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1. Overall Description:
RAN1 discussed the support of multi-TRP transmission/repetition schemes for both PUCCH and PUSCH. 
The following agreements were made in RAN1 #103-e meeting for multi-TRP TDMed PUCCH transmission schemes and supported PUCCH formats.
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. 

Agreement
For multi-TRP PUCCH transmission schemes,
· For Scheme 1, at least PUCCH format 1/3/4 can be used. 
· FFS: Support of PUCCH format 0/2 for Scheme 1 
· FFS: Support of PUCCH formats for Scheme 2 and/or Scheme 3 (if schemes are agreed).  

Furthermore, RAN1 made the following working assumption on beam mapping over PUCCH TDMed repetitions (mainly considering Scheme 1). 
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.   

[bookmark: _Hlk56145866]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)

While the questions below are formulated based on different beams in the context of FR2, RAN1 is also interested in the answers for FR1 in the case of PUCCH/PUSCH repetitions follow different transmission power control.
RAN1 seeks few answers from RAN4 to proceed further with the working assumptions based on existing RAN1 agreements,
Question 1: What are the ranges of the transient period(s) between two PUCCH/PUSCH TDMed repetitions (with different UL beams)? 
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)? 
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? 
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?

2. Actions:
To: RAN4
ACTION: 	RAN1 respectfully asks RAN4 to take the above into account, and also provide answers for the questions 1, 2, 3, and 4 with and additional details that RAN1 shall further consider. 
 
3. Date of Next TSG-RAN WG1 Meetings:	
TSG RAN WG1 Meeting #104-e                       25th January – 05th February, 2021		E-meeting
