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1 	Introduction
In last meeting, one LS [1] on beam switching gaps for Multi-TRP UL transmission is sent from RAN1. Our views on the transition time of beam switching are provided in this paper.
2 Discussion
The multi-TRP transmission and repetition schemes for both PUCCH and PUSCH is discussing in RAN1 now.
	 Agreement
For multi-TRP PUCCH transmission schemes.  
· Support multi-TRP inter-slot repetition (Scheme 1)
· One PUCCH resource carries UCI, another PUCCH resource or the same PUCCH resource in another one or more slots carries a repetition of the UCI. 
· FFS: Number of repetitions
· Further study the support (one or both) of the following schemes
· [bookmark: _Hlk56156040]Multi-TRP intra-slot beam hopping (Scheme 2)
· UCI is transmitted in one PUCCH resource in which different sets of symbols within the PUCCH resource have different beams.
· FFS: More than 2 beam hopping instances per PUCCH resource.
· Multi-TRP intra-slot repetition (Scheme 3)
· One PUCCH resource carries UCI, another PUCCH resource or the same PUCCH resource in another one or more sub-slots within a slot carries a repetition of the UCI. 
· Note1: whether to support two PUCCH resources or the same PUCCH resource with different beams for Scheme 1 and 3 to be discussed separately. 



The intention of the discussion of multi-TRP PUCCH transmission is to enhance the reliability and robustness for uplink transmission. To be more precisely, two spatial relations could be configured to a UE, one for each TRP. There can be multiple transmission occasions for a transmission block as Fig.1.
[image: ]
Fig.1. Illustration of the multi-TRP PUCCH transmission
As can be seen in Fig.1, during the transition of 2 UL transmissions, there are 3 possible settings could be changed: 
1) Tx beam, 
2) RB allocation and 
3) UL transmit power. 
In our view, it is unlikely to change only the Tx beam. UE is very likely to see different path losses from the 2 TRPs (from pathloss RS) and then apply different UL transmit power to different UL Tx beams. Therefore, we suggest RAN4 to keep the discussion simply by always considering the 3 factors are changed together and reply RAN1 a single value of the transient period.
[bookmark: _Ref61531285]Observation 1: UL Tx beam switching is highly likely to be done together with UL transmit power change due to different path losses observed from 2 TRPs.
[bookmark: _Ref61531301]Proposal 1: RAN4 to reply a single value of transient period to RAN1, considering UL Tx beam, RB allocation and UL transmit power are changed at the same time.

In our understanding, the transition time of beam hopping is much shorter than the CP. Thus, the overall transition time is dominated by frequency hopping and power change.
[bookmark: _Ref61352805]Observation 2: The transition time of beam hopping is much smaller than the CP 
[bookmark: _Ref61352807]Proposal 2: The transition time for multi-TRP PUCCH/PUSCH transmission shall mainly consider the frequency hopping and power change.
In fact, the similar transition time requirement of frequency hopping and power change is defined in clause 6.33 in TS38.101-1 and TS38.101-2, and the worst case are 15us and 5us for FR1 and FR2, respectively. As long as the root cause of the change is the same, e.g., frequency hopping or power change, the delay requirement shall be the same due to hardware limitation. Thus, we suggest the transition time of multi-TRP PUCCH/PUSCH transmission can reuse the delay requirement defined in TS 38.101-1 and TS 38.101-2.
[bookmark: _Ref61352808]Proposal 3: The transition time for beam hopping, frequency hopping and power change can reuse the same transition time defined in TS38.101-1 and TS38.101-2, i.e., 15us and 5us for FR1 and FR2, respectively.

We provide a draft reply below
Question 1: What are the ranges of the transient period(s) between two PUCCH/PUSCH TDMed repetitions (with different UL beams)? 
Answer: UE UL beam switch between two PUCCH/PUSCH TDMed repetitions is expected to be conducted together with UL transmit power change. 	Therefore, 15us and 5us are required for FR1 and FR2, respectively.

Question 2: In RAN4 perspective, are there additional considerations that RAN1 shall account for a switching gap (blanked symbol(s)) between two PUCCH/PUSCH TDMed repetitions (with different UL beams)? 
Answer: When the transient period is larger than CP, the switching gap is needed to avoid the performance degradation.

Question 3: For different beam mapping principles (i.e. cyclical and sequential mapping patterns), is there any additional complexity that RAN4 foresees when applying cyclical beam mapping vs sequential beam mapping? 
Answer: RAN4 does not see any additional complexity.

Question 4: In particular to multi-TRP intra-slot beam hopping (Scheme 2), can RAN1 assume the same requirement as RB hopping with respect to transient period in current RAN4 requirements, if the two hops have different UL beams in addition to different RBs?
Answer: Yes. 

3 Summary
In this paper, the discussion of SCell BFR is provided. We have the following proposal:
Observation 1: UL Tx beam switching is highly likely to be done together with UL transmit power change due to different path losses observed from 2 TRPs.
Observation 2: The transition time of beam hopping is much smaller than the CP 
Proposal 1: RAN4 to reply a single value of transient period to RAN1, considering UL Tx beam, RB allocation and UL transmit power are changed at the same time.
Proposal 2: The transition time for multi-TRP PUCCH/PUSCH transmission shall mainly consider the frequency hopping and power change.
Proposal 3: The transition time for beam hopping, frequency hopping and power change can reuse the same transition time defined in TS38.101-1 and TS38.101-2, i.e., 15us and 5us for FR1 and FR2, respectively.
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