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[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introductions 
Good progress has been made in the last few meetings [1]. Some remaining issues shall be further settled to complete the MTRP feature. In this contribution, we further discuss these issues on PDCCH, PUCCH, and PUSCH in separate sections below.
Discussion on MTRP PDCCH
1.1. Consequences of PDCCH contained within first 3 symbols
For non-SFN based PDCCH repetition transmission, two linked SS sets are associated with corresponding CORESETs. Given two CORESETs are configured, combinations of two CORESETs with different duration are shown in Table 1.
[bookmark: _Ref87021869]Two CORESETs with different duration
	OFDM symbol(s)
	Duration of One CORESET
	Duration of another CORESET

	Case1
	1 OS
	1 OS

	Case2
	1 OS
	2 OS

	Case3
	1 OS
	3 OS

	Case4
	2 OS
	2 OS

	Case5
	2 OS
	3 OS

	Case6
	3 OS
	3 OS


In Rel-17, PDCCH repetition transmission is introduced to improve the reliability of PDCCH reception, especially in FR2 to cope with blockage. Given that some UEs does not support two different beams reception simultaneously, only TDM based PDCCH repetition transmission is configured for these UEs. If two TDM based PDCCH repetition candidates are confined within first three symbols, there are four possible configurations (marked in red in Table 1) for two CORESETs with certain durations in number of symbols cannot be configured by gNB. In other word, at least one CORESET with 1 symbol duration must be configured for these UEs in FR2 (marked in green in Table 1). 
When UE does not support simultaneous reception of two beams, four typical configurations on durations of CORESETs cannot be supported in NW implementation.
Taking 120kHz numerology as typical configuration in FR2, the minimum bandwidth for different ALs (aggregation level) is shown in Table 2.  
[bookmark: _Ref87021958]The minimum bandwidth of different ALs in case of 120kHz
	CORESET
with 1 OS
	One AL1
	One AL2
	One AL4
	One AL8
	One AL16

	BW
	8.64 MHz
	17.28 MHz
	34.56 MHz
	69.12 MHz
	138.24 MHz


From RAN4’s perspective, it is mandatory for FR2 UE to support maximum transmission bandwidth configuration of 50MHz, 100MHz, 200MHz. The maximum number of PDCCH candidate corresponding to different ALs in different bandwidth is shown in Table 3. 
[bookmark: _Ref87021990]Maximum number of candidates 
	Max number of candidates
	AL1
	AL2
	AL4
	AL8
	AL16

	50MHz
	5
	2
	1
	0
	0

	100MHz
	11
	5
	2
	1
	0

	200MHz
	23
	11
	5
	2
	1


Based on Table 3, there are few cases in which even zero candidates can be supported with higher ALs e.g. AL8 or AL16. It is well known that higher AL is beneficial to the performance of PDCCH, and it would be unfortunate that higher AL cannot be supported with PDCCH repetition in Rel-17, which is counter intuitive to the purpose of increased reliability of PDCCH.
There are few cases in real deployment where no candidates with higher ALs can be configured if PDCCH repetition is contained in first 3 symbols.
[bookmark: OLE_LINK7]In current spec, two special formats are contained within first 3 symbols, one is format 2-0, another is PDCCH with a BWP indicator field that indicates active BWP change. Considering the aforementioned problem, these two special formats should not be always limited in first three symbols, for instance, the second PDCCH candidate later in time can be outside of first three symbols. Taking BWP change as another example, this restriction is relaxed for PDCCH carrying SCell dormancy indication that indicates an active DL BWP change for Scell in Rel-16 and same relaxation can be reused for these two special formats.
For format 2-0 or DCI carrying BWP indicator, do not restrict two PDCCH repetition candidates to be constrained within first 3 symbols. 
Discussion on overbooking rule for 3BDs
In RAN1 #106-e, the following was agreed:
	Agreement 
For overbooking in the PCell for USS with two linked SS sets in the same slot/span, select one Alt for each of Case 1 and Case 2 in RAN1 #106-bis-e:
· Case 1: 2 BDs are counted for two linked candidates:
· Alt1: No change (use existing spec)
· Alt2: Consider the SS set pair together (both are kept or both are dropped), where the priority is based on lower SS set ID among the pair.
· Case 2: 3 BDs are counted for two linked candidates:
· Alt1: Overbooking is per individual SS set as in Rel. 15/16
· Alt1-1: The third BD is counted as a virtual SS set (i.e., the virtual SS set for the third BDs is dopped before dropping the linked SS sets).
· Alt1-2: The third BD is counted as part of the SS set with higher ID.
· Alt2: Consider the SS set pair together (both are kept or both are dropped), where the priority is based on lower SS set ID among the pair.
· FFS: Inter-span PDCCH repetition for r16monitoringcapablity.


In RAN1 #106bis-e, the following was agreed:
	Agreement
For overbooking in the PCell for USS with two linked SS sets in the same slot/span, support:
· Case 1: 2 BDs are counted for two linked candidates:
· No change (use existing spec)


In last meeting, the reason supporting Alt1 rather than Alt2 for case 1 is that Alt2 wastes PDCCH resources once one of linked PDCCH candidate exceeds BD/CCE limit which is severe since PDCCH resources are precious in real NW. Similarly, this idea for case2 should be consistent with solution for case1. 
Regarding Alt1-2 (in previous meeting) in case2, there are still much higher probability that the second SS set would be dropped since the last two BDs should be counted in second PDCCH candidate thus PDCCH is only transmitted in lower SS set. In contrast, Alt1-1 for case2 can overcome this issue, which obeys rule of Rel-15 indeed that 1BD is for one candidate. For the special third BD only executing extra polar decoding without CCE count, a virtual SS can be introduced to represent, when the virtual SS exceeds the limit of BD, two linked PDCCH candidate are still kept where UE can perform two individual decoding or one individual decoding and one soft bits combining to ensure the performance of PDCCH repetition. In Figure 1, the first 2 BDs count is same as Alt1 for case1, when the third BD exceeds the BD limit, at least SS_k and SS_k+1 are reserved and UE still detect two PDCCH repetition candidates from M-TRP to achieve better reliability. Alt1-1 for case2 is extension of Alt1 for case1.


[bookmark: _Ref83910656][bookmark: _Ref83838492]Overbooking rule in case of 3BDs.
In order to compare the performance between Alt1-1 and Alt1-2 when overbooking rule is executed, the LLS curves of PDCCH repetition with AL4 and AL16 are provided in Figure 2 where only two BDs reserved for PDCCH repetition is assumed. “PL0dB” and “PL6dB” denote the path loss between two TRPs, “3BDs” denotes UE performing soft bits combining, “Alt1-1” denotes UE performing two individual PDCCH decoding, “Alt1-2” is not tied to path loss since only one PDCCH candidate is transmitted in first TRP as reference of setting for path loss value (i.e. PL=0). The results show that Alt1-1 outperforms Alt1-2 because at least two PDCCH repetition candidates are kept and the loss of performance is about 1dB comparing with enough BDs for overbooking.
[image: ][image: ]
[bookmark: _Ref87022169]LLS results for overbooking issue
Support Alt1-1 for case2 when UE reports 3BDs.
Given the higher SS ID is dropped as per overbooking rule in some cases e.g. Alt1 for case1, UE only monitors PDCCH candidates associated with another SS with SS ID. For the sake of PDCCH decoding in advance, the optimal scheme is that the PDCCH candidate earlier in time should be associated with the SS with lower SS ID.
The PDCCH candidate earlier in time between linked candidates is associated with the lower SS set ID.
Ambiguity in case of overlapping between AL8 and AL16 
Due to the special design of polar encoding, UE may decode PDCCH successfully with aggregation level 8 even though gNB transmits PDCCH with aggregation level 16 in case that UE would monitor PDCCH candidates of AL8 and AL16 with the same starting CCE index associated with non-interleaved CORESET spanning one OFDM symbol.
In last meeting, the following four cases were identified for this issue.
	· Case a: SS sets 1 and 2 are linked, and SS set 3 is individual: 
· AL16 candidate in SS set 1 is linked with AL16 candidate in SS set 2
· SS set 3 has a AL8 candidate with the same start CCE as the AL16 candidate of SS set 1 (associated with a same CORESET with 1-symbol duration)
· Case b: SS sets 1 and 2 are linked, and SS set 3 is individual: 
· AL8 candidate in SS set 1 is linked with AL8 candidate in SS set 2
· SS set 3 has a AL16 candidate with the same start CCE as the AL8 candidate of SS set 1 (associated with a same CORESET with 1-symbol duration)
· Case c1: SS sets 1 and 2 are linked, and SS set 3 and 4 are linked
· AL8 candidate in SS set 1 is linked with AL8 candidate in SS set 2
· AL16 candidate in SS set 3 is linked with AL16 candidate in SS set 4
· AL8 candidate in SS set 1 has the same start CCE as the AL16 candidate in SS set 3 (associated with a same CORESET with 1-symbol duration)
· Case c2: SS sets 1 and 2 are linked: 
· AL8 candidate in SS set 1 is linked with AL8 candidate in SS set 2, 
· AL16 candidate in SS set 1 is linked with AL16 candidate in SS set 2
· AL8 candidate and AL16 candidate in at least one of the SS sets have the same start CCE (in a CORESET with 1-symbol duration)


These cases can be classified into two categories:
· Category1：individual PDCCH with AL8(16) and another PDCCH repetition with AL16(8), e.g. case a/b.
· Category2:  PDCCH repetition with AL8 and another PDCCH repetition with AL16, e.g. case c1/c2 or other variations.
For case shown in Figure 3a, given UE decodes successfully one DCI with AL8 in first candidate, UE would not try to decode PDCCH with AL16. Based on the current specification, UE perform PDSCH rate matching based on assumption of PDCCH repetition with AL16 in this candidate. However, whether the second candidate with AL16 is involved for rate matching and how to confirm the reference candidate for timeline is not clarified since the decoded PDCCH with AL8 is S-TRP transmission. 
For case b shown in Figure 3b, there is some ambiguity about rate matching. First possibility, if UE decodes PDCCH with AL8 successfully in first candidate, UE cannot infer whether PDCCH with AL8 or AL16 is transmitted in first candidate and also cannot infer whether PDCCH with AL8 in second PDCCH candidate is transmitted or not. Second possibility, if UE decode PDCCH with AL8 successfully by making use of the PDCCH resources in second candidate, UE can confirm gNB only transmitted PDCCH with AL8 and would not perform PDSCH rate matching based on assumption of AL16 in first candidate. Third possibility, UE decode PDCCH with AL16 successfully in first candidate. Anyway, for these three different potential results which is transparent to gNB, one rule should be determined for case b.


                                                 
a)                                                       b)                                                               
[bookmark: _Ref87022234]Category 1 
For case c1/c2 or other variations classified into category 2, we list four representative patterns shown in Figure 4. In Figure 4a, it seems that there is no ambiguity if both CORESETs corresponding to PDCCH repetition candidates are configured with 1-symbol, where UE always assume PDSCH rate matching based on PDCCH with AL16 and timeline based on PDCCH repetition rule no matter the results of UE decoding based on the current specification. However, there is one special case in Figure 4b that one CORESET is with 1-symbol and another CORESET with 2 or 3 symbol. Since the ambiguity due to polar decoding in Rel-15 only considers the case of configuration with 1-symbol, the case of one of the CORESETs is configured with 2 or 3-symbol is not taken into account. In this special case, UE may confirm PDCCH with AL8 indeed transmitted if decoded in second candidate associated with CORESET (2 or 3 symbols), the same ambiguity similar as case 2 should be clarified. Similar results as in Figure 4b may exist in Figure 4c, UE may distinguish whether PDCCH is with AL8 or AL16 since the second candidate is not overlapped while cannot distinguish if UE decode PDCCH with AL8 in first candidate.


a)                                                    b)                                                                         c)
[bookmark: _Ref87022284]Category 2
With above analysis for different cases, trying to define one unified and simple solution is not easy. following 2 options can be considered to resolve ambiguity issue.
· Option1:  UE assumes PDCCH with only certain AL (e.g. AL8 or AL16) transmitted for some cases
· Option2:  UE assumes PDCCH with repetition transmitted for some cases. 
For cases of category1, it is better to support option2 in order to achieve the performance of PDCCH repetition, while for cases in Figure 4b and Figure 4c, it is better to support option1. 
Taking the following two option into account to resolve the ambiguity for different cases.
· Option1:  UE assumes PDCCH with only certain AL (e.g. AL8 or AL16) transmitted 
· Option2:  UE assumes only PDCCH with repetition transmitted.
Remaining issues about PDCCH repetition
new issues raised in last meeting
	Agreement
Further study the following issues for PDCCH repetition:
· Issue a: QCL-Type D assumption for CSI-RS with higher layer parameter repetition is not set to 'on' when it overlaps with multiple CORESETs with different QCL-TypeD.
· Issue b: For PDCCH repetition of DCI format 1_0 on two linked CSS, in order to determine the value of  for mapping VRB to PRB of a scheduled PDSCH
· Issue c: PDSCH rate matching on resources that overlaps with scheduling PDCCH resources if this corresponding PDCCH candidate is dropped due to interruption
· Issue d: With Type-1 HARQ-ACK codebook, and the SPS release PDCCH repetition, to determine the location of the HARQ-ACK bit of the SPS release PDCCH


Regarding issue-a), similar concern was also discussed in HST and one agreement for SFN based PDCCH was achieved in last meeting that the first TCI state of CORESET is selected as the default TCI assumption for this CSI-RS. When the UE is configured with a PDCCH repetition transmission based on non-SFN in FR2, UE would receive two PDCCH repetition candidates simultaneously with different 'QCL-TypeD', during which the UE also receive the CSI-RS, but which QCL-Type D assumption for CSI-RS reception is not clarified. The simple scheme is to select one from two QCLs, e.g. based on the QCL-Type D of lower CORESET ID. 
QCL-Type D assumption for CSI-RS with higher layer parameter repetition not set to 'on' is identical to QCL-Type D assumption for the CORESET with lower ID among CORESETs which can be received simultaneously.
Regarding issue-b), Type3-PDCCH repetition was supported in RAN1 #106 meeting and also which can be configured with CRC scrambled by C-RNTI, MCS-C-RNTI, CS-RNTI only for primary cell. In current specification, for a PDSCH scheduled with a DCI format 1_0 in Type3-PDCCH, RB numbering starts from the lowest RB of the CORESET in which the DCI was received. When this DCI is transmitted with repetition and associated with two CORESETs with different starting RB, taking which CORESET as reference should be clarified. There are two options for consideration:
· Option1:  lowest RB of the CORESET with lowest CORESET ID
· Option2:  lower RB between lowest RBs of two CORESETs
Occasionally, maybe the CORESET with lowest CORESET ID is allocated in higher field of BWP, the lowest RB of which is much larger and restrict the scheduling of PDSCH in frequency domain, so option1 is not good choice.
Taking lower RB between lowest RBs of two CORESETs as reference for RB numbering of PDSCH scheduled by DCI format 1_0 with CSS.
Regarding issue-c), PDSCH rate matching has been discussed and achieved an agreement that if a PDSCH is scheduled by a DCI in PDCCH candidates that are linked for repetition, and the resources in the CORESET(s) containing the PDCCH candidates overlap with the resources of the PDSCH, the PDSCH is rate matched around the union of two PDCCH candidates and the corresponding DMRS. However, when one of PDCCH repetition candidate is dropped due to interruption, how to perform PDSCH rate matching should be clarified. In Figure 5, the second PDCCH repetition candidate overlaps with one SSB resource and also overlaps with scheduled PDSCH resource. As per the dropping rule, UE does not monitor the second PDCCH repetition and assume gNB would not transmit this candidate again. Therefore, PDSCH data can be carried in the green resource in the Figure 5 to ensure the lower code rate of PDSCH transmission and UE does not process rate matching. 


[bookmark: _Ref83838208]PDSCH rate matching due to PDCCH dropping.
UE does not execute PDSCH rate matching on resources that overlaps with scheduling PDCCH resources if this corresponding PDCCH candidate is dropped due to interruption.
Discussion on individual PDCCH candidate monitored
In RAN1#106-e meeting, the following agreement about individual PDCCH candidate monitored is achieved.
	Agreement
When one of the linked PDCCH candidates uses the same set of CCEs as an individual (unlinked) PDCCH candidate, and they both are associated with the same DCI size, scrambling, and CORESET
· Interpretation of the detected DCI is based on Rel. 17 PDCCH repetition rules (wrt reference PDCCH candidate). 
· Whether the individual candidate is monitored or not is determined by a UE capability 
· FFS (In UE feature session): The details including reusing the reported number of BDs for this purpose, or relation to reported number of BDs
· In both cases, the individual candidate is not counted toward the BD limit.
· UE capability for max number of such overlaps is introduced 
· FFS: Value of 0 is included as a candidate value for the UE capability
· The details to be discussed as part of UE capability discussions
· FFS: When the individual candidate is monitored, the scenario where the other linked candidate is also “overlapping” (same CORESET, DCI size, CCEs, scrambling) with a second individual candidate


Based on previous LLS evaluations from most companies, the performance of soft bits combining is not always optimal, for instance, gNB does not transmit first PDCCH repetition in earlier PDCCH candidate, while only the second PDCCH repetition is transmitted in latter candidate, UE may combine a strong interference fake signals in second candidate for decoding, which results into bad performance, instead, individual PDCCH repetition decoding in second candidate may acquire better performance. Therefore, one UE capability is introduced to inform whether UE can implement two individual PDCCH candidates decoding to gNB to select suitable PDCCH transmission scheme.
When UE reports capability of ‘not monitored’, it means UE implements one individual PDCCH decoding and one soft bits combining. Given gNB wants to transmit one PDCCH repetition only in single TRP rather then M-TRP, e.g. in case of power saving, UE would expect this PDCCH is transmitted in earlier PDCCH candidate, since UE perform individual PDCCH candidate only in this earlier candidate. In order to align the definition of earlier candidate, one rule should be introduced, e.g. earlier candidate is the candidate associated with lower SS set IDs between two linked SS sets
When UE does not support the capability of two individual PDCCH candidates decoding, UE expects the individual PDCCH candidate is allocated in PDCCH candidate associated with lower SS set ID. 
Discussion on UE complexity / memory requirements
	To handle UE complexity / memory requirements for linked PDCCH candidates, down-select among the following in RAN1 #107-e
· Alt1: Address the issue by UE capability, where UE indicates a limit on one of the following
· Alt 1-1: Total number of linked candidates of which the first candidate is received and the second one has not been received at any given time
· Alt1-2: Total number of linked candidates in a slot
· FFS: Whether limit is per CC or across all CCs.
· FFS: Whether limit is per AL or irrespective of AL
· Alt2: Address the issue by adding a restriction such as: For a pair of linked MO’s, UE does not expect to be configured with any other linked MO in between the pair of linked MO’s
· FFS: Whether restriction is per CC or across all CCs.
· FFS: Whether the same restriction applies when one or more individual MO’s are in between the pair of linked MO’s
· Alt3: The support of PDCCH repetition is indicated separately for different Rel-15/16 PDCCH monitoring capabilities
· Note: This capability may be needed irrespective of this issue but may address the issue at a coarser granularity.
· Alt4: There is no need to further discuss this issue


Regarding the issue about buffer, it is related to how UE perform PDCCH decoding which is subject to different UE vendor. Let N denotes units of buffer for PDCCH in a slot, M denotes UE reported capability of BD number. In real implementation, there are three possible relations between N and M.
Scheme1:  N=1
Scheme2:  N=M
Scheme3:  1<N<M
Scheme1 means UE prepares only one buffer unit which can be reused by all of monitored PDCCH candidates in a slot, where the latter PDCCH candidates cannot perform demodulation which outputs soft bits until the prior PDCCH candidate release the exclusive buffer. 
Scheme2 means same number of buffer units as number of limited BDs in a slot, when UE performs blind decoding, these processing for each configured PDCCH candidate including channel estimation, MIMO detection, demodulation and polar decoding are usually carried out in parallel and processing timing for respective PDCCH candidate do not interact.
Scheme3 means intermediate implementation between Scheme1 and Scheme2. 
Regarding scheme1, if UE adopts soft bits combining, extra buffer for soft bits should be introduced. However, in our understanding, scheme1 wastes too much time for PDCCH decoding, we guess it is impossible in real chipset, otherwise the timing (e.g. PDSCH processing for mapping Type A and B, AP CSI processing, DCI processing (N timeline) and so on) related to latest PDCCH candidate in this slot will be the bottleneck.
In addition, when we were talking about timings (e.g. d1,1) or the parameter ‘timedurationForQCL’ for default beam reception, it seems to be fair that the timing rule applies to each PDCCH candidate no matter PDCCH candidate located in which potential candidate in frequency domain or located in which monitoring occasion in time domain. Therefore, we infer scheme2 is best choice in UE implementation as shown in Figure 6. If scheme2 is the real implementation, concern on increase of UE buffer is not justified considering the entire UE capability of limited BD number does not change. 


[bookmark: _Ref87022458]Illustration for scheme2
But the timing constraint of decoding PDCCH would be more stringent in some cases thus PDCCH repetition would increase corresponding implementation burden. The total number of linked candidates in a slot well reflect such increased burden and thus should be considered as an optional UE capability reported to the network.
The total number of linked candidates in a slot is reported as an optional UE capability.
Discussion on relaxation of processing time
	Agreement
Confirm the Working assumption in RAN1 #106-e:
If a PDSCH with mapping Type B is scheduled by a DCI in PDCCH candidates that are linked for repetition, d1,1 for PDSCH processing time is determined
· Option 2: By considering the PDCCH candidate that results in larger d1,1 value
· Note: Above applies at least for UEs doing selective decoding
FFS: Relaxation of processing time for soft combining of linked PDCCH candidates including PUSCH processing, PDSCH processing for mapping Type A and B, AP CSI processing, DCI processing (N timeline), etc.
FFS: How above applies for UEs doing soft combining


Firstly, the following problems should be discussed and confirmed.
1) What is the requirement about extra processing time, e.g. need X us or Y ns? Should we define different relaxations for different numerology for relaxation? 
2) Whether to introduce relaxation is based on BD number? For instance, when UE reports 3BDs for PDCCH decoding, UE may waste one PDCCH candidate for the third BD while the CCE capability including channel estimation is omitted, the unused hardware resource can be reused for soft bits combining.
3) Whether another UE feature (e.g. maximum number of linked PDCCH candidate pairs in a slot) can resolve the concern about the concern of soft bits combining? 
4) Why PDCCH need this relaxation, however there is no relaxation of processing time for single-DCI based PDSCH TDMSchemeA in Rel-16, which is also related to buffer for PDSCH soft bits.
These questions were raised in last meeting however no discussion happened, hence we propose:
Careful consideration should be taken seriously to determine the need for relaxation of timing.

Remaining issues on MTRP PUSCH and PUCCH
This section will focus on the remaining issues on MTRP PUSCH and PUCCH enhancement.
[bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: _Hlk69913997][bookmark: _Hlk67995380][bookmark: _Hlk60733651]Information field(s) alignment in BWP switching operation
When a DCI scheduling a PUSCH indicates a new BWP different from current active BWP, the bitwidth of every field in the DCI which is determined by the configuration in current active BWP shall be aligned with that of the associated fields in the new BWP firstly based on the following procedure depicted in 错误!未找到引用源。 so that UE can correctly interpret each field and acquire parameters to transmit the PUSCH in the indicated new BWP.  
for each information field in the DCI format 
if the size of the information field is smaller than the one required for the DCI format interpretation for the UL BWP that is indicated by the bandwidth part indicator, the UE prepends zeros to the information field until its size is the one required for the interpretation of the information field for the UL BWP prior to interpreting the DCI format information fields, respectively
if the size of the information field is larger than the one required for the DCI format interpretation for the UL BWP that is indicated by the bandwidth part indicator, the UE uses a number of least significant bits of the DCI format equal to the one required for the UL BWP indicated by bandwidth part indicator prior to interpreting the DCI format information fields, respectively
set the active UL BWP to the UL BWP indicated by the bandwidth part indicator in the DCI format.
Beside the field width alignment, the number of fields shall be also further aligned in Rel-17 MTRP PUSCH due to per-UL BWP configured SRS resource set(s). The second SRI/TPMI/TPC/PT-RS association field may be only present for the BWP configured with two SRS resource sets with usage set to ‘codebook’ or ‘non-codebook’. As shown in Figure 7,  BWP 1 is configured with two SRS resource sets with usage set to ‘codebook’, while BWP 2 is configured with only one SRS resource set with usage set to ‘codebook’, which means two SRI fields are present in BWP 1 to operate in MTRP mode, and one SRI field is present in BWP 2 to operate in S-TRP mode. When the DCI indicates BWP switching from BWP 1 to BWP 2 and schedules a PUSCH, UE shall ignore the new field and the second SRI/TPMI/TPC fields. Another example is given in Figure 8. When the DCI indicates BWP switching from BWP 2 to BWP 1 and schedules a PUSCH, UE may assume the only SRI/TPMI/TPC field associates to the first SRS resource set in BWP 1.

 
[bookmark: _Ref83200514]An example of BWP switching.


[bookmark: _Ref83201018]Another example of BWP switching.

For BWP switching between two BWPs with different number of SRS resource sets,
When DCI indicates BWP switch from a BWP with MTRP configuration to a BWP with STRP configuration and schedules a PUSCH, UE ignores the new field and the second SRI/TPMI/TPC fields in the DCI;
When DCI indicates BWP switch from a BWP with STRP configuration to a BWP with MTRP configuration and schedules a PUSCH, UE assumes the only SRI/TPMI/TPC field in the DCI are associated to the first SRS resource set in the indicated BWP.
Default spatial relation and PL-RS for UL transmission in MTRP scenario 
	Agreement from MTRP HST-SFN:
If enhanced SFN PDCCH transmission scheme (scheme 1 or if TRP-based pre-compensation is supported in FR2) is configured, and if the CORESET with the lowest ID in the active DL BWP is indicated with two TCI states 
· If PL-RS and spatial relation information are not configured for PUCCH and enableDefaultBeamPL-ForPUCCH is configured in FR2 
· [bookmark: _Hlk86657258][bookmark: OLE_LINK3]For single-TRP PUCCH transmission, select the first TCI state of the CORESET as default beam and PL RS 
· If PUSCH scheduled by DCI format 0_0 and enableDefaultBeamPL-ForPUSCH0-0 is configured in FR2, and if PUCCH resource is not configured on active UL BWP in the cell or if spatial relation is not configured in any PUCCH resource on active UL BWP in the cell, 
· For single-TRP PUSCH transmission scheduled by DCI format 0_0, select the first TCI state of the CORESET as default beam and PL RS 
· If PL-RS and spatial relation information are not configured for SRS and enableDefaultBeamPL-ForSRS is configured in FR2 
· For single-TRP SRS resource, select the first TCI state of the CORESET as default beam and PL RS 
· FFS other details, if any 
· These are UE optional features 



To support HST-SFN scheme, the CORESET with the lowest ID which is referred to determine default spatial relation and PL-RS for UL transmission including SRS, PUCCH, and PUSCH may be activated with two TCI states. Based on the above agreement made in RAN1#106-e meeting, the first TCI state of the CORESET is applied as default spatial relation and PL-RS for single-TRP UL transmission. For MTRP PUCCH/PUSCH/SRS transmission, default spatial relation and PL-RS are left to be further discussed. 
Regarding MTRP PUCCH, there is a common understanding that MTRP PUCCH transmission occurs when two spatial relations are activated simultaneously for one PUCCH resource by MAC CE, which means no RRC parameter is required to explicitly enable MTRP PUCCH repetition. If a UE is not provided PUCCH-SpatialRelationInfo and applying default beam is enabled, two alternatives can be considered to define default spatial relation(s) for PUCCH transmission when two TCI states are activated to the CORESET with the lowest ID on the active DL BWP of the PCell. 
Alt1: Only the first TCI state of the CORESET is used to define default spatial relation and PL-RS for PUCCH transmission.
Alt2:  Both TCI states can be used to define two default spatial relations and PL-RSs for PUCCH transmission.
For Alt 2, whether two default beams when two TCI states are activated for CORESET with lowest ID can be used or not shall be indicated by network because UL MTRP reception for gNB may not be supported. So, we propose that a new RRC parameter is required to indicate UE to apply the first TCI state or both TCI states as default spatial relations and PL-RSs if two default spatial relations and PL-RSs are supported.
A new RRC parameter is introduced to enable two default beams and PL-RSs for PUCCH, and if it is configured:
when only one TCI state is activated for the CORESET with lowest ID, the TCI state is used as the only default spatial relation and PL-RS for PUCCH transmission. 
when two TCI states are activated for the CORESET with lowest ID, both TCI states are used as two default spatial relations and PL-RSs for PUCCH transmission.
Regarding PUSCH for DCI format 0_1 and 0_2 when the default beam is enabled, four cases are listed in Table 4. When only one SRS resource set is configured which is configured with STRP PUSCH transmission mode, one default spatial relation is defined as legacy procedure if the CORESET with lowest ID is associated with only one TCI state. And the first TCI state of two TCI states activated for the CORESET is utilized to define the default spatial relation for STRP PUSCH. The cases that one or two TCI states are activated for the CORESET when two SRS resource sets are configured for PUSCH transmission shall be further discussed.
Following three alternatives can be considered for these two cases:
Alt1: UE does not expect that network configures two SRS resource sets when default beam is enabled.
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Alt2: When two TCI states are applied for the CORESET with lowest ID, the first TCI state is used as default beam for the first SRS resource set and the PUSCH occasions associated with the first SRS resource set, while the second TCI state is used as default beam for the second SRS resource set and the PUSCH occasions associated to the second SRS resource set; If only one TCI state is associated with the CORESET, another default beam shall be defined.
Alt3: When two TCI states are applied for the CORESET with lowest ID, the first TCI state is used as default beam for the first SRS resource set and the PUSCH occasions associated to the first SRS resource set, and the second TCI state is used as default beam for the second SRS resource set and the PUSCH occasions associated to the first SRS resource set; If only one TCI state is associated with the CORESET with lowest ID, one of the two SRS resource set use the only TCI state as default spatial relation and PL-RS, and another SRS resource set apply the configured spatial relation.
[bookmark: _Ref86689877]Examples of DL/UL configuration
	The number of activated TCI states for CORESET with lowest ID
	The number of SRS resource sets  
	Operation

	One TCI state
	one SRS resource set
	Legacy procedure

	One TCI state
	two SRS resource sets
	TBD

	Two TCI states
	one SRS resource set
	The first TCI state is referred as default spatial relation and PL-RS for both SRS and PUSCH

	Two TCI states
	two SRS resource sets
	TBD



Both Alt2 and Alt3 have heavy extra work to complete the solution. For time is almost over, we prefer Alt1.
We support Alt1 that UE does not expect that the network configures two SRS resource sets when default beam is enabled. 

Power Control enhancement for PUSCH transmission
	Agreement
When SRS resources from two SRS resource sets indicated in DCI format 0_1/0_2, for linking SRI fields to two power control parameters, it is up to RAN2 to finalize the RRC details related to linking. RAN1 identified that the following options could be used. 
· Alt. 1: Add second sri-PUSCH-MappingToAddModList, and select two SRI-PUSCH-PowerControl from two sri-PUSCH-MappingToAddModList
· Alt. 2: Add SRS resource set ID in SRI-PUSCH-PowerControl, and select SRI-PUSCH-PowerControl from sri-PUSCH-MappingToAddModList considering the SRS resource set ID

Agreement
The following working assumption is confirmed. 
For non-codebook based multi-TRP PUSCH, the first SRI field is used to determine the entry of the second SRI field which only contains the SRI(s) combinations corresponding to the indicated rank (number of layers) of the first SRI field. The number of bits, N2, for the second SRI field is determined by the maximum number of codepoint(s) per rank among all ranks associated with the first SRI field. For each rank x, the first Kx codepoint(s) are mapped to Kx SRIs of rank x associated with the first SRS field, the remaining (2N2-Kx) codepoint(s) are reserved.




For NCB-based PUSCH transmission, to reduce the DCI overhead, the second SRI field just indicates the SRIs combinations with the same layers as the first SRI field. In other words, the second SRI field can only indicate an SRI corresponding to the layer number same as that indicated by the first SRI field. In this case, the same value of the second SRI field may indicate different SRI(s) combinations of different layers. However, the power control parameter set mapped by the SRI field with the same value is the same if legacy behavior is inherited. This is unreasonable since the same SRI value would be interpreted differently if the number of layers is different. One simple way to handle this is to introduce an additional offset determined by the number of layers which is indicated by the first SRI field to the value of the second SRI field as shown in Figure 9. The offset can be formulated as , where  is the number of SRS resources configured in the second SRS resource set, and  is the layer number indicated by the first SRI field.  


[bookmark: _Ref79167488] Mapping between two SRI fields and two sets of PC parameter setting.
[bookmark: OLE_LINK20]For non-codebook based M-TRP PUSCH repetition transmission, two sets of SRI-PUSCH-PowerControl are configured, and an additional offset determined by the number of layers can be introduced when UE obtains a mapping from sri-PUSCH-PowerControlId in SRI-PUSCH-PowerControl between a set of values for the second SRI field, which is given by, i.e., the actually mapped sri-PUSCH-PowerControlId is equal to the value of the second SRI field plus the offset.
Remaining issue on CG transmission
	Agreement
When a DCI that includes the new 2-bits DCI field for dynamic switching activates a type 2 CG or schedules a retransmission of a type 1 or type 2 CG, and the CG configuration is RRC-configured with only one set of power control parameters (one ‘p0-PUSCH-Alpha’ and ‘powerControlLoopToUse’):
· The UE expects the new DCI field for dynamic switching is set to “00”, and all PUSCH repetitions are associated with the first SRS resource set.
Agreement
For type 2 CG based multi-TRP PUSCH repetition:
· The first (legacy) RRC-configured fields ‘p0-PUSCH-Alpha’ and ‘powerControlLoopToUse’ are associated with the first SRS resource set.
· The second (new) RRC-configured fields ‘p0-PUSCH-Alpha’ and ‘powerControlLoopToUse’ are associated with the second SRS resource set.
· Applying the first, second, or both first and second RRC-configured fields ‘p0-PUSCH-Alpha’ and ‘powerControlLoopToUse’ is determined from the new DCI field (for dynamic switching) of the activating DCI similar to the case of DG-PUSCH.
Agreement
When fallback DCI (DCI format 0_0) activates a type 2 CG or schedules a retransmission of a type 1 or type 2 CG, and the CG configuration is RRC-configured with 2 sets of power control parameters (two ‘p0-PUSCH-Alpha’ and ‘powerControlLoopToUse’):
· The UE uses the first set of values for power control (first RRC-configured ‘p0-PUSCH-Alpha’ and ‘powerControlLoopToUse’).




For the case that two SRS resource sets are configured for DCI format 0_1 while only one SRS resource set is configured for DCI format 0_2, the new field for dynamic switching is only present in DCI format 0_1. When UE receives DCI format 0_2 activating type 2 CG configured with two sets of P0, alpha and closed-loop index parameters associated with two SRS resource sets, the first set of parameters is used. When UE receives DCI format 0_2 scheduling a type 1 or type 2 CG retransmission the first set of P0, alpha and closed-loop index is used. 
When DCI format 0_1 or DCI format 0_2 that does not include the new 2-bits DCI field for dynamic switching activates a type 2 CG or schedules retransmission of a type1 or type 2 CG, and the CG configuration is configured with two sets of power control parameters, the first set of power control parameters associated with the first SRS resource set is applied.
SRS resource set configuration
	Agreement
For both CB and NCB based mTRP PUSCH repetition schemes,  
· The SRS-ResourceSets (the first and second SRS resource sets) applicable for multi-TRP PUSCH scheduled by DCI format 0_1 and DCI format 0_2 are defined by the entries of the higher layer parameter srs-ResourceSetToAddModList and srs-ResourceSetToAddModListDCI-0-2 in SRS-config, respectively. 
· The first/second SRS resource set configured by higher layer parameter srs-ResourceSetToAddModListDCI-0-2 is composed of the first  SRS resources in the first/second SRS resource set configured by higher layer parameter srs-ResourceSetToAddModList. 
· FFS: Whether the value of the  can be different
· The presence of the new field in the DCI for dynamic switching (2bits) is separately determined for DCI format 0_1 and DCI format 0_2 (based on whether two SRS resource sets are configured for that DCI format).

Agreement
On the number of SRS resources configured in the two SRS resource sets, select Alt.1, 
· Alt.1: Support the same number of SRS resources for both CB and NCB based m-TRP PUSCH repetition. 

Agreement
For CB based mTRP PUSCH repetition, the number of SRS ports indicated by the two SRIs should be the same. 
· Note: This is to clarify an older agreement on the indication of two SRIs/TPMIs, where it mentioned that “The number of SRS ports between two TRPs should be same”.  
· FFS: Whether or not this has specification impact

Agreement
For NCB based mTRP PUSCH repetition, on the minimal gap between associated NZP-CSI-RS and aperiodic NCB SRS, select one from the below in RAN1 #107-e meeting,
· Alt. 1: If both SRS resource sets are triggered in an overlapped manner in time domain (overlapping refer to overlapping of minimal gaps between two pairs of associated NZP-CSI-RS and aperiodic SRS corresponding to two SRS resource sets), the UE is not expected to update the SRS precoding information if the gap from the last symbol of the reception of the aperiodic NZP-CSI-RS resource and the first symbol of the aperiodic SRS transmission is less than 42 + d OFDM symbols, where d indicates the number of overlapped symbols for the two pairs of associated NZP-CSI-RS and aperiodic SRS for NCB.
· FFS: value of d
· Alt. 2: UE is not expected to support overlapping precoding calculation for different associated NZP-CSI-RS within a CC, i.e., the UE is not expected to get triggering for two SRS resource sets in an overlapped manner in time domain (overlapping refer to overlapping of minimal gaps between two pairs of associated NZP-CSI-RS and aperiodic SRS corresponding to two SRS resource sets).
· The minimal gap between associated NZP-CSI-RS and aperiodic SRS is same as Rel-15/16.
· Alt.3: Introduce a UE capability on UE support simultaneous overlapping precoding calculation for different associated NZP-CSI-RS within a CC.
· The minimal gap between associated NZP-CSI-RS and aperiodic SRS is same as Rel-15/16.
· Alt. 4: There is nothing wrong with the legacy procedures and capability indication to handle this issue. No changes to spec.




There is an agreement that the first/second SRS resource set configured by higher layer parameter srs-ResourceSetToAddModListDCI-0-2 is composed of the first  SRS resources in the first/second SRS resource set configured by higher layer parameter srs-ResourceSetToAddModList. The following two cases shall be further clarified:
Only one SRS resource set is configured in ResourceSetToAddModListDCI-0-2 while two SRS resource sets are configured in srs-ResourceSetToAddModList 
Two SRS resource sets are configured in ResourceSetToAddModListDCI-0-2 while only one SRS resource set is configured in srs-ResourceSetToAddModList
These two cases are useful for scheduling flexibility, because different DCI formats may be used to schedule STRP eMBB service and MTRP URLLC service separately. 
As shown in Figure 10 a), two SRS resource sets are configured for DCI format 0_1 to enable MTRP PUSCH scheduling for reliability while only one SRS resource set is configured for DCI format 0_2 to keep low DCI overhead because only one SRI/TPMI/TPC field is needed. The only SRS resource set configured for DCI format 0_2 shall be composed of the first N SRS resources in the first SRS resource set. Analogously, the first SRS resource set configured for DCI format 0_2 shall be composed of the first N SRS resources in the only SRS resource set configured for DCI format 0_1, as shown in  Figure 10 b).  



a)                                                                 b)                                                      
[bookmark: _Ref83633870]Two examples of SRS resource sets configuration in Rel-17, where N=2.
[bookmark: _Hlk87033914]Clarify that 
· If two SRS resource sets are configured in srs-ResourceSetToAddModList and only one SRS resource set is configured in srs-ResourceSetToAddModListDCI-0-2, the SRS resource set in srs-ResourceSetToAddModListDCI-0-2 is composed of the first N SRS resources in the first SRS resource set in srs-ResourceSetToAddModList;
· If only one SRS resource set is configured in srs-ResourceSetToAddModList and two SRS resource sets are configured in srs-ResourceSetToAddModListDCI-0-2, the first SRS resource set in srs-ResourceSetToAddModListDCI-0-2 is composed of the first N SRS resources in the SRS resource set configured in srs-ResourceSetToAddModList.
It is clarified that the number of SRS ports indicated by the two SRIs should be same in the last meeting. Considering full power mode 2 in which UE may be configured with an SRS resource set containing multiple SRS resources with different number of ports used for codebook-based PUSCH transmission, the configured SRS ports in two SRS resource sets can also be different. For example, when one of two TRPs is far from UE, PUSCH occasions targeting the TRP may need to transmit in full power mode. In this circumstance, the SRS resource with smaller number of SRS ports is necessary to accomplish full power transmission for the SRS resource set associated with the TRP.
In fullpowermode2, the number of SRS ports configured in two SRS resource sets with usage set to codebook can be different.
In [2], CSI-RS processing capability is proposed and agreed to be added in FG 2-15b to limit on CSI-RS processing capability for SRS. So, we think this capability can be reused in R-17.  
For aperiodic SRS resource sets trigger, support Alt4.
[bookmark: OLE_LINK4]PTRS-DMRS association field enhancement for PUSCH transmission
	 Agreement: 
[bookmark: _GoBack]For the indication of PTRS-DMRS association for maxRank > 2 in mTRP PUSCH repetition type B, select Option 1
· Option 1 (4 bits): with a second PTRS-DMRS association field (similar to the existing field), and each field separately indicating the association between PTRS port and DMRS port for two TRPs.




To enable MTRP PUSCH transmission, the second SRI/TPMI/PT-RS association field is introduced. Dynamic switching between STRP and MTRP is indicated by the new field. When STRP transmission is indicated, only the first SRI/TPMI field is used. Similarly, for PTRS-DMRS association fields, only the first field is used when STRP is indicated to keep a unified design.
 Only the first PTRS-DMRS association field is used when STRP is indicated.
[bookmark: _Hlk86244630][bookmark: _Hlk66787399]RRC signaling 
	Conclusion
In Rel-16, RAN1 specification do not support the following operations at least within a CC:
· Simultaneous reception of single-DCI based multi-TRP and multi-DCI based multi-TRP 
· Dynamic switch between single-DCI based multi-TRP and multi-DCI based multi-TRP 
Note1: this conclusion has no RAN1 specification impact in Rel-16. 
Note2: Whether to support the above operation in Rel-17 or beyond is FFS.



In Rel-16 MTRP PDSCH, multi-DCI based MTRP scheme and single-DCI based MTRP scheme cannot be configured simultaneously to avoid extra specification impact. Regarding Rel-17 MTRP PUSCH/PUCCH enhancement designed based on single-DCI, whether these schemes can interwork with Rel-16 multi-DCI based scheduling has not been discussed. So, we propose to further discuss whether two values of CORESETPoolIndex can be configured together with two configured SRS resource sets for PUSCH or two activated spatial relations for a PUCCH resource.
[bookmark: _Hlk87034004]Further discuss whether two values of CORESETPoolIndex can be configured together with two configured SRS resource sets for PUSCH or two activated spatial relations for a PUCCH resource.
To indicate two sets of PUSCH/PUCCH transmission parameters for two TRPs, the second SRI/TPMI/TPC/PTRS-DMRS fields are introduced. Considering the overhead of DCI, whether the second TPC and PTRS-DMRS fields are present is configured by RRC. Similarly, the presence of the second TPMI field shall also be configured by RRC to further reduce DCI overhead in some cases such as FR1 without degrading any performance.
New RRC signalling, e.g., SecondTPMIFieldDCI-0-1 and SecondTPMIFieldDCI-0-2, should be introduced to support shared TPMI operation. 
In FR1, signals transmitted by UE can be received by two cooperating TRPs due to omnidirectional UE antennas and wide-ranged directional TRP antennas in practice. The Network can implement joint detection between two TRPs with received signals from a large distributed antenna array. Figure 11 and Figure 12 below show the link-level simulation results of PUSCH transmission towards MTRP in FR1. For shared TPMI among PUSCH repetitions, a common TPMI is selected based on the joint channel. Detailed evaluation assumptions can be found in the appendix. The BLER curves in Figure 11 show the performance of 4Tx full/partial/non-coherent codebook and 2Tx full/non-coherent codebook, we can see that performance of PUSCH repetitions sharing one TPMI with joint detection applied at the receiver is superior to PUSCH repetitions using separate TPMIs with separate detection. The BLER curves in Figure 12 are for 2Tx non-coherent codebook which is a typical antenna configuration in commercial UE implementation, we can see that performance of PUSCH repetitions sharing one TPMI is close to PUSCH repetitions using separate TPMI even when separate detection is applied at the receiver.
[image: ]
[bookmark: _Ref68181335]Performance of PUSCH repetitions transmitted towards two TRPs when full/partial/non-coherent codebooks are applied.
[image: ]
[bookmark: _Ref68181343] Performance of PUSCH repetitions transmitted towards two TRPs when only non-coherent codebook is applied.
With agreed simulation assumptions, the performance of PUSCH repetitions towards multiple TRPs sharing one TPMI is almost the same as PUSCH repetitions using separate TPMI in FR1. 
Beam pattern when repetition number is one
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]In order to acquire the Tx diversity of PUSCH from different antenna ports or panels, PUSCH can be split into two parts associated with different beams when the number of Type A repetition is configured to 1, where the first part with length of N1 symbols is associated with the first beam, and the second part formed by the remaining symbols is associated with the second beam. In this case, DMRS located in the second part to enable demodulation of this part is always required. It can be seen in the current specification that DMRS is mapped relative to the start of each hop in case intra-slot frequency hopping is enabled. Beam switching of one PUSCH repetition can be supported based on intra-slot frequency hopping. When intra-slot frequency hopping is enabled and the repetition number is 1, beam switching can be applied for different frequency hops.   
[bookmark: OLE_LINK17][bookmark: OLE_LINK18]To verify the gain of beam switching with repetition number is set to 1, we evaluate the link-level performance. Simulation assumptions/parameters can be found in Table 5 in Appendix. As shown in Figure 13, at the target BLER of 10-3, more than 5 dB gain can be obtained compared to one PUSCH repetition without beam mapping. 
[image: ]
[bookmark: _Hlk61334082]Performance of beam switching when repetition number is set to 1.
[bookmark: _Hlk61883560]For PUSCH repetition Type A scheduled with repetition number setting to 1, beam switching of PUSCH is applied for the two hops when intra-slot frequency hopping is configured. 
PUCCH scheme 2
Scheme 3 can be applied for the case of URLLC to further reduce the latency. However, it can only be supported when sub-slot PUCCH is configured. For a UE not supporting sub-slot PUCCH or not configured with sub-slot PUCCH, intra-slot beam hopping (Scheme 2) will play an important role to achieve performance gain with low latency when the repetition number is set to 1.
Utilizing the framework in MTRP PUCCH Scheme 1 and 3 in which two spatial relations or two sets of power control parameters are associated to one PUCCH resource, Scheme 2 can be straightforwardly implemented based on DMRS pattern with frequency hopping to improve the reliability of PUCCH formats 1, 3 or 4 without repetition. We investigate the performance of MTRP Scheme 2 below. As shown in Figure 14 obvious diversity gain can be observed for different path loss gaps. Detailed simulation assumptions are given in Table 6 in Appendix.
[image: ][image: ]
[image: ]
[bookmark: _Ref83906157]Performance of MTRP intra-slot beam hopping (Scheme 2)
 
Support Scheme 2, MTRP intra-slot PUCCH beam hopping, by applying the symbol pattern and DMRS pattern of intra-slot frequency hops for PUCCH formats 1, 3, and 4.
[bookmark: _Hlk86918405]Conclusions 
1. 
1.1. 
In this contribution, we have the following observations and proposals:
1. When UE does not support simultaneous reception of two beams, four typical configurations on durations of CORESETs cannot be supported in NW implementation.
1. There are few cases in real deployment where no candidates with higher ALs can be configured if PDCCH repetition is contained in first 3 symbols.
With agreed simulation assumptions, the performance of PUSCH repetitions towards multiple TRPs sharing one TPMI is almost the same as PUSCH repetitions using separate TPMI in FR1. 

1. For format 2-0 or DCI carrying BWP indicator, do not restrict two PDCCH repetition candidates to be constrained within first 3 symbols. 
Support Alt1-1 for case2 when UE reports 3BDs.
The PDCCH candidate earlier in time between linked candidates is associated with the lower SS set ID.
Taking the following two option into account to resolve the ambiguity for different cases.
· Option1:  UE assumes PDCCH with only certain AL (e.g. AL8 or AL16) transmitted 
· Option2:  UE assumes only PDCCH with repetition transmitted.
QCL-Type D assumption for CSI-RS with higher layer parameter repetition not set to 'on' is identical to QCL-Type D assumption for the CORESET with lower ID among CORESETs which can be received simultaneously.
Taking lower RB between lowest RBs of two CORESETs as reference for RB numbering of PDSCH scheduled by DCI format 1_0 with CSS.
UE does not execute PDSCH rate matching on resources that overlaps with scheduling PDCCH resources if this corresponding PDCCH candidate is dropped due to interruption.
When UE does not support the capability of two individual PDCCH candidates decoding, UE expects the individual PDCCH candidate is allocated in PDCCH candidate associated with lower SS set ID. 
The total number of linked candidates in a slot is reported as an optional UE capability.
Careful consideration should be taken seriously to determine the need for relaxation of timing.
For BWP switching between two BWPs with different number of SRS resource sets,
When DCI indicates BWP switch from a BWP with MTRP configuration to a BWP with STRP configuration and schedules a PUSCH, UE ignores the new field and the second SRI/TPMI/TPC fields in the DCI;
When DCI indicates BWP switch from a BWP with STRP configuration to a BWP with MTRP configuration and schedules a PUSCH, UE assumes the only SRI/TPMI/TPC field in the DCI are associated to the first SRS resource set in the indicated BWP.
A new RRC parameter is introduced to enable two default beams and PL-RSs for PUCCH, and if it is configured:
when only one TCI state is activated for the CORESET with lowest ID, the TCI state is used as the only default spatial relation and PL-RS for PUCCH transmission. 
when two TCI states are activated for the CORESET with lowest ID, both TCI states are used as two default spatial relations and PL-RSs for PUCCH transmission.
We support Alt1 that UE does not expect that the network configures two SRS resource sets when default beam is enabled. 
For non-codebook based M-TRP PUSCH repetition transmission, two sets of SRI-PUSCH-PowerControl are configured, and an additional offset determined by the number of layers can be introduced when UE obtains a mapping from sri-PUSCH-PowerControlId in SRI-PUSCH-PowerControl between a set of values for the second SRI field, which is given by, i.e., the actually mapped sri-PUSCH-PowerControlId is equal to the value of the second SRI field plus the offset.
When DCI format 0_1 or DCI format 0_2 that does not include the new 2-bits DCI field for dynamic switching activates a type 2 CG or schedules retransmission of a type1 or type 2 CG, and the CG configuration is configured with two sets of power control parameters, the first set of power control parameters associated with the first SRS resource set is applied.
Clarify that 
· If two SRS resource sets are configured in srs-ResourceSetToAddModList and only one SRS resource set is configured in srs-ResourceSetToAddModListDCI-0-2, the SRS resource set in srs-ResourceSetToAddModListDCI-0-2 is composed of the first N SRS resources in the first SRS resource set in srs-ResourceSetToAddModList;
· If only one SRS resource set is configured in srs-ResourceSetToAddModList and two SRS resource sets are configured in srs-ResourceSetToAddModListDCI-0-2, the first SRS resource set in srs-ResourceSetToAddModListDCI-0-2 is composed of the first N SRS resources in the SRS resource set configured in srs-ResourceSetToAddModList.
In fullpowermode2, the number of SRS ports configured in two SRS resource sets with usage set to codebook can be different.
1. For aperiodic SRS resource sets trigger, we support Alt4.
Only the first PTRS-DMRS association field is used when STRP is indicated.
Further discuss whether two values of CORESETPoolIndex can be configured together with two configured SRS resource sets for PUSCH or two activated spatial relations for a PUCCH resource.
New RRC signalling, e.g., SecondTPMIFieldDCI-0-1 and SecondTPMIFieldDCI-0-2, should be introduced to support shared TPMI operation. 
For PUSCH repetition Type A scheduled with repetition number setting to 1, beam switching of PUSCH is applied for the two hops when intra-slot frequency hopping is configured. 
Support Scheme 2, MTRP intra-slot PUCCH beam hopping, by applying the symbol pattern and DMRS pattern of intra-slot frequency hops for PUCCH formats 1, 3, and 4.
Appendix
[bookmark: _Ref61863214]LLS parameters and assumptions for PUSCH enhancement
	Parameter
	Value

	Carrier frequency for evaluation
	30 GHz

	Channel model
	CDL-A (delay spread: 20 ns) as in 38.901 

	UE speed
	3 km/h, 30 km/h

	BS antenna configuration
	2 Tx/2 Rx antenna ports 

	UE antenna configuration
	2 Tx/2 Rx antenna ports

	System bandwidth
	160 MHz
Note: For TDD, 160 MHz for DL/UL. No FDD bands identified at 30 GHz currently. 

	Sub-carrier spacing
	120 kHz
Note: Other values for evaluation are not precluded. 

	Channel estimation
	Practical

	Receiver type
	MMSE

	The number of TRPs
	2

	Channel model
	CDL for FR2 (TDL for FR2 can be optionally used)

	Path-loss modeling
	{0,3,6} dB gap between TRPs

	Blockage
	Option 1: Blockage model from Rel-16 (x dB power offset with probability p): Companies to report x and p, and other assumptions, if any.(P=0.1,x=10)

	# of RBs/symbols
	(40 RB,4 symbols)

	DMRS pattern
	DM-RS configuration type 1

	# of layers
	1

	Code rates
	0,4

	Frequency hopping
	disabled

	UL transmission scheme
	Codebook based UL transmission is baseline. 

	Redundancy Version
	{0，0}

	Number of repetitions (when applicable)
	2,

	Schemes
	TDM

	Receiver assumption
	soft combining/joint detection


[bookmark: _Ref61860829]
[bookmark: _Ref68596363]Link-level simulation parameters and assumptions for PUCCH enhancement
	Parameter
	Value


	Carrier frequency for evaluation
	30 GHz

	Channel
	CDL-A (2Tx, 2Rx), delay spread 20ns

	BWP size
	24 PRBs

	Waveform
	CP-OFDM

	SCS
	120 kHz

	BS antenna configuration
	(M, N, P, Mg, Ng) = (4, 8, 2, 1, 1). (dV, dH) = (0.5, 0.5)λ. (dg,V, dg,H) = (2.0, 4.0)λ

	UE antenna configuration
	(M, N, P, Mg, Ng) = (2, 4, 2, 1, 1)
(dV, dH) = (0.5, 0.5)λ. (dg,V, dg,H) = (0, 0)λ

	UE speed
	3km/h

	Angles
	The angles of BS, i.e., AoD, ZoD, are uniformly distributed within [-60, 60] degrees in azimuth domain and [90, 135] degrees in zenith domain, and those of UE, i.e., AoA, ZoA, are uniformly distributed within [-180, 180] degrees in azimuth domain and [45, 90] in zenith domain, via applying uniform-distribution desired mean angle in subclause 7.7.5.1 in TR 38.901 accordingly.

	PUCCH resource
	Format 3: 1 PRB, 8 Symbols
1TRP: with intra-slot frequency hopping
2TRP: with intra-slot frequency/beam hopping

	Number of PUCCH bits
	16 bits

	Repetition number
	1

	Path loss between 2 TRPs
	0dB, 3dB, 6dB

	Blockage modeling
	Independent blockage per-TRP of 10dB loss with probability 0.1 from the first repetition to the end
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