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Introduction
An LS on Beam switching gaps for Multi-TRP UL transmission was sent by RAN1 in [1]. Several questions were raised by RAN1 related to different beams associated with TDMed repetitions.
This contribution provides the consideration on the questions and a draft LS is also provided.
Discussion
Two working assumptions which are the basis for answering the RAN1 LS are cited as below:
	Working Assumption
For PUCCH multi-TRP enhancements in Scheme 1, it is possible to configure either cyclic mapping or sequential mapping of spatial relation info’s over PUCCH repetitions. 
· FFS: Applicability of mapping patterns for different beam switching gaps
· The support of cyclic mapping can be optional UE feature for the cases when the number of repetitions is larger than 2. 
· Note: For Scheme 1, cyclical mapping pattern and sequential mapping pattern are as follows, 
· Cyclical mapping pattern: the first and second beam are applied to the first and second PUCCH repetition, respectively, and the same beam mapping pattern continues to the remaining PUCCH repetitions. 
· Sequential mapping pattern: the first beam is applied to the first and second PUCCH repetitions, and the second beam is applied to the third and fourth PUCCH repetitions, and the same beam mapping pattern continues to the remaining PUCCH repetitions.

Similarly, RAN1 also made another working assumption on beam mapping for PUSCH TDMed repetitions, where the same definition for cyclical mapping and sequential mapping pattern is applied (with replacing PUCCH repetitions with PUSCH repetitions (slots/frequency hops)). 
Working Assumption
For single DCI based M-TRP PUSCH repetition Type A and B, it is possible to configure either cyclic mapping or sequential mapping of UL beams.
· The support of cyclic mapping can be optional UE feature for the cases when the number of repetitions is larger than 2.
· FFS: Support of half-half mapping. 
· FFS: Additional considerations on mapping patterns (including required beam switching gaps) 
· Companies are encouraged to provide further simulation results to decide details.   

In both working assumptions, few concerns raised on cyclical mapping pattern considering required switching gaps when changing from one beam to another beam. In general (please see the definitions for cyclical and sequential mapping), the number of switching instances required in cyclical mapping is larger than sequential mapping. The two beams associated with TDMed repetitions 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)


From the LS and assumptions by RAN1, the beams may be associated with the same panel or different panels of the UE, thus the analysis covers all the possible cases. 
Question 1: What are the ranges of the transient period(s) between two PUCCH/PUSCH TDMed repetitions (with different UL beams)? 
For the case that different beams switched in the same panel, the switching could be completed in CP for 120kHz SCS for FR2 UE, thus transient period defined in the RAN4 spec plays the main role between two PUCCH/PUSCH TDMed repetitions. Figure 1 illustrated the transient period for PUCCH/PUSCH for FR2 UE. 
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Figure 1: PUCCH/PUSCH/SRS time mask
For the case that different beams switched cross panels, RAN4 once discussed similar beam switching issue in Rel-15. The switching time is reported as UE capability, where number of 224 and 336 symbols are used for cross panel switching. In this case, the trainset period would be determined by the beam switching time.
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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)? 
As 5us transient period occupies larger part of a symbol for 120kHz SCS, a blanked symbol is considered in the time mask requirement for FR2. However, whether a switching gap should be defined from performance or PHY design perspective, it is up to RAN1’s decision. 
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Figure 2: Consecutive short subslot (1 symbol gap) time mask for the case when transient period is required on both sides of the symbol and when 120 kHz SCS is used in FR2
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? 
Definition of cyclical and sequential mapping patterns can be referred to the RAN1 assumptions re-copied above in the contribution. From the definition, beam switching for cyclical mapping could occur more frequently than that of sequential beam mapping. Power consumption could be slightly different, however, from implementation perspective, no big difference or additional complexity is foreseen for the UE.
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?
For RB hopping, transient period is defined as 5us for FR2 UE. Similar to Q1, beam hopping could be happened in the same panel or between two panels. Transient period due to RB hopping is the main consideration for the same panel case, while for cross panels case, switching period is mainly determined by beam switching, which is 224 or 336 symbol length according to UE capability based on RAN4 agreement. 
Regarding to the question for FR1 in the case of PUCCH/PUSCH repetitions follow different transmission power control, since beam switching is less relevant to FR1 than that for FR2, transient period defined as 10us can be considered by RAN1.
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1. Overall Description:

RAN4 would like to thank RAN1 for the LS on beam switching gaps for Multi-TRP UL transmission. For the questions raised by RAN1, the following reply are provided. 

Question 1: What are the ranges of the transient period(s) between two PUCCH/PUSCH TDMed repetitions (with different UL beams)? 
Answer 1: For the case that different beams switched in the same panel, the switching could be completed in CP for 120kHz SCS for FR2 UE, thus transient period of 5us as defined in the RAN4 spec plays the main role between two PUCCH/PUSCH TDMed repetitions.
For the case that different beams switched cross panels, RAN4 once discussed similar beam switching issue in Rel-15. The switching time is reported as UE capability, where 224 and 336 symbol length are used for cross panel switching. In this case, the trainset period would be determined by the beam switching time.

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)? 
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Answer 2: As 5us transient period defined in RAN4 specification occupies larger part of a symbol for 120kHz SCS, a blanked symbol is considered in the time mask requirement for FR2 UE. However, whether a switching gap should be defined from performance or PHY design perspective, RAN4 thinks that it should be determined by RAN1.

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 3: From the definition, beam switching for cyclical mapping could occur more frequently than that of sequential beam mapping. However, from implementation perspective, no big difference or additional complexity is foreseen for the UE by RAN4.

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 4: For RB hopping, transient period is defined as 5us for FR2 UE. Similar to Q1, beam hopping could be happened in the same panel or between two panels. Transient period due to RB hopping is the main factor for the same panel case, while for cross panels case, switching period is mainly determined by beam switching, which is 224 or 336 symbol length according to UE capability based on RAN4 agreement.

Regarding to the question for FR1 in the case of PUCCH/PUSCH repetitions follow different transmission power control, since beam switching is less relevant to FR1 than that for FR2, transient period due to power change defined as 10us in RAN4 specification can be considered by RAN1.


2. Actions:
To RAN1:
ACTION: RAN4 respectfully asks RAN1 to take the above information into account.

3. Date of Next TSG WG RAN4 Meetings:
TSG-RAN4 Meeting#99-e                      April 2020												  E-meeting
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