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Introduction
In RAN1#103-e meeting, an LS [1] was approved and sent to RAN4 in which answers were seek to proceed further with the working assumptions:
	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.   

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?



In this paper, some analysis and tentative answers were provided.
Discussion
2.1 Basic background in the LS
Multi-TRP is under discussion in RAN1, mainly for reliability enhancement etc, for PUCCH & PUSCH and some agreements & assumptions were provided in the LS. Among them, different beam changing pattern is utilized in the cyclical mapping and sequential mapping pattern. The motivation is to ensure robust transmission of PUCCH & PUSCH by fast beam sweeping.
According to the LS, it seems that RAN1’s main interest is in whether the switching of beams would require some transient period that have potential performance degradation or need for gap symbols, thus give RAN4 related questions. 
Observation 1: RAN1’s main interest is in possible impact of the beam related behaviour to transient period and gaps etc.
According to the LS, there are concerns raised on cyclical mapping pattern considering required switching gaps when changing from one beam to another beam. However, it is quite flexible with these situations.
[bookmark: _Hlk56145866]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)

In addition, though the questions were based on different beams for FR2, RAN1 also show interest on answer for FR1 in case the PUCCH/PUSCH repetitions follow different transmission power control.
All these factors would have significant impact on RAN4, and have to be considered separately. For example, FR1/FR2 have different requirements. 
Observation 2: There are many situations that would need to be considered in RAN1’s provided conditions.

2.2 RAN4 Status for transient period
Currently, there are ON/OFF time mask requirements defined in TS38.101-1 and TS 38.101-2 for FR1 and FR2 respectively. There are following same statements in section 6.3.3 for both FR1 and FR2:
The transmit power time mask defines the transient period(s) allowed
-	between transmit OFF power as defined in clause 6.3.2 and transmit ON power symbols (transmit ON/OFF)
-	between continuous ON-power transmissions with powerchange or RB hopping is applied.
In this LS, the main interested part is for continuous ON-power case, so there is following observation:
Observation 3: Between continuous ON-power transmissions, RAN4 have defined transient period allowed for the following two cases: power change or RB hopping is applied.
Observation 4: For the minimum requirement number, generally 10us for FR1 and 5 us for FR2.

[bookmark: _GoBack]Since RAN1 also interested in the case for which a blanked symbol is needed, RAN4 status is also summarized here. 
For most of the cases, the transient period would not need a forced blanking scheme in the ON/OFF mask definition. Only in the case of highest SCS, and transient period is needed in both sides of a symbol, would this symbol be blanked. Apart from SRS which is not interested here, the only cases were:
For FR1 in TS 38.101-1, 
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Figure 6.3.3.9-3: Consecutive short subslot (1 symbol gap) time mask for the case when transient period is required on both sides of the symbol and when 60 kHz SCS is used in FR1
For FR2 in TS 38.101-2,
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Figure 6.3.3.9-3: 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
For other cases, there is no blanked symbol required, except for SRS case which principle is similar. For example, if no power change or RB hopping exists between two consecutive symbols, neither symbol would be blanked since there would be no transient period between them.
Observation 5: Only in the case of the highest SCS and transient period is required on both sides of the symbol, a one symbol gap is defined in RAN4 requirements (As in Figure 6.3.3.9-3 in TS38.101-1 and Figure 6.3.3.9-3 in TS38.101-2).

For beam switching within a panel or switching between different panels, there are currently no RAN4 RF requirements. 
In addition, there is clear indication that “may have the same or different known/unknown status”. This is related to RRM specs, i.e. TS 38.133. Known status conditions for TCI state are defined in clause 8.10.2, and for uplink spatial relations are defined in clause 8.12.2.
However, the motivation of RAN1 introducing such feature is to ensure robust transmission of PUCCH & PUSCH by fast beam sweeping. In our understanding, no matter the status is known or unknown, according to the 133 spec, if the beam sweeping is triggered by MAC CE, the latency of MAC CE decoding would be several milliseconds, which is not feasible for fast beam sweeping. Moreover, in the aimed schemes discussed in RAN1, network normally sets the spatial QCL-info of the PUCCH or PUSCH, i.e. the beams for sweeping, to SRSs that are already configured with spatial QCL-info. That means the UE already knows which UL beam should be used to transmit PUCCH or PUSCH, and there is no need for PDCCH/MAC_CE/RRC decoding before each beam switching.
Regarding to indicating change to the spatial relation info of the SRSs that provide beam sweeping information of PUSCH & PUCCH transmission, in our understanding this is totally another issue. The requirements are already discussed in R16 RRM enhancement. Those requirements are not relevant to the questions asked by RAN1.
Observation 6: The beam switching delay for PUCCH & PUSCH beam sweeping is not related to PDCCH/MAC_CE/RRC decoding, and it is not related to whether the status is known or unknown.
Observation 7: Indicating change to the spatial relation info of the SRSs that provide beam sweeping information of PUSCH & PUCCH transmission is another issue, and the requirements are already discussed in R16 RRM enhancement.

2.3 Analysis for the questions
This section provides an analysis for the questions, based on the previous background for RAN1/4.

Question 1: What are the ranges of the transient period(s) between two PUCCH/PUSCH TDMed repetitions (with different UL beams)? 
For two PUCCH/PUSCH TDMed repetitions (with different UL beams), according to the previous RAN1 background, they may “follow different transmission power control”. It means there may be a power change. In case there is a power change, the current transient period minimum requirements (10us for FR1 and 5us for FR2) should apply. In case no such power change, this transient period need not be considered.
Although the transient period is defined in R15 considering beam sweeping within a panel, companies see it can also apply to the case of beam sweeping between panels. Therefore, the same requirements are assumed.

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)? 
Currently RAN4 only consider a one-symbol gap in the case of the highest SCS and transient period is required on both sides of the symbol. For other cases, blanked symbol is not defined. 

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? 
As in answer for question 2, RAN4 only consider a one symbol gap in the case of the highest SCS and transient period is required on both sides of the symbol. For other cases, blanked symbol is not defined. Therefore, there is no 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?
As long as RB hopping and/or power changes applies, RAN4 requirement is the same.

Conclusion
This paper discussed RAN2’s LS [1]. The following observations and proposal were provided:
Observation 1: RAN1’s main interest is in possible impact of the beam related behaviour to transient period and gaps etc.
Observation 2: There are many situations that would need to be considered in RAN1’s provided conditions.
Observation 3: Between continuous ON-power transmissions, RAN4 have defined transient period allowed for the following two cases: power change or RB hopping is applied.
Observation 4: For the minimum requirement number, generally 10us for FR1 and 5 us for FR2.
Observation 5: Only in the case of the highest SCS and transient period is required on both sides of the symbol, a one symbol gap is defined in RAN4 requirements. (As in Figure 6.3.3.9-3 in TS38.101-1 and Figure 6.3.3.9-3 in TS38.101-2)
Observation 6: The beam switching delay for PUCCH & PUSCH beam sweeping is not related to PDCCH/MAC_CE/RRC decoding, and it is not related to whether the status is known or unknown.
Observation 7: Indicating change to the spatial relation info of the SRSs that provide beam sweeping information of PUSCH & PUCCH transmission is another issue, and the requirements are already discussed in R16 RRM enhancement.

A draft reply LS is provided in the Annex based on the previous observations and analysis.
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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. RAN4’s understanding is that this LS’s main interest is in possible impact of the beam related behaviour to transient period and gaps etc.There are many situations that would need to be considered in RAN1’s provided conditions.

RAN4 requirments key relating behavior is as following:
· Between continuous ON-power transmissions, RAN4 have defined transient period allowed for the following two cases: power change or RB hopping is applied.
· For the minimum requirement number, generally 10us for FR1 and 5 us for FR2.
· Only in the case of the highest SCS and transient period is required on both sides of the symbol, a one symbol gap is defined in RAN4 requirements (As in Figure 6.3.3.9-3 in TS38.101-1 and Figure 6.3.3.9-3 in TS38.101-2).
· The known or unknown status has no impact to the length of needed gap or complexity.
Based on these points, the following answers were provided:

Question 1: What are the ranges of the transient period(s) between two PUCCH/PUSCH TDMed repetitions (with different UL beams)? 
For two PUCCH/PUSCH TDMed repetitions (with different UL beams), according to the previous RAN1 background, they may “follow different transmission power control”. It means there may be a power change. In case there is a power change, the current transient period minimum requirements (10us for FR1 and 5us for FR2) should apply. In case no such power change, this transient period need not be considered.
Although the transient period is defined in R15 considering beam sweeping within a panel, companies see it can also apply to the case of beam sweeping between panels. Therefore, the same requirements are assumed.

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)? 
Currently RAN4 only consider a one symbol gap in the case of the highest SCS and transient period is required on both sides of the symbol. For other cases, blanked symbol is not defined. 

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? 
As in answer for question 2, RAN4 only consider a one symbol gap in the case of the highest SCS and transient period is required on both sides of the symbol. For other cases, blanked symbol is not defined. Therefore, there is no 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?
As long as RB hopping and/or power changes applies, RAN4 requirement is the same.


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-RAN WG4 Meeting #98-bis-e                        12-20, April, 2021    		E-meeting
TSG-RAN WG4 Meeting #99-e                            19-27, May, 2021          E-meeting
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