[bookmark: _Hlk1147373]3GPP TSG RAN WG1 #99						  R1-1913069
Reno, USA, November 18th – 22nd, 2019

Source:	WILUS Inc.
Title:	Remaining Issues on PUSCH enhancement for NR URLLC
Agenda item:	7.2.6.3
Document for:	Discussion/Decision 

1 Introduction
In RAN#83 plenary meeting [1], the WID on physical layer enhancements for NR URLLC was approved. Regarding PUSCH enhancements, the following scope is defined. 
· Specification of PUSCH enhancements for both grant-based PUSCH and configured grant based PUSCH [RAN1]
· For a transport block, one dynamic UL grant or one configured grant schedules two or more PUSCH repetitions that can be in one slot, or across slot boundary in consecutive available slots
During the study item phase, mini-slot based repetitions and multi-segment transmission were proposed and discussed. It was concluded to finalize the repetition rule based on two options in the work item phase. In the last RAN1#98bis meeting, the following agreements related DL/UL interaction were made. [2]
	Agreements:
· For the interaction with DL/UL directions, if dynamic SFI is configured, Option 1-4 is not further considered for both DG and CG
· For the interaction with DL/UL directions, if dynamic SFI is configured, Option 1-2 is not further considered for DG.

Agreements:
· For the interaction with DL/UL directions, if dynamic SFI is configured, Option 2-2 and 2-3 is not further considered for DG.

Agreements:
· For both DG and CG with “Rel-16 PUSCH transmission scheme”, if dynamic SFI is not configured, semi-static flexible symbols are used for PUSCH. Segmentation occurs at least around semi-static DL symbols.
· [bookmark: _Hlk24139292]FFS segmentation also around dynamically indicated invalid symbols for UL transmissions in the UL grant (if supported for DG and/or Type 2 CG) and/or semi-statically configured invalid symbols for UL transmissions (if supported)
· FFS how to handle the conflict with dynamic DL transmission for CG


This contribution provides the remaining issues on Rel-16 PUSCH transmission scheme. 

2 [bookmark: OLE_LINK71][bookmark: OLE_LINK72][bookmark: OLE_LINK69]On PUSCH Enhancements
The detailed interaction with the procedure of UL/DL direction determination
In the last RAN1#98bis meeting, it was agreed that segmentation occurs, at least, around semi-static DL symbols. If segmentation rule depends on a dynamic signaling, for example dynamic SFI in DCI format 2_0, PUSCH transmission in DCI format 0_0/0_1, and PUCCH transmission in DCI format 1_0/1_1, there is possibility that the UE fails to receive the dynamic signaling and thus the segmentation may be different from that expected by gNB. Therefore, it is reasonable that the segmentation only depends on semi-static signaling, not dynamic signaling. 
· Proposal 1: The PUSCH segmentation only depends on semi-static configured information, not dynamic signaling.

There are following potential semi-statically configured symbol types to determine segmentations. 
· 1) SS/PBCH block and CORESET#0
Semi-static DL symbols are used to receive DL signals/channels such as PDSCH, PDCCH, or CSI-RS. Thus, if at least one symbol of a potential PUSCH repetition overlaps with the semi-static DL symbol, then the PUSCH repetition should be dropped or deferred to the next slot with the number of available symbols for a potential PUSCH repetition. Similarly, the symbols configured to receive SS/PBCH block or CORESET#0 are also considered as the DL symbol. Note that CORESET#0 is configured via PBCH to receive PDCCH scheduling PDSCH carrying SIB1. If a UE transmit a PUSCH repetition on the symbol overlapping the CORESET#0, it is not possible to detect the PDCCH and fails to obtain cell-specific system information. To prevent UL transmission on the symbol overlapping CORESET#0 in Rel-15 NR specification, the following UE behavior is adopted:
	TS 38.213 Section 11.1
For a set of symbols of a slot indicated to a UE by pdcch-ConfigSIB1 in MIB for a CORESET for Type0-PDCCH CSS set, the UE does not expect the set of symbols to be indicated as uplink by tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated.


Clearly, these symbols are not intended to use uplink transmission. Therefore, we propose
· Proposal 2: In addition to the semi-static DL symbol, SS/PBCH block and CORESET#0 are used to determine segmentation. i.e., The PUSCH segmentation occurs at least around semi-static DL symbols, SS/PBCH block, and CORESET#0. 

· 2) Gap for Rx-to-TX switching after SS/PBCH block
One of the remaining questions is whether or not to use the semi-static flexible symbols right after semi-static DL symbols or SS/PBCH block. Typically, some RF switching time is required to switch RF direction from DL to UL. The TS38.211 specification defines the minimum transition time between DL reception and UL transmission which is 25600*Tc for FR1 and 13792*Tc for FR2 [5]. 
	A UE not capable of full-duplex communication is not expected to transmit in the uplink earlier than  after the end of the last received downlink symbol in the same cell where  is given by Table 4.3.2-3. 
A UE not capable of full-duplex communication is not expected to receive in the downlink earlier than  after the end of the last transmitted uplink symbol in the same cell where  is given by Table 4.3.2-3.


In other words, at least one symbol is required to support RF switching. The gap symbols for Rx-to-Tx switching is not necessary right after semi-static DL symbols or CORESET#0 because gNB would not schedule DL channel or signal at the semi-static DL symbols or UE may skip to receive a PDCCH in CORESET#0. However, at least one symbol is required right after SS/PBCH block reception because a URLLC UE may be configured to receive SS/PBCH block for RRM measurement purposes. If there are no gap symbol between SS/PBCH block and PUSCH repetition, it violates the following UE behaviours in Rel-15. Therefore, we propose 
· Proposal 3: If a UE is configured to receive SS/PBCH block, then a symbol right after SS/PBCH block cannot be used to transmit PUSCH repetition. In other words, in addition to the semi-static DL symbol, SS/PBCH block, CORESET#0, and the symbol right after SS/PBCH block are used to determine the PUSCH segmentation. 

· 3) DL reception on reference cells for Half duplex UE
If a UE has no capability to receive DL channel/signal on a cell and transmit UL channel/signal on different cell at the same time, the UE should select one direction (i.e. either of reception or transmission). To define UE behaviour for collision handling for half-duplex CA operation, some agreements were made in email discussion after RAN1#95 [3] but it was agreed in RAN1#96 that the agreements made during email discussion [95-NR-06] postponed to Rel-16 [4]. 
	[bookmark: _Hlk2278371]Agreement (#96)
Agreements made during email discussion [95-NR-06] on directional collision handling for half duplex CA operation are postponed to Re1-16.

Agreements:(95-NR-06)
For a UE configured with multiple serving cells in a band or band combination, where the UE is not capable of simultaneous transmission and reception, support a behavior in the following table:
· FFS: other combinations of Semi SFI, RRC and Dynamic 
· FFS: behavior for SSB in RRM measurements 
· FFS: down-select further between Alt1 and Alt2. Down-selection may be performed independently for case 3 and 6. 
· For the agreed behavior introduce a new feature as "mandatory with capability" 
· Note: Sep./Dec. UEs are still able to operate HD TDD CA if network ensures same transmission direction across all the serving cells.
· Reference (Ref) cell is the cell with the lowest cell ID among cells: (i) within the band or band combination and (ii) with conflicting directions, and “Other cell” is any cell within the band or band combination other than the Ref cell.
	No
	Ref cell
	Other cell
	UE behavior
	Note

	1
	Semi SFI D
	Semi SFI U
	Allowed to drop U for inter-band
Error case in intra-band
	Dropping U on other cell
Error case in intra-band

	2
	Semi SFI D
	RRC U
	Allowed to drop U 
	Dropping on other cell

	3
	Semi SFI D
	Dynamic U
	Alt 1: Allowed to drop D for inter-band
Error case in intra-band
	Overriding semi SFI D to F on reference cell for the UE

	
	
	
	Alt 2: Error
	Error

	4
	Semi SFI U
	Semi SFI D
	Allowed to drop D for inter-band
Error case in intra-band
	Dropping D on other cell
Error case in intra-band

	5
	Semi SFI U
	RRC D
	Allowed to drop D 
	Dropping on other cell

	6
	Semi SFI U
	Dynamic D
	Alt 1: Allowed to drop U for inter-band
Error case in intra-band
	Overriding semi SFI U to F on reference cell for the UE

	
	
	
	Alt 2: Error
	Error

	7
	RRC D
	RRC U
	Allowed to drop U 
	Dropping on other cell

	8
	RRC U
	RRC D
	Allowed to drop D
	Dropping on other cell

	9
	Dynamic D
	Dynamic U
	Error
	Error

	10
	Dynamic U
	Dynamic D
	Error
	Error



Note, in above table, the terminology is as follows:  
· Semi SFI D and U: D and U symbols configured by TDD-UL-DL-ConfigurationCommon, or TDD-UL-DL-ConfigDedicated
· Semi SFI F: flexible symbols configured by TDD-UL-DL-ConfigurationCommon, or TDD-UL-DL-ConfigDedicated, , when provided to a UE, or when TDD-UL-DL-ConfigurationCommon and TDD-UL-DL-ConfigDedicated are not provided to the UE
· RRC D: symbols corresponding to a higher-layer configured  PDCCH, or a PDSCH, or a CSI-RS on semi SFI F of the same cell
· RRC U: symbols corresponding to a higher-layer configured  SRS, or PUCCH, or PUSCH, or PRACH on semi SFI F of the same cell
· Dynamic D and U: symbols scheduled as D and U by DCI formats other than DCI format 2_0 on semi SFI F of the same cell
· Note: there is no intention to change the existing behavior w.r.t. how to update the reference cell


Consider semi-static DL symbol is configured on a symbol in Ref cell and a PUSCH repetition is scheduled on other cell. According to this agreement, the PUSCH repetition cannot be transmitted. Thus, the PUSCH repetition should be dropped or deferred to the next slot with the number of available symbols for a potential PUSCH repetition. Therefore, we propose
· Proposal 4: If a UE is not capable to transmit and reception simultaneously and a PUSCH is scheduled in other cell, which is not the reference cell, then a PUSCH repetition overlapping with the DL symbols in the reference cell is dropped. 

SLIV design
One remaining issue is whether or not to support L>14. Since the first nominal repetition is indicated by a DCI, S+L can be larger than 14 for crossing slot boundary and the nominal repetition can be divided into two actual repetitions around the slot boundary or semi-static DL symbols. Recall that Rel-15 only supports S=0,1,...,13, L=1,2...,14 with constraint S+L≤14. At least, Rel-16 should introduce a new SLIV rule to support S+L>14. Several options are listed: 
· Option 1) all combinations with S=0,1,...,13, L=1,2...,14 
· Option 1’) all combinations with S=0,1,...,13, L=1,2...,14 with keeping Rel-15 SLIV rule
· Option 2) nominal PUSCH repetition over two slots with S=0,1,...,13, L=1,2,...,28 and S+L≤28 
· Option 3) increase length granularity with S=0,1,...,13, L=2*L’ where S+L’≤14
In the option 1, the Rel-15 constraint S+L≤14 are removed so that every combination of S=0,1,...,13, L=1,2...,14 are allowed. Simply, SLIV rule can be represented by 
SLIV = S+14*(L-1) or SLIV = L-1+14*S.
 Unfortunately, this rule is quite different from Rel-15 SLIV indication. In other words, one SLIV value is differently interpreted in Rel-15 UE and Rel-16 UE (or non-URLLC DCI and URLLC DCI) To avoid different interpretations, option 1’ is to use same SLIV value for S+L≤14 and to introduce new SLIV value for S+L>14. For example, it can be represented by 
[image: ]
One drawback of option 1 and 1’ is that there is no way to schedule all symbols in the second slot. For example, gNB would schedule last 2 symbols in the first slot and all symbols in the second slot. For this case, S=12 and L=16 is indicated, but L is limited to 14 in option 1 and option 1’. Thus, S=12 and L=14 may be indicated and the last two symbols in the second slot are not utilized. To address this problem, we can relax the Rel-15 SLIV rule to L=1,2,…,28 and S+L≤28. 
[image: ]
The required bit-size for SLIV value in option 1, 1’ and 2, is 8 bits instead of 7 bits. 1 bit is additionally needed to indicate a SLIV value. To keeping the same bit-size of SLIV values (same overhead as in Rel-15), option 3 can be used. In option 3, the Rel-15 SLIV rules are used but the length is doubled to cross slot boundary. This rule is simple but PUSCH repetition with odd length cannot be supported. Regarding scheduling flexibility, this option is not preferred. 
Considering Rel-15 backward compatibility, rather than defining a new SLIV indication rule for all S and L combinations, we slightly prefer to keep Rel-15 SLIV indication rule for S+L≤14 case and introduce a new SLIV indication rule only for S+L>14. So, we propose 
· Proposal 5: To cross slot boundary, allow S+L>14.
· Proposal 6. It needs to introduce a new SLIV indication rule only for S+L>14 in Rel-16 URLLC. For S+L<=14, reuse Rel-15 SLIV indication rule. 

3 Conclusion
In this contribution, we studied potential enhancements to PUSCH for Rel-16 URLLC and the followings were proposed
· Proposal 1: The PUSCH segmentation only depends on semi-static configured information, not dynamic signaling.
· Proposal 2: In addition to the semi-static DL symbol, SS/PBCH block, and CORESET#0 are used to determine segmentation. i.e., The PUSCH segmentation occurs at least around semi-static DL symbols, SS/PBCH block, and CORESET#0. 
· Proposal 3: If a UE is configured to receive SS/PBCH block, then a symbol right after SS/PBCH block cannot be used to transmit PUSCH repetition. In other words, in addition to the semi-static DL symbol, SS/PBCH block, and CORESET#0, the symbol right after SS/PBCH block is used to determine the PUSCH segmentation. 
· Proposal 4: If a UE is not capable to transmit and reception simultaneously and a PUSCH is scheduled in other cell, which is not the reference cell, then a PUSCH repetition overlapping with the DL symbols in the reference cell is dropped. 
· Proposal 5: To cross slot boundary, allow S+L>14.
· Proposal 6. It needs to introduce a new SLIV indication rule only for S+L>14 in Rel-16 URLLC. For S+L<=14, reuse Rel-15 SLIV indication rule. 
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IfL-1<21 then
o SLIV = 14*(L-1)+S
else
o SLIV = 14*14+14*(28-L+1)+(14-1-S)
where 0<L<28-S




