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1. Introduction 
Based on latest update from RAN#81 [1], this contribution provides our views on Rel-15 NR UE feature list. 
2. Discussions 

0-12: Non-contiguous UL PRB CP-OFDM per CC: Remove this feature group while capturing RAN4 agreements [10] in Section 6.1.2 of TS38.214

In [10], RAN4 requested to remove FG 0-12:

· 0-12	Non-contiguous UL PRB CP-OFDM per CC
· For FR1 UL CP-OFDM, only “almost contiguous allocation” defined in TS38.101-1 is allowed in Rel.15 as non-contiguous allocation (per CC). 
· For FR2 UL CP-OFDM, non-contiguous allocation is not allowed in Rel.15 (per CC).
· It is up to RAN1 how to capture the corresponding agreements on Non-contiguous UL PRB CP-OFDM applicability in RAN1 specifications.

If we just remove the FG 0-12, it means the feature is mandatory without capability signaling. Thus, without being clarified in the spec to reflect RAN4 agreement, the deletion of the feature doesn’t make sense.
Thus, while removing the FG 0-12, we proposed to capture the following in Section 6.1.2. of TS38.214:

	In frequency range 1, only ‘almost contiguous allocation’ defined in TS38.101-1 is allowed as non-contiguous allocation per CC for UL RB allocation for CP-OFDM.

In frequency range 2, non-contiguous allocation per CC for UL RB allocation for CP-OFDM is not supported.



A UE feature group for non-contiguous RA is not needed in RAN1 UE feature list since it has been already reflected in RAN4 UE feature list.

	2-7
	Almost contiguous UL CP-OFDM
	1) Support of almost contiguous UL CP-OFDM transmissions
	
	
	UE does not support almost contiguous UL CP-OFDM
	Type 4
	No need
	Yes
	
	RAN4 had defined the requirements for “Almost contiguous UL CP-OFDM” in Rel-15. 

	RAN4
	Optional
	Optional




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

[bookmark: _GoBack]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 for the limited use cases (e.g. both SSB and CSI-RS for RLM exist within the active BWP) - rather it causes UE complexity quite a bit to handle both and can increase UE power consumption, when configured. Thus, FG 1-8 should be optional with capability signaling.

1-13 (New): Additional usage of PBCH DM RS for SSB RRM: Optional without capability signaling

In TS38.215:

	[bookmark: _Toc516774867]5.1.1	SS reference signal received power (SS-RSRP)
SS reference signal received power (SS -RSRP) is defined as the linear average over the power contributions (in [W]) of the resource elements that carry secondary synchronization signals (SS). The measurement time resource(s) for SS-RSRP are confined within SS/PBCH Block Measurement Time Configuration (SMTC) window duration. If SS-RSRP is used for L1-RSRP as configured by reporting configurations as defined in 3GPP TS 38.214 [6], the measurement time resources(s) restriction by SMTC window duration is not applicable.

For SS-RSRP determination demodulation reference signals for physical broadcast channel (PBCH) and, if indicated by higher layers, CSI reference signals in addition to secondary synchronization signals may be used. SS-RSRP using demodulation reference signal for PBCH or CSI reference signal shall be measured by linear averaging over the power contributions of the resource elements that carry corresponding reference signals taking into account power scaling for the reference signals as defined in 3GPP TS 38.213 [5]. If SS-RSRP is not used for L1-RSRP, the additional use of CSI reference signals for SS-RSRP determination is not applicable.




RRM measurements based on SS/PBCH block are all based on SSS. However, it was agreed that DMRS of PBCH may be utilized by the UE to aid with the measurements. Furthermore, the antenna port transmitting the DMRS of PBCH was set to be the same as antenna port transmitting SSS. The use of DMRS of PBCH is aid with measurements and enhance accuracy and should not impact basic functionality of RRM measurements and is up to UE implementation on whether or not to utilize such RSs. Therefore, this should be defined as optional feature without any capability signaling. The network doesn’t need to know whether or not UE use PBCH DM RS since the requirements in RAN4 will be based on SSB onlyl. This won’t impact on RRC spec but it can be described in TS38.306 as optional feature without capability signaling.


2-4: TCI states for PDSCH: For component 2, UE is mandated to signal 4 and 64 for FR1 and FR2, respectively; Other values are optional

The component 2 is still open which values are mandated to be supported by UE. 

Component-1: Candidate value set: {1, 2, 4, 8 }
Component-2: candidate value set: {4, 8, 16, 32, 64, 128}
UE is mandated to signal [64, 128] for FR2 and FFS the values for FR1

For FR2, the value 128 was introduced recently and it is agreed that 128 is optional. Therefore, as per the previous agreement below, it is proposed that UE is mandated to signal 64 rather than 128 for FR2.
For FR1, the use case is not very crystal clear particularly considering that the main applied scenario may be CoMP operation to support multiple TCI state. Thus, the minimum value 4 would be mandated to be supported by UE in FR1.

Agreement
Increase the maximum number of configurable TCI states to 128 per CC
· Requires change to RAN2 specifications
· Support of up to 128 is UE optional
Send an LS to RAN2  LS is endorsed in R1-1809888

2-6a/2-8/2-9: 1+2, 2+2 and 1+3 DMRS symbols for downlink: Change Type 4 to Type 3
DM-RS configurations with large number of DM-RS symbols (1+2 with more than one port, 1+3 or 4+4) is associated with significantly higher computational load at the UE due to use of the larger MMSE filters for channel estimation. The computation load becomes especially high in the CA scenarios with large number of CCs and large number of supported DL MIMO layers due to extensive channel estimations. It is therefore, proposed to allow UE more flexibility to indicate support of the FG 2-6a, 2-8 and 2-9 using Type 3 instead of the existing Type 4 signalling. 


2-15: non-codebook based PUSCH transmission: Optional with capability signalling

In NR, frequency selective UL precoding is not supported. Thus, the benefit of non-codebook based PUSCH transmission is not clear over codebook based PUSCH transmission. Further compared to codebook based transmission, non-codebook based transmission requires gNB to trigger SRS transmission, which is with a N2+42 symbols scheduling offset. The overhead and latency for non-codebook based transmission is larger than codebook based transmission. There is no performance benefit for non-codebook based transmission. In this sense, we propose FG 2-15 as optional with capability signalling.


2-20: Beam correspondence: Decision to be deferred until RAN4 completes its work and responsible WG to be moved from RAN1 to RAN4. No support of beam correspondence in FR1 for Rel-15

It has been common understanding in RAN1 that beam correspondence is being discussed for FR2 only, and the feasibility or scenario was not discussed for FR1. Thus it needs to be clarified that beam correspondence is not applied for FR1.
As for beam correspondence in FR2, given that RAN4 is still working its definition and requirements including multi-band scenarios, we need to understand what they are before deciding mandatory/optional. Depending on RAN4 work, it may imply implementation feasibility. Thus, we suggest the capability decision for beam correspondence in FR2 to be done after RAN4 completes its work and move the responsible WG from RAN1 to RAN4.

2-34: NZP-CSI-RS based interference measurement: Optional with capability signaling

This is not an essential feature in addition to ZP-CSI-RS based interference measurement. So, it is proposed to support this feature as optional with capability signaling.

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 was observed, but the overhead of Mode-1 codebook is less than that of Mode-2. The performance results are provided in [2].

2-38: CSI report without PMI: Optional with capability signaling

	2-38
	CSI report without PMI
	Support CSI report without PMI
	2-35
	Yes
	CSI report without PMI is not supported
	Type 4
	No need
	Yes
	
	RAN1 to clarify whether it depends on SRS Tx switch
	
	
	[Mandatory/Optional] with capability signaling 



This feature is mainly for reciprocity based precoding in TDD system. The same purpose can be achieved by CSI feedback with PMI possibly with some recalculation of effective SINR at gNB side from CQI and PMI assuming certain precoder acquired from SRS. Therefore, it is proposed this feature optional with capability signalling.


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.


2-55: SRS Tx switch: Optional with capability signaling

This feature has an implication that a subset of Rx antenna needs to be used for Tx to ensure reciprocity. This effectively precludes the possibility that UE has a degree of freedom to have separate Tx and Rx in implementation. In addition, support of UE antenna switching in hardware may also imply additional implementation loss that may lead to performance degradation in DL and UL.

Also, having this feature mandatory could result in significant restriction in UE implementation particularly in conjunction with CA/DC (including EN-DC). If this feature is forced to be implemented as mandatory, there might have a significant RF architecture since it may not be supported in some band combinations which can cause interruption time for other NR/LTE carriers. 

Finally, given that this feature may be beneficial mainly for MU-MIMO, it is not clear whether MU-MIMO is a targeted scenario for early NR deployment in Rel-15. 

In those sense, we propose SRS Tx switching optional with capability signaling.


2-56: SRS carrier switch: Optional with capability signaling. Change type from type 1 to type 3

There is RF implementation implication to support SRS carrier switching depending on the supported band combinations for CA and DC. It may cause interruption time depending on RF architecture. Also, the supportability of this feature will be dependent on the exact band combination and thus it is proposed optional with capability signaling and to change the type from type 1 to type 3.

2-62 (New feature group): The maximum number of SSB/CSI-RS for BM that are associated with active TCI and active spatial relation info: Optional with capability signaling (Only value ‘1’ is mandatory; if this field is absent, ‘1’ is default)

In current FG list there is no UE capability that can limit the total number of SSB/CSI-RS for BM that can be used in the active spatial relation info and active TCI states. It is, therefore, proposed to introduce new FG that can limit the corresponding configuration.

	2-62
	Number of SSB/CSI-RS for BM in the active TCI and spatial relation info 
	The maximum number of supported unique SSB/CSI-RS for BM in the active TCI and spatial relation info per CC
	2-4, 2-59
	Yes
	
	Type 1
	N.A.
	
	
	
	
	Candidate value set: {1, 2, 4, 8, 14}

	Optional with capability signaling (Only value ‘1’ is mandatory; if this field is absent, ‘1’ is default




4-24: PUCCH-spatialrelationinfo indication by a MAC CE per PUCCH resource: remove this FG and merged to 2-59

In FG 2-59 it is defined that a UE should support at least 4 configured spatial relation info for PUCCH and SRS. When more than 1 spatial relation info is configured for PUCCH, gNB would use MAC CE to down-select one for a PUCCH resource. So this implies UE should support 4-24. Therefore FG 4-24 can be removed and merged to 2-59.

	2-59
	Configured spatial relations
	Maximum number of configured spatial relations per CC for PUCCH and SRS
Note: MAC CE based PUCCH spatial relation info indication should be applied when more than 1 spatial relation info are configured.




6-10a: Cross carrier scheduling for different numerologies: Make a note this FG is not supported in Rel-15.

In RAN#81 [11], the following was agreed:

	· Cross-carrier scheduling with different numerologies is postponed to Rel-16. 
· Already-agreed functionality for cross-carrier scheduling with different numerologies will not be removed from the Rel-15 specs, but will have a note added that the behaviour does not apply in this release. 
· Note that this does not affect SUL or BWP switching, which remain in Rel-15.

· Work will be completed under “DC and CA enhancements” WI
· WID to be updated accordingly
· Completion targeting June 2019 (RAN#84)



Accordingly, we proposed the following clarification for FG 6-10a.

	6-10a
	Cross carrier scheduling for different numerologies
	1) Cross carrier scheduling for the different numerologies with CIF
	6-10
	Yes
	
	Type 3,
or SCS combination dependent
	N.A.
	N.A.
	
	Intel: This FG is not supported in Rel-15.
	
	
	Optional with capability signaling
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