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1
Introduction
RAN#80 updated NR UE feature list but some further details were still left for further discussion in RAN WGs. The updated features lists were provided to the RAN WGs in the LS [1]. In this contribution we discuss remaining open items from the RAN4 perspective. 
2
RAN1 NR UE feature list aspects
The feature 2-3 ‘PDSCH MIMO layers” in the RAN1 NR UE Feature list was updated in RAN#80 [2] to state:
	For single CC standalone NR, it is mandatory with capability signaling to support at least 4 MIMO layers in the bands where 4Rx is specified as mandatory for the given UE and at least 2 MIMO layers in FR2. 

Some relaxations to this requirement may be applicable in the future (including in Rel-15).
Mandatory in all cases above means mandatory with capability signaling. It is not expected that there is a signaling change resulting from this (i.e. signaling remains to be defined as {1, 2, 4, 8} in every band, including FR1 and FR2.


RAN#80 discussed also other cases like EN-DC, CA and if relaxations could be considered for these cases. Unfortunately, RAN#80 was not able to complete this discussion and RAN4 and RAN1 were tasked to continue the discussion before the September RAN#81 meeting. In our view on the bands where 4Rx is mandatory, UE should also be mandated to support 4 MIMO layers for all operating scenarios including EN-DC, CA, non-ENDC/non-CA. On all other bands, UE should be mandated to support 2 MIMO layers. We propose that the feature 2-3 ‘PDSCH MIMO layers” is further updated as follows to avoid any confusion on the applicability of 4 MIMO layer UE requirement in different scenarios:

Proposal 1: Update the feature 2-3 ‘PDSCH MIMO layers” in the RAN1 NR UE Feature as follows and inform RAN1 and RAN about the feature update.
	2-3
	PDSCH MIMO layers
	1. Supported maximal number of MIMO layers
	Candidate values: {1,2,4,8}
FFS on the minimal layers for different band or band combination. 
	For single CC standalone NR, it is mandatory with capability signaling to support at least 4 MIMO layers for all operating scenarios (EN-DC, CA, non-EN-DC/non-CA) in the bands where 4Rx is specified as mandatory for the given UE and at least 2 MIMO layers in FR2 for all operating scenarios (EN-DC, CA, non-EN-DC/non-CA). 

Some relaxations to this requirement may be applicable in the future (including in Rel-15).

Mandatory in all cases means mandatory with capability signaling. 

It is not expected that there is a signaling change (i.e. signaling remains to be defined as {1, 2, 4, 8} in every band and every band combination, including FR1 and FR2 in all cases.


3
RAN4 NR UE feature list aspects
RAN#80 updated the RAN4 NR UE feature list in [3]. The following two UE features in the RAN4 NR UE feature list were still left open as their definitions were not yet decided in RAN4.  
Almost contiguous UL CP-OFDM (feature 2-7)
· Definition of almost contiguouis is not yet decided in RAN4
PA calibration gap (feature 2-8)
· Definition of PA calibration gap is not yet decided in RAN4
As both of the features and related requirements are included to the approved Rel-15 NR exception sheet in [5], it would be important to keep these UE features and related capabilities in the RAN4 UE features list.

TS38.101-1

· MPR requirements for almost contiguous allocation

TS38.101-2
· PCG

If needed, further details to the UE feature list description and related UE capabilities can be added later but from the RRC ASN.1 freezing point of view, it would be important that RAN4 confirms these two UE features and capabilities to RAN2 as soon as possible.

Proposal 2: Confirm the features ‘Almost contiguous UL CP-OFDM (feature 2-7)’ and ‘PA calibration gap (feature 2-8)’ as optional with capability signaling and inform RAN2 about RAN4’s decision

Proposal 3: If needed, define further details to the ‘Almost contiguous UL CP-OFDM (feature 2-7)’ and ‘PA calibration gap (feature 2-8)’ features once the corresponding UE requirements are finalized.
RAN4#87 agreed that UL-MIMO is not supported in SUL carrier in Rel-15 [6].
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Abstract: 
Proposal 1: RAN4 decide if UL-MIMO is considered in SUL scenario.

Proposal 2: Support of UL-MIMO for SUL is added in feature list if RAN4 decide to have this scenario.
Proposal 3: ~130us switching time for SUL with UL-MIMO case is needed.

Discussion: 

Nokia: We are not ready to accept it. We have concerns on applying different requirements. It will cause complexity for NR specification. RAN1 spec is defined based on 0us switching time. We need to check the RAN1 view. 
MTK: 0us is defined assuming NR can reuse the LTE RF path. Given LTE have 1 RF path, if NR SUL supports UL-MIMO, LTE RF path cannot be reused. Also, MIMO has not been considered for SUL operation.
Huawei: We discussed it in the ad-hoc. Switching time is defined assumed without considering uplink. SUL is supposed to be operated under low frequency in which UL-MIMO is challenging to be implemented. 

=> 

It is agreed that UL-MIMO is not supported in SUL carrier in Rel-15  

Decision: 

The document was Noted.


However, this SUL limitation was not captured in TS38.101-1 or reflected in the NR UE feature list. It would be important to capture this RAN4 agreement and SUL deployment limitation either to the RAN4 specification or include UL-MIMO for SUL to the NR UE feature list. If there is no plan to support UL-MIMO for any SUL carrier in the future releases either, a limitation in the RAN4 specification alone would be sufficient. However, if UL-MIMO support for SUL carrier may be introduced in the later releases, it would be beneficial to introduce related UE capability signaling as well, either already in Rel-15 or in later releases. It would be beneficial if RAN4 discussed how to capture this UL-MIMO for SUL carrier limitation in the Rel-15 NR specifications and if any UE capability signaling is needed in Rel-15. If Rel-15 UE capability signaling is needed, RAN2 should be informed before the RRC ASN.1 freeze in September 2018.

Proposal 4: RAN4 should discuss and decide how to capture the limitation that UL-MIMO is not supported in SUL carrier in Rel-15 and if any related UE capability signaling is needed for possible future introduction of UL-MIMO for SUL. 
One example for capturing this constraint would be include SUL carrier limitation to the UL MIMO features of the RAN1 NR UE feature list as follows:
	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).
	Component-1:

Candidate value: {no codebook based MIMO, 1, 2, 4}. For SUL carrier only value “no codebook based MIMO” can be used.
Component-2

Candidate value: {1, 2}. For SUL carrier only value 1 can be used

	2-15
	non-codebook based PUSCH transmission
	1. Maximal number of supported layers (non-codebook transmission scheme): 
	Component-1 candidate values: {“No non-codebook based MIMO”, 1, 2, 4}. For SUL carrier only value “No non-codebook based MIMO” can be used.


4
Conclusions 

In this contribution we have discussed remaining open items related to NR UE features. We make the following proposals for finalizing these UE features and related capability signaling:
Proposal 1: Update the feature 2-3 ‘PDSCH MIMO layers” in the RAN1 NR UE Feature as follows and inform RAN1 and RAN about the feature update.
	2-3
	PDSCH MIMO layers
	1. Supported maximal number of MIMO layers
	Candidate values: {1,2,4,8}
FFS on the minimal layers for different band or band combination. 
	For single CC standalone NR, it is mandatory with capability signaling to support at least 4 MIMO layers for all operating scenarios (EN-DC, CA, non-EN-DC/non-CA) in the bands where 4Rx is specified as mandatory for the given UE and at least 2 MIMO layers in FR2 for all operating scenarios (EN-DC, CA, non-EN-DC/non-CA). 

Some relaxations to this requirement may be applicable in the future (including in Rel-15).

Mandatory in all cases means mandatory with capability signaling. 

It is not expected that there is a signaling change (i.e. signaling remains to be defined as {1, 2, 4, 8} in every band and every band combination, including FR1 and FR2 in all cases.


Proposal 2: Confirm the features ‘Almost contiguous UL CP-OFDM (feature 2-7)’ and ‘PA calibration gap (feature 2-8)’ as optional with capability signaling and inform RAN2 about RAN4’s decision

Proposal 3: If needed, define further details to the ‘Almost contiguous UL CP-OFDM (feature 2-7)’ and ‘PA calibration gap (feature 2-8)’ features once the corresponding UE requirements are finalized.
Proposal 4: RAN4 should discuss and decide how to capture the limitation that UL-MIMO is not supported in SUL carrier in Rel-15 and if any related UE capability signaling is needed for possible future introduction of UL-MIMO for SUL.
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