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This contribution discusses remaining issues on Rel-16 UE features based on the latest update in [1].
Discussions and Proposals
NR_L1enh_URLLC & NR_IIOT
In this section, we present our views on the following outstanding issue related to Rel-16 UE features for eURLLC/IIoT:
· Relationship between FG 12-1 and the feature of up to two HARQ-ACK codebooks of 11-4 and 11-4x.
Currently, FG #12-1 has the following note: 
· “The relationship between this feature and the feature of up to two HARQ-ACK codebooks of 11-4 and 11-4x should be further discussed.”
For convenience, the components for the involved FG are reproduced below. 
FG 11-4: Two HARQ-ACK codebooks with up to one sub-slot based HARQ-ACK codebook (i.e. slot-based + slot-based, or slot-based + sub-slot based) simultaneously constructed for supporting HARQ-ACK codebooks with different priorities at a UE
1) Supports two HARQ-ACK codebooks with different priorities to be simultaneously constructed with the restriction up to one sub-slot based HARQ-ACK codebook.
2) Supports separate PUCCH configuration for different HARQ-ACK codebooks
3) Supports 2-level priority of HARQ-ACK for dynamically scheduled PDSCH and SPS PDSCH.
4) Supports a DCI format (from the formats 1_1/1_2) scheduling PDSCH with different HARQ-ACK priorities when only DCI format 0_1/1_1 is configured or only DCI format 0_2/1_2 is configured per BWP
5) Supports separate configuration of parameters PDSCH-HARQ-ACK-Codebook, UCI-OnPUSCH and ‘codeBlockGroupTransmission” for different HARQ-ACK codebooks.   
6) Supported maximum number of actual PUCCH transmissions for HARQ-ACK within a slot
7) Candidate values for the component 6 of FG11-4 is: For NCP, {4, 5, 6, 7} for 2-symbol*7 sub-slot configuration; For ECP, the candidate value is {4,5,6} for 2-symbol*6 sub-slot configuration.
8) Support intra-UE multiplexing/prioritization of UL overlapping channels/signals with two priority levels for HARQ-ACK
FG 12-1: UL intra-UE multiplexing/prioritization of overlapping channel/signals with two priority levels in physical layer
Support intra-UE multiplexing/prioritization of overlapping PUCCH/PUCCH and PUCCH/PUSCH with two priority levels in physical layer (PHY)
9) Configuration of PHY priority level for CG PUSCH and SR, and dynamic indication of priority level for dynamic PUSCH with a single DCI format
10) Multiplexing/prioritization between UL channels/signals with the same PHY priority level
11) Prioritization between UL channels/signals with different PHY priority levels
12) Additional number of symbols (d1) needed beyond the PUSCH preparation time for cancelling a low priority UL transmission.
13) Additional number of symbols (d2) needed beyond the PUSCH preparation time for scheduling a high priority UL transmission that cancels a low priority UL transmission
Towards resolving the above, RAN1 discussed various options during RAN1 #103-e meeting, with the following options being identified towards the end of the meeting, without a conclusion. Note that the component numbers are adjusted from the summary in [3] considering the latest UE features list.
Alt. 1
· Add 3 new FGs as below
· New FG11-4 with modifying component 8 as “Note: Support handling of UL overlapping channels/signals of the same priority level”
· New FG12-1 with removing components 3/4/5
· New FG (12-1b) for UL intra-UE multiplexing/prioritization of overlapping channel/signals with two priority levels in physical layer
· Ask RAN2 to disable current FG11-4/12-1 (e.g., by setting dummy bit)
· Need to update dependency with other FGs

Alt. 2
· Add two new FGs as below
· FG11-4 with modifying component 8 as “Note: Support handling of UL overlapping channels/signals of the same priority level”
· FG12-1 to cover all cancellation scenarios
· Ask RAN2 to disable current FG11-4/12-1 (e.g., by setting dummy bit)

Alt. 3
· No additional new FGs
· Redefine component 8 of FG11-4 as: Support intra-UE multiplexing/prioritization of UL overlapping channels/signals of the same priority level

Comparing the options, it is observed that Alt. 1 and Alt. 2 are somewhat equivalent in terms of overall coupling of the features of simultaneous multiple HARQ-ACK CB support and the features related to handling of prioritization involving HARQ-ACK and those involving other UL channels/signals. Even for Alt. 1, in order to support scenarios with overlaps of physical channels requiring mux/prioritization, the UE needs to support both 11-4 and 12-1. Thus, mux/prioritization support would require support of both 11-4 and 12-1 (and certainly, the newly proposed 12-1b), and this coupling seems like that for Alt. 2. 
Compared to Alt. 2, Alt. 1 introduces further bifurcation of FG 12-1 into two FGs. Given the effective equivalence, Alt. 2 is certainly preferable to Alt. 1. However, considering the late stage in Rel-16 maintenance, it may be desirable to avoid introducing new FGs now. Instead, Alt. 3 could also work as long as it is clarified that FG 12-1 would be expected to cover all cancelation cases. 
Alt. 2 and Alt. 3 are similar with differences in the exact implementation to update component 8 of FG 11-4. In this regard, it could even be considered to be left up to RAN2 on the best approach to realize the update to component 8 of FG 11-4.

Proposal 1:
· To resolve the existing ambiguity and coupling between FGs 11-4 and 12-1, delete the existing note “The relationship between this feature and the feature of up to two HARQ-ACK codebooks of 11-4 and 11-4x should be further discussed” from FG 11-4 and adopt one of Alt. 2’ or Alt. 3’ as below:
· Alt. 2’:
· Add two new FGs as below
· FG11-4 with modifying component 8 as “Note: Support handling of UL overlapping channels/signals of the same priority level”
· New version of FG 12-1 such that FG 12-1 covers all intra-UE prioritization cases (including PUCCH with HARQ-ACK).
· Ask RAN2 to disable current FG11-4/12-1 (e.g., by setting dummy bit)
· Alt. 3’:
· No additional new FGs
· Redefine component 8 of FG11-4 as: Support intra-UE multiplexing/prioritization of UL overlapping channels/signals of the same priority level.
· Clarify that FG 12-1 covers all intra-UE prioritization cases, including PUCCH with HARQ-ACK, e.g., via a note if not as a new component.

eMIMO
In RAN1#103e meeting it was agreed to further discuss relation of FGs 16-1a-1 and 16-1g to the definition of active CSI-RS resources in Section 5.2.1.6 of TS 38.214. 
	Conclusion: 
· For FGs 16-1a-1 and 16-1g, continue discussion on whether/how Section 5.2.1.6 in 38.214 applies 



	5.2.1.6 CSI processing criteria
…
In any slot, the UE is not expected to have more active CSI-RS ports or active CSI-RS resources in active BWPs than reported as capability. NZP CSI-RS resource is active in a duration of time defined as follows. For aperiodic CSI-RS, starting from the end of the PDCCH containing the request and ending at the end of the PUSCH containing the report associated with this aperiodic CSI-RS. For semi-persistent CSI-RS, starting from the end of when the activation command is applied, and ending at the end of when the deactivation command is applied. For periodic CSI-RS, starting when the periodic CSI-RS is configured by higher layer signalling, and ending when the periodic CSI-RS configuration is released. If a CSI-RS resource is referred N times by one or more CSI Reporting Settings, the CSI-RS resource and the CSI-RS ports within the CSI-RS resource are counted N times.



In our view the corresponding text from TS 38.214 was designed in Rel-15 and doesn’t relate to FG 16-1g defined in Rel-16. Moreover, some reference signals covered by FG 16-1g and used for pathloss measurement, BFD, RLM and new beam identification, are not associated with any CSI reporting procedures defined by Section 5.2.1.6 and, therefore, should not be considered applicable to the text in TS 38.214. In addition, counting of SSB reference signal is not defined by Section 5.2.1.5. It is therefore natural to restrict applicability of the corresponding text on active CSI-RS resources in Section 5.2.1.6 to conventional CSI (LI, CRI, RI, PMI, CQI) reported using L1 procedures. 
On the other hand, some clarification on “to measure within a slot” and “per slot” is required for newly defined FGs 16-1g and 16-1a-1 respectively. In particular given periodic nature of the reference signals used for pathloss measurement, BFD, RLM and new beam identification and lack of CSI reference resource definition for such measurements, it is natural to assume that the corresponding reference signals should be always counted even in slots where they do not occur. Similarly, the above counting approach for active reference signals can be also defined for SSB and periodic NZP CSI-RS used for L1-RSRP and L1-SINR. Finally, counting of aperiodic and semi-persistent CSI-RS for L1-RSRP and L1-SINR may follow the principles defined in Section 5.2.1.5 for conventional CSI reporting. The corresponding clarifications are better to be added directly in TS 38.306. 
Regarding counting of the active reference signal resource if it is referred multiple times for different usages. Due to different requirements and possible different metric for measurements, we propose to double count if the same resource is used for BFD/RLM/NBI/PL RS and L1-RSRP/L1-SINR.  For all other cases, double counting for the same reference signal resource should not be applied. 

Proposal 2:
· Restrict definition of active CSI-RS resources defined in Section 5.2.1.6 of TS 38.214 to resource used for conventional CSI (CRI,RI,PMI,CQI,LI) reported using L1 procedures 
· Add clarification to “measure within a slot” and “per slot” in FGs 16-1g and 16-1a-1 in TS 38.306 as follows
· aperiodic CSI-RS is considered active, starting from the end of the PDCCH containing the request and ending at the end of the PUSCH containing the report associated with this aperiodic CSI-RS. 
· semi-persistent CSI-RS is considered active, starting from the end of when the activation command is applied, and ending at the end of when the deactivation command is applied. 
· periodic CSI-RS or SSB is considered active, starting when the periodic CSI-RS is configured by higher layer signalling, and ending when the periodic CSI-RS configuration is released. 
· Double count active reference signal resource only if the resource is used for BFD/RLM/NBI/PL RS and L1-RSRP/L1-SINR

Others
<Support of two PUCCH groups per BC for NR-CA with 3 or more bands>
From RAN1 #103e, there are two issues to be resolved:
	Agreements:
· Whether to support two PUCCH groups is reported per BC for NR-CA with 3 or more bands with at least two carrier types from carrier types {FR1 licensed TDD, FR1 unlicensed TDD, FR1 licensed FDD, FR2}
· For the BC, the UE reports one or multiple of supported configuration(s) of {primary PUCCH group config, secondary PUCCH group config} where for each supported configuration,
· the “primary PUCCH group config” includes following information:
· One or multiple from {FR1 licensed TDD, FR1 unlicensed TDD, FR1 licensed FDD, FR2} mapped to the primary PUCCH group
· One or multiple from {FR1 licensed TDD, FR1 unlicensed TDD, FR1 licensed FDD, FR2} that can be configured with the PUCCH transmission in the primary PUCCH group
· the “secondary PUCCH group config” includes following information:
· One or multiple from {FR1 licensed TDD, FR1 unlicensed TDD, FR1 licensed FDD, FR2} mapped to the secondary PUCCH group
· One or multiple from {FR1 licensed TDD, FR1 unlicensed TDD, FR1 licensed FDD, FR2} that can be configured with the PUCCH transmission in the secondary PUCCH group
· Note: for each {primary PUCCH group config, secondary PUCCH group config}, each carrier type of {FR1 licensed TDD, FR1 unlicensed TDD, FR1 licensed FDD, FR2} is mapped to either or both of the primary PUCCH group config and the secondary PUCCH group config.
· Note: RAN1 will discuss on how to handle the SDL or SUL band, for example as below
· SDL overlapping with either TDD or FDD can follow the same principle with TDD or FDD accordingly
· SDL having no overlapped TDD or FDD can follow the same principle with FDD
· Note: When the carrier type of NUL is indicated for PUCCH transmission location, the SUL in the same cell as in the NUL can also be configured for PUCCH transmission
· FFS: how to cover licensed/unlicensed and/or FR1/FR2 differentiations
· Note: When the carrier type of NUL is indicated for one PUCCH group config, the SUL in the same cell as in the NUL can also be configured for the PUCCH group
· FFS: SUL is counted as number of bands for the condition of this new FG reporting

Working assumption:
2nd FFS in above agreements is removed i.e., SUL is counted as number of bands for the condition of this new FG reporting.
· This note is added not only for FG22-7 but also for FG22-6/6a




The first issue is how to handle the SDL or SUL band. From the outcomes in RAN#90e [2]:

	[bookmark: _Hlk58508778]Agreement: No new signalling will be introduced in Rel-16 to provide a DL/UL configuration for an SUL carrier.

[bookmark: _Hlk61879374]Moderator's conclusion: Per UE Capabilities that are FDD/TDD differentiated when applied to SUL carriers are indicated by the FDD capability (i.e. in effect the capabilities are not FDD/TDD differentiated for this case). Per UE capabilities that are TDD only are not applicable to SUL. RAN2 is tasked to prepare Rel-15 and 16 CRs to capture this agreement.



The exact scope between [2] and here is a bit different. We used to have a preference in this context was to confirm the note: i.e. SDL/SUL overlapping with either TDD or FDD can follow the same principle with TDD or FDD whereas SDL/SUL having no overlapping TDD or FDD can follow the same principle with FDD. This way can avoid enforcing UE to support a feature supported in TDD only, for instance, does not have to support in SUL. On the other hand, the latest agreements in RAN#90e can also address the concern as well. Thus, we now prefer to have similar principle as agreed in RAN#90e.

Proposal 3: 
· In support of two PUCCH groups per BC for NR-CA with 3 or more bands, SDL/SUL will be considered FDD in reporting information in PUCCH group config. Per UE capabilities that are TDD only are not applicable to SDL/SUL. 

The second issue is whether the SUL in the same cell as in the NUL can also be configured for the PUCCH group when the carrier type of NUL is indicated for one PUCCH group config. One of main motivations having the capability for NR-CA with 3 or more bands in this context is to allow UE to provide preference in which carrier PUCCH can be sent. In general, we think the current agreement of UE reporting on supported configuration(s) for primary/secondary PUCCH group config can offer sufficient degree of freedom to UE especially given that single UL Tx operation between SUL and NUL is possible depending on capability signaling. It is questionable for us to further differentiate it between SUL and NUL. Therefore, we prefer SUL can be also configured for PUCCH transmission as in the NUL in the same cell.

Proposal 4: 
· The SUL in the same cell as in the NUL can be also be configured for PUCCH transmission when the carrier type of NUL is indicated for PUCCH transmission location.
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