none” and corresponding NZP-CSI-RS-ResourceSet with Repetition set to “on”
· Yes, they should be counted for FG2-24, FG16-1g and FG16-1g-1 as L1-RSRP measurement

Proposal 4-1: Clarify in UE feature that FG 21-2/2a/2b are only applicable on inter-frequency DAPS HO. 
Proposal 4-2: FG 21-1b is the prerequisite feature group for FG21-2/2a/2b.
Proposal 4-3: Update the capability of intra-frequency APS HO to per band per BC.
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