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1. Introduction 
In RAN1#93, RAN1 NR UE feature list was updated with [1]. This contribution discusses some remaining RAN1 UE features. For all individual feature, another attached document shows Intel’s comments on UE capability signaling. 
This contribution is a further update based on RAN#80 decision [8] and also discusses UE features for Rel-15 URLLC.
2. Discussions 

0-14: [1-symbol GP for 120KHz SCS in unpaired spectrum]

According to LS [6] from RAN4, it is not feasible to support 1 symbol GP for 60KHz in FR1 and 120KHz in FR2 in Rel-15. Thus, the feature 0-14 can be removed, but it should be clarified in RAN1 spec. The relevant text proposals for TS 38.211 are captured here from our companion contribution [7].

	[bookmark: _Toc516767240]-------------Start of changes---------------
4.3.2	Slots







For subcarrier spacing configuration , slots are numbered  in increasing order within a subframe and  in increasing order within a frame. There are  consecutive OFDM symbols in a slot where  depends on the cyclic prefix as given by Tables 4.3.2-1 and 4.3.2-2. The start of slot  in a subframe is aligned in time with the start of OFDM symbol  in the same subframe.
OFDM symbols in a slot can be classified as 'downlink', 'flexible', or 'uplink'. Signaling of slot formats is described in subclause 11.1 of [5, TS 38.213]. 
In a slot in a downlink frame, the UE shall assume that downlink transmissions only occur in 'downlink' or 'flexible' symbols.
In a slot in an uplink frame, the UE shall only transmit in 'uplink' or 'flexible' symbols.
A UE not capable of full-duplex communication is not expected to transmit in the uplink earlier than  after the end of the last received downlink symbol in the same cell where  is given by [TS 38.101]Table 4.3.2-3.
Table 4.3.2-1: Number of OFDM symbols per slot, slots per frame, and slots per subframe for normal cyclic prefix.
	

	

	

	


	0
	14
	10
	1

	1
	14
	20
	2

	2
	14
	40
	4

	3
	14
	80
	8

	4
	14
	160
	16




Table 4.3.2-2: Number of OFDM symbols per slot, slots per frame, and slots per subframe for extended cyclic prefix.
	

	

	

	


	2
	12
	40
	4




Table 4.3.2-3: Transition time .
	Transition time
	FR1
	FR2

	 (Unit: TC)
	25600
	13792



-------------End of changes---------------




1-8: RLM based on a mix of SS block and CSI-RS signals: Optional with capability signaling

According to the decision in RAN#79, 1-4 (SS block based RLM) is mandatory with capability signaling which shall be set to ‘1’ (equivalent to mandatory without capability signaling), and 1-7 (CSI-RS based RLM) is mandatory without capability signaling. However, using both SSB and CSI-RS for RLM is not essential and the benefits are trivial and it can be used only when QCL is assumed - rather it causes UE complexity quite a bit. Thus, 1-8 should be optional with capability signaling.


2-20: Beam correspondence
It has been common understanding in RAN1 that beam correspondence is being discussed for FR2 only. It is proposed that beam correspondence is supported as mandatory without capability signalling for FR2, but it needs to be clarified that beam correspondence is not applied for FR1.

2-28: A-CSI-RS beam switching timing
=> Minimum time between the DCI triggering of AP-CSI-RS and aperiodic CSI-RS transmission shall be at least KBi symbols

In RAN#80 [9], the following four alternatives were discussed;
Alt.1: {14, 28, 48}
Support: Huawei, HiSi, LGE, Mtk, CATT (5)
Obj: QC, 

Alt.2: {“14-14”, “28-28”, “48-48”, “14-336”, “28-336”, “48-336”},
Support: AT&T, Verizon, QC, E//, Docomo (5) 
Obj: Huawei, HiSi, LGE, Mtk, Apple (5)

[bookmark: _GoBack]Alt.3: a fixed value which is 224 symbols (according to RAN4 LS) and remove this FG. 
Support: Verizon, QC, Intel, LGE, Vivo, Mtk (6)
Obj: Huawei, HiSi, CATT, E// (4)

Alt.4: {14, 28, 48, 224, 336}
Support: Intel, LGE, CATT, Mtk, E//, Vivo, Apple (7)
Obj: QC, Huawei, HiSi. (3)

Alt.1 is difficult to use multi-panel switching due to short gap. Alt. 2 is not clear how the understanding between gNB and UE can be made. Alt. 3 could not accommodate non-multi-panel operation. Alt.4 seems the best option depending on UE capability. Thus, we propose to agree Alt. 4 for FG 2-28.

2-36: Type I single panel codebook: Mode-1 Mandatory, Mode-2 Optional

	Components
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. Supported Codebook Mode(s)



Component-2 candidate values: Mode-1 as mandatory Mode-2 as optional. No significant difference in the performance. The performance results are provided in [2].

2-41: Type II codebook: Optional with capability signaling
2-42: Support Type II SP-CSI feedback on long PUCCH: Optional with capability signaling (agreed as optional with capability signalling in RAN#80)
2-43: Type II codebook with port selection: Optional with capability signaling

As discussed in [3], the following observations were made based on system level simulations:
· Observation 1: Reciprocity-based precoding achieves better performance comparing to Type II CSI 
· Observation 2: The computational complexity of Type I PMI search is comparable to the computational complexity of Type II PMI search 
· Observation 3: Implementation of Type II CSI in addition to Type I CSI leads to increased UE complexity and requires additional hardware block while the functionality of Type I and Type II CSI is similar

Therefore, Type II CSI feedback should be optional considering not only performance gain but also UE complexity.



4-19: SR/HARQ-ACK/CSI multiplexing once per slot using a PUCCH (or piggybacked on a PUSCH): Optional with capability signaling

Very complicate handling of partial overlapping. Many missing parts in the spec to bother the implementation on time

4-24: PUCCH-spatialrelationinfo indication by a MAC CE per PUCCH resource: Optional with capability signaling

Latency benefit over RRC is marginal.


6-1: Basic BWP operation with restriction

According to [9], RAN2 agreed that the following two options are supported as mandatory without capability signaling. Thus, it is proposed to update components accordingly.

Option 1:	BWP-DownlinkCommon/UplinkCommon for initialDownlink/UplinkBWP (BWP ID #0) plus BWP-Downlink/Uplink for one configured downlink/uplinkBWP (BWP ID #1);
Option 2:	BWP-DownlinkCommon/UplinkCommon and BWP-DownlinkDedicated/UplinkDedicated for initialDownlink/UplinkBWP (BWP ID #0).
The following component 5 needs to be updated;

5) The following two options for initial BWP:
- Option 1: BWP-DownlinkCommon/UplinkCommon for initialDownlink/UplinkBWP (BWP ID #0) plus BWP-Downlink/Uplink for one configured downlink/uplinkBWP (BWP ID #1);
Option 2:	BWP-DownlinkCommon/UplinkCommon and BWP-DownlinkDedicated/UplinkDedicated for initialDownlink/UplinkBWP (BWP ID #0).

6-7: Two NR PUCCH group with same numerology: Optional with capability signaling
6-8: Different numerology across NR PUCCH groups: Optional with capability signaling
6-9: Different numerologies across NR carriers within the same NR PUCCH group: Optional with capability signaling

In RAN1#93, the following was agreed.

	Agreement:
EN-DC with two NR PUCCH groups is supported as UE optional capability in Rel-15.
· UE cannot be configured with more than one NR PUCCH groups in the same FR.
· The same numerology is used within the NR PUCCH group in FR2 if two NR PUCCH groups are configured.
· Note: This agreement supersedes an agreement from RAN1#92 on NR PUCCH SCell





Therefore, we propose to add the following component 2):

In RAN1#93 discussion, it was suggested to combine the new features into FG 6-7, 6-8 and 6-9. In order to explain both NR-NR CA and EN-DC, the FG names need to be clarified first:

· 6-7: Two NR PUCCH group with same numerology: Optional with capability signaling
· 6-8: Different numerology across NR PUCCH groups: Optional with capability signaling
· 6-9: Different numerologies across NR carriers within the same NR PUCCH group

FG 6-7 covers (1) the same SCSs across all carriers when two PUCCH groups are configured in either FR1 or FR2 and (2) 60kHz SCS in FR1 and 60kHz SCS in FR2, where the numerologies are the same. For agreed two PUCCH groups for EN-DC, two NR PUCCH group configuration is limited for the case of an NR PUCCH group in FR1 and another NR PCCH group in FR2. Therefore, it is proposed:

· 6-7: Two NR PUCCH group with same numerology
· Component 1) For NR CA UE, Ssame numerology across NR carriers for data/control channel at a given time
· Component 2) For EN-DC UE, same numerology across NR carriers for data/control channel at a given time, wherein an NR PUCCH group is configured in FR1 and another NR PUCCH group is configured in FR2

FG 6-8 can be used for both NR-NR CA and EN-DC since 6-8’s prerequisite is 6-7. However, the components are missed. Thus, only FG name correction is proposed:
· 6-8: Different numerology across NR PUCCH groups
· Component 1) For both NR CA UE and EN-DC UE, different numerology between two NR PUCCH groups for data/control channel at a given time

FG 6-9 does not take 6-7 as prerequisite. Therefore, it needs to be explained separately between NR CA and EN-DC UE. In addition, the following agreements in RAN#78 [4] also need to be explained.

	Agreements in RAN#78:
· For NR-NR CA, finalization of the work to enable up to 2 different numerologies within the same PUCCH group (PUCCH sent on the CC with smaller SCS) in RAN1 in Q1, and in RAN4 (Core) for Q2, for the December drop.



Therefore, the update for FG 6-9 is proposed:
· 6-9: Different numerologies across NR carriers within the same NR PUCCH group
· Component 1) For both NR CA UE and EN-DC UE, Ssame numerology between DL and UL per carrier for data/control channel at a given time
· Component 2) For both NR CA UE and EN-DC UE with one NR PUCCH group, different numerologies across NR carriers within the same NR PUCCH groups up to two different numerologies within the same NR PUCCH group for data/control channel at a given time
· Component 3-1) For NR CA UE with two NR PUCCH groups, different numerologies across NR carriers up to two different numerologies within the same NR PUCCH group wherein NR PUCCH is sent on the carrier with smaller SCS for data/control channel at a given time
· Component 3-2) For EN-DC UE with two NR PUCCH groups, different numerologies across NR carriers up to two different numerologies within an NR PUCCH group in FR1 wherein NR PUCCH is sent on the carrier with smaller SCS, and same numerology across NR carriers within another NR PUCCH group in FR2 for data/control channel at a given time

6-20: Simultaneous reception and transmission on different carriers for each band combination (duplicated with RAN4 feature)

This feature is duplicated with RAN4 feature 2-4 and 2-5 [5]. Thus, this feature 6-20 can be removed. On the other hand, in RAN#80, it was agreed optional with capability signaling. Thus, when the LS is sent to RAN4, it needs to inform while FG 6-20 can be removed from RAN1 list.
From [5],

	#
	Feature group
	Components

	2-4
	Simultaneous reception and transmission for inter-band EN-DC (TDD-TDD or TDD-FDD)
	1) Simultaneous reception and transmission for inter-band EN-DC (TDD-TDD or TDD-FDD)

	2-5
	Simultaneous reception and transmission for inter band CA (TDD-TDD or TDD-FDD)
	1) Simultaneous reception and transmission for inter band CA (TDD-TDD or TDD-FDD)



8-2: Basic power control operation
8-2a: More than one DL RS configured for pathloss estimation
8-2b: More than one p0-alpha values configured for open loop PC

We propose:
· In component 3) and 4):
· 3) One or multiple DL RS configured for pathloss estimation
· 4) One or multiple p0-alpha values configured for open loop PC
· Add 8-2a/8-2b
· 8-2a: More than one DL RS configured for pathloss estimation
· 8-2b: More than one p0-alpha values configured for open loop PC

<URLLC relevant>
FG 5-30 [Low SE 64QAM MCS table for OFDM in DL]
This row indicates whether the UE supports the Low SE 64QAM MCS table for PDSCH scheduling. Relevant for achieving ultra-high reliability of 0.001% for DL reception. 
FG 5-31 [Low SE 64QAM MCS tables in UL]
This row indicates whether the UE supports the Low SE 64QAM MCS table for PUSCH scheduling. Relevant for achieving ultra-high reliability of 0.001% for UL transmission.
FG 5-32 [Dynamic switching between Low SE 64QAM MCS table and 64QAM or 256QAM tables based on MCS-C-RNTI for DL]
This row indicates whether the UE supports MCS-C-RNTI and dynamic switching between the Low SE 64QAM MCS table and (fallback) 64QAM or 256QAM MCS tables for PDSCH scheduling based on the use of RNTI used to scramble the CRC of the scheduling DCI. Relevant for achieving ultra-high reliability of 0.001% with dynamic switching of MCS tables. 
FG 5-33 [Dynamic switching between Low SE 64QAM MCS table and 64QAM or 256QAM tables based on MCS-C-RNTI for UL]
This row indicates whether the UE supports MCS-C-RNTI and dynamic switching between the Low SE 64QAM MCS table and (fallback) 64QAM or 256QAM MCS tables for PUSCH scheduling based on the use of RNTI used to scramble the CRC of the scheduling DCI. Relevant for achieving ultra-high reliability of 0.001% with dynamic switching of MCS tables. 
FG 5-34 [CQI reporting for target BLER 0.001%]
This row indicates whether the UE supports CQI feedback corresponding to target BLER of 0.001% and using CQI table as in Table 5.2.2.1-4 of TS 38.214. Relevant for achieving ultra-high reliability of 0.001% for DL reception. 
FG 5-35 [Capability 2 UE processing time for DL (N1 value) for 15 kHz]
This row indicates whether the UE supports minimum UE processing time N1 for PDSCH processing following Capability 2 (N1 = 3 symbols) for 15 kHz SCS.
FG 5-36 [Capability 2 UE processing time for DL (N1 value) for 30 kHz with either max PDSCH BW limit of 136 RBs or without any restriction on max number of RBs for PDSCH allocation]
This row indicates whether the UE supports minimum UE processing time N1 for PDSCH processing following Capability 2 (N1 = 4.5 symbols) for 30 kHz SCS, and further indicates whether the UE can support this feature with PDSCH allocation restricted to no more than 136 PRBs or can support this feature without any restrictions on the number of PRBs for PDSCH allocation.
FG 5-37 [Capability 2 UE processing time for DL (N1 value) for 60 kHz in FR1]
This row indicates whether the UE supports minimum UE processing time N1 for PDSCH processing following Capability 2 (N1 = 9 symbols) for 60 kHz SCS in FR1. Note that Capability 2 UE minimum processing times for 60 kHz are not supported in FR2.
FG 5-38 [Capability 2 UE processing time for UL (N2 value) for 15 kHz]
This row indicates whether the UE supports minimum UE processing time N2 for PUSCH preparation procedure following Capability 2 (N2 = 5 symbols) for 15 kHz SCS.
FG 5-39 [Capability 2 UE processing time for UL (N2 value) for 30 kHz]
This row indicates whether the UE supports minimum UE processing time N2 for PUSCH preparation procedure following Capability 2 (N2 = 5.5 symbols) for 30 kHz SCS.
FG 5-40 [Capability 2 UE processing time for UL (N2 value) for 60 kHz in FR1]
This row indicates whether the UE supports minimum UE processing time N2 for PUSCH preparation procedure following Capability 2 (N2 = 11 symbols) for 60 kHz SCS in FR1. Note that Capability 2 UE minimum processing times for 60 kHz are not supported in FR2.
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