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1 Introduction
RAN #79 sent the following LS to RAN1 #92bis [1]:
	1. Overall Description:

Based on the LS [1], RAN has initiated discussion on whether the NR UE features are mandatory / optional. RAN made decisions on mandatory/optional aspects for the NR UE features as shown in the attachment. RAN will continue discussion on the remaining features at the 3GPP RAN#80 meeting based on further information to be provided from RAN WGs.

2. Actions:
To RAN WG1 and RAN WG4:

RAN respectfully askes RAN1 and RAN4 to continue discussing the remaining issues on the NR UE features and to provide the updated information.


The purpose of this contribution is two-fold. First, in Section 2, we will address remaining technical issues in the RAN1 NR UE feature list. Then, in Section 3, we give recommendations for which features ought to be mandatory in Rel. 15. 

2 Remaining technical issues in the RAN1 NR UE feature list
The following is based on the latest version of the NR UE feature list in [1].
2.1 FG 1-10, Support of SCell without SS/PBCH block

RAN asks RAN1 in [1] whether FG1-10 is applicable to inter-band CA.
	FFS: whether this feature is supported for inter band CA


We note the following RAN1 agreement from RAN1 NR Ad-Hoc #2:
	Agreements:
· Usage scenario #4 in R1-1711795 is supported in the context of non-contiguous intra-band carrier aggregation

· Carrier without SS block can be configured for some UEs

· Send LS to RAN2/4 to tell above agreement/observation in R1-1711824


Hence, FG 1-10, support of SCell without SS/PBCH block, is only applicable to intra-band CA.
Proposal 1: FG 1-10, support of SCell without SS/PBCH block, is only applicable to intra-band CA

2.2 FG 3-1, Basic DL control channel

FG 3-1, basic DL control channel has the following items highlighted in yellow:
	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


Regarding component 5, we propose to remove the squared brackets. Given every Rel. 8 UE can handle simultaneous UL and DL assignments in the same subframe the same should be possible for NR UEs.

Moreover, at the last RAN1 #92 meeting, the following was agreed for RA-RNTI, P-RNTI, SI-RNTI and C-RNTI:
	Agreements:
· The UE is not expected to receive both C-RNTI PDSCH and CS-RNTI PDSCH from the primary cell if they are overlapped with at least one symbol.

· If both RA-RNTI PDSCH and C-RNTI (or CS-RNTI) PDSCH for a given UE from the primary cell are overlapped with at least one symbol, the UE may skip decoding C-RNTI (or CS-RNTI) PDSCH.
Working assumption:

· P-RNTI PDSCH is not required to be decoded by UE in RRC_CONNECTED mode

· Note: P-RNTI PDCCH may not schedule a P-RNTI PDSCH but rather carries the message by itself, which may be used for e.g. systemInfoModification, cmas-Indication, and etws-Indication
· Send an LS to RAN2 asking for feedback (R1-1803508, which is approved by removing the 2nd subbullet, final LS is R1-1803537)

Working assumption:

· While UE acquires SI upon being triggered by Paging DCI

· UE is not required to decode C-RNTI PDSCH if the SI-RNTI PDSCH is overlapped with at least one symbol

· In case UE autonomously monitors SI-RNTI PDCCH while monitoring C-RNTI PDCCH, and both SI-RNTI PDSCH and C-RNTI PDSCH are overlapped with at least one symbol, the UE is not required to decode SI-RNTI PDSCH

· The first two bullets apply unless TBS of SI-RNTI PDSCH ≤ 2216 for FR1, then UE decodes both SI-RNTI PDSCH and C-RNTI PDSCH

· The first two bullets always apply in FR2

Send an LS to RAN2 asking for feedback – R1-1803536, which is approved and final LS is in R1-1803541


Hence, we propose to remove component 6 as the UE behaviour in regard to how to handle RA-RNTI, P-RNTI, SI-RNTI and C-RNTI in the same slot is fully specified. This behaviour shall apply to all UEs.
Proposal 2: 

· FG 3-1, basic DL control channel encompasses component 5 that every UE can process one unicast DCI scheduling DL and one unicast DCI scheduling UL per slot per scheduled CC

· Remove component 6 of FG 3-1, basic DL control channel as the UE behaviour in regard to how to handle RA-RNTI, P-RNTI, SI-RNTI and C-RNTI in the same slot is fully specified. This behaviour shall apply to all UEs.

	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


2.3 FG 3-2, Unicast PDCCH monitoring following Case 1-2

It is proposed to change the name and description of FG 3-2, unicast PDCCH monitoring following Case 1-2 because “Case 1-2” is not mentioned in the 3GPP specifications and there is no “Case 1-2 table” in TS 38.213 [2]. Case 1-2 was introduced for information only according the following agreement from RAN1 #91:
	Agreements:

· For information, the following cases are clarified:

· Case 1: PDCCH monitoring periodicity of 14 or more symbols

· Case 1-1: PDCCH monitoring on up to three OFDM symbols at the beginning of a slot

· Case 1-2: PDCCH monitoring on any span of up to 3 consecutive OFDM symbols of a slot

· For a given UE, all search space configurations are within the same span of 3 consecutive OFDM symbols in the slot

· Case 2: PDCCH monitoring periodicity of less than 14 symbols

· Note: this includes the PDCCH monitoring of up to three OFDM symbols at the beginning of a slot


We propose to use the RAN1 #91 agreement as feature name and feature description instead.
Proposal 3: Use the RAN1 #91 agreement as feature name and feature description for FG 3-2

	3-2
	Unicast PDCCH monitoring following Case 1-2

PDCCH monitoring on any span of up to 3 consecutive OFDM symbols of a slot
	- For unicast PDCCH, monitoring occasion is within a single span of 3 OFDM symbols within a slot

- Number of PDCCH blind decodes per slot with a given SCS follows Case 1-2 table for 15kHz SCS
For a given UE, all search space configurations are within the same span of 3 consecutive OFDM symbols in the slot


All remaining details, including the limited applicability to 15kHz, are already captured in the NR specifications. TS 38.213 captures Case 1-2 as follows [2]:
	If the higher layer parameter monitoringSymbolsWithinSlot indicates to a UE only one PDCCH monitoring occasion within a slot, the UE is not expected to be configured a corresponding search space set 
[image: image1.wmf]s

  for a PDCCH subcarrier spacing other than 15 kHz if the control resource set 
[image: image2.wmf]p

 associated with the search space 
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 includes at least one symbol after the third slot symbol. 

For a subcarrier spacing of 15 KHz, if the higher layer parameter monitoringSymbolsWithinSlot for a search space set 
[image: image4.wmf]s

 indicates to the UE only one PDCCH monitoring occasion in a slot for a corresponding control resource set 
[image: image5.wmf]p

 and the control resource set 
[image: image6.wmf]p

 includes at least one symbol after the third slot symbol, the UE expects that all control resource sets configured to the UE are located within at most three same consecutive symbols in the slot.    
	


2.4 FG 5-1, Basic scheduling/HARQ operation

FG 5-1, basic scheduling/HARQ operation currently has the number of OFDM symbols in squared brackets. 
	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 B

3) 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 


For PUSCH, we propose to remove the squared brackets as it should be possible to schedule an all uplink slot for all NR UEs. For example, in FR1, this is important in FDD or in TDD where NR is deployed in adjacent channels to TD-LTE. 
With respect to PDSCH, FG 5-6, PDSCH mapping type A with less than 7 OFDM symbols will not be mandatory without capability signaling. Hence, the basic scheduling/HARQ operation feature 5-1 incorporates {2,4,7-14} OFDM symbols for type 1 without dedicated RRC configuration and for type 0, 0A, and 2, PDSCH mapping type A and type B and 7-14 OFDM symbols otherwise. 

Moreover, as mentioned above, RAN1 #92 made the following agreements: 
	Agreements:
· The UE is not expected to receive both C-RNTI PDSCH and CS-RNTI PDSCH from the primary cell if they are overlapped with at least one symbol.

· If both RA-RNTI PDSCH and C-RNTI (or CS-RNTI) PDSCH for a given UE from the primary cell are overlapped with at least one symbol, the UE may skip decoding C-RNTI (or CS-RNTI) PDSCH.
Working assumption:

· P-RNTI PDSCH is not required to be decoded by UE in RRC_CONNECTED mode

· Note: P-RNTI PDCCH may not schedule a P-RNTI PDSCH but rather carries the message by itself, which may be used for e.g. systemInfoModification, cmas-Indication, and etws-Indication
· Send an LS to RAN2 asking for feedback (R1-1803508, which is approved by removing the 2nd subbullet, final LS is R1-1803537)

Working assumption:

· While UE acquires SI upon being triggered by Paging DCI

· UE is not required to decode C-RNTI PDSCH if the SI-RNTI PDSCH is overlapped with at least one symbol

· In case UE autonomously monitors SI-RNTI PDCCH while monitoring C-RNTI PDCCH, and both SI-RNTI PDSCH and C-RNTI PDSCH are overlapped with at least one symbol, the UE is not required to decode SI-RNTI PDSCH

· The first two bullets apply unless TBS of SI-RNTI PDSCH ≤ 2216 for FR1, then UE decodes both SI-RNTI PDSCH and C-RNTI PDSCH

· The first two bullets always apply in FR2

· Send an LS to RAN2 asking for feedback – R1-1803536, which is approved and final LS is in R1-1803541


Thus, a UE in connected mode never decodes a PDSCH scheduled by a PDCCH with CRC scrambled by P-RNTI. For SI and RACH, RAN1 already agreed the UE behaviour if two PDSCH are scheduled in the same slot, one by a PDCCH with CRC scrambled by C-RNTI and another one by a PDCCH with CRC scrambled by SI-RNTI or RA-RNTI. Note that for SI, a TBS restriction was agreed whereas for RACH, Msg. 2 and Msg. 3 are already very small [3]. Hence, there is no need to capture the restriction “once per slot” in the feature description.
Altogether, it is thus proposed to change the description according to the below revision marks.
Proposal 4:
	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 B with {2,4,7-14} OFDM symbols
3) 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 


2.5 FG 5-11a, Up to 7 unicast PDSCHs per slot for different TBs
FG 5-11, up to 2 unicast PDSCHs per slot for different TBs clarifies in the component description that PDSCH(s) for Msg. 4 is included. The same description should be added to FG 5-11a, up to 7 unicast PDSCHs per slot for different TBs.
Proposal 5:
	5-11a
	Up to 7 unicast PDSCHs per slot for different TBs
	1) PDSCH(s) for Msg. 4 is included


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. FG 3-6, Dynamic SFI monitoring and dynamic UL/DL determination and FG 5-1a, UE specific RRC configure UL/DL assignment impact forward compatibility.
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 1-8, RLM based on a mix of SS block and CSI-RS signals
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 3-6, 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 5-1a, UE specific RRC configure UL/DL assignment
FG 5-17, PUSCH repetitions over multiple slots  
FG 5-27, Dynamic rate-matching resource set configuration for DL
FG 5-28, Rate-matching around LTE CRS
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 Section 2, we addressed remaining technical issues in the RAN1 NR UE feature list. Section 3 gave recommendations for which features ought to be mandatory in Rel. 15. The following is proposed:
Proposal 1: FG 1-10, support of SCell without SS/PBCH block, is only applicable to intra-band CA

Proposal 2: 

· FG 3-1, basic DL control channel encompasses component 5 that every UE can process one unicast DCI scheduling DL and one unicast DCI scheduling UL per slot per scheduled CC

· Remove component 6 of FG 3-1, basic DL control channel as the UE behaviour in regard to how to handle RA-RNTI, P-RNTI, SI-RNTI and C-RNTI in the same slot is fully specified. This behaviour shall apply to all UEs.
	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


Proposal 3: Use the RAN1 #91 agreement as feature name and feature description for FG 3-2
	3-2
	Unicast PDCCH monitoring following Case 1-2

PDCCH monitoring on any span of up to 3 consecutive OFDM symbols of a slot
	- For unicast PDCCH, monitoring occasion is within a single span of 3 OFDM symbols within a slot

- Number of PDCCH blind decodes per slot with a given SCS follows Case 1-2 table for 15kHz SCS
For a given UE, all search space configurations are within the same span of 3 consecutive OFDM symbols in the slot


Proposal 4: 
	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 B with {2,4,7-14} OFDM symbols
3) 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 


Proposal 5:
	5-11a
	Up to 7 unicast PDSCHs per slot for different TBs
	2) PDSCH(s) for Msg. 4 is included
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