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1. Introduction 
RAN4 has received an LS from RAN1 on beam switching gaps for multi-TRP UL transmission [1]. In this contribution we discuss the questions raised by RAN1 and propose replies to those. The draft LS reply is provided in the Appendix.
2. Discussion
In RAN1#103e RAN1 discussed multi-TRP PUCCH and PUSCH transmissions schemes and different possible mapping schemes – cyclic and sequential mapping. 
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Figure 1: Multi-TRP UL TDM transmission schemes

The beams associated with different TDMed transmissions may have the following variants: 
1. follow different transmission power control 
2. may be associated with the same panel or different panels of the UE.  
· Note: For different panels, RAN1 does not have any agreement on whether both panels are activated or only one is activated at a time.
3. may have the same or different known/unknown status (a beam was reported or not)
RAN1 would like inputs from RAN4 on the gaps required for switching beams for transmission to multi-TRP. 
Also, RAN1 is interested in understanding the gaps required for both FR1 and FR2.
TX Power change
RAN4 has defined transient time for SRS switching in FR1 and FR2 in 38.101-1 and 38.101-2 respectively. 
In FR1 RAN4 defines a transient time between consecutive transmissions with different power of 10us from transmission from the same antenna port and 15us from transmissions from different antenna ports in consecutive slots. 
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Figure 2: Consecutive SRS time mask for the case when power change is required and when 15 kHz and 30 kHz SCS is used in FR1 with SRS usage other than antenna switching
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Figure 3: FR1 Time mask for 15 kHz and 30 kHz SCS for the case when consecutive SRS switching usage is between antenna switching & other sets
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Figure 4: Consecutive SRS time mask for the case when power change is required and when 60 kHz SCS is used in FR1

The transient time is in between 2 symbols for 15 and 30KHz SCS and taken in a blanked symbol in case of 60KHz SCS.
The transient time defined for SRS switching in FR1 could be extended to transmission of PUSCH/PUCCH with different TX power levels. Using SRS transmissions on different antenna ports as the baseline, the transient time could be up to 15us in FR1.
Observation #1: The transient time for SRS switching in FR1 could be reused with transmission switching with different power levels and from antenna ports.
In FR2, the transient time for consecutive transmissions with different power levels is 5us.
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Figure 5:  Consecutive SRS time mask for the case when power change is required and when 60kHz SCS is used in FR2
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Figure 6: Consecutive SRS time mask for the case when power change is required and when 120kHz SCS is used in FR2
 The transient time in FR2 is in between 2 symbols for 60KHz SCS and taken in a blanked symbol for 120KHz SCS.  
Observation #2: The transient time in FR2 could be 5us with transmission with different power levels.
TX Beam change
The TX beam change is applicable to FR2 alone and depends on a number of factors:
1. Known/ unknown status of TX beam
2. Beam change within same panel or different panel
3. Whether both panels are already active (in case of inter-panel)
If the TX beam is unknown, additional time is required for UE to refine the TX beam. With the assumption of beam correspondence, the TX beam refinement time could be the same as RX beam refinement time (TL1-RSRP). In case of BC Bit-0 UE, additional time for beam refinement would be required. 
The TX beam switch time might depend on UE RF capability to switch TX beam and also whether the beam is associated with same panel or different panel.  With continuous transmission on UL with different beams from different panels, we need to further consider if the panels are always active or de-activated between transmissions to save power. Keeping the panels active for a long period would significantly increase power consumption at the UE side. On the other hand, activating and de-activating panels would need additional considerations like interruption to the current active panel. Considering all the factors – inter-panel switch, panel activation and de-activation the transient time could range from a few symbols up to a slot
Observation #3: The time for TX beam switch ranges from few symbols up to 1 slot if the spatial filter to transmit the beam is known.
Observation #4: The time for TX beam switch would further include the additional time for beam refinement on top of transient period if the spatial filter to transmit the beam is unknown.
TX Timing Change
RAN1 doesn’t mention in their LS whether different TX timing is assumed for transmission to different TRP. In case the transmission to different TRP should assume different TA, that might be another factor to account for in the switching delay. 
Observation #5: The beam switching delay might need to consider different UL TX timing for transmissions to multi-TRP.
2. Proposed Response
Based on the discussion points above, we summarize the response to questions from RAN1 below.
Question 1: What are the ranges of the transient period(s) between two PUCCH/PUSCH TDMed repetitions (with different UL beams)? 
[RAN4] The transient period between two PUCCH/PUSCH TDMed repetitions should account for TX power change, TX beam change and possibly TX timing change. The TX timing change is not including in the transient period below.
In FR1, the transient period needs to account for TX power change and ranges from 10us to 15us depending on whether the switch from one transmission to the next is from the same antenna port or different antenna ports. 
In FR2, the transient period shall account for TX power change, TX beam change. The transient due to TX power change is 5us in FR2. The TX beam change should also consider if the beams are known (Spatial filter for transmission is known and not outdated). In case the TX beam is unknown, the transient time needs to account for beam refinement time. In addition, the TX beam change also need to consider inter-panel beam switch. Accounting for inter-panel TDMed transmissions, the transient period could be few symbols up to 1 slot, assuming the beams are known.  
It is not practical to assume that UE would keep both panels active continuously and hence need to consider panel activation, de-activation time and the associated interruption on ongoing transmission on all CCs. The length of the interruption can be a few symbols up to 1 slot.  
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)? 
[RAN4] In all cases, when the switching delay is longer than a threshold, e.g. CP length, a switching gap can be considered. In certain cases, when the switching delay is more than 1/3rd the symbol time in the operating SCS, a switching gap should be considered. 
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? 
[RAN4] Comparing the cyclic and sequential mapping, cyclic mapping has more frequent switches. Cyclic mapping would result in more power consumption at the UE in addition to more switching gaps. Cyclic mapping also increases the interruption to other ongoing transmissions with more frequent activation and de-activation of panels. 
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?
[RAN4] The current RAN4 requirements for transient times are applicable when RB hopping, or power change is applied. In case of RB hopping with different UL beams, we need to consider additional time due to power change and TX beam switching. 

In addition, RAN4 also would like to clarify the following with RAN1:

Responses from RAN4 are based on the assumption that the same UL timing is used for transmission of both UL beams. Assuming that the UL beams are associated with different DL-RS from different TRP, there could be different DL timing correction for each. What is the TX timing assumption for different UL beam transmissions? 
3. Conclusion
In this contribution we discuss the UL beam switching gap necessary for supporting the proposed TDMed transmissions on different UL beams for multi-TRP. The proposed response to RAN1 is presented and also the draft LS reply is captured in the Appendix.
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The draft reply LS to RAN1 is captured below.
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1. Overall Description:
RAN4 thanks RAN1 for their enquiry on the topic of Beam switching gaps for Multi-TRP UL transmission and would like to provide the below responses to the questions asked. 
Question 1: What are the ranges of the transient period(s) between two PUCCH/PUSCH TDMed repetitions (with different UL beams)? 
[RAN4] The transient period between two PUCCH/PUSCH TDMed repetitions should account for TX power change, TX beam change and possibly TX timing change. The TX timing change is not including in the transient period below.
In FR1, the transient period needs to account for TX power change and ranges from 10us to 15us depending on whether the switch from one transmission to the next is from the same antenna port or different antenna ports. 
In FR2, the transient period shall account for TX power change, TX beam change. The transient due to TX power change is 5us in FR2. The TX beam change should also consider if the beams are known (Spatial filter for transmission is known and not outdated). In case the TX beam is unknown, the transient time needs to account for beam refinement time. In addition, the TX beam change also need to consider inter-panel beam switch. Accounting for inter-panel TDMed transmissions, the transient period could be few symbols up to 1 slot, assuming the beams are known.  
It is not practical to assume that UE would keep both panels active continuously and hence need to consider panel activation, de-activation time and the associated interruption on ongoing transmission on all CCs. The length of the interruption can be a few symbols up to 1 slot.  

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)? 
[RAN4] In all cases, when the switching delay is longer than a threshold, e.g. CP length, a switching gap can be considered. In certain cases, when the switching delay is more than 1/3rd the symbol time in the operating SCS, a switching gap should be considered. 

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? 
[RAN4] Comparing the cyclic and sequential mapping, cyclic mapping has more frequent switches. Cyclic mapping would result in more power consumption at the UE in addition to more switching gaps. Cyclic mapping also increases the interruption to other ongoing transmissions with more frequent activation and de-activation of panels. 

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?
[RAN4] The current RAN4 requirements for transient times are applicable when RB hopping, or power change is applied. In case of RB hopping with different UL beams, we need to consider additional time due to power change and TX beam switching. 

2. To RAN WG1 group. 
ACTION: RAN4 requests RAN1 to take the above responses into consideration and also would like to get clarification for the below. 
Responses from RAN4 are based on the assumption that the same UL timing is used for transmission of both UL beams. Assuming that The UL beams are associated with different DL-RS from different TRP, there could be different DL timing correction for each. What is the TX timing assumption for different UL beam transmissions? 

3. Date of Next TSG-RAN WG4 Meetings:
TSG RAN WG4 Meeting #98-bis-e             Apr 12 – 20, 2021            	 	 Online
TSG RAN WG4 Meeting #99-e                  May 19 – 27, 2021            	 	 Online
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