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1. Introduction
In 3GPP RAN1 #104bis-e and #105-e, some agreements on multi-TRP enhancements for PDCCH, PUCCH and PUSCH have been made. In this contribution, we present our views on various aspects on PDCCH, PUCCH and PUSCH enhancements in multi-TRP system.

2. PDCCH reliability enhancements
Number of BDs and overbooking rule
Agreement
For number of BDs corresponding to two PDCCH candidates that are linked for PDCCH repetition, support
· UE reports one [or more] number(s) as required number of BDs for the two PDCCH candidates
· Candidate values: 2, 3.
· FFS: Default behaviour
· FFS: Whether one of the candidate values imply that UE supports soft combining
· FFS: Whether additional candidate values are supported (e.g. non-integer numbers)
· FFS: RRC configuration based on reported UE capability

Some agreements have been made on number of BDs corresponding to two PDCCH candidates that are linked for PDCCH repetition while there are still some issues need to be discussed. The first issue is whether more than one BDs can be reported by UE. When different number of BDs are indicated by UE, the monitored search spaces by UE cannot be known at gNB in advance. Therefore, maximum number of BD is assumed always for such UE which makes no difference from indicating one number as required number of BDs for two linked PDCCH candidates. Another issue is whether additional candidate values such as non-integer numbers can be supported. If non-integer values are introduced, the BD number for search space can be a non-integer value which makes the specification more complicated. 
Proposal 1: Support to report only one number as required number of BDs for two linked PDCCH candidates.
Since two linked PDCCH candidates belong to different SS sets respectively, how to allocate the BD number for the two SS sets needs to be determined. The following two alternatives can be used. 
1) Assign each PDCCH candidate in linked SS sets with separate BD count according to the BD number reported by UE.
2) BD number reported is directly used as a union in two linked PDCCH repetition.
For the first alternative, overbooking rule specified in Rel.15 can be applied. However, PDCCH candidates in SS set with higher ID may be dropped due to overbooking and extra specification works are need for the allocation of number of BD. However, decoding one of two linked PDCCH candidates can reduce the latency of data. Alternative 2 requires two linked SS sets to be calculated together for the determination of overbooking. This is different from current overbooking rules. Furthermore, two linked PDCCH candidates are either both monitored or not monitored. If none of the linked PDCCH candidates are monitored, waste of resource is inevitable. According to the comparison above, Alt.1 should be supported as a fallback mode if decoding of two linked PDCCH candidates is not available.
Proposal 2: Reuse Rel.15 overbooking rule and allocate separate number of BD to two PDCCH candidates respectively that are linked for PDCCH repetition.
In Rel.15, overbooking of SS set is calculated according to ascending order of SS set ID. For two associated SS set ID, SS with lower set ID has higher priority to be monitored than the SS with higher SS set ID. No matter what BD number are reported or what decoding assumption are assumed, only 1 BD should be assigned to SS with lower SS set ID because the decoding of soft combination or decoding of 2 individual PDCCH is applicable when the SS with higher SS set ID is monitored. Therefore, it is reasonable to assign 1 BD to the SS with lower SS set ID and assign the remaining BD to the SS with higher SS set ID according to the number reported by UE.
Proposal 3: Assign 1 BD for PDCCH candidate in SS with lower SS set ID and assign the remaining BD for linked PDCCH candidate in another SS with higher SS set ID.

Reference candidate of PDCCH for PDSCH with mapping Type B
Agreement
If a PDSCH with mapping Type B is scheduled by a DCI in PDCCH candidates that are linked for repetition
· For the purpose of the earliest time that the PDSCH can be scheduled as well as for the purpose of the reference symbol for SLIV (when UE is configured with ReferenceofSLIV-ForDCIFormat1_2, and when receiving the PDSCH scheduled by DCI format 1_2 with CRC scrambled by C-RNTI, MCS-C-RNTI, CS-RNTI with K0=0), a reference candidate is used. Select one among the following:
· Alt1: The candidate that starts later in time
· Alt3: The candidate that starts earlier in time
· FFS: How to define d1,1 for PDSCH processing time in this case

In Rel-15, some rules on the relative position in time domain between the scheduling PDCCH and the scheduled PDSCH with mapping type B have been specified. For instance, the earliest time that PDSCH can be scheduled is the starting symbols of scheduling PDCCH. For PDCCH repetition, it is possible that PDCCH candidate starts earlier cannot be monitored or correctly decoded. As a result, it is more reasonable to align the earliest time of PDSCH with the repetition of PDCCH starts later in time. The same rule can be applied for the reference candidate which is used to determine the SLIV for PDSCH mapping type B for the simplicity and consistent of specification.
Proposal 4: Support to specify the PDCCH candidate starts later in time as a reference for the purpose of the earliest time that the PDSCH can be scheduled as well as reference symbol of SLIV.
How to define d1,1 for PDSCH processing time was also discussed in the last meeting. Based on current specification, one special case for d1,1 is when scheduling PDCCH was in a 3-symbol CORESET and the CORESET and the PDSCH had the same starting symbol and number of PDSCH symbols allocated is 2 with UE processing capability 2. Such rule should be applied to the case that if one of the PDCCH was in a 3-symbol CORESET in linked PDCCH repetition and the CORESET and the PDSCH had the same starting symbol. Otherwise, d1,1 is only related with the number of overlapping symbols of PDCCH and scheduled PDSCH and length of PDSCH.  It’s noted that, up to now, there is no agreement on restricting the same duration of associated CORESETs which means PDCCH starts earlier may ends later in linked PDCCH candidates. Therefore, it is reliable to select maximum overlapping symbols among the two PDCCH candidates with PDSCH. The following figure shows linked PDCCH candidates with different duration of associated CORESETs and the overlapping of PDCCH and PDSCH in time.
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Figure 1: Different PDCCH stating symbol when scheduling PDSCH
Proposal 5: To define d1,1 for PDSCH processing time for UE processing capability 2, support d1,1=3 when all the following conditions are met:
· one of the PDCCHs is in a 3-symbol CORESET in linked PDCCH repetition
· the PDSCH and the 3-symbol CORESET have the same starting symbol
· the number of PDSCH symbols allocated is 2
otherwise, d1,1 is determined from the maximum overlapping symbols between linked PDCCH candidates and PDSCH and number of PDSCH symbols.
QCL-Type D Prioritization across CORESETs
Agreement
For a UE supporting reception with two different beams, support identifying two QCL-TypeD properties for multiple overlapping CORESETs
· FFS: How to enhance existing QCL-TypeD priority rules for overlapping CORESETs
· Note: The primary goal of this enhancement for the purpose of this sub-AI is to support time-overlapping PDCCH repetitions in FR2.

For a UE supporting reception of two different beams, it is necessary to identify two QCL-TypeD properties for multiple overlapping CORESETs. In Rel.15, when QCL-TypeD is configured in one of CORESETs, UE shall determine the CORESET configured with QCL-TypeD for monitoring PDCCH corresponds to the CSS set with the lowest index from cell contains CSS in ascending order. If no such cell exists, then CORESET configured with QCL-TypeD corresponds to the USS set with the lowest index in the cell in ascending order is chosen for monitoring. Since two CORESETs configured with QCL-TypeD where UE should monitor are already specified according the priority, it is natural to reuse such rule to identify two QCL-TypeD properties for multiple overlapping CORESETs. However, it is possible that only one CORESET can be identified such as no PDCCH candidate in CSS is transmitted in some monitoring occasion. Therefore, one more CORESET is required to identify for a UE supporting reception with two different beams. Based on current rule, CORESET corresponds to USS set with lowest index follows CORESET corresponds to CSS set where UE monitors PDCCH. Such rule can be extended according the increasing order of USS set index and then serving cell index to identify one more CORESET different from the two CORESETs.
Proposal 6: For a UE supporting reception with two different beams, to support time-overlapping PDCCH repetitions in FR2, identify the two QCL-Type D properties for multiple overlapping CORESETs according to the increasing order of CSS set first and then USS set.
Overlapping of one of linked candidates with an individual candidate
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, for the purpose of BD counting and interpretation of a detected DCI, select one option among the following in RAN1#105-e:
· Option 1: The individual candidate is not counted for monitoring 
· Interpretation of the detected DCI is based on Rel. 17 PDCCH repetition rules (wrt reference PDCCH candidate).
· Option 2: The candidate in a higher SS set ID is not counted for monitoring
· Interpretation of the detected DCI depends on which candidate is not counted (either based on Rel. 15/16 rules or based on Rel. 17 PDCCH repetition rules).
· FFS: Impact to the other linked PDCCH candidate
· Option 3: The candidate associated with SS set(s) with lower priority is not counted for monitoring, where for two linked SS sets, the priority is according to one of the two SS sets with a lower SS set ID
· Interpretation of the detected DCI depends on which candidate is not counted (either based on Rel. 15/16 rules or based on Rel. 17 PDCCH repetition rules).
· FFS: Impact to the other linked PDCCH candidate
· FFS: Whether a max limit on number of such overlaps is needed.
Additional specification support may be introduced for the purpose of resolving ambiguity (if any) for interpretation of the detected DCI. For example,
· Distinguished by different RNTIs defined for the linked candidate versus the individual candidate
· Distinguished by aggregation level restrictions that can be expected by the UE in the case of overlap

When one of the linked PDCCH candidates use the same set of CCEs as an individual PDCCH candidate and they both are associated with the same DCI size, scrambling and CORESET for the purpose of BD count and the interpretation of a detected DCI, 3 options are listed in RAN1 #104bis-e and to be determined in RAN1 #106-e. Assume that linked PDCCH candidates are 1 and 2 and individual PDCCH candidate is 3, PDCCH candidate 1 is associated with SS set x, PDCCH candidate 2 is associated with SS set y and PDCCH candidate 3 is associated with SS set z. The three options can be differentiated based on whether individual candidate is counted or not without the relation of SS set ID. We list the possible order of SS set ID x, y and z in the following table and analyze related process of PDCCH candidate according to the ID order and three options. The overlapping of linked PDCCH candidate is considered too. 
	Order of SS set ID
	Overlapping PDCCH candidate
	Option1
	Option2
	Option3

	x>y>z
	1 and 3
	PDCCH 3 is not counted.
Not align with Rel-15 rule
	PDCCH 1 is not counted
	Same as Option 2

	
	2 and 3
	
	PDCCH 2 is not counted
	Same as Option 2

	z>x>y
	1 and 3
	PDCCH 3 is not counted
Align with Rel-15 rule
	Same as Option 1
	Same as Option 1

	
	2 and 3
	
	
	

	x>z>y
	1 and 3
	PDCCH 3 is not counted
SS set z has higher priority than SS set x
Not align with Rel-15
	PDCCH 1 is not counted
	PDCCH 3 is not counted

	
	2 and 3
	PDCCH 3 is not counted
Align with Rel-15
	PDCCH 3 is not counted
	PDCCH 3 is not counted


From the table in above, some conclusions can be achieved:
1) Enhancements on overbooking rule specified in Rel-15 is required for Option 1 in some cases such as x>y>z or x>z>y. 
2) Count of PDCCH candidate is same for Option 2 and Option 3 in case x>y>z or z>x>y.
3) Count of PDCCH candidate is different for Option 2 and Option 3 in case x>z>y and the reason is that the modified priority rule is raised. The essence of the modified rule is to change the original order of x>z>y to z>x>y.  Therefore, configure adjacent SS set ID for two linked SS sets is more straightforward instead of introducing new priority rule to determine the interpretation of PDCCH. 
Based on the analysis, we prefer Option 2 for the purpose of BD counting and interpretation of a detected DCI as well as SS set ID should be adjacent if two SS sets are linked for PDCCH repetition.
Proposal 7: Support Option 2 when one of the linked PDCCHs 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, for the purpose of BD counting and interpretation of a detected DCI:
The candidate with a higher SS set ID is not counted for monitoring and interpretation of detected DCI depends on which candidate is not counted.
Proposal 8: For two linked SS sets used for PDCCH repetition, support setting adjacent SS set IDs only.
Processing of remaining PDCCH when one of linked PDCCH candidates is dropped
Agreement
For PDCCH repetition with two linked candidates, if due to Rel. 15/16 procedures, one of the linked candidates is not monitored (is dropped), select one option from Options 1 and 2 in RAN1#105-e:
· Option 1: UE still monitors the linked candidate that is not dropped and interprets the DCI based on Rel. 17 PDCCH rules (wrt reference PDCCH candidate)
· Option 2: Even the candidate that is not dropped is not monitored (Both linked candidates are dropped if at least one of them is dropped)
· FFS: Which of the following Rel. 15/16 rules are applicable for this purpose:
· Case 1: Overlap with SSB
· Case 2: Overlap with rate matching resources: RateMatchPattern, lte-CRS-ToMatchAround, or LTE-CRS-PatternList-r16, availableRB-SetPerCell-r16
· Case 3: Due to TDD DL/UL related conflicts: Overlap with semi-static / dynamic UL symbols or overlap with PRACH
· Case 4: QCL-TypeD prioritization rule among CORESETs result in one of the linked candidates not being monitored
· Case 5: Overbooking results in one of the linked candidates not being monitored
· Case 6: Overlap with reserved PRB(s) and OFDM symbol(s) indicated by DCI format 2_1 where UE may assume no transmission intended for the UE
· Other cases are not precluded
· FFS: Whether there is an impact to BD count 

For the processing of remaining PDCCH when one of linked PDCCH candidates is dropped, as discussed in section 2.4, we prefer one of linked PDCCH candidates is monitored in some cases. Therefore, same solution is preferred that UE still monitors the linked candidate that is not dropped and interprets the DCI based on Rel-17 PDCCH rules with respect to reference PDCCH candidate.
Proposal 9: Support Option 1, that is, UE still monitors the linked candidate that is not dropped and interprets the DCI based on Rel.17 PDCCH rules for PDCCH repetition with two linked candidates when one of the linked candidates is not monitored.
The scenario where one of linked PDCCH candidates is dropped has been discussed in previous meeting. In our view, all cases listed here are applicable that UE is not required to monitor the PDCCH candidate. When one of the PDCCH candidates is not monitored, the BD count for linked PDCCH candidates should be changed. If one of the linked PDCCH candidates is not monitored, only individual detection of PDCCH is available at UE. Therefore, BD count should be set to 1 for the remaining PDCCH candidates no matter 2 or 3 BD count is reported by UE.
Proposal 10: If one of the linked candidates is dropped, only 1 BD is counted for the remaining PDCCH candidate.

Applicability of TPC command with PDCCH repetition
For PUSCH/PUCCH/SRS, group common TPC command is only accumulated in a predefined window as described in 38.213 and shown in Fig.2. If a PDCCH carrying TPC command or a PDCCH scheduling PUSCH/PUCCH/SRS is configured with repetition, how to define the windows and determine whether a TPC command is applicable needs further study.
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Figure 2: Accumulation windows for PUSCH, PUCCH and SRS in Rel-15/16
· Applicable windows for accumulated mode
If the PDCCH scheduling PUSCH/PUCCH or PDCCH triggering SRS is configured with repetition, it needs to be decided which of the repetitions is used to determine the accumulation windows, e.g. the first PDCCH or the last PDCCH. Considering the last PDCCH is used as reference for TDRA to determine the PUSCH resources, it is preferred that the last PDCCH is also used to determine the accumulation windows of PUSCH/PUCCH/SRS, as shown in Fig.3.
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Figure 3: Accumulation windows for PUSCH, PUCCH and SRS with PDCCH repetition
· Group common TPC with PDCCH repetition
In Rel-15, for accumulation mode, only the TPC command in the accumulation window will be accumulated. If repetition is configured for a PDCCH carrying TPC command, e.g. part of the repetitions are within the window and some are out of the window, UE needs to determine whether this TPC command needs to be accumulated. It is preferred that the last PDCCH among PDCCH repetitions is used to determine whether the TPC command is accumulated or not. As shown in Fig.4, the TPC 0 will not be accumulated by UE for PUSCH transmission occasion i.
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Figure 4: TPC command with repetitions within and out of accumulation windows
In Rel-15, for a PUSCH configured by ConfiguredGrantConfig with TPC absolute mode, only the last TPC command KPUSCH(i) symbols before the PUSCH will be applied to the PUSCH. If repetition is configured for a PDCCH carrying TPC command, as the TPC command 1 shown in Fig.5, UE needs to decide which TPC should be regarded as “last TPC command”. If the last PDCCH among PDCCH repetitions is used to determine whether a TPC command is applicable or not, the TPC command 0 in Fig.5 should be applied to the power control of PUSCH transmission occasion i.
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Figure 5: TPC command with repetitions for configured grant PUSCH and absolute mode
Proposal 11: For PUSCH/PUCCH/SRS, if the scheduling/triggering PDCCH is configured with repetition, the last PDCCH among PDCCH repetitions is applied to determine the accumulated windows for group common TPC.
Proposal 12: If repetition is configured to the PDCCH carrying group common TPC command, the last PDCCH among PDCCH repetitions is used to determine whether the TPC command is applicable or not.

3. PUCCH reliability enhancements
PUCCH power control
[bookmark: OLE_LINK1]Agreement
· To support per TRP closed-loop power control for PUCCH with DCI formats 1_1 / 1_2, a second TPC field can be configured via RRC.  
· When the second field is configured by RRC, a second TPC field (similar to the existing TPC field) is added in DCI formats 1_1 / 1_2 (option 3).
· Each TPC field is for each closed-loop index value respectively
· FFS: Whether or not the mapping between the TPC field and the PUCCH transmissions is needed
· When the second field is not configured by RRC, a single TPC field (the existing TPC field) is used in DCI formats 1_1 / 1_2, and the TPC value applied for the closed loop index(es) for the scheduled PUCCH
· To support per TRP closed-loop power control for PUSCH with DCI formats 0_1 / 0_2, adopt the same solution as with M-TRP PUCCH schemes.
· FFS: any additional considerations
· Support UE to report the capability on whether it supports the second TPC field 
· Note1: Per TRP closed-loop power control is only applicable when the “closedLoopIndex” values are not the same for TRPs.


It is agreed that a second TPC field can be configured via RRC for PUCCH and PUSCH to support per TRP closed-loop power control and each TPC field is associated with each closed-loop index value respectively. Anyway, whether two TPC fields should be both applied or not at UE for each closed-loop index should be determined when sTRP PUCCH transmission is indicated and tpc-Accumulation is not provided for UE. From our view, adopting two TPC fields always even when sTRP PUCCH transmission is indicated which enables UE to be adaptive to the channel fading. If no power control adjustment is expected for another TRP UL transmission which is not indicated in sTRP PUCCH transmission occasion, value of 0 is already supported in the mapping of TPC command in DCI.
Proposal 13: Two TPC fields are always valid for two closed-loop indexes respectively no matter the PUCCH transmission targeting STRP or MTRP when tpc-Accumulation is not provided for UE.

PUCCH frequency hopping
Agreement
When inter-slot frequency hopping is configured with Scheme 1, decide one from the below options in RAN1#105-e meeting,  
· Option 1
· If sequential mapping pattern is configured, frequency hopping is performed on slot level (as in Rel-15).
· If cyclical mapping pattern is configured, frequency hopping is performed among the repetitions with the same beam. 
· Option 2: 
· gNB always configures sequential mapping pattern and frequency hopping is performed on slot level. (no spec impact)
· Option 3:
· Frequency hopping is performed on slot level as in Rel-15 (no spec impact). 

If sequential mapping pattern is applied, there is no difference among the three options for frequency hopping. The difference of the three options is the frequency hopping pattern when cyclical mapping pattern is enabled. Anyway, compared with slot-level frequency hopping (i.e., option 3) no clear benefits are observed for cyclical mapping with frequency hopping performed among the repetitions with the same beam. Therefore, keeping Rel-15 design with no spec impact for frequency hopping is more preferred.
Proposal 14: Support Option 3. Frequency hopping is performed on slot level as in Rel-15.
Default beam of PUSCH schedule by DCI 0_0
In Rel. 15/16, UE transmits a PUSCH scheduled by DCI 0_0 according to the spatial relation of dedicated PUCCH resource with the lowest ID within the active UL BWP. In our view, enhancement of PUCCH and PUSCH should be configured separately. As a result, even if repetition of PUCCH is configured, repetition of PUSCH should not be applied unless the repetition of PUSCH is configured. Therefore, when two spatial relation infos are configured for the PUCCH with the lowest ID, a default beam of PUSCH should be determined from one of the spatial relation infos of that PUCCH resource.
Proposal 15: Support to set the default beam of PUSCH scheduled by DCI 0_0 according to the 1st PUCCH-spatialrelationinfo if two spatial relation info’s are activated by MAC-CE for dedicated PUCCH with the lowest ID.
4. PUSCH reliability enhancements
Indication of SRS resource set and SRS resource number per SRS resource set
Agreement
For the new field in the DCI for dynamic switching, support Alt.1 (modified).
Alt.1
· Support 2 bits with the following combinations. 
Codepoint
SRS resource set(s)
SRI (for both CB and NCB)/TPMI (CB only) field(s)
00
s-TRP mode with 1st SRS resource set (TRP1)
1st SRI/TPMI field (2nd field is unused)
01
s-TRP mode with 2nd SRS resource set (TRP2)
1st SRI/TPMI field (2nd field is unused)
10
m-TRP mode with (TRP1,TRP2 order)
1st SRI/TPMI field: 1st  SRS resource set
2nd SRI/TPMI field: 2nd SRS resource set
Both 1st and 2nd SRI/TPMI fields
11
m-TRP mode with (TRP2,TRP1 order)
1st SRI/TPMI field: FFS
2nd SRI/TPMI field: FFS
Both 1st and 2nd SRI/TPMI fields
· The SRS resource set with lower ID is the first SRS resource set, and the other SRS resource set is the second SRS resource set. 


A new field with 2bits in DCI is agreed to support dynamic switching between sTRP/mTRP operation. The codepoint for indicating sTRP or mTRP mode was also discussed in last meeting and one FFS about the indication of 1st and 2nd SRI/TPMI fields in m-TRP mode with TRP2, TRP1 order needs to be decided. This FFS is mainly caused by the different understandings regarding whether the number of SRS resource in the two SRS resource set should be restricted to be the same or not. SRS resource number can be configured in SRS resource set is 1,2 or 4. The combination of different SRS resource number in two SRS resource set include (1,4), (1,2) and (2,4). We will discuss the effect of different SRS resource number in two SRS resource sets from various aspects as follows:
1) If one SRS resource in one SRS resource set with usage set to NCB/CB is configured, then no SRI/TPMI field is needed in DCI for this SRS resource set. Therefore, only there is only one SRI/TPMI field in DCI and a new interpretation for this SRI/TPMI field should be specified for the combination (1,4) and (1,2) of SRS resource number in two SRS resource sets. 
2) If different numbers of SRS resource in two SRS resource sets are agreed for non-codebook based multi-TRP PUSCH, maximum layer for each STRP can be same as the configured SRS resource number in the corresponding SRS resource set respectively. As we know, 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 of the first SRI field. In order to indicate all possible layers and SRS resource(s), the size of first SRI field depends on the SRS resource set which configured with more SRS resource(s). This does not necessarily reduce the overhead while increase the complexity of spec design.
3) As mentioned by some companies, different number of SRS resources in two SRS resource sets improve the flexibility. However, in our opinion, the flexibility can be fully harvest if both SRS resource sets are configured with 4 SRS resources. Contrarily, different number of SRS resource in two SRS resource sets limit the flexibility, since channel condition is time variant, and it’s hard to ensure that the TRP configured with smaller number of SRS resources is always in poor channel condition.
Proposal 16: Only support to configure the same number of SRS resource in two SRS resource sets with usage set to ‘codebook’ or ‘non-codebook’.
When number of SRS resources is limited to be same in two SRS resource sets, the size of first SRI/TPMI field is same no matter it is used to indicate which SRS resource set. It is consistent to match SRI/TPMI field according the order of m-TRP mode within same DCI.
Proposal 17: Support 2 bits with the following combinations for PUSCH. 
	Codepoint
	SRS resource set(s)
	SRI (for both CB and NCB)/TPMI (CB only) field(s)

	00
	s-TRP mode with 1st SRS resource set (TRP1)
	1st SRI/TPMI field (2nd field is unused)

	01
	s-TRP mode with 2nd SRS resource set (TRP2)
	1st SRI/TPMI field (2nd field is unused)

	10
	m-TRP mode with (TRP1,TRP2 order)
1st SRI/TPMI field: 1st  SRS resource set
2nd SRI/TPMI field: 2nd SRS resource set
	Both 1st and 2nd SRI/TPMI fields

	11
	m-TRP mode with (TRP2,TRP1 order)
1st SRI/TPMI field: 2nd SRS resource set
2nd SRI/TPMI field: 1st  SRS resource set
	Both 1st and 2nd SRI/TPMI fields



PTRS-DMRS association
Agreement
For single DCI based M-TRP PUSCH Type B repetition, the indication of PTRS-DMRS association for maxRank > 2 is supported, down select one of the following options in RAN1 #105-e meeting, 
· 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. 
· Option 2 (2 bits): using the existing PTRS-DMRS association field in DCI for the first TRP, and using reserved entries/bits in DM-RS port indication field for the second TRP.
· Option 3 (2 bits): 1 bit MSB is used to indicate PTRS-DMRS association for the first TRP, and 1 bit LSB is used to indicate PTRS-DMRS association for the second TRP
· if maxNrofPorts = 1, the 1 bit indicates one of the first two DMRS ports. 
· if maxNrofPorts = 2, the 1 bit indicates one of two DMRS ports sharing the same PTRS port.

There are three options for the indication of PTRS-DMRS association for maxRank > 2. Considering the overhead of single DCI based M-TRP PUSCH and limited scenario supporting higher rank in UL, a common design for all ranks without introducing extra overhead is more reasonable. Therefore, it is better to reuse existing field instead of introducing a second info field indicating PTRS-DMRS association. In option 2, reserved entries/bits in DM-RS port indication field for the second TRP is proposed. According to 38.212, there are enough entries for indicating PTRS-DMRS association in most of the tables while it is not possible to achieve that with the following tables. As shown in Table 1, 4 entries are needed for the indication of PTRS-DMRS association when maxNrofPorts is 1for each value. Thus 16 entries are required while only 12 reserved entries are available with such configuration. Based on the analysis, option 3 is more preferred.
Table 1: Antenna port(s), transform precoder is disabled, dmrs-Type=1, maxLength=2, rank = 4
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	0
	2
	0-3
	1

	1
	2
	0,1,4,5
	2

	2
	2
	2,3,6,7
	2

	3
	2
	0,2,4,6
	2

	4-15
	Reserved
	Reserved
	Reserved



Proposal 18: Support Option 3 for the indication of PTRS-DMRS association when maxRank>2.
	-1bit MSB is used to indicate PTRS-DMRS association for the first TRP and 1bit LSB is used for the second TRP.
PUSCH power control
Agreement
For single-DCI based M-TRP PUSCH repetition schemes, when one SRS resource per SRS resource set is configured (i.e., when two SRI fields are absent in DCI formats 0_1 / 0_2), default P0, alpha, PL-RS, and closed loop index is defined per TRP. Select one from the following in RAN1 #106-e meeting,
· Alt.1   
· The first P0/alpha, PL-RS, and closed loop index are determined by sri-PUSCH-PathlossReferenceRS-Id, sri-P0-PUSCH-AlphaSetId, and sri-PUSCH-ClosedLoopIndex mapped to the first sri-PUSCH-PowerControl associated with the first SRS resource set.
· The second P0/alpha, PL-RS, and closed loop index are determined by sri-PUSCH-PathlossReferenceRS-Id, sri-P0-PUSCH-AlphaSetId, and sri-PUSCH-ClosedLoopIndex mapped to the first sri-PUSCH-PowerControl associated with the second SRS resource set.
· Note: How to design the signaling link sri-PUSCH-PowerControl with two SRS resource sets is up to RAN2. 
· Alt.2  
· The first set of values {the first value in P0-AlphaSet, the PL-RS corresponded to PUSCH-PathlossReferenceRS-Id = 0 and closed-loop index l = 0} can be used for TRP1, and the second set of values {the second value in P0-AlphaSet, the PL-RS corresponded to PUSCH-PathlossReferenceRS-Id = 1 and closed-loop index l = 1 if  twoPUSCH-PC-AdjustmentStates is configured, l=0 otherwise } can be used for TRP2.
· Note: How to design the signaling link sri-PUSCH-PowerControl with two SRS resource sets is up to RAN2.
· Alt.3  
· If the UE is provided enablePL-RS-UpdateForPUSCH-SRS, the first set of values {the first value in P0-AlphaSet, the PL-RS corresponding to the first sri-PUSCH-PowerControl associated with the first SRS resource set and closed-loop index l = 0} is used for TRP1, and the second set of values {the second value in P0-AlphaSet, the PL-RS corresponding to the first sri-PUSCH-PowerControlassociated with the second SRS resource set and closed-loop index l = 1 if  twoPUSCH-PC-AdjustmentStates is configured, l=0 otherwise} is used for TRP2.
· Otherwise, the first set of values {the first value in P0-AlphaSet, the PL-RS with PUSCH-PathlossReferenceRS-Id=0 and closed-loop index l = 0} can be used for TRP1, and the second set of values {the second value in P0-AlphaSet, the PL-RS with PUSCH-PathlossReferenceRS-Id = 1 and closed-loop index l = 1 if  twoPUSCH-PC-AdjustmentStates is configured, l=0 otherwise } can be used for TRP2.
· Note: How to design the signaling link sri-PUSCH-PowerControl with two SRS resource sets is up to RAN2.
For further study in future meetings:
For PHR reporting related to M-TRP PUSCH repetition, study following aspects related to option 4, 
· Option 4: Calculate two PHRs (at least corresponding to the CC that applies m-TRP PUSCH repetitions), each associated with a first PUSCH occasion to each TRP, and report two PHRs.
· FFS1: How the PHRs are calculated for reporting (actual PHR or virtual PHR)
· FFS2: How the PHRs are calculated for reporting for other CCs if the multi-cell PHR MAC CE is applied.
· FFS3: Required changes to triggering conditions including the required higher layer parameters (e.g.,’phr-PeriodicTimer’, ‘phr-ProhibitTimer’, ‘phr-Tx-PowerFactorChange’ as TRP specific).
· FFS4: Report P-MPR and MPE per TRP within the same MAC-CE extension.
Note: Down-selection between Options 1-5 will be based on this study as well as the trade-off between benefit versus UE complexity.

For single-DCI based M-TRP PUSCH repetition schemes, when one SRS resource per SRS resource set is configured, corresponding SRI field is absent in DCI. Therefore, PUSCH power control parameters cannot be achieved from SRI value. Three alternatives were proposed in last meeting. In our view, 3 alternatives can work. However, Alt.1 is more compatible when SRI fields exist in DCI as agreed in Rel.17 and the rules for the selection of power control parameters are consistent. 
Proposal 19: Support Alt.1, that is, power control parameters for P0, alpha, PL-RS and closed-loop index are mapped to the first sri-PUSCH-PowerControl with each SRS resource set for single-DCI based M-TRP PUSCH repetition schemes when one SRS resource per SRS resource set is configured.
PHR reporting is used to indicate PHR for each cell according the power control parameters configured for UE. When M-TRP PUSCH repetition is indicated, two power control parameter sets are applied to each TRP. Therefore, calculate two PHRs with each associated with a first PUSCH occasion to each TRP and report two PHRs at UE is necessary to reflect the power headroom of each TRP. However, whether actual PHR or virtual PHR should be reported for the cell configured with MTRP PUSCH repetition should be discussed. The process of PHR for each cell when mTRP PUSCH repetition and UL CA are configured at UE should be discussed too. However, dynamic switching of M-TRP and S-TRP mode is supported by the 2 bits indication of DCI as agreed in RAN1#105e. 
Before discussing two PHRs in M-TRP mode, we would like to discuss PHRs in S-TRP mode where 2 SRS resource sets are configured. Figure 2 and Figure 3 show the PHR carried in S-TRP mode in single UL carrier and UL CA scenario. Based on current mechanism, actual PHR should be calculated based on the transmission of PUSCH 1 for STRP1 in the two cases. If PHR is reported for STRP2, virtual PHR is more reasonable since there is no PUSCH targeting STRP2 in slot i.
[image: ]

Figure 2 PHR report in PUSCH with s-TRP mode in single carrier
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Figure 3 PHR report in PUSCH with s-TRP mode in UL CA
The following is the example of PHR report with m-TRP mode in single carrier and UL CA scenarios. If actual PHR is calculated for STRP2 is supported, many preconditions are necessary to support such actual PHR in the case of UL CA such as overlapping with PUSCH carries PHR. To simplify the specification works of PHR and keep consistent with s-TRP mode, only one actual PHR is calculated and reported based on the first PUSCH transmission, virtual PHR is calculated for another TRP.
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Figure 4 PHR report in PUSCH with m-TRP mode in single carrier
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Figure 5 PHR report in PUSCH with m-TRP mode in UL CA

Proposal 20: Actual PHR is calculated based on the first PUSCH transmission associated with one TRP and virtual PHR is calculated for another TRP.

M-TRP CG based PUSCH
[bookmark: _Hlk70417545]Agreement
For type 1 or type 2 CG based multi-TRP PUSCH repetition, 
· Introduce the second fields of 'p0-PUSCH-Alpha' and 'powerControlLoopToUse' in 'ConfiguredGrantConfig’ 
· For type 1 CG based m-TRP PUSCH repetition, introduce the second fields of ‘pathlossReferenceIndex’, 'srs-ResourceIndicator' and 'precodingAndNumberOfLayers' in 'rrc-ConfiguredUplinkGrant'.
· For type 2 CG based M-TRP PUSCH, two SRIs/TPMIs are indicated via the activating DCI.
· FFS1: UL PT-RS port(s) and DM-RS port(s) for CG type 1
· FFS3: Details on RV mapping. 
· FFS4: Possible transmission occasion for initial transmission
· FFS5: Other TRP specific parameters in 'rrc-ConfiguredUplinkGrant', e.g., 'dmrs-SeqInitialization'.

Based on the discussion in RAN1#105-e, it’s supported by majority that the configured RV sequence is applied to the first TRP and a RV offset based on the configured RV sequence is applied to the second TRP with type 1 or type 2 CG based multi-TRP PUSCH.
To reduce the latency incurred by the random arrival of data, startingFromRV0 is specified which enables initial transmission of a transport block to start at some other transmission occasions with associated with RV =0 except the first transmission occasion when configured RV sequence is {0,3,0,3} or {0,0,0,0}. Same rules can be applied to M-TRP CG based PUSCH for same purpose. However, considering that M-TRP CG based PUSCH utilize the spatial diversity targeting different TRP, initial transmission of a transport block with RV = 0 targeting each TRP should be satisfied in the K repetitions if startingFromRV0 is enabled.
Proposal 21: For M-TRP CG based PUSCH, support to configure startingFromRV0 and initial transmission of a TB starts from any transmission occasion with at least one RV=0 for each TRP.


5. Conclusion
Proposal 1: Support to report only one number as required number of BDs for two linked PDCCH candidates.
Proposal 2: Reuse Rel.15 overbooking rule and allocate separate number of BD to two PDCCH candidates respectively that are linked for PDCCH repetition.
Proposal 3: Assign 1 BD for PDCCH candidate in SS with lower SS set ID and assign the remaining BD for linked PDCCH candidate in another SS with higher SS set ID.
Proposal 4: Support to specify the PDCCH candidate starts later in time as a reference for the purpose of the earliest time that the PDSCH can be scheduled as well as reference symbol of SLIV.
Proposal 5: To define d1,1 for PDSCH processing time for UE processing capability 2, support d1,1=3 when all the following conditions are met:
· one of the PDCCHs is in a 3-symbol CORESET in linked PDCCH repetition
· the PDSCH and the 3-symbol CORESET have the same starting symbol
· the number of PDSCH symbols allocated is 2
otherwise, d1,1 is determined from the maximum overlapping symbols between linked PDCCH candidates and PDSCH and number of PDSCH symbols.
Proposal 6: For a UE supporting reception with two different beams, to support time-overlapping PDCCH repetitions in FR2, identify the two QCL-Type D properties for multiple overlapping CORESETs according to the increasing order of CSS set first and then USS set.
Proposal 7: Support Option 2 when one of the linked PDCCHs 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, for the purpose of BD counting and interpretation of a detected DCI:
The candidate with a higher SS set ID is not counted for monitoring and interpretation of detected DCI depends on which candidate is not counted.
Proposal 8: For two linked SS sets used for PDCCH repetition, support setting adjacent SS set IDs only.
Proposal 9: Support Option 1, that is, UE still monitors the linked candidate that is not dropped and interprets the DCI based on Rel.17 PDCCH rules for PDCCH repetition with two linked candidates when one of the linked candidates is not monitored.
Proposal 10: If one of the linked candidates is dropped, only 1 BD is counted for the remaining PDCCH candidate.
Proposal 11: For PUSCH/PUCCH/SRS, if the scheduling/triggering PDCCH is configured with repetition, the last PDCCH among PDCCH repetitions is applied to determine the accumulated windows for group common TPC.
Proposal 12: If repetition is configured to the PDCCH carrying group common TPC command, the last PDCCH among PDCCH repetitions is used to determine whether the TPC command is applicable or not.
Proposal 13: Two TPC fields are always valid for two closed-loop indexes respectively no matter the PUCCH transmission targeting STRP or MTRP when tpc-Accumulation is not provided for UE.
Proposal 14: Support Option 3. Frequency hopping is performed on slot level as in Rel-15.
Proposal 15: Support to set the default beam of PUSCH scheduled by DCI 0_0 according to the 1st PUCCH-spatialrelationinfo if two spatial relation info’s are activated by MAC-CE for dedicated PUCCH with the lowest ID.
Proposal 16: Only support to configure the same number of SRS resource in two SRS resource sets with usage set to ‘codebook’ or ‘non-codebook’.
Proposal 17: Support 2 bits with the following combinations for PUSCH. 
	Codepoint
	SRS resource set(s)
	SRI (for both CB and NCB)/TPMI (CB only) field(s)

	00
	s-TRP mode with 1st SRS resource set (TRP1)
	1st SRI/TPMI field (2nd field is unused)

	01
	s-TRP mode with 2nd SRS resource set (TRP2)
	1st SRI/TPMI field (2nd field is unused)

	10
	m-TRP mode with (TRP1,TRP2 order)
1st SRI/TPMI field: 1st  SRS resource set
2nd SRI/TPMI field: 2nd SRS resource set
	Both 1st and 2nd SRI/TPMI fields

	11
	m-TRP mode with (TRP2,TRP1 order)
1st SRI/TPMI field: 2nd SRS resource set
2nd SRI/TPMI field: 1st  SRS resource set
	Both 1st and 2nd SRI/TPMI fields



Proposal 18: Support Option 3 for the indication of PTRS-DMRS association when maxRank>2.
	-1bit MSB is used to indicate PTRS-DMRS association for the first TRP and 1bit LSB is used for the second TRP.
Proposal 19: Support Alt.1, that is, power control parameters for P0, alpha, PL-RS and closed-loop index are mapped to the first sri-PUSCH-PowerControl with each SRS resource set for single-DCI based M-TRP PUSCH repetition schemes when one SRS resource per SRS resource set is configured.
Proposal 20: Actual PHR is calculated based on the first PUSCH transmission associated with one TRP and virtual PHR is calculated for another TRP.
Proposal 21: For M-TRP CG based PUSCH, support to configure startingFromRV0 and initial transmission of a TB starts from any transmission occasion with at least one RV=0 for each TRP.
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