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1	Introduction
Currently in RAN1, UE feature of NR is been intensively discussed for Rel-16. After RAN1#100 e-meeting, R1-2001484 summarizes the outcome of NR UE feature discussion. 
In this contribution, we further discuss several feature groups for NR_L1enh_URLLC and NR_IIoT, using R1-2001484 as the basis.
[bookmark: _Ref178064866][bookmark: _Hlk37441024]2	NR_L1enh_URLLC
2.1	Feature 11-3
	11-3
	More than one PUCCH for HARQ-ACK transmission within a slot
	1) Supports sub-slot based HARQ-ACK feedback procedure. 
• A UL slot consists of a number of sub-slots. No more than one transmitted PUCCH carrying HARQ-ACKs starts in a sub-slot.
• At least one sub-slot configuration for PUCCH can be UE specifically configured to a UE. 
• Supports a single configuration for PUCCH resource for all sub-slots in a slot. The starting symbol of a PUCCH resource is defined with respect to the first symbol of sub-slot. Any sub-slot PUCCH resource is not across sub-slot boundaries. 

2) Supported sub-slot configuration

[3) Supported combinations of (A, B), where A is the minimum gap between sub-slots containing actual PUCCH transmissions measured from beginning to beginning of the sub-slots, including across slots, and B is the sub-slot duration, with both A and B in units of symbols] 



Regarding component 3) of feature group 11-3 (shown below), no concept of combinations (A, B) was ever discussed in previous RAN1 meetings. In our view, the common understanding is, sub-slot configurations of 2-symbol*7 and 7-symbol*2 are signalled via RRC, and the UE performs sub-slot based HARQ-ACK transmission accordingly. 
In particular, one (A,B) combination proposed is (4,2). Combination (4,2) requires a minimum gap of A=4 symbols between sub-slots within a slot, as well as across slots. It demands that some sub-slots cannot be scheduled with actual HARQ-ACK transmission. That is, at least every other sub-slot has to be blocked from actual HARQ-ACK transmission, which leads to longer latency. This is in contrast to combinations (2,2) and (7,7), which, as illustrated in Figure 3, do not have any sub-slots blocked from actual HARQ-ACK transmission.
[bookmark: _GoBack]If sub-slot pattern for actual PUCCH transmission is assumed to be the same for all slots, further constraints apply. In this case, (4,2) necessarily lead to the existence of 4 or more consecutive symbols between adjacent sub-slots (including across slots) that cannot be scheduled with HARQ-ACK transmission. Examples (1)-(4) illustrates the allowed sub-slot scheduling of (4,2) within a slot in Figure 2. As can be observed, there exists a group of 4 consecutive symbols that are not usable for HARQ-ACK transmission for the densest sub-slot layout of (1) and (2). Thus there are at least two issues concerning combination (4,2) when using the same sub-slot pattern for actual PUCCH transmission in all slots:
(a) (4,2) requires uneven sub-slot layout among slots for HARQ-ACK transmission;
(b) (4,2) leads to unnecessary gaps of >=4 symbols where no HARQ-ACK can be scheduled for transmission. 
Both (a) and (b) increases scheduling complexity, and leads to longer latency than expected.

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	(symbol)

	(1)
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	

	(2)
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	

	(3)
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	

	(4)
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	


Figure 1: Examples (1)-(4) of allowed sub-slot scheduling of combination (4,2) if same pattern is applied to all slots.

One alternative is to use different sub-slot pattern in different slots, as illustrated in Figure 2. This avoids issues (a) and (b) above, but it requires that HARQ-ACK PUCCH has to be scheduled differently between adjacent slots. Also it’s not avoidable that at least every other sub-slot has to be blocked from actual HARQ-ACK transmission.
[image: ]
[bookmark: _Ref37417925]Figure 2: Densest sub-slot scheduling of combination (4,2) if different pattern is allowed between slots.
Considering the drawbacks of (4,2), we do not see the advantage of allowing (4,2). It is much preferred to have combinations (2,2) and (7,7) only. Furthermore, in this case no UE feature component (e.g., component 3) of 11-3) is needed beyond the RRC configuration of sub-slots.
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[bookmark: _Ref37464640][bookmark: _Ref37464648]Figure 3: Sub-slot layout of combinations (2,7) and (7,7).
[bookmark: _Toc347823812][bookmark: _Toc347823993][bookmark: _Toc347824244][bookmark: _Toc37442448]Combination (4,2) of sub-slot pattern prevents at least half of the sub-slots from actual HARQ-ACK PUCCH transmission. It leads to uneven sub-slot pattern between slots, or different sub-slot pattern between adjacent slots.

Based on the observation, we have the following proposal.
[bookmark: _Toc347823621][bookmark: _Toc347824073][bookmark: _Toc347824246][bookmark: _Toc37442497]Component 3) of feature group 11-3 should not be included. UE performs the sub-slot based HARQ-ACK transmission according to RRC configuration. 

2.2	Feature 11-4
	11-4
	Two HARQ-ACK codebooks [with up to one sub-slot based HARQ-ACK codebook] simultaneously constructed for supporting PDSCH reception with different priorities at a UE
	1) Supports two HARQ-ACK codebooks with different priorities to be simultaneously constructed  [with the restriction up to one sub-slot based HARQ-ACK codebook].
2) Supports separate PUCCH configuration for different HARQ-ACK codebooks
3) Supports 2-level priority of HARQ-ACK for dynamically scheduled PDSCH and SPS PDSCH.
[4) Supports a DCI format (from the formats 0_1/1_1/0_2/1_2) scheduling PDSCH with different HARQ-ACK priorities or PUSCH with different priorities when only DCI format 0_1/1_1 is configured or only DCI format 0_2/1_2 is configured per BWP]  
5) Supports separate configuration of parameters PDSCH-HARQ-ACK-Codebook, UCI-OnPUSCH and ‘codeBlockGroupTransmission” for different HARQ-ACK codebooks.   
[6) Supported maximum number of actual PUCCH transmissions for HARQ-ACK within a slot]



Component 4) of feature 11-4 directly corresponds to the Working Assumption from RAN1#99, as copied below.
Working assumption:
When a single PDSCH/PUSCH processing timeline is configured in the carrier, at least when only DCI format 0_1/1_1 is configured or only DCI format 0_2/1_2 is configured in USS per BWP, a DCI format (from the formats 0_1/1_1/0_2/1_2) can be used to schedule PDSCH with different HARQ-ACK priorities or PUSCH with different priorities. 
· 1-bit field in DCI can be configured as the PHY identification of the priority
· No indication of different priorities by DCI formats 0_0/1_0

One FFS point is raised: “FFS: Whether and how to combine FG 11-4 and FG 12-1”. FG 12-1 (shown below) is necessary before HARQ-ACK codebook of different priorities can be supported. Thus FG 12-1 should be prerequisite feature group of FG 11-4.
	12-1
	UL intra-UE multiplexing/prioritization of overlapping channel/signals with two priority levels in physical layer
	Support intra-UE multiplexing/prioritization of UL overlapping channels/signals with two priority levels in physical layer (PHY)
1. Configuration of PHY priority level for CG PUSCH and SR, and dynamic indication of priority level for dynamic PUSCH
1. Multiplexing/prioritization between UL channels/signals with the same PHY priority level
1. Prioritization between UL channels/signals with different PHY priority levels
1. Additional number of symbols (d1) needed beyond the PUSCH preparation time for cancelling a low priority UL transmission.
1. Additional number of symbols (d2) needed beyond the PUSCH preparation time for scheduling a high priority UL transmission that cancels a low priority UL transmission 



[bookmark: _Toc37442498]FG 12-1 is the prerequisite feature group of FG 11-4. 

The other FFS point raised is: “FFS: For component 4), whether to separate DL priority and UL priority, and whether to separate DCI format 0_1/1_1 and DCI format 0_2/1_2.” 
Component 4) of FG 11-4 directly corresponds to the Working Assumption from RAN1#99, as copied below.
Working assumption:
When a single PDSCH/PUSCH processing timeline is configured in the carrier, at least when only DCI format 0_1/1_1 is configured or only DCI format 0_2/1_2 is configured in USS per BWP, a DCI format (from the formats 0_1/1_1/0_2/1_2) can be used to schedule PDSCH with different HARQ-ACK priorities or PUSCH with different priorities. 
· 1-bit field in DCI can be configured as the PHY identification of the priority
· No indication of different priorities by DCI formats 0_0/1_0

There is no need to separate DL priority and UL priority. DCI format 0_x and 1_x are always paired, and they should be configured the same way with regard to priority.
It is appropriate to introduce separation of DCI format 0_1/1_1 and DCI format 0_2/1_2, since DCI format x_2 support depends on FG 11-1, but DCI format x_1 support does not. Separation would allow a UE, which does not support DCI format x_2, to support FG 11-4. 

[bookmark: _Toc37442499]For FG 11-4 component 4), there is no need to separate DL priority and UL priority. 
[bookmark: _Toc37442500]For FG 11-4 component 4), DCI format 0_1/1_1 and DCI format 0_2/1_2 should be separated, with different dependency of FG 11-1.

Regarding component 6) of FG 11-4, which is in bracket, there is no need to introduce supported maximum number of actual PUCCH transmissions for HARQ-ACK within a slot. The sub-slot configuration determines the maximum allowable number of PUCCH transmission for HARQ-ACK in a slot. Thus component 6) should not be included.

[bookmark: _Toc37442501]FG 11-4 component 6) (in bracket) should not be introduced.

2.3	FG [11-4x]
	[11-4x]


	[Two sub-slot based HARQ-ACK codebooks simultaneously constructed for supporting PDSCH reception with different priorities at a UE].
	1) Supports two sub-slot based HARQ-ACK codebooks with different priorities to be simultaneously constructed.
2) Supports separate PUCCH configuration for different HARQ-ACK codebooks
3) Supports 2-level priority of HARQ-ACK for dynamically scheduled PDSCH and SPS PDSCH.
4) Supports a DCI format (from the formats 0_1/1_1/0_2/1_2) scheduling PDSCH with different HARQ-ACK priorities or PUSCH with different priorities when only DCI format 0_1/1_1 is configured or only DCI format 0_2/1_2 is configured in USS per BWP  
5) Supports separate configuration of parameters PDSCH-HARQ-ACK-Codebook, UCI-OnPUSCH and ‘codeBlockGroupTransmission” for different HARQ-ACK codebooks.



FG [11-4x] is the same as FG 11-4 except the issue of how many sub-slot based HARQ-ACK codebooks can be simultaneously constructed. This issue is related to the agreement from RAN1#98bis below.
Agreements:
R16 supports up to two HARQ-ACK codebooks with different priorities to be simultaneously constructed, including: 
· One is slot-based and one is sub-slot-based.
· Both are slot-based.
· Both are sub-slot-based

As long as one HARQ-ACK codebook can be sub-slot based, it needs the prerequisite feature group of 11-3. There is no need to make two FG, one for “up to one sub-slot based”, the other for “two sub-slot based”. Thus, FG [11-4x] should not be introduced. Rather, FG 11-4 should be revised as follows:
(a) FG 11-4 description is updated to: “Two HARQ-ACK codebooks [with up to one two sub-slot based HARQ-ACK codebook] simultaneously constructed for supporting PDSCH reception with different priorities at a UE”
(b) FG 11-4 has prerequisite feature group of 11-3.


[bookmark: _Toc37442502]FG [11-4x] is not introduced. FG 11-4 is revised to include the support of up to two sub-slot based HARQ-ACK codebooks.


2.4	FG [11-7a]

	[11-7a]
	Cancellation of the overlapping PUSCHs in an intra-band UL CA without indication in the DCI format 2-4
	1) For a UE indicating the capability of pa-PhaseDiscontinuityImpacts, and if the PUSCH on at least one serving cell is cancelled, the UE may cancel the (repetition of the) PUSCHs transmission on all other intra-band serving cell(s). The cancellation of the (repetition of the) PUSCH transmission on a the set of intra-band serving cell(s) includes all symbols from the earliest symbol that is overlapping with the first cancelled symbol of the PUSCH on the serving cell for which the DCI format 2_4 is applicable to.



While we recognize that FG [11-7a] reflects a RAN1 conclusion (copied below) on intra-band cancellation, the meaning of this FG should be clarified. As stated in the conclusion, for a UE with indication of UL CI and capability of pa-PhaseDiscontinuityImpacts, the UE performs the cancellation on all other intra-band serving cells if intra-band UL CA is configured. Thus it is not straightforward why the UE need to report FG [11-7a].  It should be clarified that for a UE indicating pa-PhaseDiscontinuityImpacts, when FG [11-7a] is not indicated, UL CI cannot be applied in the scenario of intra-band UL CA.  

	Conclusion:
· It is possible for a UE to indicate both  pa-PhaseDiscontinuityImpacts  (i.e. 6-23) and the support of UL CI for intra-band UL CA
· [bookmark: _Hlk37435157]For a UE indicates a capability to cancel overlapping PUSCHs on different intra-band serving cells (if any), and the capability of pa-PhaseDiscontinuityImpacts, and if the PUSCH on at least one serving cell is cancelled, the UE cancels the (repetition of the) PUSCHs transmission on all other intra-band serving cell(s). The cancellation of the (repetition of the) PUSCH transmission on a the set of intra-band serving cell(s) includes all symbols from the earliest symbol that is overlapping with the first cancelled symbol of the PUSCH on the serving cell for which the DCI format 2_4 is applicable to.



[bookmark: _Toc37442503]FG [11-7a] is introduced with clarification that for a UE indicating pa-PhaseDiscontinuityImpacts but not FG [11-7a],  UL CI cannot be applied in the scenario of intra-band UL CA. 

2.4	FG 11-9
	11-9
	Multiple active configured grant configurations for a BWP of a serving cell
	1) Supports up to 12 configured/active configured grant configurations in a BWP of a serving cell.
• Separate RRC parameters for different configured grant configurations
• Separate activation for different configured grant Type 2 configurations
• Separate release for different configured grant Type 2 configurations
[2) Supported maximum number of configured grant configurations in a BWP of a serving cell]
[3) Supported maximum number of configured grant configurations across all serving cells]  




For FG 11-9, there is a question if component 2) and 3) should be introduced. RAN1 has agreed that the maximum number of UL CG configurations per BWP of a serving cell is 12. Thus there is no clear need for the UE to additionally report components 2) and 3).  
If it’s proven that FG 11-9 requires components 2), then the set of possible values should be limited. For example, for 2), supported maximum number of configured grant configurations in a BWP of a serving cell can be selected from {1, 2, 4, 8, 12}.
If it’s necessary to introduce component 3), it is reasonable to allow up to twice the number of UL CG configurations per cell group. This is similar to ‘multipleConfiguredGrants’ in Rel-15 (see Appendix). 

[bookmark: _Toc37442504]Preferably component 2) and 3) of FG 11-9 are not introduced.
[bookmark: _Toc37442505]If component 2) of FG 11-9 is introduced, the supported maximum number of configured grant configurations in a BWP of a serving cell is selected from {1, 2, 4, 8, 12}. 
[bookmark: _Toc37442506]If Component 3) of FG 11-9 is introduced, component 3) is updated to: “3) Supported maximum number of configured grant configurations across all serving cells in a cell group is 24.”


[bookmark: _Ref189046994]3	NR_IIOT
3.1	FG 12-3
	12-3
	SPS release by DCI format 1_1 and 1_2
	1. Support of SPS release by DCI format 1_1
1. Support of SPS release by DCI format 1_2
	downlinkSPS



In FG 12-3, the support of SPS release by DCI format 1_1 and 1_2 are combined. However, this is not consistent with the way UL CG releases are constructed. As shown below, two FG, 11-10 and 11-11, are defined, with FG 11-10 having no dependency to FG 11-1, but with FG 11-11 depends on FG 11-1 as a prerequisite. 
In our view, the way used for UL CG release is appropriate, since support of DCI format 1_2 needs FG 11-1 before it can be used for SPS release. 

	11-10 
	Type 2 configured grant release by DCI format 0_1  
	Support of type 2 configured grant release by DCI format 0_1
	

	11-11 
	Type 2 configured grant release by DCI format 0_2
	Support of type 2 configured grant release by DCI format 0_2
	11-1



Thus, SPS release should be supplied with two FG, as shown below.
	12-3 
	SPS release by DCI format 1_1  
	Support of SPS release by DCI format 1_1
	downlinkSPS

	12-4 
	SPS release by DCI format 1_2
	Support of SPS release by DCI format 1_2
	downlinkSPS, 11-1



[bookmark: _Toc37442507]Two FG are defined for SPS release, with release by DCI format 1_2 having prerequisite of FG 11-1.

Conclusion
In the previous sections we made the following observations: 
Observation 1	Combination (4,2) of sub-slot pattern prevents at least half of the sub-slots from actual HARQ-ACK PUCCH transmission. It leads to uneven sub-slot pattern between slots, or different sub-slot pattern between adjacent slots.


Based on the discussion in the previous sections we propose the following:
Proposal 1	Component 3) of feature group 11-3 should not be included. UE performs the sub-slot based HARQ-ACK transmission according to RRC configuration.
Proposal 2	FG 12-1 is the prerequisite feature group of FG 11-4.
Proposal 3	For FG 11-4 component 4), there is no need to separate DL priority and UL priority.
Proposal 4	For FG 11-4 component 4), DCI format 0_1/1_1 and DCI format 0_2/1_2 should be separated, with different dependency of FG 11-1.
Proposal 5	FG 11-4 component 6) (in bracket) should not be introduced.
Proposal 6	FG [11-4x] is not introduced. FG 11-4 is revised to include the support of up to two sub-slot based HARQ-ACK codebooks.
Proposal 7	FG [11-7a] is introduced with clarification that for a UE indicating pa-PhaseDiscontinuityImpacts but not FG [11-7a],  UL CI cannot be applied in the scenario of intra-band UL CA.
Proposal 8	Preferably component 2) and 3) of FG 11-9 are not introduced.
Proposal 9	If component 2) of FG 11-9 is introduced, the supported maximum number of configured grant configurations in a BWP of a serving cell is selected from {1, 2, 4, 8, 12}.
Proposal 10	If Component 3) of FG 11-9 is introduced, component 3) is updated to: “3) Supported maximum number of configured grant configurations across all serving cells in a cell group is 24.”
Proposal 11	Two FG are defined for SPS release, with release by DCI format 1_2 having prerequisite of FG 11-1.
 
[bookmark: _In-sequence_SDU_delivery]References
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Appendix. Relevant UE Capability Parameters in Rel-15
A few relevant UE capability parameters in Rel-15 are copied below, according to TS 38.306 V15.9.0 [2].

	multipleConfiguredGrants
Indicates whether UE supports more than one configured grant configurations (including both Type 1 and Type 2) in a cell group. For each cell, the UE supports at most one configured grant per BWP and the maximum number of configured grant configurations per cell group is 2. If absent, for each configured cell group, the UE only supports one configured grant configuration on one serving cell.




	downlinkSPS
Indicates whether the UE supports PDSCH reception based on semi-persistent scheduling.
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