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Introduction
This contribution shows our views for some issues such as dynamic switching between sTRP and mTRP, PDSCH reception for S-DCI based mTRP, beam application time and UL power control.
Discussion
Dynamic switching between sTRP and mTRP  
 Regarding dynamic switching between sTRP and mTRP, following was agreed in the previous meeting [1].
	Conclusion
On unified TCI framework extension for S-DCI based MTRP operation, there is no consensus to support dynamic switching between single-TRP operation and multi-TRP operation for channels/signals based on the number of TCI states mapped to the received TCI codepoint in DCI format 1_1/1_2
· FFS: How to switch between Rel-17 sTRP operation and Rel-18 mTRP operation



[bookmark: _GoBack] According to conclusion, we can see that indicated TCI codepoint cannot be used to switch sTRP/mTRP operation. However, depending on channel condition, it is obvious that supporting dynamic switching between sTRP and mTRP is truly beneficial in terms of resource efficiency. From this perspective, RAN1 had been discussed about how to support dynamic switching and several signallings such as DCI/MAC-CE/RRC were discussed but details has not been decided. Before the discussion on which signalling is used, we think that RAN1 needs to discuss which information is needed firstly. For example, DCI seems appropriate for conveying the indication message when just only 1 or small bits are required. However, if additional information such as switching type (aperiodic/periodic/semi-persistent) and related TRP/TCI information is needed, other signalling or combinations should be considered instead. Another example is using just one bit to indicate whether TCI state(s) for other channels follow TCI selection field or not. In this perspective, RAN1 needs to discuss/decide which information is needed to switch sTRP/mTRP operation firstly.  
Proposal #1: 
· RAN1 firstly needs to discuss/decide which information is needed to switch sTRP/mTRP operation and followings can be considered:
· Switching type (aperiodic/periodic/semi-persistent) and related information
· Indication on whether TCI state(s) for other channels (except for scheduled PDSCH) follow TCI selection field or not or On/off (mTRP/sTRP) indication.
The next consideration point is the application timing of switching. Figure 1 shows an example of the application timing of switching from mTRP to sTRP. There can be two ways to switch from mTRP to sTRP, the one way is switching without response for indication (A in figure #1) and the other is that switching is completed after response for indication (B in figure #1). Regarding this, we think that switching should be completed after the response such as HARQ-ACK. In other words, the start timing of the switching needs to be after the response for indication so that gNB can schedule resources for physical channels.
Proposal #2: 
· Regarding dynamic switching, RAN1 should consider following:
· The start timing of switching is after the response such as HARQ-ACK for switching indication. 
The final major discussion point is whether the additional time duration for TRP switching is required or not. Here, the time duration represents the required time to perform the switch procedure in terms of RAN1’s perspective. Figure 1 also shows the time gap for switching. If additional time such as beam switching and processing delay is required, RAN1 needs to define the time duration to protect the UE’s behaviour. Regarding this, we think defining the additional time is needed since UE turns off or turns on specific TRP and related TCI state(s) also can be changed. Furthermore, it seems depend on UE’s capability. Likewise, for dynamic switching operation, we think that RAN1 needs to discuss about whether the additional time is needed or not.
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Figure 1: The example of application timing for dynamic switching between sTRP and mTRP.

Proposal #3: 
· For dynamic switching operation, RAN1 needs to discuss about whether defining the time duration for switching is needed or not.

PDSCH reception in case of S-DCI based mTRP  
For PDSCH reception for S-DCI based MTRP, followings was agreed in the previous meeting [2].
	
Agreement
On unified TCI framework extension for S-DCI based MTRP, a 2-bit [TCI selection field] can be configured by RRC to be present in a DCI format 1_1/1_2 that schedules/activates PDSCH reception (including dynamic PDSCH and SPS PDSCH) according to the followings:
· If the DCI format 1_1/1_2 indicates codepoint "00" for the [TCI selection field], the UE shall apply the first one of two indicated joint/DL TCI states to all PDSCH DMRS port(s) of corresponding PDSCH transmission occasions(s) scheduled/activated by the DCI format 1_1/1_2
· If the DCI format 1_1/1_2 indicates codepoint "01" for the [TCI selection field], the UE shall apply the second one of two indicated joint/DL TCI states to all PDSCH DMRS port(s) of corresponding PDSCH transmission occasions(s) scheduled/activated by the DCI format 1_1/1_2
· If the DCI format 1_1/1_2 indicates codepoint "10" for the [TCI selection field], the UE shall apply both indicated joint/DL TCI states to the PDSCH reception scheduled/activated by the DCI format 1_1/1_2
· FFS: Whether and how to use the codepoint "11" of the [TCI selection field]
If the UE is in FR1, or the UE supports the capability of two default beams for S-DCI based MTRP in FR2 regardless of threshold, above apply to PDSCH reception(s) scheduled/activated by the DCI format 1_1/1_2. 
· Note: If the UE supports the capability of two default beams for S-DCI based MTRP in FR2, UE uses both indicated joint/DL TCI states to buffer the received signal before a threshold.
If the UE doesn’t support the capability of two default beams for S-DCI based MTRP in FR2, above apply to the scheduled/activated PDSCH reception 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
· FFS: How to apply the indicated joint/DL TCI state(s) to the scheduled/activated PDSCH reception if the offset between the reception of the scheduling DCI format 1_1/1_2 and the scheduled/activated PDSCH reception is less than a threshold in FR2
· FFS: Detail of the capability of two default beams for S-DCI based MTRP 
· FFS: The threshold value


Regarding this, even though RAN1 has a time to discuss whether and how to use the codepoint "11" of the TCI selection field in the previous meeting [1], we could not reach an agreement. In regard to the details of  remaining codepoint, we are supportive of using the codepoint ‘11’ so that more dynamic control can be achieved. Most of all, leaving the available codepoint seems quite weird because the resource could be abandoned if we do not use it. In this respect, RAN1 should consider using the codepoint “11” of the TCI selection field. In this contribution, we will show an example of usage of the codepoint “11”
In the both sTRP and mTRP operation, the repeated transmission of PDSCH such as slot aggregation transmission was introduced/supported to improve reliability. Figure 2 shows the example of repeated PDSCH occasion in the time domain. According to current specification, UE set its Rx beam to default beam for the first PDSCH occasion since the timing duration between first PDSCH occasion and PDCCH is less than the time threshold (e.g. timeDurationForQCL). On the other hand, for second PDSCH occasion, UE can choice either following Rx beam for first PDSCH or following indicated TCI state(s) via TCI selection field. That is, when multiple PDSCHs are repeated in multiple slots, some ambiguity problems can be occurred. To prevent it, we think that the codepoint ‘11’ can be used and it can be used to indicate whether UE sustains its TCI state(s) or not for where the repeated transmission of PDSCH(s) are scheduled. 
[image: ]
Figure 2: The paradigm of Rx beam for repeated PDSCHs in accordance with time threshold.

Proposal #4: 
· For PDSCH reception in case of S-DCI based mTRP, RAN1 should consider using the codepoint “11” of the TCI selection field and an example way is as follows:
· To indicate whether UE sustains its TCI state(s) or not for where the repeated transmission of PDSCH(s) are scheduled.

Beam application time  
In Rel-17, beam application time was introduced and it is used to indicate first slot that indicated TCI state would be applied when the indicated TCI State is different from the previously indicated one. Regarding the beam application time, we think that some clarification and further enhancements would seem to be required. For the case when scheduled DL and/or UL channels exist during the beam application time, the details of behaviours have not been discussed yet. Intuitively, there can be two ways that UE can do. The one is that UE transmits scheduled physical channel applying previous indicated TCI state and the other is that UE does not to transmit it during the beam application time. For the former case, the performance of scheduled channels might be deteriorated. For the latter case, there would be time delay for transmission of scheduled channels. In addition, there can be overlapped time duration between scheduled DL and/or UL channels and beam application time. Figure 3 demonstrates it where exist TCI state is used for TRP #1 whereas beam application time is required for TRP #2. For the case of TRP#2, we think that some rules such as timing offset considering beam application time seems to be required. 
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Figure 3: The paradigm of beam application time for indicated TCI state among mTRP.
From this perspective, we think that RAN1 firstly should discuss about how to deal with the scheduled DL and/or UL channels during the beam application time.
Observation #1: 
· The details of behaviours for the case when scheduled DL and/or UL channels exist during the beam application time have not been discussed yet.
Proposal #5: 
· RAN1 firstly should discuss about how to deal with the scheduled DL and/or UL channels during the beam application time.

UL power control for MTRP with STxMP
Regarding STxMP, some issues that are related with power control were discussed and then sending LS for RAN4 was agreed as shown below: 
	Agreement
On unified TCI framework extension, consider all the intra and inter-cell MTRP schemes specified in Rel-16 and Rel-17
· Consider, if STxMP is supported, Rel-18 MTRP scheme(s) with STxMP 
Agreement
On UE power limitation for STxMP for FR2, send LS to RAN4 to check the followings:
· Whether it is feasible to assume power limitation per panel for STxMP (Assumption 1)
· Whether it is feasible to assume a total power limitation per UE over all UE panels used for STxMP (Assumption 2)
· In either of Assumption1 or Assumption 2, whether the total power limitation per UE over all UE panels used for STxMP or the sum of per-panel power limitation for STxMP can be different from (greater than) the existing power limitation for a given power class?
· If both Assumption 1 and Assumption 2 are feasible, whether both assumptions can be applied to a same UE, and what is the relationship between the per-panel power limitation and total power limitation if both are applied (e.g., the sum of per-panel power limitation can be larger than the total power limitation per UE, or should be always the same)?
FFS: Detail of exact LS if agreed
Note: Scenarios of above include at least single carrier scenario for FR2
Note: Above power limitation includes both total radiated power and EIRP
LS to RAN4 is endorsed in R1-2205639.


In case of STxMP transmission, UE can transmit different UL channels simultaneously through different Tx panel(s) and then related power control parameters (e.g. alpha, p0, closedloop index) also can be provided in accordance with TCI state. In such a case, power should be allocated for each panel and then the sum of allocated power should be no greater than a Pcmax. To consider the issue, we currently consider power limitation in terms of UE or panel as shown in above agreement. Here, we think that there would be still unresolved issues even though discussion on power limitation was already done. In other words, even though RAN1 defines per-panel power limitation, the required power for transmission for each UL channel can be larger than per-panel power limitation and then total required power could be larger than the Pcmax when both of link qualities are bad as shown in the figure 4. Hence, since transmission power is directly calculated depending on which channel is transmitted, RAN1 should consider which channel is mapped into the panel in addition to consideration on the panel. 

[image: ]
Figure 4: The paradigm of UL power control for MTRP with STxMP.
Observation #2: 
· Even though RAN1 define per-panel power limitation, the required power for transmission for each UL channel can be larger than per-panel power limitation and then total required power could be larger than the Pcmax when both of link qualities are bad.
 For this reason, some rules that could be commonly applied for each panels/channels should be considered. The one of the many examples would be prioritization rule between panels/channels, such as either cell operation with two uplink carriers or operation with carrier aggregation. Hence, the power prioritization rule between panels/channels should be further studied. 
Proposal #6:
· For MTRP scheme(s) with STxMP, the power prioritization rule between panels/channels should be further studied.

Conclusion
In this contribution, the following conclusions were made:
Dynamic switching between sTRP and mTRP  
Proposal #1: 
· RAN1 firstly needs to discuss/decide which information is needed to switch sTRP/mTRP operation and followings can be considered:
· Switching type (aperiodic/periodic/semi-persistent) and related information
· Indication on whether TCI state(s) for other channels (except for scheduled PDSCH) follow TCI selection field or not or On/off (mTRP/sTRP) indication.
Proposal #2: 
· Regarding dynamic switching, RAN1 should consider following:
· The start timing of switching is after the response such as HARQ-ACK for switching indication. 
Proposal #3: 
· For dynamic switching operation, RAN1 needs to discuss about whether defining the time duration for switching is needed or not.

PDSCH reception in case of S-DCI based mTRP  
Proposal #4: 
· For PDSCH reception in case of S-DCI based mTRP, RAN1 should consider using the codepoint “11” of the TCI selection field and an example ways is as follows:
· To indicate whether UE sustains its TCI state(s) or not for where the repeated transmission of PDSCH(s) are scheduled.

Beam application time  
Observation #1: 
· The details of behaviours for the case when scheduled DL and/or UL channels exist during the beam application time have not been discussed yet.
Proposal #5: 
· RAN1 firstly should discuss about how to deal with the scheduled DL and/or UL channels during the beam application time.

UL power control for MTRP with STxMP
Observation #2: 
· Even though RAN1 define per-panel power limitation, the required power for transmission for each UL channel can be larger than per-panel power limitation and then total required power could be larger than the Pcmax when both of link qualities are bad.
Proposal #6:
· For MTRP scheme(s) with STxMP, the power prioritization rule between panels/channels should be further studied.
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