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1 Introduction
At the last RAN #78 plenary meeting, UE capabilities and features were discussed and the following was agreed [1]:

	· It is requested for RAN1 and RAN2 to take into account particularly the “Forwards compatibility-related” issue (as defined in slide 2), in addition to “initial access-related” issue when recommending whether a feature/parameter configuration should be mandatory or optional

· For all features and parameter configurations (independent of whether they are made mandatory or optional) it is requested for RAN1 and RAN2 to highlight whether the “initial access-related” issue or “forwards compatibility-related” issue would be applicable – as this would help RAN plenary final decision-making.


In regard to the NR UE feature list for the early drop of the Rel. 15 NSA specifications, RAN #79 has received the following action and status update from RAN1 in [2]:
	1. Overall Description:
RAN WG1 has agreed the Rel-15 NR feature group, and the corresponding table is attached in this LS. RAN WG1 has also agreed that UE processing time capability#2 is not supported in Dec. 2017 version of the NR specification. RAN1 is still discussing the features highlighted in yellow and the features with square bracket which are not considered to have impact on higher layer signalling. Once these remaining issues are resolved, RAN1 will provide other WGs with the updates in the future RAN WG meetings.

2. Actions:
To RAN:

RAN1 did not have time to complete the initial access and forward compatibility categorizations requested by RAN LS. However, RAN1 plans to complete these aspects in the future unless instructed otherwise.


The aforementioned “features highlighted in yellow and the features with square bracket” are summarized in the Appendix of this document as they relate to technical aspects. 
Since RAN1 did not have time to complete the initial access and forward compatibility categorizations requested by RAN and in light of remaining open issues (see Appendix), RAN must discuss how to proceed the Rel. 15 NSA NR UE feature list given the initial Rel. 15 NSA work plan and overall ecosystem needs. 
2 Work plan for the Rel. 15 NSA NR UE feature list
RAN1 has focused their work on the Rel. 15 NSA NR UE feature list to meet the ASN.1 freeze scheduled for this RAN meeting. In other words, while RAN1 strived to progress all aspects of the UE feature list, emphasis was given to finalizing the capability signaling. As a direct consequence, not all technical details have been resolved and those that need further discussion have been marked with yellow highlighting or are captured in squared brackets. Appendix 1 summarizes the technical open issues in RAN1 as of this RAN meeting. Open issues pertaining to whether a feature is optional or mandatory are omitted. 
Observation 1: Only 14 features out of more than 170 features have remaining open issues that are of technical nature. 
Wherever possible, RAN1 did indicate to RAN its recommendation on whether a feature should be optional, mandatory, or mandatory with capability signaling. However, due to lack of time, not all features were agreed with such a recommendation. Similarly, RAN1 has only partially addressed RAN’s request to categorize features into initial access and forward compatibility. In summary, RAN1 continues to need time to finalize technical discussions and make its recommendations to RAN as communicated in [2]. 
At the same time, Rel. 15 NSA work in 3GPP is accompanied by very aggressive timelines in terms of time-to-market, the very reason Rel. 15 has an early drop in December for the NSA part whose ASN.1 is scheduled to be frozen at this plenary. The question thus is how RAN can finalize the NR UE feature list at this meeting given the current status at the working group level.
We propose to continue technical discussions at the working group level, i.e., the features highlighted in yellow and the features with square bracket shall be discussed at the upcoming RAN1 meeting following RAN #79. These are the features listed in the Appendix of this document. At the same time, RAN can progress its work on finalizing the list in regard to which features are optional or mandatory at least for the stable features that are not listed in the Appendix. 
Observation 2: More than 90% of the RAN1 features have agreed component descriptions without yellow highlighting or squared brackets. 
This approach follows what working groups have been doing to finalize ASN.1. RAN1 and RAN4, for example, decided on the number of features such that RAN2 can put the corresponding signaling into place, notwithstanding some details that require further discussion. Similarly, RAN can decide for the majority, if not all features whether they shall be mandatory to implement, optional, or mandatory with capability signaling. This gives crucial guidance to the ecosystem and accelerates time-to-market for Rel. 15 NSA deployments. 
Proposal: 

· Technical discussions on the open issues listed in the Appendix shall continue at the working group level following RAN #79
· Features highlighted in yellow and the features with square bracket shall be discussed at the upcoming working group meetings

· RAN to progress its work in parallel 

· Which features are optional or mandatory can be decided during RAN #79 at least for the features with agreed component description
3 Recommendations for mandatory features

The following is AT&T’s recommendation for which features should be mandatory with capability signaling. These recommendations are guided by the following considerations:
1. Competitiveness with LTE:
In spite of the aggressive time-to-market timeline, NR shall be competitive with LTE in the market place. Making too many features optional endangers competitiveness as handsets may not implement these for years to come.

2. Coverage:
Features that are important for coverage, particularly in the uplink, should generally be mandatory. If NR coverage cannot meet LTE coverage, significant CAPEX is required for operators to meet seamless coverage of 5G.
3. Forward-compatibility:
Features that impact forward compatibility should at least be mandatory with capability signaling. For example, carriers without SSB transmissions cannot be introduced in a backward compatible manner if some UEs rely on SSB transmissions on every carrier.

4. Near term market-need:
Making a feature mandatory with capability signaling often simply means that this feature should have been mandatory without capability signaling but IOT capability was not expected to be available on day one. Hence, making a feature mandatory with capability signaling differs from making a feature optional in that it signals to the ecosystem that a feature was deemed important but capability signaling was advised. Hence, making all remaining undecided features optional should be avoided at all costs to avoid market fragmentation and to support IOT availability and commercial readiness. 
3.1 Initial access and mobility

FG 1-5/5a/7/8, CSI-RS based RRM/RLM
FG 1-10, Support of SCell without SS/PBCH block
3.2 MIMO

FG 2-3, minimal 4 PDSCH layers for FR1 (except special devices, such as wearable or MTC device)

FG 2-4, at least 2 TCI states as mandatory
FG 2-7/8, 18/18a, support 2 symbol FL-DMRS to allow higher MU order. 
FG 2-10/17, support DMRS type 2 as mandatory with capability signaling. 

FG 2-14, minimal 2 PUSCH layers for non-coherent in (2-13) for FR1 (except special devices, such as wearable or MTC device)

FG 2-20, Beam correspondence. 

FG 2-31, Beam failure recovery, at least 16 SSB or CSI-RS to monitor. 

FG 2-55/56, SRS Tx port and carrier switching should be supported
3.3 DL control channel and procedure

FG 3-3, More than one CORESET configurations per BWP in addition to CORESET0
FG 3-4, More than one TCI state configurations per CORESET
FG 3-6, Dynamic SFI monitoring and dynamic UL/DL determination
3.4 UL control channel and procedure

FG 4-6, Non-frequency hopping for PUCCH formats 0 and 2
FG 4-7, Non-frequency hopping for PUCCH format 1, 3, and 4
FG 4-12, HARQ-ACK spatial bundling for PUCCH or PUSCH per PUCCH group
FG 4-19, SR/HARQ-ACK/CSI multiplexing once per slot using a PUCCH (or piggybacked on a PUSCH)
FG 4-23, Repetitions for PUCCH format 1, 3, and 4 over multiple slots with K = 1, 2, 4, 8
3.5 Scheduling/HARQ operation

FG 5-17, PUSCH repetitions over multiple slots  
FG 5-26, Semi-static rate-matching resource set configuration for DL
FG 5-27, Dynamic rate-matching resource set configuration for DL
3.6 CA/DC, BWP, SUL

FG 6-5, Basic DL NR-NR CA operation
FG 6-6, Basic UL NR-NR CA operation
4 Conclusion

In this contribution, we presented our views on how to proceed the Rel. 15 NSA NR UE feature list in light of the overall Rel. 15 NSA work plan and ecosystem needs. Given RAN1 did not have time to complete the initial access and forward compatibility categorizations requested by RAN and presented with some remaining open issues RAN1 has indicated in their LS to RAN, the following is proposed:
Proposal: 

· Technical discussions on the open issues listed in the Appendix shall continue at the working group level following RAN #79

· Features highlighted in yellow and the features with square bracket shall be discussed at the upcoming working group meetings

· RAN to progress its work in parallel 

· Which features are optional or mandatory can be decided during RAN #79 at least for the features with agreed component description
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6 Appendix 1: List of open issues in the RAN1 NR UE feature list
6.1 Waveform, modulation, subcarrier spacings, and CP

	
	0-13
	Phase coherence across non-contiguous UL symbols in slot in the transmission of one channel
	Maintaining coherence during a single transmission of a single channel (PUSCH or PUCCH) with one or more symbol gap when

1. No power change across the gap

2. No Rx in the gap

3. No other Tx in the gap

No hop or RB allocation change across the gap
	
	Yes
	
	Type 1
	N.A.
	N.A.
	
	RAN1 needs further check components and specification support
	RAN1
	
	


6.2 MIMO

	
	2-28
	A-CSI-RS beam switching timing
	1. 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=1,2,3,4 corresponding to 15,30,60,120 kHz SCS.

FFS whether we need different number for CSI-RS with repetition ‘ON’ and ‘OFF’
	2-27
	Yes 
	Reporting beam switching timing is not supported
	Type1
	N.A.
	N.A.
	
	
	
	Candidate values {14, 26, 28, [42], [280]} 
	


	
	2-31
	Beam failure recovery
	1. Maximal number of CSI-RS resources across all CCs for UE to monitor PDCCH quality  

2. Maximal number of different SSBs across all CCs for UE to monitor PDCCH quality  

3. Maximal number of different CSI-RS [and/or SSB] resources across all CCs for new beam identifications. 


	 
	Yes
	Beam failure recovery is not supported 
	Type 1
	N.A.
	N.A.
	
	
	
	Component-1 candidate value set: {from 1 to 64} 
Component-2 candidate: {from 1 to 64} 

Component-3:

Candidate value set is: {from 1 to 256} 
	


	
	2-32
	Basic CSI feedback
	1. Type I single panel codebook based PMI (further discuss which mode or both to be supported as mandatory) 

2. 2Tx codebook for FR1 and FR2 

3. 4Tx codebook for FR1

4. 8Tx codebook for FR1 when configured as wideband CSI report

5. p-CSI on PUCCH formats over 1 – 2 OFDM symbols once per slot (or piggybacked on a PUSCH)
6. p-CSI report on PUCCH formats over 4 – 14 OFDM symbols once per slot (or piggybacked on a PUSCH)
7. a-CSI on PUSCH (at least Z value >= 14 symbols, detail processing time to be discussed separately) 

further check a-CSI on p-CSI-RS and/or SP-CSI-RS from component-7
	
	Yes
	
	N.A.
	N.A.
	N.A.
	
	
	
	Mandatory without UE capability
	


	
	2-35
	CSI report framework 


	1. Maximum number of periodic CSI report setting per BWP

2. Maximum number of aperiodic CSI report setting per BWP 

3. Maximum number of semi-persistent CSI report setting per BWP

4. Minimum duration Zk,l (in symbols)for processing a CSI, k is level of CSI latency class, i is the index of SCS, i=1,2,3,4 corresponding to 15,30,60,120 kHz SCS. 
5. UE can process X CSI report(s) simultaneously. CSI reports can be P/SP/A CSI and any latency class and codebook type. 

FFS: whether X should also count the SRS precoder derivation in case of reciprocity based SRS Tx

	2-34
	Yes
	CSI report is not supported
	Type 3
	N.A.
	N.A.
	
	
	
	Component-1 candidate values: {1, 2, 3, 4}
Component-2 candidate values {1, 2, 3, 4}

Component-3 candidate values: {0, 1, 2, 3, 4}
Component-4: candidate value Zk,l: FFS
Component-5:

FFS: candidate values: {from 5 to 32}


	


6.3 DL control channel and procedure

	3.DL control channel and procedure
	3-1
	Basic DL control channel
	1) One UE-specific configured CORESET per BWP per cell in addition to CORESET0

- CORESET resource allocation of 6RB bit-map and duration of 1 – 3 OFDM symbols for FR1

- For type 1 CSS without dedicated RRC configuration and for type 0, 0A, and 2 CSSs, CORESET resource allocation of 6RB bit-map and duration 1-3 OFDM symbols for FR2

- For type 1 CSS with dedicated RRC configuration and for type 3 CSS, UE specific SS, CORESET resource allocation of 6RB bit-map and duration 1-2 OFDM symbols for FR2

- REG-bundle sizes of 2/3 RBs or 6 RBs

- Interleaved and non-interleaved CCE-to-REG mapping

- Precoder-granularity of REG-bundle size 

- PDCCH DMRS scrambling determination

- Single TCI state for a CORESET configuration

2) CSS and USS configurations for unicast PDCCH transmission per BWP per cell

- PDCCH aggregation levels 1, 2, 4, 8, 16

- For type 1 with dedicated RRC configuration, type 3, and UE-SS, the monitoring occasion is within the first 3 OFDM symbols of a slot

- For type 1 without dedicated RRC configuration and for type 0, 0A, and 2, the monitoring occasion can be any OFDM symbol(s) of a slot

3) Monitoring DCI formats 0_0, 1_0, 0_1, 1_1

4) Number of PDCCH blind decodes per slot with a given SCS follows Case 1-1 table

5) Processing one unicast DCI scheduling DL [and one unicast DCI scheduling UL] per slot per scheduled CC

6) Processing one of RA-RNTI or SI-RNTI or P-RNTI or C-RNTI in a slot per scheduled CC
	
	Yes
	
	N.A.
	N.A.
	N.A
	
	
	
	Mandatory without capability signaling
	


6.4 UL control channel and procedure

	4.UL control channel and procedure
	4-1
	Basic UL control channel
	1) PUCCH format 0 over [1]-2 OFDM symbols once per slot with FH

3) PUCCH format 1 over [4] – 14 OFDM symbols once per slot with frequency-hopping 

5) One SR configuration per PUCCH group

6) HARQ-ACK transmission once per slot with its resource/timing determined by using the DCI

7) Multiplexing of SR and HARQ-ACK on a PUCCH

8) HARQ-ACK piggyback on PUSCH

9) Semi-static beta-offset configuration for HARQ-ACK
	
	Yes
	
	N.A.
	N.A.
	N.A.
	
	RAN4 to check feasibility of frequency hopping for PUCCH formats for FR2
	
	Mandatory without capability signaling
	


	
	4-14

Will be discussed in MIMO


	P-CSI reporting piggybacked on a PUSCH
	
	
	Yes
	
	[Type 4]
	[No need]
	[No need]
	
	This is considered as the basic CSI features
	RAN1
	
	

	
	4-15
Will be discussed in MIMO


	PUCCH transmission carrying SP-CSI reporting (or piggybacked on a PUSCH)
	
	
	Yes
	
	[Type 4]
	[No need]
	[No need]
	
	
	RAN1
	
	

	
	4-16
Will be discussed in MIMO
	PUSCH transmission carrying SP-CSI reporting 
	
	
	Yes
	
	[Type 4]
	[No need]
	[No need]
	
	
	RAN1
	
	

	
	
	
	
	
	Yes
	
	[Type 4]
	[No need]
	[No need]
	
	
	RAN1
	
	

	
	4-18
Will be discussed in MIMO


	More than one CSI reporting on one channel once per slot
	
	
	Yes
	
	[Type 4]
	[No need]
	[No need]
	
	
	RAN1
	
	


6.5 Scheduling/HARQ operation

	5. Scheduling/HARQ  operation
	5-1
	Basic scheduling/HARQ operation
	1) Frequency-domain resource allocation

- RA Type 0 only and Type 1 only for PDSCH without interleaving

- RA Type 1 for PUSCH without interleaving

2) Time-domain resource allocation

- [2 – 14] OFDM symbols for PDSCH [1-14] OFDM symbols for PUSCH once per slot 

- Starting symbol, and duration are determined by using the DCI

- PDSCH mapping type A with 7-14 OFDM symbols

- PUSCH mapping type A and type B

- For type 1 without dedicated RRC configuration and for type 0, 0A, and 2, PDSCH mapping type A and type B3) TBS determination

4) Nominal UE processing time for N1 and N2 (Capability #1)

5) HARQ process operation with configurable number of DL/UL HARQ processes of up to 16

6) Cell specific RRC configured UL/DL assignment 
7) Dynamic UL/DL determination based on L1 scheduling DCI with cell specific RRC configured UL/DL assignment
8) Intra-slot frequency-hopping for PUSCH scheduled by Type 1 before RRC connection 
	
	Yes
	
	N.A.
	N.A.
	N.A.
	
	Note: If UE is configured with more than 8 HARQ processes, RAN4 continue to discuss the impact of 16 HARQ processes

	RAN1
	Mandatory without capability signaling
	


6.6 CA/DC, BWP, SUL

	6. CA/DC, BWP, SUL
	6-1
	Basic BWP operation
	1) 1 UE-specific RRC configured DL BWP per carrier

2) 1 UE-specific RRC configured UL BWP per carrier

2) RRC reconfiguration of any parameters related to BWP
	
	Yes
	
	N.A.
	N.A.
	N.A.
	
	This feature should be mandatory for at least BWPs which is the same as the set of specified channel BW
RAN4 may discuss other BW requirements.

UE-specific RRC configured DL/UL BWP can have the same or different numerology from the initial active DL/UL BWP
	
	[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) Same common search space for 2 BWPs per carrier

6) BW of each BWP includes BW of the same initial DL BWP if there is an initial DL BWP in a carrier
	6-1
	Yes
	Type A BWP adaptation with same numerology is not possible
	Type 1
	N.A
	N.A.
	
	
	
	
	


	
	6-5
	Basic DL NR-NR CA operation
	1) Up to16 DL carriers 

2) Same numerology across carrier for data/control channel [at a given time]
	
	Yes
	
	N.A.
	N. A.
	N.A.
	
	This is conditioned on the support of DL CA band combination(s). The band combination definition is up to RAN4.
	
	
	


	
	6-6
	Basic UL NR-NR CA operation
	1) Up to16 UL carriers 

2) Same numerology across carrier for data/control channel [at a given time]

3) One PUCCH group

4) Single TAG
	[6-5]
	Yes
	
	N.A.
	N.A.
	N.A.
	
	This is conditioned on the support of UL CA band combination(s). The band combination definition is up to RAN4.
	
	
	


	
	6-7
	Two PUCCH group
	1) Same numerology across carriers for data/control channel [at a given time]
	6-5, 6-6
	
	
	Type 3
	N.A.
	N.A.
	
	
	
	
	


	
	6-12
	Support 2 simultaneous UL transmissions for problematic cases
	Delete [1) Case 1: DL-reference UL/DL configuration defined for LTE-FDD-SCell in LTE-TDD-FDD CA with LTE-TDD-PCell]
[2) Case 2: Release 15 LTE-FDD HARQ timing]
[3) UL offset for Case 1 based HARQ feedback]
	
	Yes
	2 simultaneous UL transmissions are not supported for problematic cases
	Type 2
	
	
	
	RAN2/4 to decide
This is a UE feature for LTE for a LTE/NR dual connectivity UE
	RAN2/4
	
	


