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After RAN1#99 meeting, it has been declared all the Rel-16 RAN1-led WIs as completed in RAN1 perspective. To facilitate the UE feature discussion, two email discussions (i.e., 99-NR-UEFeature and 99-LTE-UEFeature) respectively on NR and LTE Rel-16 UE features were agreed to collect input from companies. In this contribution, we provide some general views on the structure of Rel-16 NR UE features.
General Views on structure of Rel-16 NR UE features 
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 functionality 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 a UE supports the functionality of one WI, it has to at least support the basic UE feature group of this functionality. The basic UE feature group also serves the purpose of setting the basic requirements of certain UE type.
[bookmark: _GoBack]Proposal: Setup one basic UE feature group for each WI and include a set of important UE features in the basic UE feature group.   .
URLLC and NR-U are the exemplary WIs which are in lack of basic UE feature group in the current version of the UE feature list from the email discussion [99-NR-UEFeature]. 
Structure of UE features for URLLC
As shown in Table 1, the structure of UE features for URLLC in the current draft 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.
Table 1. The current structure of UE features for URLLC
	11. 
NR_L1enh_URLLC
	11-1
	Monitoring DCI format 1_2 and DCI format 0_2

	
	11-1a
	Monitoring both DCI format 0_1/1_1 and DCI format 0_2/1_2 in a certain search space set for scheduling the same cell 

	
	11-2
	Rel-16 PDCCH monitoring capability 

	
	11-2a
	Capability on the number of CCs with Rel-16 PDCCH monitoring capability on all the serving cells 

	
	11-2b
	Capability on the number of CCs with Rel-15 monitoring capability and Rel-16 monitoring capability on different serving cells

	
	11-3
	More than one PUCCH for HARQ-ACK transmission within a slot

	
	11-4
	Up to two HARQ-ACK codebooks simultaneously constructed for supporting different service types for a UE

	
	11-4a
	Monitoring a DCI format (from the formats 0_1/1_1/0_2/1_2) scheduling PDSCH with different HARQ-ACK priorities or PUSCH with different priorities when both DCI format 0_1/1_1 and DCI format 0_2/1_2 are configured to be monitored per BWP 

	
	11-5
	PUSCH repetition type B

	
	11-6
	PUSCH repetition Type A

	
	11-7
	UL cancelation scheme 

	
	11-8
	Enhanced UL power control scheme

	
	11-9
	Multiple active configured grant configurations for a BWP of a serving cell

	
	11-9a
	Joint release in a DCI for two or more configured grant Type 2 configurations for a given BWP of a serving cell



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 that a URLLC 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.
Based on the analysis, it would be reasonable to include at least 11-1, 11-2, 11-3, 11-5 and 11-6 in the basic UE features for URLLC as shown in Table 2.  This basic feature group would be the prerequisite of supporting all other URLLC features. 
Table 2. The modified basic feature group for URLLC
	11. 
NR_L1enh_URLLC
	11-1
(basic feature group)
	1. Monitoring DCI format 1_2 and DCI format 0_2
2. Rel-16 PDCCH monitoring capability
3. More than one PUCCH for HARQ-ACK transmission within a slot
4. PUSCH repetition type B
5. PUSCH repetition Type A



Structure of UE features for NR-U
Similar issue can be found for NR-U. The current UE features are listed in Table 3. It may not be desired to have too many fractional and optional features for the UE supporting NR-U, as most of the features are designed to satisfy the ESTI regulation or compensate the loss due to potential LBT failure in terms of efficiency and reliability. Therefore, we propose to merge all the features marked in yellow into a basic feature group with the following reasons.
1) LBE and FBE based channel access including various types of LBT should be taken as the basic features;
2) OCB is a requirement from ESTI regulation, and therefore the wideband PRACH and interlaced channels should be the basic features for NR-U UEs;
3) Enhancement designed to compensate the loss due to potential LBT failure in terms of efficiency and reliability, such as PDSCH length, SRS, Search Space, HARQ-ACK feedback, Configured grant, and COT sharing, should be included in the basic feature as well.



Table 3. The current structure of UE features for NR-U
	10. NR-unlicensed

	10-1
	UE channel access procedures for UL transmission for dynamic channel access mode 

	
	10-1a
	UE DL only operation in unlicensed operation with dynamic channel access mode

	
	10-2
	UE channel access procedures for UL transmission for semi-static channel access mode 

	
	10-3
	PRB interlace mapping for PUCCH and PUSCH

	
	10-7
	LBT bandwidth size of 10MHz

	
	10-8
	Type B PDSCH length

	
	10-9
	Search space set group switching

	
	10-10
	RSSI measurement

	
	10-11
	SRS starting position at any OFDM symbol in a slot

	
	10-12
	OCC for PRB interlace mapping for PF2 and PF3 
FFS if need this capability

	
	10-13
	CP extension for the first symbol of PUSCH/PUCCH
FFS if need this capability

	
	10-13a
	Extended CP range for CG-PUSCH
FFS if need this capability

	
	10-14
	Non-numerical PDSCH to HARQ-ACK timing

	
	10-15
	Enhanced dynamic HARQ codebook

	
	10-16
	One-shot HARQ ACK feedback

	
	10-16a
	One-shot HARQ ACK feedback trigger with empty DCI 1_1

	
	10-17
	Multi-PUSCH UL grant

	
	10-18a
	Configured grant with retransmission in CG resources with LBE

	
	10-18b
	Configured grant with retransmission in CG resources with FBE
FFS if 10-18a and 10-18b should be merged

	
	10-19
	Number of LBT bandwidth
FFS if this is needed

	
	10-20
	Support search space set association with multiple frequency domain locations

	
	10-21
	Support using ED threshold for UL to DL COT sharing

	
	10-22
	No gap 2-step RACH msgA transmission

	
	10-23
	CGI reading based on off-sync raster SSB for ANR functionality

	
	10-24
	CG-UCI multiplexing with HARQ ACK

	
	10-25
	Cat 4 LBT based configured UL transmission out of COT

	
	10-26
	CSI-RS based RLM outside of DRS windows

	
	10-27
	Wideband PRACH design for NR-U by adopting a single long ZC sequence, with ZC sequence = 1151 for 15kHz and ZC sequence = 571 for 30kHz

	
	10-28
	Configured grant with Rel-16 enhanced

	
	10-29
	Read availableRB-Sets-r16 in DCI 2_0

	
	10-30
	Read COT duration in DCI 2_0



Conclusion
In this contribution, the structure of Rel-16 UE features has been discussed. It is important to setup one basic UE feature group for each WI in order to make sure all UEs targeting at the same use case share the minimum set of functionalities in the network. Therefore, we have the following proposal.   
Proposal: Setup one basic UE feature group for each WI and include a set of important UE features in the basic UE feature group.   .
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