3GPP TSG RAN WG1 #101			R1-2003980
e-Meeting, May 25th – June 5th, 2020

[bookmark: Source]Agenda item:	7.2.5.2
Source: 	Spreadtrum Communications
Title: 	Remaining issues of UCI enhancements for URLLC
[bookmark: DocumentFor]Document for:	Discussion and decision
Introduction
This contribution provides some considerations on remaining issues of UCI enhancements including HARQ-ACK codebook enhancements and intra-UE prioritization for URLLC.
Separate HARQ-ACK codebook for different service types
Issues related to when both DCI format 0_1/1_1 and DCI format 0_2/1_2 are configured
Following agreement was made in RAN1#99 PDCCH enhancements session:
Agreement
When both DCI format 0_1/1_1 and DCI format 0_2/1_2 are configured to be monitored 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.
· This feature is UE optional 

UE behaviours when it does not support FG 11-4b
This issue was extensively discussed during the last meeting. For the new FG [11-4b], if a UE does not support this capability, it should give a fixed priority for both DCI format 0_1/1_1 and DCI format 0_2/1_2 when they are both configured to be monitored per BWP. 
	[11-4ba]
	[DL priority indication in DCI with mixed DCI formats]
	[DL priority indication in DCI with mixed DCI formats]



We prefer DCI format 0_1/1_1 is used for lower priority and DCI format 0_2/1_2 is used for higher priority, which interpretation 1 proposed by FL. 
· Alt-1 (based on Interpretation 1): The UE is expected to assume fixed priority by DCI format (i.e., low priority for DCI format 0_1/1_1, high priority for DCI format 0_2/1_2).
· Alt-2 (based on Interpretation 2): The UE is expected to assume low priority for DCI format 0_1/1_1, and to follow the indicated priority (low or high) in the scheduling DCI format for DCI format 0_2/1_2. 

The main concern for Alt 1 is	FG11-4 is the pre-condition of FG11-4b. If a UE is supporting FG 11-4, it means the UE can support dynamic priority indication when only one DCI format pair are configured. From the complexity view, if it can support every one DCI format for dynamic indication, it can support these two DCI formats for dynamic indication. However, the original intension for this UE capability is one DCI format can indicate DL priority. So the opposite side should be none DCI format can indicate DL priority, which is interpretation 1.
Secondly, there is no scenario to support the DCI format 0_2/1_2 dynamic indicates high priority or low priority when DCI format 0_1/1_1 has already configured for low priority traffic type, especially a UE cannot support DL priority indication in DCI with mixed DCI formats.
Thirdly, the UE behaviours for DL priority indication in DCI with mixed DCI formats is extensive different with a DCI format scheduling PDSCH with different HARQ-ACK priorities when only DCI format 0_1/1_1 is configured or only DCI format 0_2/1_2 is configured per BWP, including the procedure of Type-1 HARQ-ACK codebook generation such as K1 sets and TDRA table applicable, DAI field length etc. 
So we have this proposal: 
Proposal 1. Alt-1 (based on Interpretation 1) should be applied
· The UE is expected to assume fixed priority by DCI format (i.e., low priority for DCI format 0_1/1_1, high priority for DCI format 0_2/1_2).

Default priority if priority field in DCI is not configured
If priority field in DCI is not configured when only DCI format 0_1/1_1 is configured or only DCI format 0_2/1_2 is configured per BWP, the corresponding transmissions or receptions are of low priority. If a DCI format needs to indicate high priority, it can be configured with priority field.
[bookmark: OLE_LINK4][bookmark: OLE_LINK5]If priority field in DCI is not configured when both DCI format 0_1/1_1 and DCI format 0_2/1_2 are configured, DCI format 0_1/1_1 is used for lower priority and DCI format 0_2/1_2 is used for higher priority.
Proposal 2. If priority field in DCI is not configured when only DCI format 0_1/1_1 is configured or only DCI format 0_2/1_2 is configured per BWP, the default corresponding transmissions or receptions are of low priority.
Proposal 3. If priority field in DCI is not configured when both DCI format 0_1/1_1 and DCI format 0_2/1_2 are configured, the default DCI format 0_1/1_1 is used for lower priority and DCI format 0_2/1_2 is used for higher priority.
Type 1 HARQ-ACK codebook
For slot based Type-1 HARQ-ACK codebook determination, it was extensively discussed during the last meeting. The key points include two factors, one is the K1 set and the other is the TDRA table. There was two options [3] discussed during RAN1 100b-e. 
· Option 1: There is no need to simultaneously support DCI format 1_1 and DCI format 1_2 for Type-1 HARQ-ACK codebook in R16.
· Option 3: If the UE is configured to monitor PDCCH for DCI format 1_1 and DCI format 1_2 for serving cell , 
·  is provided by the union of dl-DataToUL-ACK for DCI format 1_1 and dl-DataToUL-ACK-ForDCIFormat1_2 for DCI format 1_2.  
· FFS: How is the TDRA table provided
For Option 1, it gives too much restrictions on DCI scheduling. Considering both of DCI format 1_1 and 1_2 are configured and low priority HARQ-ACK codebook is slot based type 1 HARQ-ACK codebook. In this case, only one DCI format can be used for low priority, even if priority field is presented. From this sight of view, we propose Option 3. 
For the determination of the K1 set, slot timing values are configured by the RRC parameter dl-DataToUL-ACK-ForDCIFormat1_2 for DCI format 1_2, and they may be different with slot timing values configured for DCI format 1_1. We agree with the union of these values for type 1 HARQ-ACK codebook.
For TDRA table part, it should construct the HARQ-ACK codebook based on the TDRA tables associated with the DCI formats to be monitored. For example, DCI format 1_1 has one TDRA table and DCI format 1_2 has another TDRA table. The union of a third set of row indexes, if provided by pdsch-TimeDomainAllocationListForDCI-Format1-2-r16 in pdsch-Config should be applied to type 1 HARQ-ACK codebook.  
Furthermore, it should clarify that for the case of PDSCH starting symbol is relative to the starting symbol of the PDCCH monitoring occasion( if it is enabled, K0=0, and PDSCH mapping Type B), the row indexes should be extented as PDCCH monitoring occasions may start from any symbol of a slot. Meanwhile, PDSCH time domain resource allocation candidates may be a larger set of SLIVs compared with TDRA table configured by higher layer signalling pdsch-TimeDomainAllocationListForDCI-Format1-2-r16.
Proposal 4. Clarify the third set of row indexes of pdsch-TimeDomainAllocationListForDCI-Format1-2-r16 should be extended with PDCCH monitoring occasions when PDSCH starting symbol is relative to the starting symbol of the PDCCH.
Proposal 5. Option 3: If the UE is configured to monitor PDCCH for DCI format 1_1 and DCI format 1_2 for serving cell , 
·  is provided by the union of dl-DataToUL-ACK for DCI format 1_1 and dl-DataToUL-ACK-ForDCIFormat1_2 for DCI format 1_2.  
· The union of TDRA tables associated with two DCI formats should be used to construct the Type 1 HARQ-ACK codebook.

Type 2 HARQ-ACK codebook
When 1-bit counter-DAI field is configured for DCI format 1_2 but 2-bit counter-DAI field is included in DCI format 1_0/1_1. There will be some PDCCH counter problems as discussed during the last RAN1 meeting. The following are five potential options proposed.
· Option 1:  if the size of DAI field between DCI format 1_2 and 1_0/1_1 is different, a UE is not expected to multiplex HARQ-ACK for PDSCH scheduled by DCI format 1_2 and HARQ-ACK for PDCSH scheduled by DCI format 1_0/1_1 in the same HARQ-ACK codebook.
· Option 2: The size of DAI field is the maximum of the bit widths for the DCI formats.
· Option 3: When a UE is configured DCI format 1_0 and/or with DCI format 1_1 and DCI format 1_2 for scheduling same priority traffic, the bit-width of the DAI fields is same.
· Option 4. A minor modification in procedure of generation of codebook is to support different DAI bit-width. Generally, 2-bit DAI and 1-bit DAI is transformed to reference DAI value and the reference DAI value is used to determine HARQ-ACK bit location. (see TP in the table below)  
· Option 5: Use only 1-bit (e.g. LSB) of 2-bit counter-DAI in DCI format 1_0/1_1 if 1-bit counter-DAI is configured in DCI format 1_2

[bookmark: OLE_LINK6][bookmark: OLE_LINK7]Clearly, Option 4/5 change the counter DAI of DCI format 1_0/1_1 mechanism defined in Rel-15, which impacts UE behaviours of generation HARQ-ACK codebook. They are not stable for this late stage.
Considering Option 2, it is not reasonable.  Because the size of DAI field is 1 bit or 2bits in DCI format 1_2 is determined by higher layer parameter Downlinkassignmentindex-ForDCIFormat1_2. If the HARQ-ACK of PDSCH scheduled by DCI format 1_2 and 1_1/1_0 allowed to be multiplexed in one PUCCH, the bit-width of the DAI fields should be same. A UE cannot be configured 1 bit but required to align the bit-width to 2 bits later. 
Comparing Option 1 and Option 3, both can work for this issue. However, Option 1 has more flexibility of scheduling. gNB shall avoid multiplexing PDSCH scheduled by different DCI formats to the same HARQ-ACK codebook. At same time, Option 1 enables a DCI format scheduling two priorities with smaller DCI size. 
So we can accept Option 1 and Option 3. 
Proposal 6. When DCI format 0_1/1_1 and DCI format 0_2/1_2 are configured, Option 1 or Option 3 can be applied.
· Option 1(first preference):  if the size of DAI field between DCI format 1_2 and 1_0/1_1 is different, a UE is not expected to multiplex HARQ-ACK for PDSCH scheduled by DCI format 1_2 and HARQ-ACK for PDCSH scheduled by DCI format 1_0/1_1 in the same HARQ-ACK codebook.
· Option 3(second preference): When a UE is configured DCI format 1_0 and/or with DCI format 1_1 and DCI format 1_2 for scheduling same priority traffic, the bit-width of the DAI fields is same.
PUCCH resource determination for reduced size of PRI field 
PRI field in DCI format 1_2 can be configured as 0/1/2/3 bits. 
-	PUCCH resource indicator – 0 or 1 or 2 or 3 bits determined by higher layer parameter Numberofbits-forPUCCHresourceindicator-ForDCIFormat1_2
One open issue is how to determine the PUCCH resource when it is without PRI. This issue raised by many contributions and two options can be for further study.
Option 1: defined as the first PUCCH resource configured in the set
Option 2: using a first CCE index to determine the PUCCH resource
Clearly, Option 1 is the easier solution and also used for bit width of PRI field is 1 or 2 bits, as well as other fields in DCI format 0_2/1_2 which bit widths are less than corresponding fields in DCI 0_1/1_1. 
However, Option 2 does not make sense. If more PUCCH resources are needed for DCI format 1_2, a larger bit-width of PUCCH resource indicator can be configured. Because this dynamic method has disadvantage that collisions of PUCCH resources may happen sometimes. On the other hand, it limits PDCCH scheduling. gNB needs to choose available PDCCH candidate according to not only DCI size, channel states, but also take PUCCH resource into account. It is really a challenge for Rel-16 PDCCH monitoring capability since strict limits for number of BDs and non-overlapped CCEs per span is defined. 
So we support Option 1 and propose: 
Proposal 7. PUCCH resources corresponding to a PUCCH resource allocation field with 0 bits are the first configured PUCCH resources. 
Intra-UE prioritization/multiplexing
Confirm WA for high-priority SR/PUSCH collision
The following working assumption was agreed in RAN1#99:
Working assumption:
· For handling the overlapped SR with high PHY priority and PUSCH with high PHY priority, no new mechanism in Rel-16 from RAN1 perspective. 
· Can be revisited especially if there is update from RAN2
Proposal 8. Confirm the working assumption that for handling the overlapped SR with high PHY priority and PUSCH with high PHY priority.
-------------------------------------------- Text proposal starts for TS 38.213, Section 9 ---------------------------------
If a UE would transmit on a serving cell a PUSCH without UL-SCH that overlaps with a PUCCH transmission on a serving cell that includes positive SR information with the same priority, the UE does not transmit the PUSCH. 
-------------------------------------------- Text proposal ends for TS 38.213, Section 9 -----------------------------------
Cancellation timeline
The following was agreed in RAN1#99: 
Agreement:
When a high-priority UL transmission overlaps with a low-priority UL transmission in a slot, 
· The UE is expected to cancel the low-priority UL transmission starting from Tproc,2 +d1 after the end of PDCCH scheduling the high-priority transmission, where
· Tproc,2 is correponding to UE processing time capability for the carrier. 
· Value d1 is the time duration corresponding to 0,1,2 symbols reported by UE capability
· Note: d_2,1=0 is for cancellation
· The minimum processing time of the high priority channel is extended by d2 symbols
· Value d2 is the time duration corresponding to 0,1,2 symbols reported by UE capability
· The overlapping condition is per repetition of the uplink transmission

Actually, when a high-priority UL transmission overlaps with a low-priority UL transmission in a slot, there are two timelines. One is cancelation timeline for LP UL channel and the other is Tx processing timeline for HP UL channel. These two timelines can reuse the definition of PUCCH/PUSCH overriding in Section 9.2.3 of TS 38.213. 
The following Table summarises all the collision scenarios, including with or without PDCCH cases.
Table 1: Collision cases of HP channel and LP channel
	 　
	With PDCCH
	Without PDCCH

	
	HP HARQ-ACK
	HP DG PUSCH
	HP SR
	HP SPS PDSCH 
	HP CG PUSCH

	
	
	
	
	HARQ-ACK
	SP-CSI on PUSCH

	With 
PDCCH
	LP HARQ-ACK
	In the scope of agreement in RAN1 99
	Up to UE implementation or guaranteed by gNB

	
	LP PUSCH
	
	

	Without PDCCH
	CSI on PUCCH
	
	

	
	LP SP CSI on PUSCH
	
	

	
	LP SR
	
	

	
	LP SPS PDSCH 
	
	

	
	 HARQ-ACK
	
	



Explicit d1 
Generally speaking, this agreement is only about the cases of HP UL channels with PDCCH. The cancelation and Tx processing timelines use the PDCCH as the starting point. One open issue is whether d1 should be explicitly defined in the specification. Regarding with this additional number of symbols (d1) is a UE capability, gNB should guarantee cancelling a low priority UL transmission including the d1 symbols.
Proposal 9. Define d1 as agreed in last meeting.

Cancelation for the case of without PDCCH of HP UL transmission
When without HP UL grant, there were extensively discussion about this case and the following proposal was given [4]. 
Potential proposal 1a:
· When a high-priority configured UL transmission overlaps with a low-priority UL transmission in a slot, it is up to UE implementation to make sure that the low priority UL transmission is cancelled no later than the start of the high priority UL transmission.
· This covers at least the collision between high priority SR and any low priority channels, and the collision between high priority CG PUSCH and low priority PUCCH.

For the cases of HP UL channels are not scheduled by PDCCH and LP UL channels are dynamic scheduled by PDCCH, the cancellation timeline can be up to UE implementation or explicitly defined. The following figure gives an example for this case. Since the PUSCH processing time Tproc,2 always can be satisfied by UL grant and PUSCH. When HP SR starts later than LP PUSCH, LP PUSCH can be cancelled without no doubt. When HP SR starts earler than LP PUSCH, LP PUSCH can be cancelled too. 


Figure 1: an example for high-priority configured UL transmission overlaps with a low-priority UL transmission
So the above proposal makes sense. We support this proposal.
Proposal 10. 
· When a high-priority configured UL transmission overlaps with a low-priority UL transmission in a slot, it is up to UE implementation to make sure that the low priority UL transmission is cancelled no later than the start of the high priority UL transmission.
· This covers at least the collision between high priority SR and any low priority channels, and the collision between high priority CG PUSCH and low priority PUCCH.

N2 and SCS configuration for Tproc,2
In CA case, one high priority UL transmission may cancel multiple low priority UL transmissions, as shown in the table below. For this case, cancellations should consider every SCS and N2 of involved PUCCHs/PUSCHs. 


Figure 2: an example for high-priority configured UL transmission overlaps with a low-priority UL transmission

For SCS determination, the below proposal was supported by many companies. For the cancellation operations produced by a HP UL transmission with PDCCH, there is only one cancellation timeline for all the LP UL channels, no matter how many LP UL channels are there. The SCS is determined by high priority PDCCH, all low priority PUCCHs/PUSCHs which are already involved in the proposal. We also support this proposal. 
Similarly, since there is only one timeline for all LP UL transmission, N2 should be only one value. N2 is selected based on the UE PUSCH/PDSCH processing capability. If all LP PUCCH/PUSCH serving cell enables processing capability 2, PDSCH/PUSCH processing capability 2 is applied, otherwise N2 is based on the UE PUSCH processing capability 1.
Proposal 11. Tproc,2=N2.2048+144.κ2-μ.Tc,  and μ corresponds to the smallest SCS configuration among SCS configuration of the PDCCHs providing the DCI formats, and the SCS configuration of the PUCCHs and the PUSCHs.
· The PDCCH is the one associated with the high priority channel which cancels the low priority channel.
· The PUCCH and PUSCH are the low priority channel to be cancelled.
Proposal 12. If all LP PUCCH/PUSCH serving cell enables processing capability 2, PDSCH/PUSCH processing capability 2 is applied, otherwise N2 is based on the UE PUSCH processing capability 1.

[bookmark: OLE_LINK33][bookmark: OLE_LINK34]Conclusion
In this contribution, we made the following observations and proposals.
Proposal 1. Alt-1 (based on Interpretation 1) should be applied
· The UE is expected to assume fixed priority by DCI format (i.e., low priority for DCI format 0_1/1_1, high priority for DCI format 0_2/1_2).
Proposal 2. If priority field in DCI is not configured when only DCI format 0_1/1_1 is configured or only DCI format 0_2/1_2 is configured per BWP, the default corresponding transmissions or receptions are of low priority.
Proposal 3. If priority field in DCI is not configured when both DCI format 0_1/1_1 and DCI format 0_2/1_2 are configured, the default DCI format 0_1/1_1 is used for lower priority and DCI format 0_2/1_2 is used for higher priority.
Proposal 4. Clarify the third set of row indexes of pdsch-TimeDomainAllocationListForDCI-Format1-2-r16 should be extended with PDCCH monitoring occasions when PDSCH starting symbol is relative to the starting symbol of the PDCCH.
Proposal 5. [bookmark: _GoBack]Option 3: If the UE is configured to monitor PDCCH for DCI format 1_1 and DCI format 1_2 for serving cell , 
·  is provided by the union of dl-DataToUL-ACK for DCI format 1_1 and dl-DataToUL-ACK-ForDCIFormat1_2 for DCI format 1_2.  
· The union of TDRA tables associated with two DCI formats should be used to construct the Type 1 HARQ-ACK codebook.
Proposal 6. When DCI format 0_1/1_1 and DCI format 0_2/1_2 are configured, Option 1 or Option 3 can be applied.
· Option 1(first preference):  if the size of DAI field between DCI format 1_2 and 1_0/1_1 is different, a UE is not expected to multiplex HARQ-ACK for PDSCH scheduled by DCI format 1_2 and HARQ-ACK for PDCSH scheduled by DCI format 1_0/1_1 in the same HARQ-ACK codebook.
· Option 3(second preference): When a UE is configured DCI format 1_0 and/or with DCI format 1_1 and DCI format 1_2 for scheduling same priority traffic, the bit-width of the DAI fields is same.
Proposal 7. PUCCH resources corresponding to a PUCCH resource allocation field with 0 bits are the first configured PUCCH resources. 
Proposal 8. Confirm the working assumption that for handling the overlapped SR with high PHY priority and PUSCH with high PHY priority.
Proposal 9. Define d1 as agreed in last meeting.
Proposal 10. 
· When a high-priority configured UL transmission overlaps with a low-priority UL transmission in a slot, it is up to UE implementation to make sure that the low priority UL transmission is cancelled no later than the start of the high priority UL transmission.
· This covers at least the collision between high priority SR and any low priority channels, and the collision between high priority CG PUSCH and low priority PUCCH.
Proposal 11. Tproc,2=N2.2048+144.κ2-μ.Tc,  and μ corresponds to the smallest SCS configuration among SCS configuration of the PDCCHs providing the DCI formats, and the SCS configuration of the PUCCHs and the PUSCHs.
· The PDCCH is the one associated with the high priority channel which cancels the low priority channel.
· The PUCCH and PUSCH are the low priority channel to be cancelled.
Proposal 12. If all LP PUCCH/PUSCH serving cell enables processing capability 2, PDSCH/PUSCH processing capability 2 is applied, otherwise N2 is based on the UE PUSCH processing capability 1.
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