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[bookmark: _Toc47741915]1	Introduction
In this contribution we discuss the remaining details of Rel-16 NR UE features.
[bookmark: _Ref178064866][bookmark: _Toc47741916]2	Discussion
[bookmark: _Toc47741917]2.1	2-step RACH
There are no open issues for 2-step RACH UE features that we are aware of.
[bookmark: _Toc47741918][bookmark: _Toc47741931]2.2	NR-U
2.2.1	FG Applicability to Licensed Bands
For the following FGs It is still FFS (see [1]) whether or not they are restricted to operation with shared spectrum channel access only, namely:
· FG 10-15: Enhanced dynamic HARQ codebook
· FG 10-16: One-shot HARQ ACK feedback
· FG 10-20a: Support coreset configuration with rb-Offset
· FG 9/9b/9c/9d: Search space set group switching
FG-15/16
These two features enable mechanisms to request HARQ-ACK feedback when gNB has missed the reception of HARQ-ACK feedback. A strong motivation under NR-U was LBT failure at the UE, but it should be well understood that in a network operating on licensed or unlicensed bands, other reasons than LBT failure exist that can result in miss detection or cancellation of HARQ-ACK transmission. Examples are miss detection due to interference or poor coverage or cancellation due to overriding and dynamic SFI. Given that these features from specification and functionality perspectives are not affected by operation on unlicensed bands, imposing limitation by specification to only one use case, would be perceived as an artificial restrictions that is not technically motivated.
[bookmark: _Toc53814454]FG 10-15/16 are applicable to licensed operation (i.e., NOT restricted to shared spectrum channel access).
FG 10-20a
This functionality enabled by this feature group is beneficial for licensed bands to enable shifting a CORESET off the 6-RB grid to enable alignment with CORESET0 (which is not restricted to the 6-RB grid). This is a useful feature in both licensed and unlicensed bands to reduce PDCCH blocking and enable efficient use of control channel resources.
[bookmark: _Toc53814455]FG 10-20a is applicable to licensed operation (i.e., NOT restricted to shared spectrum channel access)
FG 9/9b/9c/9d
This functionality enabled by this set of feature groups is generic – and indeed beneficial – to enable power saving at the UE. Hence, this feature should be applicable also to licensed bands. We understand that Component 5 of 10-9 that refers to monitoring DCI 2_0 for channel "channel occupancy" is not relevant for licensed operation. However, the spec supports not configuring this field in DCI 2_0 in which case the UE switches back to monitoring the default search space group at the end of the indicated SFI (or timer expiry, whichever occurs first). Hence, 10-9 and 10-9b are relevant in licensed bands.
[bookmark: _Toc46999995][bookmark: _Toc47739311][bookmark: _Toc47739556][bookmark: _Toc47740066][bookmark: _Toc47740104][bookmark: _Toc47740965][bookmark: _Toc47741398][bookmark: _Toc47744337][bookmark: _Toc53814456]At least FGs 9/9b/9c are applicable to licensed operation (i.e., NOT restricted to shared spectrum channel access). For FG 10-9 in licensed bands, Component 5 is not required.

2.2.2	FGs Related to Wideband Carrier Operation
FG 10-19a/b/c/d/e/f
In RAN1#101 an LS was sent to RAN4 [5] requesting feedback on UE capabilities relating to wideband operation. In the same meeting, RAN1 defined 6 FGs related to wideband carrier operation (10-19a/b/c/d/e/f) so RAN2 could reserve capability signaling until RAN4 had a chance to respond to the LS. The following note was added for these FGs:
	Note

	These FGs 10-19a/b/c/d/e/f are examples on what RAN1 ask RAN2 to reserve capability bits in LS R1-2004965



RAN4 provided a reply LS to RAN in this meeting [6] with answers to some of the questions, but they indicated that consensus had not yet been achieved regarding Question 2b on whether or not there are differences in UE capabilities between DL cases 2a/2b/3/4. In the LS, RAN4 has asked RAN1 about RAN1's intention regarding FGs 10-19a/b/c/d/e/f. There seems to be lack of clarity on if RAN4 should confirm these FGs or if RAN4 should define new UE capabilities in RAN4. It is our understanding that the purpose of RAN1 defining FGs 10-19a/b/c/d/e/f was to leave these as placeholders for the capabilities that RAN4 may define. Hence, we propose that these FGs be left in place until RAN4 concludes.
[bookmark: _Toc53814457]FGs 10-19a/b/c/d/e/f should be left in place until RAN4 concludes on UE capabilities related to DL wideband carrier operation Modes 1/2/3 and UL wideband carrier operation Modes 1/2A/2B.
[bookmark: _Toc53814458]Respond to RAN4 that the FG 10-19a/b/c/d/e/f can be used for capability signaling related to DL wideband carrier operation Modes 1/2/3 and UL wideband carrier operation Modes 1/2A/2B. It is not necessary for RAN4 to define separate capabilities.
2.3 	URLLC
In RAN#89, it was concluded that a new FG "Out-of-order CBG-based re-transmission(s) with cancelled initial PUSCH transmission" is introduced. Details are to be finalized by RAN1 and RAN2. In the following, we discuss the options for introducing the new FG.
Firstly, CBG-based re-transmission(s) can already be indicated by the below Rel-15 capability. If UE indicates this, it supports both in-order and out-of-order CBG transmission.
	Definitions for parameters
	Per
	M
	FDD-TDD
DIFF
	FR1-FR2
DIFF

	cbg-TransIndication-UL
Indicates whether the UE supports CBG-based (re)transmission for UL using CBG transmission information (CBGTI) as specified in TS 38.214 [12].
	UE
	No
	No
	No



The proposal in [2] is to introduce an out-of-order indication for CBG-based re-transmission in Rel-16.
	cbg-TransCancelledPUSCH-UL 
Indicates whether the UE supports CBG-based retransmission for UL using CBG transmission information (CBGTI) in case the initial PUSCH transmission was cancelled and the following condition is satisfied: the UE is scheduled for a re-transmission of a CBG #N in a given TB when CBG #N-1 has not been transmitted before and it is not scheduled in the same UL grant that includes CBG#N.  The UE indicating support of this feature shall indicate the support of CBG-based (re)transmission for UL with cbg-TransIndication-UL



The new FG proposed for Rel-16 [2] means that UE is not able to indicate that it ONLY supports in-order.
1. If UE supports both cbg-TransIndication-UL and cbg-TransCancelledPUSCH-UL, then it supports both in-order and out-of-order.
2. If UE supports cbg-TransIndication-UL but not cbg-TransCancelledPUSCH-UL, then it supports both in-order and out-of-order
3. The case that UE supports cbg-TransCancelledPUSCH-UL but not cbg-TransIndication-UL is precluded by the green text above.
It is our understanding that in-order operation is simpler to implement than out-of-order operation, and this is the reason for introducing a new FG. Thus, the UE capability signalling should be able to signal only in-order.
In the following, we provide several potential approaches for introducing the new FG for indicating that a UE supports only in-order CBG-based retransmissions.
Approach 1:
Approach 1 for Rel-15:
Slim down the meaning of the legacy bit to such that it only applies for in-order scheduling of CBG:
	cbg-TransIndication-UL
Indicates whether the UE supports CBG-based (re)transmission for UL using CBG transmission information (CBGTI) as specified in TS 38.214 [12]. In case a retransmission is scheduled, the following condition is satisfied: the UE is scheduled for a re-transmission of a CBG #N in a given TB when CBG #(N-1) has been scheduled before or CBG #(N-1) is scheduled in the same UL grant that includes CBG#N.
	UE
	No
	No
	No



Approach 1 for Rel-16:
Add a new bit for the out-of-order scheduling of CBG: 
	cbg-TransCancelledPUSCH-UL
Indicates whether the UE supports CBG-based retransmission for UL using CBG transmission information (CBGTI) in case the initial PUSCH transmission was cancelled and the following condition is satisfied: the UE is scheduled for a re-transmission of a CBG #N in a given TB when CBG #(N-1) has not been scheduled before and it is not scheduled in the same UL grant that includes CBG#N.  
The UE indicating support of this feature shall indicate the support of CBG-based (re)transmission for UL with cbg-TransIndication-UL 
	UE
	No
	No
	No

	cbg-TransIndication-UL
Indicates whether the UE supports CBG-based (re)transmission for UL using CBG transmission information (CBGTI) as specified in TS 38.214 [12]. In case a retransmission is scheduled, the following condition is satisfied: the UE is scheduled for a re-transmission of a CBG #N in a given TB when CBG #(N-1) has been scheduled before or CBG #(N-1) is scheduled in the same UL grant that includes CBG#N.
	UE
	No
	No
	No



UE signalling:
· A Rel-15 UE can indicate that it supports in-order CBG retransmission, and does not support out-of-order CBG retransmission, by indicating that it supports cbg-TransIndication-UL;
· A Rel-16 can indicate that 
· it supports in-order CBG retransmission, and does not support out-of-order CBG retransmission, by indicating that it supports cbg-TransIndication-UL and does not support cbg-TransCancelledPUSCH-UL.
· it supports both in-order and out-of-order CBG retransmission indicating that it supports both cbg-TransIndication-UL and cbg-TransCancelledPUSCH-UL.

This approach has the drawback that it is non-backwards-compatible (NBC). If a Rel-15 UE implements this CR and sets cbg-TransIndication-UL, a NW not implementing the CR may attempt scheduling out-of-order CBG retransmission for this UE and it would break. It would be acceptable though if 3GPP knows that there is no NWs out there that would ever attempt out-of-order CBG retransmission for Rel-15 UE.
It is noted that in Rel-15, no PUSCH cancellation (intra-UE or inter-UE) was defined. Hence for Rel-15 FG description, it cannot mention PUSCH cancellation.
For Rel-16 FG, “the initial PUSCH transmission was cancelled” due to either intra-UE prioritization or inter-UE cancellation indicator.

Approach 2:
Approach 2 for Rel-15:
No change to Rel-15. Rel-15 FG would hence only have the legacy bit with the legacy meaning, i.e. it would indicate that the UE supports both in-order and out-of-order CBG retransmissions. 
	cbg-TransIndication-UL
Indicates whether the UE supports CBG-based (re)transmission for UL using CBG transmission information (CBGTI) as specified in TS 38.214 [12].
	UE
	No
	No
	No



Approach 2 for Rel-16:
Add a new bit for the in-order scheduling alternative. Basically a slimmed down version of the legacy bit.
	cbg-TransCancelledPUSCH-UL
Indicates whether the UE supports CBG-based retransmission for UL using CBG transmission information (CBGTI) in case the initial PUSCH transmission was cancelled and the following condition is satisfied: the UE is scheduled for a re-transmission of a CBG #N in a given TB when CBG #(N-1) has been scheduled before or CBG #(N-1) is scheduled in the same UL grant that includes CBG#N.
The UE indicating support of cbg-TransIndication-UL also supports this feature. 
	UE
	No
	No
	No

	cbg-TransIndication-UL
Indicates whether the UE supports CBG-based (re)transmission for UL using CBG transmission information (CBGTI) as specified in TS 38.214 [12].
	UE
	No
	No
	No



UE signalling:
· A Rel-15 UE can indicate that it supports CBG retransmission by indicating that it supports cbg-TransIndication-UL. Both in-order and out-of-order CBG retransmission are supported.
· A Rel-16 can indicate that 
· it supports in-order CBG retransmission, and does not support out-of-order CBG retransmission, when initial PUSCH transmission is cancelled, by indicating that it does not support cbg-TransIndication-UL and support cbg-TransCancelledPUSCH-UL.
· it supports both in-order and out-of-order CBG retransmission regardless of cancellation of initial PUSCH transmission, by indicating that it supports cbg-TransIndication-UL. In this case, the UE has to indicate support of cbg-TransCancelledPUSCH-UL.

This approach has the advantage that it is backwards compatible. 
A drawback is, the entire feature of CBG-based retransmissions cannot be enabled even if only in-order CBG retransmission is scheduled by gNB. The Rel-15 UE does report cbg-TransIndication-UL if it supports of in-order, but does not support of out-of-order CBG retransmission, regardless of how gNB schedules. 

Approach 3:
Approach 3 for Rel-15:
Add a new FG to Rel-15 for only scheduling the in-order CBG retransmission. Basically a slimmed down version of the legacy bit is additionally provided. The legacy bit would hence have the legacy meaning, i.e. it would indicate that the UE supports both in-sequence and out-of-sequence retransmissions. 
	cbg-TransCancelledPUSCH-UL
Indicates whether the UE supports CBG-based (re)transmission for UL using CBG transmission information (CBGTI) as specified in TS 38.214 [12]. In case a retransmission is scheduled, the following condition is satisfied: the UE is scheduled for a re-transmission of a CBG #N in a given TB when CBG #(N-1) has been scheduled before or CBG #(N-1) is scheduled in the same UL grant that includes CBG#N.
	UE
	No
	No
	No

	cbg-TransIndication-UL
Indicates whether the UE supports CBG-based (re)transmission for UL using CBG transmission information (CBGTI) as specified in TS 38.214 [12].
	UE
	No
	No
	No



Approach 3 for Rel-16:
Reuse of the two Rel-15 FGs. No change is needed compare to the revised Rel-15.
	cbg-TransCancelledPUSCH-UL
Indicates whether the UE supports CBG-based retransmission for UL using CBG transmission information (CBGTI) in case a retransmission is scheduled, the following condition is satisfied: the UE is scheduled for a re-transmission of a CBG #N in a given TB when CBG #(N-1) has been scheduled before or CBG #(N-1) is scheduled in the same UL grant that includes CBG#N. 
	UE
	No
	No
	No

	cbg-TransIndication-UL
Indicates whether the UE supports CBG-based (re)transmission for UL using CBG transmission information (CBGTI) as specified in TS 38.214 [12]. 
	UE
	No
	No
	No



UE signalling:
· A Rel-15 UE can indicate that 
· it supports CBG retransmission with in-order retransmission only, by indicating that it does not support cbg-TransIndication-UL, but supports cbg-TransCancelledPUSCH-UL.
· it supports CBG retransmission, both in-order and out-of-order CBG,  by indicating that it supports cbg-TransIndication-UL. In this case, the UE has to indicate support of cbg-TransCancelledPUSCH-UL also.
· A Rel-16 can indicate similar to Rel-15 UE. 

This approach has the benefit that it is backwards compatible. For both Rel-15 and Rel-16 UEs, it allows CBG-based retransmission even if a UE only supports in-order CBG retransmission. 
Comparing Approach 1, 2, 3, Approach 1 is the cleanest and preferred, if non-backwards-compatibility is not a concern. Otherwise, Approach 3 can be adopted. Approach 2 is not favorable.
[bookmark: _Toc53814459]For introducing the new FG "Out-of-order CBG-based re-transmission(s) with cancelled initial PUSCH transmission", adopt approach 1 if no concern of non-backwards-compatibility; otherwise, adopt Approach 3.

[bookmark: _Toc47741932]2.4	IIoT
No further input.
[bookmark: _Toc47741933]2.5	Positioning
No further input.
[bookmark: _Toc47741934]2.6	TEI16
[bookmark: _Toc47741937]2.7	5G V2X
During RAN1#102-e meeting, it was discussed the necessity of adding a new FG for the UE V2X features based on the following agreements:
	Agreements:
· Note: It is understood that the carrier transmitting DCI formats 3_0/3_1 is configurable per the current signalling
· Only one carrier can be configured for a UE to monitor DCI formats 3_0/3_1
· From RAN1 perspective, no additional RRC signaling is necessary.
· It is subject to UE capability discussion for the case when the carrier transmitting DCI formats 3_0/3_1 is different from the SL carrier
· The PUCCH group containing the carrier transmitting DCI format 3_0 is also the PUCCH group carrying SL HARQ-ACK reports (either on PCell or PUCCH SCell)
· It is assumed that if CG type 1 is configured for CG SL HARQ-ACK reporting, it there is always a configuration of a carrier transmitting DCI format 3_0 


For the highlighted part of the agreement, we distinguish two cases:
· SL takes place on a dedicated carrier and there is a single Uu carrier (which is different from the SL carrier). In this case, support of configuring the carrier transmitting DCI formats 3_0 / 3_1 has already been agreed, as FG 15-2 is mandatory in licensed spectrum.
· SL takes place on a dedicated carrier and there are multiple Uu carriers. Given that a single carrier can be used for transmitting DCI formats 3_0 / 3_1, we think that there is no reason to introduce additional restrictions.

[bookmark: _Toc53814460]Cross-carrier is scheduling is already covered by the Mode-1 feature group. No new UE feature signaling is introduced for NR SL
[bookmark: _Toc47741938]2.8	MIMO
Regarding feature 16-2a-3 (Out-of-order operation for UL), there is a following note captured in the latest NR UE feature list in R1-2007326:
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”
There was a concern raised in RAN1#102-e that when the UE reports support for this capability, the current note may imply that the gNB is mandated to use to then the two closed loop indices for power control across PUSCHs associated with different CORESETPoolIndex.  In our view, this particular UE capability should not mandate gNB behaviour with regards to how many closed loops should be used for power control.  Hence, we propose to limit the current note only for out-of-order PUSCH scheduling.  If single closed loop index is configured and TPC accumulation is enabled, then the UE can expect the PUSCHs associated with different CORESETPoolIndex’s to be in-order.  The suggested change to the note is given below:
Note: “Same closed loop index for power control across out-of-order PUSCHs associated with different CORESETPoolIndex values is not supported by a UE indicating the support of this feature. In the case of single closed loop index configured and TPC accumulation is enabled, the UE expect that PUSCHs associated with different CORESETPoolIndex values are always in-order even if UE indicates this capability”

[bookmark: _Toc47741947]2.9	CLI/RIM
No further input.
[bookmark: _Toc47741948]2.10	MR-DC/CA enhancement
No further input.
[bookmark: _Toc47741951]2.11	UE Power Saving
No further input.
[bookmark: _Toc47741954]2.12	IAB
No further input.
[bookmark: _Toc47741955]2.13	Mobility Enhancement
No further input.

[bookmark: _Toc47741956]2.14	Potential change/update on existing UE features for Rel-16 UE
No further input.

[bookmark: _Toc47741957]2.15	New FGs that are not dedicated to a specific Rel-16 work item/TEI
No further input.
2.16	UE feature interpretation in case of cross-carrier operation
RAN1 discussed the interpretation of some Rel-15 UE features in case of cross-carrier operation (e.g. see LS in R1-2007334). It was mentioned in RP-201768 that this issue also needs to be discussed for some Rel-16 UE features and proposes to agree on the interpretation applicable for each feature for which such issue arises.
· Interpretation1: Support of this UE capability is based on the support of this capability for the band of the scheduled/triggered/indicated cell only.
· Interpretation2: Support of this UE capability is based on the support of this capability for the band of the scheduling/triggering/indicating cell only.
· Interpretation3: Support of this UE capability is based on the support of this capability for both the band of the scheduled/triggered/indicated cell and the band of the scheduling/triggering/indicating cell.

Below table summarizes our view on the features identified in RP-201768. 
For the URLLC/IIoT features, they are about (a) inter-UE cancellation; (b) joint release of multiple DL-SPS or multiple UL-CG configurations. The procedure is: (1) receive DCI in the scheduling/triggering/indicating cell, (2) perform the action ((a) or (b)) in the scheduled/triggered/indicated cell. Thus interpretation 1 seems suitable.  That is, no requirement to perform action ((a) or (b)) in scheduling cell; UE only needs to receive the DCI.
For the mTRP UE features, using Multi-DCI Multi-TRP as an example, CORESETPoolIndex will be configured in the scheduling cell.  But the UE would have to support the Multi-DCI feature in the scheduled cell also in order to receive the multiple PDSCHs. So, interpretation 3 would be suitable for Multi-TRP features.
For the MR-DC features, given these are about the number of DCIs that UE can receive in a scheduling cell for a scheduled cell, interpretation 1 is more suitable, while the cross-carrier scheduling capability itself is separately indicated via 18-5/5b.

	eURLLC/IIoT
	11-7a	UL cancelation scheme for cross-carrier
11-7b	Independent cancellation of the overlapping PUSCHs in an intra-band UL CA
11-9a	Joint release in a DCI for two or more configured grant Type 2 configurations for a given BWP of a serving cell
12-2a	Joint release in a DCI for two or more SPS configurations for a given BWP of a serving cell
	Interpretation 1

	eMIMO
	16-2a-2	Out-of-order operation for DL 
16-2a-3	Out-of-order operation for UL
16-2b-2	Single-DCI based FDMSchemeA
16-2b-3	Single-DCI based FDMSchemeB
16-2b-3a	Single-DCI based FDMSchemeB CW soft combining
16-2b-4	Single-DCI based TDMSchemeA
16-2b-5	Single-DCI based inter-slot TDM
	Interpretation 3

	MR-DC
	18-5c Processing up to X unicast DCI scheduling for DL per scheduled CC
18-5d	Processing up to X unicast DCI scheduling for UL per scheduled CC
	Interpretation 1




[bookmark: _Toc47741958]3	Conclusions 
In this contribution we discussed the remaining details of Rel-16 NR UE features and make the following proposals:
Proposal 1	FG 10-15/16 are applicable to licensed operation (i.e., NOT restricted to shared spectrum channel access).
Proposal 2	FG 10-20a is applicable to licensed operation (i.e., NOT restricted to shared spectrum channel access)
Proposal 3	At least FGs 9/9b/9c are applicable to licensed operation (i.e., NOT restricted to shared spectrum channel access). For FG 10-9 in licensed bands, Component 5 is not required.
Proposal 4	FGs 10-19a/b/c/d/e/f should be left in place until RAN4 concludes on UE capabilities related to DL wideband carrier operation Modes 1/2/3 and UL wideband carrier operation Modes 1/2A/2B.
Proposal 5	Respond to RAN4 that the FG 10-19a/b/c/d/e/f can be used for capability signaling related to DL wideband carrier operation Modes 1/2/3 and UL wideband carrier operation Modes 1/2A/2B. It is not necessary for RAN4 to define separate capabilities.
Proposal 6	For introducing the new FG "Out-of-order CBG-based re-transmission(s) with cancelled initial PUSCH transmission", adopt approach 1 if no concern of non-backwards-compatibility; otherwise, adopt Approach 3.
Proposal 7	Cross-carrier is scheduling is already covered by the Mode-1 feature group. No new UE feature signaling is introduced for NR SL
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