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This contribution discusses the remaining issues for Rel-16 NR features including NR-U, URLLC, NR positioning, V2X, IAB, MR-DC/CA and eMIMO.
NR-U
General
Many issues for NR-U UE features were resolved at RAN1#101-e, including extending the applicability of certain NR-U FGs to licensed bands, reporting type and most FFS points. The list of UE feature groups clearly notes that for some FGs with per band reporting, “the signaling is per band but is only expected for a band where shared spectrum channel access must be used”. This is the case for 10-14, 10-20, 10-28 and 10-10, for which such explicit agreement was made at RAN1#101-e.
All the FGs with per band reporting without this note could then be considered as applicable in licensed bands (for example FG10-8 was explicitly agreed to be applicable to licensed bands). But this poses a problem because the note is not present for most FGs. While it may be obvious that the note should have been there for some FGs that are irrelevant for licensed bands (such as those associated with channel access mechanisms), there may be a risk for ambiguity for some other FGs once RAN2 designs the signaling. The FGs for which the note should likely be added are 10-1/1a/2/2a/2b/2c/2d/2f/2g/2h/2i, 10-19a/b/c/d/e/f, 10-23, 10-25, 10-27, 10-29, 10-30, 10-26/26a, 10-3, 10-3a, 10-12, 10-13a, 10-18. 10-21a/21b, 10-24.
A number of FFS points remain in agreements made at RAN1#101-e:
· FFS: FG10-20a is also applicable to licensed bands (coreset configuration with rb-Offset)
· FFS: FG10-15 is only for unlicensed bands (Enhanced dynamic HARQ codebook)
· FFS: FG10-16 is only for unlicensed bands (One-shot HARQ ACK feedback)
· FFS: FG10-9/9b/9c/9d are also applicable to licensed bands (search space set group switching)
It was not clear whether FG10-17 (Multi-PUSCH UL grant) is applicable to licensed bands, since the FFS point was deleted (FFS: FG10-17 is only for unlicensed bands) but it was not replaced by an agreement.
Proposal NRU-1: it should be consistently noted that “the signaling is per band but is only expected for a band where shared spectrum channel access must be used” for all FGs that are reported per band but that are not applicable for licensed bands:
· Add the note “the signaling is per band but is only expected for a band where shared spectrum channel access must be used” to the following FGs:
· 10-1/1a/2/2a/2b/2c/2d/2f/2g/2h/2i, 10-9/9b/9c/9d, 10-19a/b/c/d/e/f, 10-23, 10-25, 10-27, 10-29, 10-30, 10-26/26a, 10-3, 10-3a, 10-12, 10-13a, 10-18, 10-20a, 10-21a/21b, 10-24, 10-31
· Further discuss applicability of FG10-15 and FG10-16 for licensed bands
· Consider allowing FG10-20a (Support coreset configuration with rb-Offset) for licensed bands, for increasing FDRA flexibility for CORESET

The discussion on basic feature groups for NR-U is treated in a companion contribution R1-2006409 but does not impact RAN2 work on ASN.1. 
10-2f
It should also be noted that RAN2 informed RAN1 that FG10-2f does not require a UE capability bit, as clarified in the LS R1-2005204 from RAN2 quoted below. Therefore an update to the NR-U features list is needed to either clarify that no capability bit is defined for FG10-2f, or to remove FG10-2f from the list.RAN2 has further discussed the two LSB bits of the SFN specified in DCI format 1_0 related to the random access procedure in unlicensed spectrum and for 2-step RACH:
RAN2 agreed that the gNB signals the SFN bits to the UE only if there is a risk of ambiguity, i.e. if the random access response window or the MSGB response window is larger than 10 ms. The RAR window is configured by ra-ResponseWindow or ra-ResponseWindow-r16 and the MSGB response window is configured by msgB-ResponseWindow-r16.
No UE capability it required and all NR-U capable and 2step RA UEs should support extended RAR


Proposal NRU-2: clarify that no capability bit is defined for FG10-2f, or remove FG10-2f from the list of NR-U FGs, since RAN2 informed RAN1 that FG10-2f does not require a UE capability bit.

URLLC/IIoT
There were email discussions on UE feature lists for eURLLC and IIoT post RAN1#101-e meeting, and some progress was achieved. However, there are still open issues left. Based on the email discussion [101-e-Post-NR-UE-Features-12], a few proposals were made from the moderator but no consensus was achieved. This section provide our views on the updated proposals from the moderator. In addition, we also provide our views on basic UE feature group for URLLC. 
Proposal 1 from moderator under [101-e-Post-NR-UE-Features-12] 
	Proposal 1:
A new FG for “TB CRC for cancelled initial PUSCH with CBG based re-transmission” is NOT introduced.


This issue is important for the UE implementation and should be solved either in UE feature or in the maintenance discussion. If no consensus is reached in the maintenance discussion, then we prefer to define the new FG in UE feature. In this case, for a UE not supporting this new FG, the gNB should not schedule a subset of the CBGs for retransmission if the initial PUSCH is partially or completely cancelled.

Proposal 2 and part of proposal 4 (component 6 of FG11-4/4a) from moderator under [101-e-Post-NR-UE-Features-12] 

	Updated proposal 2:
Confirm working assumption on FG11-3c/d/e/f/g and FG11-4c/d/e/f/g/h/i and keep FGs as shown in [1]

Part of updated proposal 4: 
· Component 6 is kept at least for FG11-4a
· Candidate values for the component 6 of FG11-4a is: {2, 3, 4} for 7-symbol*2 sub-slot configuration, and {2, 3, 4, 5, 6, 7} if at least one of them has 2-symbol*7 sub-slot configuration
· FFS: whether to keep the component 6 of FG11-4 with candidate values: For slot-based + sub-slot based, {2, 3} for 7-symbol*2 sub-slot configuration, and {2, 3, 4, 5, 6, 7} for 2-symbol*7 sub-slot configuration



Both updated proposal 2 and part of the updated proposal 4 as above should be agreed. The updated proposal 2 (i.e. FG11-3c/d/e/f/g and FG11-4c/d/e/f/g/h/i) define the maximum number of actual PUCCH transmissions and PUCCH formats within a sub-slot, while component 6 in FG11-4/4a defines the restriction for the maximum number of actual PUCCH transmissions for HARQ-ACK within a slot. They are different things and both will have impact on UE complexity. Especially if component 3 under FG 11-3 is not included, then for sure component 6 should be kept here.  
As to the reporting type for FG11-3c/d/e/f/g and FG11-4c/d/e/f/g/h/i, we are ok with “Per FS”. 

Component 3 under FG 11-3 
During the email discussion, whether to keep component 3 under FG 11-3 was discussed and no consensus was achieved. We still prefer to keep component 3.
While FG 11-3c to 3g define the maximum number of actual PUCCH transmissions within a sub-slot and component 6 in FG 11-4/4a defines the restriction for the maximum number of actual PUCCH transmissions for HARQ-ACK within a slot, this component 3 defines the gap that can be allowed between two actual PUCCH transmissions. The gap between actual PUCCH transmissions is important for UE capability, because we also need to consider the processing that the UE needs to do from receiving the PDSCH until the transmission of the PUCCH, not just the PUCCH transmission itself. Supporting back-to-back PUCCHs will have impact on the processing pipeline, which will result in difficulties to handle the processing with one unit and to use more processing units will increase the UE complexity. This is similar as what we did for PUSCH in Rel-15, where FG5-33 introduces a gap for two unicast PUSCHs. 

Clarification on FG 11-2 
In RAN1#101-2 meeting, it was agreed to remove FG3-5b from prerequisite feature groups for FG11-2. The main reason is that the motivations to introduce spans in Rel-15 and in Rel-16 are different. Since FG 3-5b is not the prerequisite of FG 11-2 anymore, we think the restriction on the number of monitoring occasions per slot defined in FG 3-5b should be included in FG 11-2 also. Without this restriction, UE may end up with up to 14 monitoring occasions per slot, which is extremely complicated for the UE implementation. 
Proposal URLLC-1: clarify that no capability bit is defined for FG10-2f, or remove FG10-2f from the list of NR-U FGs, since RAN2 informed RAN1 that FG10-2f does not require a UE capability bit.
	11. 
NR_L1enh_URLLC
	11-2
	Rel-16 PDCCH monitoring capability 
	1. Supported combination(s) of (X, Y, ). For each reported combination, the UE supports the limit C on the maximum number of non-overlapped CCEs for channel estimation per PDCCH monitoring span and the limit M on the maximum number of monitored PDCCH candidates per PDCCH monitoring span 
2. Maximum number of DL and UL unicast DCI formats in a span
For the set of monitoring occasions which are within the same span:
· Processing one unicast DCI scheduling DL and one unicast DCI scheduling UL per scheduled CC across this set of monitoring occasions for FDD
· Processing one unicast DCI scheduling DL and two unicast DCI scheduling UL per scheduled CC across this set of monitoring occasions for TDD
· Processing two unicast DCI scheduling DL and one unicast DCI scheduling UL per scheduled CC across this set of monitoring occasions for TDD

3. The number of different start symbol indices of PDCCH monitoring occasions per slot including PDCCH monitoring occasions of FG-3-1, is no more than 7.
4. The number of different start symbol indices of PDCCH monitoring occasions per half-slot including PDCCH monitoring occasions of FG-3-1 is no more than 4 in SCell.




Basic UE feature group for URLLC/IIoT
An informal discussion on the definition of basic feature groups during RAN#87-E is summarized and the key points are as below:
· In case that a set of feature groups/components is necessary to be supported by UE (and NW) for a certain purpose, 
· There are at least two possible approaches below to define the set of feature groups for a purpose.
· Approach 1: A basic feature group(s), which is a set of components that are viewed necessary to provide a minimum level of support for the feature. Defining a basic feature group(s) is not always possible or necessary for a given feature. 
· Approach 2: A set(s) of feature groups necessary to be supported for the purpose is defined somewhere in specification(s).
In our understanding, defining the basic feature group(s) for URLLC/IIoT is very beneficial to speed up the basic URLLC support in vertical industry, thus making some effort here is worthwhile. In general all the feature groups in the list can contribute to both low latency and high reliability to some extent. The more feature groups the UE and the gNB support, the tougher requirements can be met. Some companies seem to have the concern on UE implementation if many feature groups are required to be implemented from the beginning. To leave some flexibility for the UE implementation, at this stage we can consider to define basic feature group(s) only for a single purpose first, e.g. to define basic feature groups for achieving low latency and to define basic feature groups for achieving high reliability. Then later, if needed, some UE with higher capability can support the combination of basic feature groups to meet tighter requirements in terms of both low latency and high reliability. In addition, in this way there is some flexibility to tailor it for a specific use case considering potential different requirements for different use cases, while speed up the support. Therefore, we would prefer to follow approach 1 above for URLLC/IIoT. However, based on the previous discussion and considering the position from companies, for progress we can consider to go to approach 2. 
Proposal URLLC-2: Adopt approach 2 in RP-200502 to define a set of feature groups necessary to be supported for achieving high reliability and a set of feature groups necessary to be supported for achieving low latency. 
To help the discussion of defining basic UE feature groups following approach 2, we can identify “a set of feature groups more helpful for achieving low latency” and “a set of feature groups more helpful for achieving high reliability” first. One example is as below:
· Feature groups more helpful for achieving high reliability:  FG 11-1, FG 11-8, FG 11-9
· Feature groups more helpful for achieving low latency:  FG 11-2, FG 11-3, FG 11-4/4a, FG 11-5, FG 11-7, FG 12-1, FG 12-2, FG 12-6
· FG 11-4 and FG 12-1 are applied to a UE supporting both eMBB and URLLC 
· FG 11-7 is applied to a UE supporting eMBB     

NR positioning
E-CID capability signaling
In the LS from RAN2 R1-2005207, RAN2 decided to have 4 capability bits for E-CID in LPP.
Agreements:
The capability bits for SS RSRP, SS RSRQ, CSI-RS RSRP and CSI-RS RSRQ cover both cell specific measurement and beam specific measurement;
LS to be sent to RAN1 clarifying that we have 4 bits for SS RSRP/ SS RSRQ/CSI-RS RSRP/CSI-RS RSRQ.

It is different from RAN1 endorsed UE feature list R1-2005110, where two FGs are introduced with a single component. In addition, it is clarified that each capability indicates that UE support both cell-level measurement and beam-level measurement.
	13. NR Positioning
	13-12
	NR E-CID DL SSB RRM measurements with LPP support for NR Positioning
	1. NR E-CID DL SSB RRM measurements with LPP support for NR Positioning
	1-1
	No
	N/A
	
	Per UE
	No
	No
	N/A
	Need for location server to know if the feature is supported.
	Optional with capability signaling

	13. NR Positioning
	13-12a
	NR E-CID DL CSI-RS RRM measurements with LPP support for NR Positioning
	1. NR E-CID DL CSI-RS RRM measurements with LPP support for NR Positioning
	1-4
	No
	N/A
	
	Per UE
	No
	No
	N/A
	Need for location server to know if the feature is supported.
	Optional with capability signaling



Based on RAN2 suggestion, we suggest to update the table with the following new FGs to document the change, so that TR 38.822 is aligned with stage-3 specification.
Proposal POS-1: Replace the current FG13-12 and FG13-12a with the following new FGs 13-12, 13-12a, 13-12b, and 13-12c, and send a reply LS to RAN2.
	13. NR Positioning
	13-12
	SS-RSRP RRM measurements for NR E-CID Positioning
	1. Support of cell-specific SS-RSRP RRM measurements with LPP report for NR E-CID Positioning
2. Support of beam-specific SS-RSRP RRM measurements with LPP report for NR E-CID Positioning
	1-1
	No
	N/A
	
	Per UE
	No
	No
	N/A
	Need for location server to know if the feature is supported.
	Optional with capability signaling

	13. NR Positioning
	13-12a
	SS-RSRQ RRM measurements for NR E-CID Positioning
	1. Support of cell-specific SS-RSRQ RRM measurements with LPP report for NR E-CID Positioning
2. Support of beam-specific SS-RSRQ RRM measurements with LPP report for NR E-CID Positioning
	1-1
	No
	N/A
	
	Per UE
	No
	No
	N/A
	Need for location server to know if the feature is supported.
	Optional with capability signaling

	13. NR Positioning
	13-12b
	CSI-RSRP RRM measurements for NR E-CID Positioning
	1. Support of cell-specific CSI-RSRP RRM measurements with LPP report for NR E-CID Positioning
2. Support of beam-specific CSI-RSRP RRM measurements with LPP report for NR E-CID Positioning
	1-4
	No
	N/A
	
	Per UE
	No
	No
	N/A
	Need for location server to know if the feature is supported.
	Optional with capability signaling

	13. NR Positioning
	13-12c
	CSI-RSRQ RRM measurements for NR E-CID Positioning
	1. Support of cell-specific CSI-RSRQ RRM measurements with LPP report for NR E-CID Positioning
2. Support of beam-specific CSI-RSRQ RRM measurements with LPP report for NR E-CID Positioning
	1-4
	No
	N/A
	
	Per UE
	No
	No
	N/A
	Need for location server to know if the feature is supported.
	Optional with capability signaling



Simultaneous SRS transmission for intra-band CA and inter-band CA
In R1-2005110, the following FG13-15 and FG13-15a was agreed to be reported per band, and per BC, respectively.
	13. NR Positioning
	13-15
	Simultaneous SRS transmission for intra-band CA
	1. The number of SRS resources for positioning on a symbol for intra-band CA
Candidate values {1, 2}
	13-8
	Yes
	N/A
	
	Per band
	N/A
	N/A
	N/A
	RAN1 kindly requests RAN2 to decide on the necessity for location server to know if the feature is supported
	Optional with capability signaling

	13. NR Positioning
	13-15a
	Simultaneous SRS transmission for inter-band CA
	1. The number of SRS resources for positioning on a symbol for inter-band CA
2. Candidate values {1, 2}
	13-8
	Yes
	N/A
	
	Per BC
	N/A
	N/A
	N/A
	RAN1 kindly requests RAN2 to decide on the necessity for location server to know if the feature is supported
	Optional with capability signaling



However normally a capability defined for intra-band CA should be also reported per BC with the limit that the BC is single-band band combination, e.g., dualPA-architecture, and should not be reported for other BCs.
	dualPA-Architecture
For band combinations with single-band with UL CA, this field indicates the support of dual PA. If absent in such band combinations, the UE supports single PA for all the ULs. For other band combinations, this field is not applicable.
	BC
	No
	No
	No



The problem of the current signaling granularity of per band may give the wrong impression that if UE reports that capability in e.g. band A, UE shall always be able to transmit the number of SRS in band A regardless of intra-band CA with only band A or inter-band CA containing band A.

The following two alternatives can be considered.
· Alt. 1: Change the FGs description without changing the reporting type, so that FG13-15 defines the simultaneous transmission of SRS within a band, regardless of whether it is intra-band CA or inter-band CA containing that reported band.

	13. NR Positioning
	13-15
	Simultaneous SRS transmission for intra-band CAwithin an band
	1. The number of SRS resources for positioning on a symbol for intra-band CAwithin an band
Candidate values {1, 2}
	13-8
	Yes
	N/A
	
	Per band
	N/A
	N/A
	N/A
	RAN1 kindly requests RAN2 to decide on the necessity for location server to know if the feature is supported
	Optional with capability signaling


· Alt. 2: Change the reporting type to per BC and adding description that this is only limited to intra-band CA. We can have the following two sub-alternatives considering relationship with FG13-15a.
· Alt. 2-1: Keep the FG13-15 and FG13-15a separate, i.e.,
	13. NR Positioning
	13-15
	Simultaneous SRS transmission for intra-band CA
	1. The number of SRS resources for positioning on a symbol for intra-band CA
Candidate values {1, 2}
Note: This capability is only reported for single-band band combination.
	13-8
	Yes
	N/A
	
	Per bandBC
	N/A
	N/A
	N/A
	RAN1 kindly requests RAN2 to decide on the necessity for location server to know if the feature is supported
	Optional with capability signaling

	13. NR Positioning
	13-15a
	Simultaneous SRS transmission for inter-band CA
	1. The number of SRS resources for positioning on a symbol for inter-band CA
Candidate values {1, 2}
Note: This capability is reported for BCs with at least two bands.
	13-8
	Yes
	N/A
	
	Per BC
	N/A
	N/A
	N/A
	RAN1 kindly requests RAN2 to decide on the necessity for location server to know if the feature is supported
	Optional with capability signaling


· Alt. 2-2: Merge FG13-15 and FG13-15a with the additional Note to clarify intra-band CA and inter-band CA, i.e.,
	13. NR Positioning
	13-15
	Simultaneous SRS transmission for intra-band CA
	1. The number of SRS resources for positioning on a symbol for intra-band CA
Candidate values {1, 2}
Note: For single-band BCs, it defines the capability for intra-band CA, and for BCs with at least two bands, it defines the capability for inter-band CA.
	13-8
	Yes
	N/A
	
	Per band
	N/A
	N/A
	N/A
	RAN1 kindly requests RAN2 to decide on the necessity for location server to know if the feature is supported
	Optional with capability signaling



In our understanding, to align with existing discussion for the purpose of introducing this capability, we suggest to go with Alt. 2-2, so that RAN2 signaling can be unified.
Proposal POS-2: Merge FG13-15 and FG13-15a with reporting type of per BC and with the additional Note to clarify intra-band CA and inter-band CA, i.e,
	13. NR Positioning
	13-15
	Simultaneous SRS transmission for intra-band CA
	2. The number of SRS resources for positioning on a symbol for intra-band CA
Candidate values {1, 2}
Note: For single-band BCs, it defines the capability for intra-band CA, and for BCs with at least two bands, it defines the capability for inter-band CA.
	13-8
	Yes
	N/A
	
	Per band
	N/A
	N/A
	N/A
	RAN1 kindly requests RAN2 to decide on the necessity for location server to know if the feature is supported
	Optional with capability signaling

	13. NR Positioning
	13-15a
	Simultaneous SRS transmission for inter-band CA
	1. The number of SRS resources for positioning on a symbol for inter-band CA
Candidate values {1, 2}
	13-8
	Yes
	N/A
	
	Per BC
	N/A
	N/A
	N/A
	RAN1 kindly requests RAN2 to decide on the necessity for location server to know if the feature is supported
	Optional with capability signaling



Missing capability signaling for simultaneous SRS transmission
In RAN1#101, we made the agreement on simultaneous positioning SRS and MIMO SRS transmission for intra-band CA and inter-band CA.
	Agreement:
· For intra-band and inter-band CA operations, support the simultaneous transmission of SRS resource for positioning and SRS resource for MIMO.
· For intra-band and inter-band CA operations, a UE can simultaneously transmit more than one SRS resource configured by SRS-PosResource-r16 and SRS-Resource on different CCs, subject to UE’s capability



However, this agreement was not included in the UE feature discussion. To well-reflect the RAN1 understanding, we suggest to add new FGs to implement the agreement. Note that this is also proposed in the way that is aligned with the previous proposal.
Proposal POS-3: Add the following FGs to the UE feature list.
	13. NR Positioning
	13-xx
	Simultaneous positioning SRS and MIMO SRS transmission for intra-band CA and inter-band CA
	1. The number of SRS resources for positioning and SRS resource for MIMO on a symbol for intra-band CA and inter-band CA
Candidate values {1, 2}
Note: For single-band BCs, it defines the capability for intra-band CA, and for BCs with at least two bands, it defines the capability for inter-band CA.
	13-8
	Yes
	N/A
	
	Per BC
	N/A
	N/A
	N/A
	RAN1 kindly requests RAN2 to decide on the necessity for location server to know if the feature is supported
	Optional with capability signaling



V2X
15-2: Transmitting NR sidelink mode 1 scheduled by NR Uu
In general, we support to mandate this FG in a licensed band if a UE has reported to support NR sidelink in this band. If a SL UE operates in licensed spectrum, it must be controlled by the network. Therefore, the first “FFS” in the “Note” column should be confirmed in the positive.
For the new note added to component (6), we think it can simply be removed. The supported numerology has been reported to the gNB anyway. As for the mandatory SCS, the regional regulation is the better place to deal with the restriction.
Regarding the FFS of component (9), we prefer confirming it through positive writing:
-	Component (9) is notonly required to be supported in a band not indicated with only the PC5 interface in 38.101-1 Table 5.2E-1
The original reverse logic may show the message that component (9) can be optionally supported in a band indicated with only the PC5 interface. We believe this component makes little sense in PC5-only band as the UE never needs to suppress the in-band interference to the Uu uplink.
Proposal V2X-1: For FG 15-2:
· Support mandating this FG for NR sidelink in licensed spectrum where gNB is operating on or managing that spectrum if the UE supports NR sidelink in this band.
· The new note on component (6) should be removed.
· The FFS of component (9) should be confirmed in the positive.
· Propose to revise the component to “Component (9) is only required to be supported in a band not indicated with only the PC5 interface in 38.101-1 Table 5.2E-1”

15-3: Transmitting NR sidelink mode 2
We support mandating this FG in ITS spectrum. Providing sidelink services through ITS spectrum is the fundamental capability for NR V2X. It is preferred that all NR V2X UEs are capable of transmitting NR sidelink mode 2 in ITS spectrum. Therefore, the brackets in the “Note” column should be confirmed. For better clarification, we suggest to revise “in ITS spectrum where gNB is not defined” in the “Note” column to “in spectrum where pre-configuration is applied”, because the current wording can cause confusion when a gNB is providing configuration in such spectrum even though it does not itself operate there.
Proposal V2X-2: For FG 15-3:
· Support mandating this FG for NR sidelink in ITS spectrum where pre-configuration is applied.
· Propose to revise “in ITS spectrum where gNB is not defined” in the “Note” column to “in ITS spectrum where pre-configuration is applied”

15-5: Sidelink congestion control
This FG should be basic FG for sidelink whether the band is ITS band or licensed band. The first FFS in the “Note” column should be confirmed in the positive.
Proposal V2X-3: For FG 15-5, support mandating this FG for NR sidelink.

15-6: Short-term time-scale TDM for in-device coexistence
To avoid misunderstanding, the FFS can be changed to “UE does not support short-term time-scale TDM for in-device coexistence”.
Proposal V2X-4: For FG 15-6, the FFS can be updated to “UE does not support short-term time-scale TDM for in-device coexistence”.

15-11: Number of supported PSFCH format 0
For the first FFS, we think the gNB can utilize the information of N and M for proper scheduling operation. For example, the gNB may have several different resource pool that are configured with different PSFCH periods. For the resource pool with a small PSFCH period, it can be assigned to the UE that has reported small N and M values. For the resource pool that utilizes a large PSFCH period, e.g., 4, the gNB may assign it to the UE with large reported N and M values. Also, the N value may also impact the DG scheduling by the gNB. More specifically, if a sidelink UE has reported a small N, then the gNB had better not schedule too many PSCCH/PSSCH transmission occasions to it in a short period.
For the second FFS on SL capability report, the TX UE cannot know what it means because it does not know how many of N or M are in use for other links than toward the TX UE. If a UE cannot receive a large number of PSFCHs, the UE may simply avoid transmitting too many PSSCHs. As for the case that a UE cannot transmit a large number of PSFCHs, reporting such information to the TX UE might be useful, yet the benefit seems to be limited.
Proposal V2X-5: For FG 15-11:
· The first FFS on Uu capability signalling should be “Yes”.
· The second FFS on SL capability signalling can be “No”.

15-14: Sidelink CSI report
We think NR sidelink UE should support at least single-port CSI-RS. Therefore, this FG with P=1 should be the basic FG for sidelink. Introduction of physical layer unicast with CSI feedback is one of the key design to improve the sidelink reliability and efficiency compared to LTE V2X. If sidelink CSI is set as an optional capability, the TX UE can only use OLLA and adjusts the MCS based on SL HARQ feedback. This impacts the latency and reliability of sidelink transmission. Also, note that for NR UE, the “2-32 Basic CSI feedback” feature is mandatory without capability signalling. We should reuse the relevant aspect of NR Uu design to enhance the performance of NR sidelink.
Proposal V2X-6: For FG 15-14, support mandating this FG with P=1 for NR sidelink.

15-18: Support of rank 2 transmission
The FFS should be “No”. We remain unpersuaded that there is use to be made at the RX UE of the TX UE’s rank capability. It was suggested it should be known to allow RX UE to determine how to report SL CSI. But this is unnecessary since a TX UE supporting rank 1 transmission will not transmit nor trigger 2-port CSI-RS and reporting.
Proposal V2X-7: For FG 15-18, the FFS on SL capability signalling should be “No”.

15-19: Support of rank 2 reception
For rank 2 reception, we slightly prefer to make it optional. Accordingly, the NR sidelink UE is permitted to only support rank 1 transmission. This may help to keep a relatively low hardware complexity. However, some benefits of mandating it are also observed. As long as a UE supports rank 2 transmission, it may directly transmit to the peer UE or the groupcast RX UEs via 2 layers, which can be non-optimized.
Proposal V2X-8: For FG 15-19, support this FG to be optional. Mandating it is also acceptable.

15-22: Support of fewer than 14 consecutive sidelink symbols in a slot 
We think the support of 14-symbol slot is enough to achieve early commonality among V2X services. We do not see good justifications to mandate this FG.
Proposal V2X-9: For FG 15-22, support this FG to be optional.

15-23: Support of open loop SL power control and RSRP report
We think this FG should be mandatory for all SL UEs. If there are SL UEs with no power control capability will seriously impact the system performance and should not be supported.
Proposal V2X-10: For FG 15-23, support mandating this FG for both mode 1 and mode 2.

IAB
20-2
Our view is that topology adaption is not the basic operation for IAB-MT since it does not have any impact on initial access and connection setup. Moreover, it should be noted that the following was agreed in RAN1#88e 
· T2-P3: RF/RRM Rel-15 UE Features related to topology adaptation (i.e. FG 3-1/3-2/3-3) should remain optional for IAB-MTs in Rel-16.
It is natural to make FG20-2 optional as well in order to keep consistence with the above agreement. It should also be noted that even for topology adaptation, FG20-2 is not strictly required. As discussed during SI phase and also captured in the TR, solution 1A, CSI-RS can also be used hence FG20-2 is more like another implementation choice. 
For FG 20-3, our view is that IAB-MT can make use of the same PRACH configuration as the UE to access the system without the support of FG 20-3. To have IAB-specific RACH configurations is not needed in all deployments hence it should be optional, e.g. requested by the operator for scenarios when needed. The main benefit of this feature is that backhaul link can have separate backhaul link RACH resources. However, this comes at the cost of additional signaling overhead in SIB1 and at the same time, random access does not occur often for IAB nodes which anyway does not have a big impact on UEs. 
Proposal IAB-1: FG 20-2/20-3 are optional with capability signaling for IAB-MT.

MR-DC/CA
18-2a/2b/3/3a 
We feel “This FG is for synchronous EN-DC” should be removed. According to the agreements below, all Rel-15 UE behaviors at LTE side are inherited. 
	· Agreements:
· For the single-Tx case, for FDD LTE Pcell,
· All uplink subframes can be scheduled for LTE for type 1 Ues
· In which case, NR transmission is dropped for when the LTE and NR transmissions collide
· Note: there is no change of UL scheduling timing for LTE compared to R15 single-Tx with LTE FDD Pcell
· Agreements:
· For the dual-Tx case, for FDD LTE Pcell,
· All uplink subframes can be scheduled for LTE at least for type 1 Ues 
· Note: there is no change of UL scheduling timing for LTE compared to R15 single-Tx with LTE FDD Pcell
· Agreements:
· R15 specification on “DL HARQ timing for FDD Scell for LTE TDD-FDD CA with TDD Pcell, applied to FDD Pcell” (i.e., case1 HARQ timing in single UL), is applied to EN-DC UE capable of dual UL Tx in EN-DC with LTE FDD Pcell to mitigate DL de-sensing due to Harmonics, at least including:
· UE behavior specified in 36.213 and 36.212
· FFS: all uplink subframes can be scheduled for LTE


If such restriction is introduced, it will cause non-backwards compatibility to Rel-15 UE behaviors, i.e. the prerequisite FG 6-13. Regarding the concern raised on potential increase of UE complexity for asynchronous operation, we are afraid that it is not true because it has been agreed that all Rel-16 EN-DC UEs will support dynamic power sharing with NR dropping for both asynchronous and synchronous EN-DC. The LTE TDM pattern has no change to the basic UE behavior but only restricting available LTE PUCCH subframes and introducing corresponding DL HARQ timing, regardless it is asynchronous or synchronous between LTE link and NR link. The potential burden to the UE implementation only exists for the dynamic power sharing between LTE and NR modem instead of introducing TDM pattern. In conclusion, the note “this FG is for synchronous EN-DC” of FG 18-2a/2b/3/3a should be removed.
Proposal DCA-1: Make modifications for the following UE feature groups as in Table:
· For FG 18-2a/2b/3/3a, delete the “This FG is for synchronous EN-DC” in the note column.

18-3a/3b 
Note that in the agreement above the FG 18-3 is introduced for the indication of dual Tx transmission for EN-DC with FDD PCell, and the FG 18-3b in introduced to indicate the capability of Semi-statically configured LTE UL transmissions in all UL subframes not limited to tdm-pattern in case of TDD PCell. Thus, FG 18-3 should be the prerequisite FG of FG 18-3a instead of FG 18-3b.
Proposal DCA-2: Make modifications for the following UE feature groups as in Table:
· Change the FG 18-3 as the prerequisite FG of FG 18-3a instead of FG 18-3b.

Table. Update and revise the feature group 18-2a/2b/3/3a/3b
	Index
	Feature group
	Components
	Prerequisite feature groups
	Type
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Note
	Mandatory/Optional

	18-2a
	Enhanced single UL TX operation for FDD Pcell EN-DC
	TDM restriction to LTE FDD Pcell in EN-DC for single UL-Transmission associated functionality when tdm-patternConfig-r16 is configured
1) DL-reference UL/DL configuration defined for LTE-FDD-SCell in LTE-TDD-FDD CA with LTE-TDD-PCell
2) PRACH transmission in non- designated UL subframes given by the DL-reference configuration (only for type 1 UE)
3) LTE UL transmissions scheduled/triggered by a DCI in any UL subframe not limited to the reference TDM pattern (only for type 1 UE)

4) the UE does not transmit on SCG in FR1 when the UE has overlapped transmission on a subframe on the MCG if the conditions in TS38.213 Section 7.6.1 are satisfied
	6-13
	Per BC
	Applicable to in FDD-LTE -NR EN-DC
	Applicable to FR1 only
	Extension of the R15 capability tdm-Pattern to TDD PCell

This FG is for synchronous EN-DC
	Optional with capability signaling

	18-2b
	Support of HARQ-offset for SUO case1 in EN-DC with LTE TDD PCell for type 1 UE
	Support of HARQ-offset for SUO case1 in EN-DC with LTE TDD PCell for type 1 UE
	18-2
	Per BC
	N/A
	N/A
	This FG is for synchronous EN-DC
	Optional with capability signaling

	18-3
	Dual Tx transmission for EN-DC with FDD PCell(TDM pattern for dual Tx UE)
	TDM restriction to LTE FDD PCell in EN-DC for dual UL Tx operation when tdm-patternConfig-r16 is configured
1) DL-reference UL/DL configuration defined for LTE-FDD-SCell in LTE-TDD-FDD CA with LTE-TDD-PCell
2) PRACH transmission in non- designated UL subframes given by the DL-reference configuration (only for type 1 UE)
3) LTE UL transmissions scheduled/triggered by a DCI in any UL subframe not limited to the reference TDM pattern (only for type 1 UE)
	6-13, EN-DC
	Per BC
	Applicable to EN-DC with LTE FDD PCell only
	Applicable to FR1 only
	Extension of the R15 capability tdm-Pattern to a dual Tx UE

[This FG is for synchronous EN-DC]
	Optional with capability signalling

	18-3a
	Semi-statically configured LTE UL transmissions in all UL subframes not limited to tdm-pattern in case of FDD PCell
	UE configured with tdm-patternConfig-r16 can be semi-statically configured with LTE UL transmissions in all UL subframes not limited to the reference tdm-pattern (only for type 1 UE) in case of FDD PCell
	18-2a, 18-3
	Per UE
	Applicable to EN-DC only
	Applicable to FR1 only
	[This FG is for synchronous EN-DC]
	Optional with capability signaling

	18-3b
	Semi-statically configured LTE UL transmissions in all UL subframes not limited to tdm-pattern in case of TDD PCell
	UE configured with tdm-patternConfig-r16 can be semi-statically configured with LTE UL transmissions in all UL subframes not limited to the reference tdm-pattern (only for type 1 UE) in case of TDD PCell
	One of {18-2, 18-3}
	Per UE
	Applicable to EN-DC only
	Applicable to FR1 only
	[This FG is for synchronous EN-DC]
	Optional with capability signaling




18-4b 
Our preference is below, as there seems minor implementation additions/extra complexity needed for these two cases, especially if there can be an extra X symbols relaxed for the BWP switching for dormancy operation. 
· The FG 18-4b is removed with the following assumption:
· The N value in 38.213 10.3 can be relaxed by [X] (X> 0) symbols for each subcarrier spacing, depending on further discussion in RAN1 and/or RAN4 replying LS in the next meeting. 
· This does not preclude the possibility that DCI format 0_1 and/or 1_1 carrying dormancy indication field is expected only in the first 3 symbols of a slot, to be further discussed in the next RAN1 meeting together with consideration of RAN4 replying LS.

[18-5c]/[18-5d]
We don’t think further modification or additional values of X is needed, since it is already a separate FG. Both two FGs can be per BC reported and N/A for XDD/FRX differentiation, as optional capabilities.

eMIMO

16-1a-1
Based on the email discussion in [101-e-Post-NR-UE-Features-10], we provide our view on the UE features for multi-beam as following:
Proposal MIM-1:  for FG 16-1a-1, it is preferred to
· 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. 

16-1g
	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



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. 

Proposal MIM-2:  for FG 16-1g, it is prefer to 
· 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














16-2
	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 per band
	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

	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
	
	
	N/A
	FR2 only
	
	
	Optional with capability signalling

	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
	
	
	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 3 candidate values: {1,2}

	Optional with capability signaling



Based on the email discussion in [101-e-Post-NR-UE-Features-10], we provide our view on the UE FG for Multi-TRP as following:
· FG16-2a-3: 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.
· FG16-2c: 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. Of cause
· FG16-2b-5: 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.
· 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 and FG16-2b-1 as FSPC at least. We also fine with FG16-2b-3 as FSPC. With regarding to the concern of reporting overhead, e.g., for FG16-2a-0/1 etc, it can be per band to avoid repeated reporting granularity.

Proposal MIM-3:  For FG 16-2 family, it is prefer to 
· 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
· Clarify that the note in FG 16-2a-3 does not apply to in-order operation for PUSCHs associated with different CORESETPoolIndex values
· Keep [PDCCHs] in FG 16-2c descriptions. Alternatively we can further clarify whether the UE may have different behaviour between PDCCH/PDSCH reception over 16-2c.  
· Remove component 4 in FG 16-2b-5
· Support 16-2a and 16-2b-1 reporting type with FSPC 



16-5
	16-5b
	UL full power transmission fullpowerMode1
	1. Supported UL full power transmission fullpowerMode1
1. [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

	16-5c-2
	UL full power transmission fullpowerMode2 – SRS resources
	1. [Number of Tx to support mode 2: {2Tx, 4Tx, 2Tx_4Tx}]
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
	Yes
	N/A
	
	Per FS
	No
	No
	
	
	Optional with capability signaling

	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 can 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 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



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., “ 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 FG16-5b.

Proposal MIM-4: 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.


For 16-5c-2, 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 include 2_4 in the FG.

Proposal MIM-5: Keep the value 2_4 in FG 16-5c-2 to complete UE capability design.

