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1	Introduction
In this contribution, we discss a few open issues on Rel-15 NR UE features. Further we show our views on the mandatory/optional setting on some of the Rel-15 NR UE features. For the features that we did not show mandatory/optional preference, it does NOT mean our preference is by default optional or by default mandatory.
2	Open issues
2.1	RAN1 UE feature 2-28
RAN1 UE feature 2-28 is about “A-CSI-RS beam switching timing”, with component of “Minimum time between the DCI triggering of AP-CSI-RS and aperiodic CSI-RS transmission shall be at least KBi symbols. (Symbols measured from last symbol containing the indication to first symbol of CSI-RS), where i is the index of SCS, l=1,2 corresponding to 60,120 kHz SCS.” There were two alternatives to define the candidate values. The status of the latest RAN1 discussion is as follows:
Agreement: 
For FG2-28, candidate value set: 
Alt-1: {14, 28, 48}
Alt-2: {“14-14”, “28-28”, “48-48”, “14-336”, “28-336”, “48-336”}, where the first threshold corresponding to the case when UE doesn’t activate antenna panel (using same panel to receive DCI and CSI-RS), and the second threshold corresponding to the case when UE may activate antenna panel (other than the panel used to receive DCI)
Note: Alt-2 requires some spec change to support more than 4 slots offset between DCI and A-CSI-RS transmission.
Discuss additional spec requirements for Alt-2 in main session in RAN1#93, if support more than 24 slot offsets between DCI and A-CSI-RS transmission are supported, Alt.2 is agreed, otherwise Alt.1 is agreed. 
Discuss in RAN plenary

Further, one LS [1] from RAN4 was received during RAN1#93, with its contents copied below:
“RAN4 has discussed the beam switching delay and how this impacts the UE power consumption in FR2. In order for the UE to be able to optimize power consumption (switch on/off antenna panels that are not used), the UE should be given enough time from the moment it receives a command that leads to a change in Rx beam (or multiple changes within the same slot) to the moment that the switch has happened (e.g. aperiodic CSI-RS transmission). 
[bookmark: _Hlk511849716]RAN4 agreed that the lead time should be [2] ms from the time the beam switch command is received (control channel based) or acknowledged (MAC-CE based) until the switch is finalized. RAN4 also agreed that there should be at least [3] ms between consecutive commands implying beam switch. RAN4 is still discussing this value and will further update RAN1/RAN if a longer time is needed.
During the time from receiving the command until the switch is executed the UE is still using the active Rx beam and there is no interruption in communication with the gNB. ”
Our understanding of the RAN4 [2] ms beam switching time is only applicable when a UE needs to activate a panel. For beam switching without UE activating a panel, much less beam switching time is required. This is evident from e.g. 1) UE feature 2-2 “PDSCH beam switching”, in which at most 28 symbols (60kHz or 120kHz) are required for beam switching between PDCCH reception and PDSCH reception; 2) UE feature 2-27 “Beam switching”, which defines the maximum number of Tx and Rx beam changes that a UE can conduct during a slot, with possible values of {4, 7, 14}.
The possible values (or pairs of values) in Alt2, e.g. “28-336”, means that without change of UE antenna panel, the time gap between the DCI triggering the aperiodic CSI-RS and the transmission of the aperiodic CSI-RS is 28 symbols; while with change of UE antenna panel, the corresponding time gap is 336 symbols. One issue with Alt2 is that there is no mechanism for gNB to know whether the UE will change antenna panel or not. Further, when the UE changes its antenna panel, the gNB Tx beam and gNB Rx beam may need to be updated accordingly as well. Procedures to update the gNB Tx and gNB Rx beam need to be performed, no matter whether the UE changes its antenna panel or not. This will lead to more overhead due to unnecessary beam management procedure. Thus, from gNB point of view, it is more economical to always use the smaller value assuming UE does not need to activate a panel when triggering aperiodic CSI-RS, which in turn makes the UE reporting a larger value (e.g. 336 symbols) practically not useful.
It is noted that which antenna panel a UE uses is completely up to UE implementation in Rel-15. Thus, a UE may deactivate a panel to reduce power consumption based on periodic CSI-RS/SSB transmission. However, it is noted that even if a UE changes its antenna panel based on periodic CSI-RS/SSB transmission, the gNB still is not aware of the UE antenna panel change. Thus, Rel-15 mechanism does not assume the UE frequently change its antenna panels. Further enhancements on UE antenna panel changes and gNB awareness of such changes can be studied in Rel-16.
Thus, our preference is to take Alt1 for Rel-15. In a future release, a complete design may be considered, e.g. mechanism for gNB to know which panel(s) a UE is using or whether UE needs to activate antenna panel(s). 
Proposal 1: For UE feature 2-28, agree on “Alt-1: {14, 28, 48}” as the set of candidate values.
2.2	RAN1 UE feature 5-1
There was discussion in the past RAN1 meetings that whether component “7) Dynamic UL/DL determination based on L1 scheduling DCI with/without cell specific RRC configured UL/DL assignment” in UE feature 5-1 “Basic scheduling/HARQ operation” shall be kept within UE feature 5-1 or not. UE feature 5-1 is a basic feature, i.e. mandatory without capability signalling. The main consideration is whether such dynamic L1 UL/DL determination is to be deployed from day one. If not, then there may not be IOT opportunities. On the other hand, several companies considered that from forward compatibility point of view, it is beneficial to keep component 7 within UE feature 5-1.
Further discussion during RAN#80 is needed on how to handle this issue.
3	Mandatory features 
There are many Rel-15 NR UE features. Some of the critical features with significant influence on performance are recommended to be mandatory.
Proposal 2: The following Rel-15 UE features are mandatory.
	Feature #
	Feature group
	Feature component
	Proposals

	2-3
	PDSCH MIMO layers
	1. Supported maximal number of MIMO layers
	4-layer mandatory with capability signalling for the bands in which 4 Rx antennas are mandatory 

	2-10
	Support DMRS type (downlink)
	Support DMRS {type 1, type 2}
	Both DMRS types are mandatory

	2-14
	Codebook based PUSCH MIMO transmission
	1. Supported codebook based PUSCH MIMO with maximal number of supported layers
2. Supported max number of SRS resource per set (SRS set use is configured as for codebook).
	Mandatory at least 2 layers for all non-CA bands supported by the UE

	2-15
	non-codebook based PUSCH transmission
	1. Maximal number of supported layers (non-codebook transmission scheme)
	Mandatory at least 2 layers for all non-CA bands supported by the UE

	2-17
	Support DMRS type (uplink)
	Support DMRS {type 1, type 2 }
	Both DMRS types are mandatory

	2-41
	Type II codebook
	1. A list of supported combinations, each combination is {Max # of Tx ports in one resource, Max # of resources and total # of Tx ports} across all CCs simultaneously. Note: the above list doesn’t differentiate the latency class and feedback type.
2. Parameter “Lx” (number of beams) in codebook generation, where x is index of Tx ports, corresponding to 4,8,12,16,24 and 32 ports. 
3. Support amplitude scaling type 
4. Support amplitude subset restriction level
5. Max # of CSI-RS resource in a resource set
	Mandatory with capability signaling

	2-55
	SRS Tx switch
	1. Support SRS Tx port switch, 
2. Report whether the uplink TX switching impact to downlink receiving in a band
	Mandatory with capability signaling

	5-3
	Dynamic switching between RA Type 0 and RA Type 1 for PDSCH
	
	Mandatory with capability signaling

	6-1
	Basic BWP operation with restriction
	1) 1 UE-specific RRC configured DL BWP per carrier
2) 1 UE-specific RRC configured UL BWP per carrier
3) RRC reconfiguration of any parameters related to BWP
4) BW of a UE-specific RRC configured BWP includes BW of the initial DL BWP and SSB for Pcell[/PScell] and BW of the UE-specific RRC configured BWP includes SSB for Scell if there is SSB on Scell
	Mandatory without capability signaling

	6-2
	Type A BWP adaptation with same numerology
	1) Up to 2 UE-specific RRC configured DL BWPs per carrier
2) Up to 2 UE-specific RRC configured UL BWPs per carrier
3) Active BWP switching by DCI and timer
4) Same numerology for all the UE-specific RRC configured BWPs per carrier
5) BW of a UE-specific RRC configured BWP includes BW of the initial DL BWP and SSB for Pcell[/PScell] and BW of the UE-specific RRC configured BWP includes SSB for Scell if there is SSB on Scell
	Mandatory with capability signaling

	6-17
	Supplemental uplink with different numerologies between SUL and non SUL carriers
	[bookmark: _GoBack]Different numerologies between SUL and non SUL
	Mandatory with capability signaling for UEs supporting SUL band combination(s)

	6-18
	Supplemental uplink with dynamic switch
	DCI based selection of PUSCH carrier
	Mandatory with capability signaling for UEs supporting SUL band combination(s)



4	Conclusion
In this contribution, we discuss several remaining issues on Rel-15 NR UE features, and also showed our preference on mandatory support of several UE features. 
Proposal 1: For UE feature 2-28, agree on “Alt-1: {14, 28, 48}” as the set of candidate values.
Proposal 2: The Rel-15 UE features in Section 3 are mandatory.
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