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Introduction
When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE within a slot, it has been agreed that PUCCH-SpatialRelationInfo can be separately configured for different HARQ-ACK codebooks in previous RAN1 meeting. Since how to apply different PUCCH-SpatialRelationInfo for different HARQ-ACK codebooks in a PUCCH-Config has not been discussed yet, the constraint would be placed when the transmission of HARQ-ACK codebooks associated with different service types are configured to the same PUCCH resource ID. 
In this contribution, we provide our views on PUCCH-SpatialRelationInfo for different HARQ-ACK codebooks for maintenance of NR URLLC.
Discussion
Separate PUCCH configuration for different HARQ-ACK codebooks
It was agreed that PUCCH-SpatialRelationInfo and sub-slot configuration can be separately configured for different HARQ-ACK codebooks, so it seems easier to have separate PUCCH configuration for different HARQ-ACK codebooks. However, when the same PUCCH resource ID is configured in the different PUCCH-Config and corresponds to different HARQ-ACK codebooks, it might lead to ambiguity. In other words, different PUCCH-Config may have different PUCCH-SpatialRelationInfo list and different PUCCH-SpatialRelationInfo in the different PUCCH-SpatialRelationInfo list may be applied to the same PUCCH resource. Besides, according to current specification, it takes time to apply a determined PUCCH spatial relation to a PUCCH resource by sending a MAC CE while another PUCCH spatial relation is activated for the PUCCH resource. Thus, it will have an adverse impact on latency and reliability for the PUCCH resource transmitting URLLC HARQ-ACK codebook.
Observation 1	Configuring separate PUCCH-SpatialRelationInfo in different PUCCH-Config leads to ambiguity. 
Thus, to avoid potential ambiguity and ensure getting considerable benefits from configuring separate PUCCH-SpatialRelationInfo for different HARQ-ACK codebooks, we provide some potential alternatives below:
· Alt 1: Modify existing PUCCH spatial relation activation/deactivation MAC CE
If we can provide the identification associated with the service type in the MAC CE (e.g., PUCCH configuration index, priority index, etc.), different PUCCH spatial relation information can be applied to the same PUCCH resource ID with different identification. On the other hand, allowing more than one PUCCH spatial relation information to be activated at the same time for PUCCH resource(s) with same PUCCH resource ID in different PUCCH configuration can make separate PUCCH spatial relation work well.   
· Alt 2: Configure different PUCCH resource ID in different PUCCH configuration
If we avoid configuring different PUCCH resource ID in different PUCCH configuration, applying different PUCCH spatial relation indication to the same PUCCH resource will not happen. 
· Alt 3: Use DCI to dynamically schedule different PUCCH configuration 
Whether or not to introduce a new field for applying different PUCCH configuration, use DCI to explicitly or implicitly indicate the applied PUCCH configuration with separate PUCCH spatial relation information.
We can use one of three alternatives as a baseline, then detailed modification is to be further discussed. Text proposal is given in Appendix A.
Consider modifying existing PUCCH spatial relation activation/deactivation MAC CE, configuring different PUCCH resource ID in different PUCCH-Config, or using DCI to dynamically schedule different PUCCH-Config as a baseline when introducing separate PUCCH-Config for different HARQ-ACK codebooks.
A single PUCCH configuration for different HARQ-ACK codebooks
If separate PUCCH-Config is not introduced for different HARQ-ACK codebooks, how to configure separate PUCCH-SpatialRelationInfo for different HARQ-ACK codebooks in a single PUCCH configuration needs further discussion. 
Observation 2	How to configure separate PUCCH-SpatialRelationInfo in a single PUCCH-Config needs further discussion. 
We provide some potential alternatives below: 
· Alt 1: Modify existing PUCCH spatial relation activation/deactivation MAC CE
[bookmark: _GoBack]We can configure two SpatialRelationInfoToAddModList in the PUCCH-Config, and each list corresponds to different HARQ-ACK codebooks with different priorities. For example, PUCCH spatial relation information in the SpatialRelationInfoToAddModList1 corresponds to the HARQ-ACK codebook with low priority, and PUCCH spatial relation information in the SpatialRelationInfoToAddModList2 corresponds to HARQ-ACK codebook with high priority). Thus, like the alternative 1 in section 2.1, the list index or priority index can be included in PUCCH spatial relation activation/deactivation MAC CE.
· Alt 2: Separate PUCCH resources into different groups
Also, we can separate PUCCH resources into two groups with different priorities in the PUCCH-Config. Then, we can avoid using the same PUCCH resource ID to transmit different HARQ-ACK codebooks with different priorities. Besides, we can use the priority index in a DCI to differentiate the corresponding priority of PUCCH resource ID.
With applying methods above, either applying rapid transition between different PUCCH spatial relation information to the PUCCH resource(s) with the same PUCCH resource ID or avoiding indicating different spatial relation to the same PUCCH resource ID can be achieved. Text proposal is given in Appendix B.   
Consider configuring two SpatialRelationInfoToAddModList with corresponding list index in PUCCH spatial relation activation/deactivation MAC CE or configuring two PUCCH resource groups with different priorities in a PUCCH-Config when separate PUCCH-Config is not introduced for different HARQ-ACK codebooks. 
Conclusions
In this contribution, we discussed how to resolve the ambiguity while configuring separate PUCCH spatial relation information to a PUCCH resource for transmitting different HARQ-ACK codebooks. 
Based on the discussion in section 2, we have some observations and proposals as follows:
Observation 1	Configuring separate PUCCH-SpatialRelationInfo in different PUCCH-Config leads to ambiguity. 
Observation 2	How to configure separate PUCCH-SpatialRelationInfo in a single PUCCH-Config	needs further discussion.
Proposal 1 		Consider modifying existing PUCCH spatial relation indication MAC CE, configuring different PUCCH resource ID in different PUCCH-Config, or using DCI to dynamically schedule different PUCCH-Config as a baseline when introducing separate PUCCH-Config for different HARQ-ACK codebooks.
Proposal 2		Consider configuring two SpatialRelationInfoToAddModList with corresponding list index in PUCCH spatial relation activation/deactivation MAC CE or configuring two PUCCH resource groups with different priorities in a PUCCH-Config when separate PUCCH-Config is not introduced for different HARQ-ACK codebooks. 
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Appendix
A.
------------------------------- Begin of Text Proposal in TS38.213 v16.0 Section 9.2.2-----------------------------
…
If a UE is configured with one PUCCH-Config
· A spatial setting for a PUCCH transmission is provided by PUCCH-SpatialRelationInfo if the UE is configured with a single value for pucch-SpatialRelationInfoId; otherwise, if the UE is provided multiple values for PUCCH-SpatialRelationInfo, the UE determines a spatial setting for the PUCCH transmission as described in [11, TS 38.321].
If a UE is configured with a PUCCH-Config of low priority and a PUCCH-Config of high priority
· If a priority index is not provided for a PUCCH transmission or a priority index 0 is provided for a PUCCH transmission
· A spatial setting for a PUCCH transmission is provided by PUCCH-SpatialRelationInfo in PUCCH-Config of low priority if the UE is configured with a single value for pucch-SpatialRelationInfoId in PUCCH-Config of low priority; otherwise, if the UE is provided multiple values for PUCCH-SpatialRelationInfo in PUCCH-Config of low priority, the UE determines a spatial setting for the PUCCH transmission as described in [11, TS 38.321].
If a UE is configured with a PUCCH-Config of low priority and a PUCCH-Config of high priority
· If a priority index 1 is provided for a PUCCH transmission
· A spatial setting for a PUCCH transmission is provided by PUCCH-SpatialRelationInfo in PUCCH-Config of high priority if the UE is configured with a single value for pucch-SpatialRelationInfoId in PUCCH-Config of high priority; otherwise, if the UE is provided multiple values for PUCCH-SpatialRelationInfo in PUCCH-Config of high priority, the UE determines a spatial setting for the PUCCH transmission as described in [11, TS 38.321].
…
--------------------------------------------- End of Text Proposal in TS38.213--------------------------------------------
B.
------------------------------- Begin of Text Proposal in TS38.213 v16.0 Section 9.2.2-----------------------------
…
If a UE is configured with one spatialRelationInfoToAddModList
· A spatial setting for a PUCCH transmission is provided by PUCCH-SpatialRelationInfo if the UE is configured with a single value for pucch-SpatialRelationInfoId; otherwise, if the UE is provided multiple values for PUCCH-SpatialRelationInfo, the UE determines a spatial setting for the PUCCH transmission as described in [11, TS 38.321].
[bookmark: _Hlk32593989]If a UE is configured with a spatialRelationInfoToAddModList of low priority and a spatialRelationInfoToAddModList of high priority
· If a priority index is not provided for a PUCCH transmission or a priority index 0 is provided for a PUCCH transmission
· A spatial setting for a PUCCH transmission is provided by PUCCH-SpatialRelationInfo in spatialRelationInfoToAddModList of low priority if the UE is configured with a single value for pucch-SpatialRelationInfoId in spatialRelationInfoToAddModList of low priority; otherwise, if the UE is provided multiple values for PUCCH-SpatialRelationInfo in spatialRelationInfoToAddModList of low priority, the UE determines a spatial setting for the PUCCH transmission as described in [11, TS 38.321].
If a UE is configured with a spatialRelationInfoToAddModList of low priority and a spatialRelationInfoToAddModList of high priority
· If a priority index 1 is provided for a PUCCH transmission
· A spatial setting for a PUCCH transmission is provided by PUCCH-SpatialRelationInfo in spatialRelationInfoToAddModList of high priority if the UE is configured with a single value for pucch-SpatialRelationInfoId in spatialRelationInfoToAddModList of high priority; otherwise, if the UE is provided multiple values for PUCCH-SpatialRelationInfo in spatialRelationInfoToAddModList of high priority, the UE determines a spatial setting for the PUCCH transmission as described in [11, TS 38.321].
…
--------------------------------------------- End of Text Proposal in TS38.213--------------------------------------------

