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Introduction
This document provides our view on following remaining issues on UCI enhancement.
· PHY identification of the priority
· PUCCH resource indicator field in DCI format 1-2
· PUCCH resource determination in case of reduced size PRI bit field
Discussion
PHY identification of the priority
In RAN1#99, following agreement and working assumption were made.
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 scheduled PDSCH with different HARQ-ACK priorities or PUSCH with different priorities.
· This feature is UE optional.
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 scheduled 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 agreement on PHY identification of the priority for HARQ-ACK or PUSCH when both DCI format 0-1/1-1 and DCI format 0-2/1-2 are configured. It is one of reasons to the above working assumption. In RAN1#99, following options were identified as offline proposal [1].
· Option A: 
· In case of DCI format 1-1 and 1-2 with different sizes are configured, the priority of the HARQ-ACK codebook for dynamically-scheduled PDSCH can be determined based on a configured/fixed (to be down-selected) association to the DCI format/size.
· FFS: Whether/how to support the case where the two DCI formats have same size.
· FFS: Other approaches to be used jointly for DCI format 1-0.
· In case DCI format 0-1 and 0-2 with different sizes are configured, the priority of the DG PUSCH can be determined based on a configured/fixed (to be down-selected) association to the DCI format/size.
· FFS: Whether/how to support the case where the two DCI formats have same size.
· FFS: Other approaches to be used jointly for DCI format 0-0.
· Option B:
· For DCI format 1-1 and 1-2, 1-bit field can be configured as a PHY identification for indicating HARQ-ACK codebook for dynamically-scheduled PDSCH and for determining the priority of the HARQ-ACK codebook for dynamically-scheduled PDSCH for collision handling.
· FFS: Other approaches to be used jointly for DCI format 1-0.
· For DCI format 0-1 and 0-2, 1-bit field can be configured as a PHY identification for determining the priority of the DG PUSCH for collision handling.
· FFS: Other approaches to be used jointly for DCI format 0-0.
We discussed the distinction of DCI format 0-1/1-1 and 0-2/1-2 in our contribution [2]. Although our preference is explicit indication in DCI format field is used for the distinction, even if DCI format is different, addition explicit indication is necessary for priority indication. For example, DCI format 0-2/1-2 is not always the highest priority since DCI format 0-2/1-2 is not limited for the use case of URLLC only. Therefore, our preference is Option B. For the priorities by DCI format 0-0/1-0, no priority indication means low priority is workable.
Proposal 1: When both DCI format 0-1/1-1 and DCI format 0-2/1-2 are configured to be monitored per BWP, 1-bit field can be configured as the PHY identification of the priority.
Proposal 2: Confirm the following 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 scheduled 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
Proposal 3: The priority level in case of no priority indication (including DCI format 1-0/0-0) is low priority.

PUCCH resource indicator field in DCI format 1-2
The number of bits for PUCCH resource indicator (PRI) of DCI format 1-2 is 0, 1, 2 or 3 bits determined by higher layer parameter Numberofbits-forPUCCHresourceindicator-ForDCIFormat1_2. According to the current RRC parameter list [1], Numberofbits-forPUCCHresourceindicator-ForDCIFormat1_2 is configured as part of PUCCH-Config, i.e., it is configured per HARQ-ACK codebook. In RAN1#99, the following working assumption was made.
Working assumption:
· When the UE is configured with two HARQ-ACK codebooks at least for the case when only one of the two DCI formats (1-1 and 1-2 for DL, 0-1 and 0-2 for UL), configured to support two HARQ-ACK codebooks, is configured to be monitored by the UE, the bit width of the following fields is maximum of the bit width for the two configurations corresponding to the two HARQ-ACK codebooks. The necessary number of most significant zero bits can be added to a field to achieve the alignment.
· PDSCH-to-HARQ feedback timing indicator
· Beta offset indicator
· DAI
· CBGTI and CBGFI (if configured for the low priority HARQ-ACK codebook for DCI format 1-1 and DCI format 0-1)
Considering Proposal 2, the remaining issue is whether it is possible that gNB configure different values of the number of PRI bits for two HARQ-ACK codebooks respectively configured in PUCCH-Config. Based on the above second working assumption, the number of bits for other HARQ-ACK feedback related fields, such as PDSCH-to-HARQ feedback timing indicator, beta offset indicator, DAI, CBGTI and CBGFI, are maximum of the bit width for the two configurations corresponding to the two HARQ-ACK codebooks. The same handling should be reasonable for PRI bit fields.
Proposal 4: Confirm the following working assumption with the addition of PUCCH resource indicator.
· When the UE is configured with two HARQ-ACK codebooks at least for the case when only one of the two DCI formats (1-1 and 1-2 for DL, 0-1 and 0-2 for UL), configured to support two HARQ-ACK codebooks, is configured to be monitored by the UE, the bit width of the following fields is maximum of the bit width for the two configurations corresponding to the two HARQ-ACK codebooks. The necessary number of most significant zero bits can be added to a field to achieve the alignment.
· PDSCH-to-HARQ feedback timing indicator
· Beta offset indicator
· DAI
· CBGTI and CBGFI (if configured for the low priority HARQ-ACK codebook for DCI format 1-1 and DCI format 0-1)
· PUCCH resource indicator
The first working assumption has been already captured in current specification [TS38.213, 2]. The text proposal related to Proposal 2 (to [TS38.212, 3]) is added in Appendix A.

PUCCH resource determination in case of reduced size PRI bit field
Although the support of configurable size for PRI (0, 1, 2 or 3 bits) for DCI format 1-2 was agreed, there was no agreement on the mapping between the PUCCH resource indicator filed values to values of a set of PUCCH resource indexes in case of reduced size PRI bit field (i.e., other than 3 bits). The description in the current specification [TS38.213, 2] is as follows.
	The PUCCH resource indicator field values map to values of a set of PUCCH resource indexes, as defined in Table 9.2.3-2 for a PUCCH resource indicator field of 3 bits, provided by resourceList for PUCCH resources from a set of PUCCH resources provided by PUCCH-ResourceSet with a maximum of eight PUCCH resources. If the PUCCH resource indicator field includes 1 bit or 2 bits, the values map to the first 2 values or the first four values, respectively, of Table 9.2.3-2.
For the first set of PUCCH resources and when the size [image: ] of resourceList is larger than eight, when a UE provides HARQ-ACK information in a PUCCH transmission in response to detecting a last DCI format in a PDCCH reception, among DCI formats with a value of the PDSCH-to-HARQ_feedback timing indicator field, if present, or a value of dl-DataToUL-ACK, or a value of dl-DataToUL-ACKForDCIFormat1_2 for DCI format 1_2, indicating a same slot for the PUCCH transmission, the UE determines a PUCCH resource with index [image: ], [image: ], as
	[image: ]
where [image: ] is a number of CCEs in CORESET [image: ] of the PDCCH reception for the DCI format as described in Clause 10.1, [image: ] is the index of a first CCE for the PDCCH reception, and [image: ] is a value of the PUCCH resource indicator field in the DCI format. 
Table 9.2.3-2: Mapping of PUCCH resource indication field values to a PUCCH resource in a PUCCH resource set with maximum 8 PUCCH resources
	PUCCH resource indicator 
	PUCCH resource

	1 bit
	2 bits
	3 bits
	

	'0'
	'00'
	'000'
	1st PUCCH resource provided by pucch-ResourceId obtained from the 1st value of resourceList

	'1'
	'01'
	'001'
	2nd PUCCH resource provided by pucch-ResourceId obtained from the 2nd value of resourceList

	
	'10'
	'010'
	3rd PUCCH resource provided by pucch-ResourceId obtained from the 3rd value of resourceList

	
	'11'
	'011'
	4th PUCCH resource provided by pucch-ResourceId obtained from the 4th value of resourceList

	
	
	'100'
	5th PUCCH resource provided by pucch-ResourceId obtained from the 5th value of resourceList

	
	
	'101'
	6th PUCCH resource provided by pucch-ResourceId obtained from the 6th value of resourceList

	
	
	'110'
	7th PUCCH resource provided by pucch-ResourceId obtained from the 7th value of resourceList

	
	
	'111'
	8th PUCCH resource provided by pucch-ResourceId obtained from the 8th value of resourceList





In Rel.15, when 8 resources are configured in the PUCCH resource set, PRI bit field values map to values of a set of PUCCH indexes. The description in the current specification is based on this principle in case the PRI field includes 1 or 2 bits. One of remaining issues is how to determine PUCCH resource when the number of bits for PRI is 0 bit.
When more than 8 resources are configured in the PUCCH resource set, CCE index-based implicit mapping additionally used. The mapping between PUCCH resource indexes and (PRI values, CCE index) in the current specification description can cover all the cases of the number of PRI bits.
The straightforward option would be to reuse the principle in the current specification description. It means that in addition to the case that PRI field includes 1 or 2 bits, if the PRI field includes 0 bit, the values map to the first value of Table 9.2.3-2 when 8 resources are configured in the PUCCH resource set.
The issue of the above option is that if the number of bits for PRI is reduced, the number of allocable PUCCH resource is also reduced. For example, even if 8 PUCCH resources are configured in the PUCCH resource set, in case of N-bit PRI indication, only the first  PUCCH resources can be indicated. In addition, when more than 8 PUCCH resources are configured in the PUCCH resource set, only the first  PUCCH resources can be indicated. It means that the number of dynamically indicated/adjusted PUCCH resource is reduced and collision of PUCCH resource increases among UEs who shares the same PUCCH resource set. Therefore, some kind of implicit mechanism should be considered to reduce the collision. 
Rel.15 mechanism, such as 1) threshold whether pure PRI-based explicit indication is used or PRI-based explicit and CCE-based implicit indication is used, and 2) the mapping equation between PUCCH resource indexes and (PRI values, CCE index), is based on the 3-bit PRI, i.e., 8 PUCCH resources. Therefore, in order to support the number of PRI bits (N bits), i.e.,  PUCCH resources,  Rel.15 mechanism can be modified. When the size  of resourceList is , PRI field values map to values of a set of PUCCH indexes. When the size of  of resourceList is m PUCCH resource is determined based on the following equation.
	
where  is a number of CCEs in CORESET  of PDCCH reception,  is the index of a first CCE for the PDCCH reception, and  is a value of the PUCCH resource indicator field in the DCI format. This option can reduce the collision rate of PUCCH resource among UEs of the same PUCCH resource set.
Another option would be still reuse Rel.15 mechanism based on 8 PUCCH resources, but when PRI field includes 0 bit, to use CCE-based implicit mapping is allowed. This still allows dynamic indication/adjustment of PUCCH resources while enjoying the DCI overhead reduction.
Proposal 5: PUCCH resource determination in case of reduced size PRI bit field is concluded. Down-selection can be from following options.
· Option 1: Reuse Rel.15 mechanism based on 8 PUCCH resources.
· When the size  of resourceList is , PRI field values map to values of a set of PUCCH indexes, i.e., if the PRI field includes 0 bit, 1 bit or 2 bits, the values map to the first 1 value, 2 values or the first 4 values, respectively.
· When the size  of resourceList is , PUCCH resource is determined based on following equation (no change from Rel.15).
· 
· Option 2: Reuse Rel.15 mechanism based on  PUCCH resources, where N is the number of PRI bits.
· When the size  of resourceList is , PRI field values map to values of a set of PUCCH indexes, i.e., if the PRI field includes N bits the values map to the first  values.
· When the size  of resourceList is , PUCCH resource is determined based on following equation.
· 
· Option 3: Reuse Rel.15 mechanism based on 8 PUCCH resources, except when the number of PRI bits is 0 bit.
· When the size  of resourceList is , PRI field values map to values of a set of PUCCH indexes, i.e., if the PRI field includes 1 bit or 2 bits, the values map to the first 2 values or the first 4 values, respectively.
· When the size  of resourceList is  or if the PRI field includes 0 bit, PUCCH resource is determined based on following equation.
· Option 3-1 (no modification from Rel.15):
· 
· Option 3-2
· 
Although Option 1 can have less specification impact, our preference is Option 2 or 3 to reduce the collision, which may be important to achieve high availability for URLLC operation.
Conclusion
In this contribution, we discussed remaining issue on UCI enhancement for Rel.16 URLLC. We made following proposals.
Proposal 1: When both DCI format 0-1/1-1 and DCI format 0-2/1-2 are configured to be monitored per BWP, 1-bit field can be configured as the PHY identification of the priority.
Proposal 2: Confirm the following 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 scheduled 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
Proposal 3: The priority level in case of no priority indication (including DCI format 1-0/0-0) is low priority.
Proposal 4: Confirm the following working assumption with the addition of PUCCH resource indicator.
· When the UE is configured with two HARQ-ACK codebooks at least for the case when only one of the two DCI formats (1-1 and 1-2 for DL, 0-1 and 0-2 for UL), configured to support two HARQ-ACK codebooks, is configured to be monitored by the UE, the bit width of the following fields is maximum of the bit width for the two configurations corresponding to the two HARQ-ACK codebooks. The necessary number of most significant zero bits can be added to a field to achieve the alignment.
· PDSCH-to-HARQ feedback timing indicator
· Beta offset indicator
· DAI
· CBGTI and CBGFI (if configured for the low priority HARQ-ACK codebook for DCI format 1-1 and DCI format 0-1)
· PUCCH resource indicator
Proposal 5: PUCCH resource determination in case of reduced size PRI bit field is concluded. Down-selection can be from following options.
· Option 1: Reuse Rel.15 mechanism based on 8 PUCCH resources.
· When the size  of resourceList is , PRI field values map to values of a set of PUCCH indexes, i.e., if the PRI field includes 0 bit, 1 bit or 2 bits, the values map to the first 1 value, 2 values or the first 4 values, respectively.
· When the size  of resourceList is , PUCCH resource is determined based on following equation (no change from Rel.15).
· 
· Option 2: Reuse Rel.15 mechanism based on  PUCCH resources, where N is the number of PRI bits.
· When the size  of resourceList is , PRI field values map to values of a set of PUCCH indexes, i.e., if the PRI field includes N bits the values map to the first  values.
· When the size  of resourceList is , PUCCH resource is determined based on following equation.
· 
· Option 3: Reuse Rel.15 mechanism based on 8 PUCCH resources, except when the number of PRI bits is 0 bit.
· When the size  of resourceList is , PRI field values map to values of a set of PUCCH indexes, i.e., if the PRI field includes 1 bit or 2 bits, the values map to the first 2 values or the first 4 values, respectively.
· When the size  of resourceList is  or if the PRI field includes 0 bit, PUCCH resource is determined based on following equation.
· Option 3-1 (no modification from Rel.15):
· 
· Option 3-2
· 
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Appendix A
TP for TS38.212 V16.0.0
<Unchanged parts are omitted>
[bookmark: _Toc29326613][bookmark: _Toc29327763]7.3.1.2.3	Format 1_2
<Unchanged parts are omitted>
-	PUCCH resource indicator – 0 or 1 or 2 or 3 bits determined by higher layer parameter Numberofbits-forPUCCHresourceindicator-ForDCIFormat1_2.
When two HARQ-ACK codebooks are configured for the same serving cell, if the bit width of the PUCCH resource indicator in DCI format 1_2 for one HARQ-ACK codebook is not equal to that of the PUCCH resource indicator in DCI format 1_2 for the other HARQ-ACK codebook, a number of most significant bits with value set to ‘0’ are inserted to smaller PUCCH resource indicator until the bit width of the PUCCH resource indicator in DCI format 1_2 for the two HARQ-ACK codebooks are the same.
<Unchanged parts are omitted>
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