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Introduction
This contribution shows our views for some remaining issues such as power headroom report in STxMP,
 PDSCH reception and behaviour of UE for PUCCH transmission considering time for TCI update.

Discussion
Power headroom report in STxMP
Regarding STxMP scenario, the remaining issue is related with PHR and it is whether the configured max output power is reported per UE or per panel or both as show in below [1]: 
	Agreement
On unified TCI framework extension for S-DCI based MTRP, if twoPHRMode is configured, and two SRS resource sets for CB/NCB and multipanelScheme for SDM/SFN are configured:
· If the UE determines that only one Type 1 PHR is based on an actual PUSCH transmission
· If the actual PUSCH transmission applies only the first indicated joint/UL TCI state, the UE provides the second {power headroom, configured max output power} associated with the second indicated joint/UL TCI state for a reference PUSCH transmission 
· If the actual PUSCH transmission applies only the second indicated joint/UL TCI state, the UE provides the first {power headroom, configured max output power} associated with the first indicated joint/UL TCI state for a reference PUSCH transmission
· If the UE determines that both Type 1 PHRs are based on reference PUSCH transmissions, the UE provides the first {power headroom, configured max output power} associated with the first indicated joint/UL TCI state for a reference PUSCH transmission, and the second {power headroom, configured max output power} associated with the second indicated joint/UL TCI state for another reference PUSCH transmission
· FFS: Whether the configured max output power reported in above cases is per UE or per panel or both
· Down-select one of the following alternatives to be reported along with the power headroom for a reference PUSCH transmission:
· Alt1: Per-panel configured max output power
· Alt2: Per-UE configured max output power
· Alt3: Both per-panel configured max output power and per-UE configured max output power
· Alt4: None


According to description in the specification TS 38.101, The definition of configured max output power (PCMAX,c) is defined within the higher bound (PCMAX_H,c) and lower bound (PCMAX_L,c), and then it is related with the sum of the maximum output power from both UE antenna connectors, not panels. In other words, the current configured max output power which is required to calculate the transmission power and PHR does not reflect the per panel power. However, a lot of good could be come out when the ‘Per panel power control’ is allowed in STxMP scenario and we need to consider the original intention of introducing STxMP.   
So, at least RAN1 should redefine the Uplink power control based on configured max output power which is calculated by per panel and then the related PHR also should be updated/modified as referring to ‘Per panel power control’. Considering the fact that RAN1 does not have enough time to discussion, we suggest following two simple ways to reflect above behaviours of ‘Per panel power control’ in terms of RAN1’s perspective. The one way is that RAN1 just agrees to redefine the definition of maximum output power when STxMP is operated, and details are up to RAN 4. The other is introducing the power offset (e.g.  ) to reflect power difference between each panel and it can be used to calculate both transmission power and power headroom. 

Observation #1: 
· The current definition of configured maximum output power is related with the sum of the maximum output power from both UE antenna connectors, not panels.
· A lot of good could be come out when the ‘Per panel power control’ is allowed in STxMP scenario.
Proposal #1: 
· [bookmark: _GoBack]For STxMP scenario, RAN1 at least should agree to support ‘Per panel power control’ and it could be used for calculation of both transmission power and PHR. Following two simple ways can be considered 
· RAN1 just agrees to redefine the definition of maximum output power when STxMP is operated, and details are up to RAN 4.
· Introducing the power offset (e.g.  ) to reflect power difference between each panel and it can be used to calculate both transmission power and power headroom.

PDSCH reception
Regarding the PDSCH reception in S-CI based MTRP scenario, followings were agreed in the previous meetings:
	Agreement (in RAN1 #113)
On unified TCI framework extension for S-DCI based MTRP, for PDSCH reception scheduled/activated by DCI format 1_1/1_2 configured w/o the [TCI selection field], the UE shall apply both indicated joint/DL TCI states to the scheduled/activated PDSCH reception
· If the UE is in FR1, or the UE supports the capability of two default beams for S-DCI based MTRP in FR2, above applies regardless of the offset between the reception of the scheduling DCI format 1_1/1_2 and the scheduled/activated PDSCH reception
· If the UE doesn’t support the capability of two default beams for S-DCI based MTRP in FR2, above applies when the offset between the reception of the scheduling DCI format 1_1/1_2 and the scheduled/activated PDSCH reception is equal to or larger than a threshold
Agreement (in RAN1 #113)
On unified TCI framework extension for S-DCI based MTRP, support the following:
· Using RRC configuration to indicate whether the first, second, or both of the indicated joint/DL TCI states is/are applied to PDSCH reception scheduled/activated by DCI format 1_0 
· If not configured, the first indicated joint/DL TCI state is applied
· Only when the UE is configured with PDSCH-CJT and the UE supports two joint TCI states for PDSCH-CJT or the UE is configured with PDSCH-SFN, the RRC configuration can indicate both indicated joint/DL TCI states are applied.
· For PDSCH-CJT and PDSCH-SFN, if the RRC configuration indicates both indicated joint/DL TCI states are applied, the UE shall apply both indicated joint/DL TCI states to PDSCH reception scheduled/activated by DCI format 1_0 on a search space other than Type0/0A/2 CSS on CORESET#0 (FFS: Other search space and/or CORESETs)
If the UE is in FR1, or the UE supports the capability of two default beams for S-DCI based MTRP in FR2, above applies regardless of the offset between the reception of the scheduling DCI format 1_0 and the scheduled/activated PDSCH reception
If the UE doesn’t support the capability of two default beams for S-DCI based MTRP in FR2, above applies when the offset between the reception of the scheduling DCI format 1_0 and the scheduled/activated PDSCH reception is equal to or larger than a threshold
Agreement (in RAN1 #113)
On unified TCI framework extension for S-DCI based MTRP, if the UE doesn’t support the capability of two default beams for S-DCI based MTRP in FR2:
· When the offset between the reception of the scheduling/activation DCI format 1_0/1_1/1_2 and the scheduled/activated PDSCH reception is less than a threshold in FR2, the UE shall apply the first indicated joint/DL TCI state to the scheduled/activated PDSCH reception


Regarding PDSCH reception for S-DCI based MTRP, we can see that there are several ambiguities in the previous agreements and those are highlighted in yellow. Even that goes for all of DCI formats as well. We think the “reception” in the current description seems quite unclear. Even though it seemed unnecessary, this would be an issue that needs to be solved firstly since the performance can be different per UE. 
Proposal #2: 
· Regarding PDSCH reception for S-DCI based MTRP, RAN1 should clarify the description/word such as ‘reception’ in the previous agreements.
Additionally, at least the detail relationship between start position of time offset and threshold also need to be clarified.  Figure 1 shows the example of problem that can occur when RAN1 does not discuss them in detail. 
[image: ]
Figure 1: the example of UE’s behaviour for PDSCH reception in accordance with different reference point for both offset and threshold 
In summary, to resolve the ambiguity, RAN1 should decide that defining same starting position between time offset and threshold and assigning the last or start symbol of PDCCH as starting point for both of them. 
Proposal #3: 
· Regarding PDSCH reception for S-DCI based MTRP, RAN1 should decide that defining same starting position between time offset and threshold and assigning the last or start symbol of PDCCH as starting point for both of them.

PUCCH Transmission
Regarding PUCCH, followings are agreed in the previous meetings [2-4].
	Agreement 
On unified TCI framework extension for S-DCI based MTRP, use RRC configuration to inform that the UE shall apply the first one, the second one, or both of the indicated joint/UL TCI states to a PUCCH resource/group
· Note: Detail of the RRC configuration is left to RAN2 design
Agreement
On unified TCI framework extension for M-DCI based MTRP, down-select from the following options for PUCCH transmission:
· Opt1: A coresetPoolIndex value can be provided per PUCCH resource/resource group, and the UE shall apply the indicated joint/UL TCI state specific to the coresetPoolIndex value to the corresponding PUCCH transmission
· Opt2: An RRC configuration can be provided per PUCCH resource/resource group to inform that the UE shall apply the first or the second indicated joint/UL TCI state to the corresponding PUCCH transmission, where the first and the second indicated joint/DL TCI states correspond to the indicated joint/UL TCI states specific to coresetPoolIndex value 0 and value 1, respectively.
· Opt3: For a PUCCH transmission triggered by PDCCH on a CORESET when the UCI in the PUCCH transmission carries HARQ-ACK information only, the UE shall apply the indicated joint/UL TCI state specific to a coresetPoolIndex value to the PUCCH transmission, where the coresetPoolIndex value is determined from the one associated with the CORESET. Otherwise, either Opt1 or Opt2 is adopted.
· FFS: Whether Opt3 applies only when the UE is not provided with ackNackFeedbackMode = joint
· Opt4: For a PUCCH transmission with an LRR trigged for either the first BFD-RS set () or the second BFD-RS set () when the UE is provided only one or two schedulingRequestID-BFR configuration, the UE shall apply the indicated joint/UL TCI state specific to a coresetPoolIndex value to the PUCCH transmission, where the coresetPoolIndex value is 1 when the LRR is trigged for the first BFD-RS set () and the coresetPoolIndex value is 0 when the LRR is trigged for the second BFD-RS set (). Otherwise, either Opt1 or Opt2 is adopted.
Note: Either Opt1 or Opt2 must be supported
Agreement
On unified TCI framework extension for M-DCI based MTRP, support at least Opt2 for PUCCH transmission, and Opt1 is not supported
· Note: Opt3 and Opt4 are not precluded



Based on above agreements, at least RRC signalling is used to inform TCI state(s) for PUCCH regardless of S-DCI/M-DCI scenario. In the current specification, minimum required time for PUCCH with HARQ-ACK transmission is defined and it considers processing time for PDSCH as shown in Figure 3. However, the current rule does not reflect beam switching time caused by indicated TCI state(s) via RRC.
Observation #2: 
· In the current specification, minimum required time for PUCCH with HARQ-ACK transmission is defined and it considers processing time for PDSCH.
· The current rule (e.g.minimum required time) does not reflect beam switching time caused by indicated TCI state(s) via RRC.

[image: ]
Figure 2: the example of PUCCH transmission and minimum time between PDSCH and PUCCH
Since TCIs state(s) for PUCCH resource can be changed, the time duration for beam switching should be additionally considered for calculation of minimum required time as shown in Figure 3. Without consideration of beam application/ adjustment time, it might be happen that UE cannot follow the indicated TCI state(s) (shown in Figure 4-A). Therefore, RAN1 should decide to discuss it and agree to allow gNB to configure PUCCH resource referring to the beam application time as shown in Figure 4-B. 
[image: ]
Figure 3: the example of PUCCH transmission in accordance with application time for TCI state(s) update
Observation #3: 
· Since TCIs state(s) for PUCCH resource can be changed, the time duration for beam switching should be additionally considered for calculation of minimum required time.
If redefining the minimum required time is not supported, at least UE’s behaviour should be different in accordance with threshold (processing time for PDSCH+beam application/adjustment time) and it is similar to UE’s behaviour for PDSCH reception. RAN1 should consider both of them.
Proposal #4: 
· For unified TCI framework extension for PUCCH transmission in mTRP scenario, RAN 1 should decide to discuss followings:
· Redefining the minimum required time for PUCCH transmission considering beam application/adjustment time in addition to PDSCH processing time. 
· UE’s behaviour for TCI updates in the consideration of ‘threshold’ (processing time for PDSCH+beam application/adjustment time) 


Conclusion
In this contribution, the following conclusions were made:
Power headroom report in STxMP
Observation #1: 
· The current definition of configured maximum output power is related with the sum of the maximum output power from both UE antenna connectors, not panels.
· A lot of good could be come out when the ‘Per panel power control’ is allowed in STxMP scenario.
Proposal #1: 
· For STxMP scenario, RAN1 at least should agree to support ‘Per panel power control’ and it could be used for calculation of both transmission power and PHR. Following two simple ways can be considered 
· Option #1: RAN1 just agrees to redefine the definition of maximum output power when STxMP is operated, and details are up to RAN 4.
· Option #2: Introducing the power offset (e.g.  ) to reflect power difference between each panel and it can be used to calculate both transmission power and power headroom.

PDSCH reception
Proposal #2: 
· Regarding PDSCH reception for S-DCI based MTRP, RAN1 should clarify the description/word such as ‘reception’ in the previous agreements.
Proposal #3: 
· Regarding PDSCH reception for S-DCI based MTRP, RAN1 should decide that defining same starting position between time offset and threshold and assigning the last or start symbol of PDCCH as starting point for both of them.

PUCCH transmission
Observation #2: 
· In the current specification, minimum required time for PUCCH with HARQ-ACK transmission is defined and it considers processing time for PDSCH.
· The current rule (e.g.minimum required time) does not reflect beam switching time caused by indicated TCI state(s) via RRC.
Observation #3: 
· Since TCIs state(s) for PUCCH resource can be changed, the time duration for beam switching should be additionally considered for calculation of minimum required time
Proposal #4: 
· For unified TCI framework extension for PUCCH transmission in mTRP scenario, RAN 1 should decide to discuss followings:
· Redefining the minimum required time for PUCCH transmission considering beam application/adjustment time in addition to PDSCH processing time. 
· UE’s behaviour for TCI updates in the consideration of ‘threshold’ (processing time for PDSCH+beam application/adjustment time).
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