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After RAN1#99 meeting, it has been declared all the Rel-16 RAN1-led WIs as finished in RAN1 perspective. To facilitate the UE features discussion, two email discussions (i.e., 99-NR-UEFeature and 99-LTE-UEFeature) on NR and LTE Rel-16 UE features were agreed to collect companies’ input. In this contribution, some general comments are introduced in section 2 and then the detailed analysis for each WI are presented in section 3.
General Comments for NR Rel-16 WI
Since Rel-15 is the first NR spec version, one can argue that all the Rel-16 UE features should be optional. However, considering the implementation complexity, it is not a good way to split UE features into too many small pieces and make all of them as optional. It would be hard for network to implement and utilize a meaningful Rel-16 feature if different UEs support drastically different combinations of feature groups for one WI. One reasonable approach is to list all important UE features into a basic UE feature group for each WI. If one UE supports the function of one WI, it has to at least support the basic UE feature group of this function.
Proposal 1: Include important UE features in a basic UE feature group for each WI.
Detailed Analysis for Each WI
NR_L1enh_URLLC
The current draft URLLC UE feature lacks a reasonable basic UE feature group. The basic feature group for URLLC should include basic features for each channels/signal, otherwise the reliability and latency requirements would not be able to be satisfied as a whole for supporting URLLC service. However, there is only one feature on support of the new DCI formats in the current 11-1 now, which is clearly not sufficient. Thus, the following suggestions on this basic feature group are made.
1) FG 11-2 is included in the basic group. Rel-16 PDCCH monitoring capability is introduced due to support of new DCI formats. So, it is expected this UE should support the new monitoring capability as a basic feature for monitoring new DCI formats. 
2) FG 11-3 as an enhancement to HARQ-ACK feedback is included in the basic group. This is to guarantee the latency of DL PDSCH transmission. In addition, FG 11-4 can be also considered to include in the basic feature or regarded as a subordinate feature. Because, slot based HARQ-ACK codebook is a Rel-15 mandatory feature, a UE additionally support of subslot based HARQ-ACK codebook means it has to also support up to two HARQ-ACK codebooks. 
3) FG 11-5 and FG 11-6 as an enhancement to PUSCH repetition is included in the basic group. This is to guarantee the reliability and latency of PUSCH transmission. Note, a UE support PUSCH repetition type B, which means support of dynamic repetitions, should also be able to support PUSCH repetition type A with semi-static and dynamic repetitions.
Proposal 2: Include 11-1, 11-2, 11-3, 11-5 and 11-6 in the basic UE feature for URLLC.
NR TEI
14-1 Multiple LTE-CRS rate matching patterns and 14-2 Multiple LTE-CRS overlapping rate matching patterns within a part of NR carrier overlapping with a LTE carrier
The previous relevant agreements are as follows. 
Agreements:
· For DSS TEI
· Maximum number of LTE-CRS non-overlapping rate matching patterns within a NR carrier is X
· X is three
· Maximum number of LTE-CRS overlapping rate matching patterns within a part of NR carrier overlapping with a LTE carrier is Y
· Y is two
· Maximum number of LTE-CRS rate matching patterns in total within a NR carrier is Z
· Z is six
· UE capability for Z={[1,] 2, 3, 4, 5, 6} is defined
The agreement only indicates that Z is UE capability, which is 14-1. We fail to identify any clear agreement to indicate the configuration of overlapping CRS patterns is a UE capability. Hence we suggest to remove 14-2, unless the need is justified after discussion.
Proposal 3: Remove 14-2 Multiple LTE-CRS overlapping rate matching patterns within a part of NR carrier overlapping with a LTE carrier from the UE feature list. 
14-4 One-slot periodic TRS configuration for FR1
Two options have proposed on how to realize this UE capability signaling.
· Opt.1: 1 slot periodic TRS is optional as agreed. There is no change on 2-51. Even if UE reports value 2 for MaxBurstLength of csi-RS-ForTracking, support of 1 slot periodic TRS in FR1 depends on this new UE capability signaling.
· Opt.2: 1 slot periodic TRS is optional as agreed. 2-51 is updated so that UE can report one of three candidate values for MaxBurstLength (e.g., value 1 indicates 1 slot, value 2 indicates both 1 slot and 2 slots, new value 3 indicates 2 slots, where UE is mandated to report value 2 or 3 for FR1 band). New UE capability signaling may not be necessary.
Between Opt.1 (introduce new capability signaling) and Opt.2 (update 2-51), we prefer the principle of Opt.2, since it can avoid the potential confusion of joint interpretation on two features caused by Opt.1.
For the detailed solution for Opt.2, we think a simpler solution is to change the candidate value “1” to “2”, rather than having 3 candidate values. That is, the candidate values of maxBurstLength in 2-51 are updated to “2” and “1 and 2”, and clarify that “1 and 2” is mandatory for FR2.
Proposal 4: For the optional support of 1 slot periodic TRS in FR1, update the candidate values of maxBurstLength in 2-51 to “2” and “1 and 2”, and clarify that “1 and 2” is mandatory for FR2.

NR_eMIMO
16-3 eType-II codebook
One component in 16-3 is the number of PMI sub-bands based on the following agreement in RAN1#99.
Agreement
On the # of PMI subbands: 
· Mandatory support for R=1
· Optional support for N3>19
FFS: whether it is mandatory or optional for R=2 and N3<=19
· To be discussed during the Rel-16 UE capabilitity discussions
Following the above agreement, the decision is to choose from the following two alternatives. 
· Alt 1: R=2 and N3<=19 is mandatory if eType-II codebook is supported
· Alt 2: R=2 and N3<=19 is optional if eType-II codebook is supported
The selection between the above two alternatives is also related to the detailed parameter for this component. 
· If Alt 1 is selected, it implies that N3<=19 is mandatory regardless of R, and N3>19 is optional. Then the UE capability parameter should be N3. 
· Otherwise, R=1 is mandatory, whereas R=2 is optional. Then the UE capability parameter should be R.
The UE complexity on supporting large number of N3 is caused by the hardware (e.g., computation complexity and buffering) limits. 
· Since Rel-15 sub-band reporting has already required 19 sub-bands, supporting N3 <= 19 now should have no extra UE complexity compared with what we already have for Rel-15 commercial UEs. Furthermore, for N3<=19, NW can still realize the performance gain from R=2 for CQI sub-band number < 10. Especially for large CQI sub-band size cases(e.g. 16 and 32), which may not need to configure more than 10 CQI sub-bands, allowing R=2 configuration will significantly improve compression efficiency. Hence to make N3<=19 mandatory will make the best utilization of current UE hardware resource limits and allow more NW flexibility for small CQI sub-band number.
· For N3>19, we can depend on UE capability signaling to further realize the performance gain of R=2 for large bandwidth in future. 
Considering the above, we think Alt 1 is a better trade-off between UE complexity and NW performance than Alt 2. In addition, in the Rel-16 Type II CSI framework, one-step FD indicator is used for N3<=19, and two-step FD indicator is used for N3>19. Hence Alt 1 can avoid mandatory UEs implement two different schemes and align with the general design principle for eType-II CSI.
Proposal 5: On the number of PMI subbands in 16-3, R=2 and N3<=19 is mandatory if eType-II codebook is supported.
Another component in the current list of 16-3 is “UCI omission”. We don’t think it should be list in the UE feature list. In Rel-15, we don’t have any signaling to indicate whether UCI omission is supported for either Type I or Type II CSI. We don’t see the need in Rel-16 neither. Further, the UE behavior when UCI omission is not supported is never defined. Hence it does not make sense to indicate whether UCI omission is supported or not.
Proposal 6: Remove “UCI omission” in the UE feature list.
16-5 Power-efficient UL transmission
The current list of 16-5 is as follows.
	UL full power transmission (mode [0], 1, 2)
1. New UL codebook set(s) 
2. Multiple SRS resources in set with different number of ports
3. UE indication of TPMI(s) which delivers full power


Firstly, Mode 0 should be removed due to the reason that there is no clear definition in RAN1, and instead we can add one more component of supporting full power transmission, as in RRC framework for full power transmission.
Secondly, if the UE supports the Mode1, new UL codebook set(s) should be supported accordingly. Consequently, the 16-5-1 “New UL codebook set(s)” should be replaced by support Full power Mode 1 or Full power Mode2.
Thirdly, the maximum number of SRS resources in Mode 2 should be UE capability according to the following agreement in RAN1#98. 
Agreement
· For 4 TX UEs, a maximum of 4 SRS resources are supported in Mode 2 for usage set to ‘codebook’ in a set
· Depending on UE capability, either up to 2 or 4 SRS resources are supported
· For 2 TX UEs, a maximum of 4 SRS resources are supported in Mode 2 for usage set to ‘codebook’ in a set
· Depending on UE capability, either up to 2 or 4 SRS resources are supported
· For mode 2 UEs, up to 2 different spatial relation info can be configured for all SRS resources with usage set to ‘codebook’
Note: it does not mean to support simultaneous transmission of multiple SRS resources usage is set to ‘codebook’
Consequently, we have the following proposal.
Proposal 7: Revise the list of 16-5 Power-efficient UL transmission as follows.
	UL full power transmission
1. Support full power transmission
2. Support full power Mode 1 or Mode 2 
3. For full power mode 2, 
a. The support of multiple SRS resources in set with different number of ports
b. Maximum number of SRS resources
c. UE indication of TPMI(s) which delivers full power



MR_DC/CA enhancement
The Rel-16 MR_DC/CA enhancement WI consists of several separate enhancements for DC and CA, it is hard to finalize a group of basic UE features for this WI. Support of UE feature for this WI should be determined case by case.
There is one remaining issue for cross-carrier scheduling in this WI, i.e., increased number of DCIs. In case of cross-carrier scheduling, especially for PDCCH with a smaller SCS, the number of DCIs in each slot in the scheduling carrier has to increase since one scheduling carrier may be associated with multiple scheduled carriers with higher SCS.
From our perspective, compared with reusing FG3-5b, increasing the number of valid DCIs in a PDCCH monitoring occasion is more attractive since FG3-5b makes the resource in scheduling cell fragmented, which increases the complexity of network scheduling. Up to 4 unicast DCIs per MO can be the starting point for discussion. If more than 4 unicast DCIs per MO is supported, the current DAI field bits in DCI may need to be increased or some other rules may need to order the DAI counting.
According to RAN1#98bis meeting, UE vendors may have the concern that too many unicast DCIs are placed within one slot if one scheduling cell cross-carrier schedules a large number of scheduled cells. In this case, the maximum number of unicast DCIs in one scheduling slot across all scheduled cells can be defined.
The current Rel-15 DAI counting mechanism assumes that only up to one unicast DL DCI is in each monitoring occasion for each scheduled cell, which doesn’t cover the case that more than one unicast DL DCI is received for the same scheduled cell. More than one unicast DL DCI for one scheduled cell is a typical case for cross-carrier scheduling with smaller SCS for the scheduling cell. If the number of valid DCIs in a PDCCH monitoring occasion is increased, then the DAI counting order shall also be updated.
Proposal 8: Increase the number of valid DCIs in a PDCCH monitoring occasion to at least 4;
Define the maximum number of unicast DCIs in one scheduling slot across all scheduled cells;
Update the DAI counting order.
Mobility enhancements
Following the principle of proposal 1 made in section 2, we should setup a basic feature group to include essential features for mobility enhancements as well.  It would be desirable if all UEs capable of mobility enhancements support both inter-frequency and intra-frequency DAPS-HO, and other related capabilities including power sharing and PDCCH blind decoding.  Otherwise, it is hard for the network to get benefits from this feature in overall system perspective.  Therefore, we have the following proposal:    
Proposal 9:  Change the basic feature group to include both intra-frequency and inter-frequency DAPS HO, and also combine the capabilities for power sharing and PDCCH blind detection, i.e., 21-2 to 21-4 into the basic feature group. Fundamentally, all these features are essential for support of DAPS. That is,
	21-1
	Intra-frequency Support ofDAPS HO
	1) Indicates support of intra-frequency DAPS-HO for a given [band and band combination].
2) Indicates support of inter-frequency DAPS-HO for a given [band and band combination].

3) Indicates support of UL power sharing during DAPS-HO operation, i.e. semi-static or dynamic.
4) Indicates PDCCH blind decoding capability supported in the first MCG (intended for target cell in HO) when in DAPS-HO. Value range should be {[2], …, 16}.
5) Indicates PDCCH blind decoding capability supported in the second MCG (intended for source cell in HO) when in DAPS-HO. Value range should be {[2], …, 16}.



Conclusion
In this contribution, proposals on NR Rel-16 UE features are introduced.
General Comments
Proposal 1: Include important UE features in a basic UE feature group for each WI.

NR_L1enh_URLLC
Proposal 2: Include 11-1, 11-2, 11-3, 11-5 and 11-6 in the basic UE feature for URLLC.

TEI
Proposal 3: Remove 14-2 Multiple LTE-CRS overlapping rate matching patterns within a part of NR carrier overlapping with a LTE carrier from the UE feature list. 
Proposal 4: For the optional support of 1 slot periodic TRS in FR1, update the candidate values of maxBurstLength in 2-51 to “2” and “1 and 2”, and clarify that “1 and 2” is mandatory for FR2.

NR_eMIMO
Proposal 5: On the number of PMI subbands in 16-3, R=2 and N3<=19 is mandatory if eType-II codebook is supported.
Proposal 6: Remove “UCI omission” in the UE feature list.
Proposal 7: Revise the list of 16-5 Power-efficient UL transmission as follows.
	UL full power transmission
1. Support full power transmission
2. Support full power Mode 1 or Mode 2 
3. For full power mode 2, 
a. The support of multiple SRS resources in set with different number of ports
b. Maximum number of SRS resources
c. UE indication of TPMI(s) which delivers full power



MR_DC/CA enhancement
Proposal 8: Increase the number of valid DCIs in a PDCCH monitoring occasion to at least 4;
Define the maximum number of unicast DCIs in one scheduling slot across all scheduled cells;
Update the DAI counting order.
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Proposal 9:  Change the basic feature group to include both intra-frequency and inter-frequency DAPS HO, and also combine the capabilities for power sharing and PDCCH blind detection, i.e., 21-2 to 21-4 into the basic feature group. Fundamentally, all these features are essential for support of DAPS. That is,
	21-1
	Intra-frequency Support ofDAPS HO
	1) Indicates support of intra-frequency DAPS-HO for a given [band and band combination].
2) Indicates support of inter-frequency DAPS-HO for a given [band and band combination].

3) Indicates support of UL power sharing during DAPS-HO operation, i.e. semi-static or dynamic.
4) Indicates PDCCH blind decoding capability supported in the first MCG (intended for target cell in HO) when in DAPS-HO. Value range should be {[2], …, 16}.
5) Indicates PDCCH blind decoding capability supported in the second MCG (intended for source cell in HO) when in DAPS-HO. Value range should be {[2], …, 16}.
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