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Introduction
In Rel-16, PDSCH enhancements for multi-TRP have been specified, while PDCCH, PUCCH and PUSCH were remained to be enhanced due to the lack of time. In RAN#86, the Rel-17 WID of further enhancements on MIMO for NR is approved [1]. In order to complete the multi-TRP enhancement for all channels, in the approved WID, a particular point is to improve reliability and robustness for channels other than PDSCH, targeting for both FR1 and FR2. The detail is given as follows.
	Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
a. Identify and specify features to improve reliability and robustness for channels other than PDSCH (that is, PDCCH, PUSCH, and PUCCH) using multi-TRP and/or multi-panel, with Rel.16 reliability features as the baseline 


In the previous meetings, some progresses were made for PDCCH, PUSCH and PUCCH enhancements respectively. In this contribution, we provide our views for the remaining issues on these enhancement aspects.
Discussion 
We discuss some remaining issues for MTRP PDCCH reliability enhancements in this section.
PDCCH enhancement
In general, PDCCH enhancement in Rel-17 is to use RRC signal linking two PDCCH candidates to form PDCCH repetitions which comprise of the same DCI contents. Furthermore, in order to get soft combining gain for the detection of two PDCCH repetitions, two linked PDCCH candidates in two linked SS sets should have the same aggregation level and the same candidate index. For the sake of flexibility, it has been concluded that the agreed PDCCH repetition framework supports both TDM and FDM multiplexing schemes. 
Since two PDCCH repetitions carrying the same DCI contents are to allocate the same scheduling information, e.g. scheduling the same PDSCH, PUCCH, PUSCH, CSI-RS, etc., one of the two PDCCH repetitions should be predetermined as the reference to solve some ambiguous issues including BD counting, scheduling timing offset between PDCCH and PDSCH with mapping Type B, PUCCH resource determination for HARQ-ACK, counter DAI / total DAI and Type-2 HARQ-ACK codebook construction, default beam of PDSCH transmission, etc. Through the good discussion before, most of the ambiguous issues have been addressed. However, some of them are still open and needed to be discussed. In this section, we provide our views on these remaining issues one by one. 

BD counting for overbooking
In RAN1#106-e meeting, the following agreement is achieved for BD count in the case of overbooking in the PCell [2]. 
	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 dropped 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.


Basically, we think all the listed alternatives work in the case when two linked PDCCH candidates are in the same slot/span. However, some of them may not work for inter-span PDCCH repetition. As shown in Figure 2.1-1, two PDCCH candidate x and y are in span n and n+1 respectively. 
· For case 2, i.e. 3 BDs are counted for the two linked candidates, 
· Alt2 doesn’t work as 3 BDs are counted together. It is inappropriate to count 3 BDs for either span n or span n+1. 
· If all 3 BDs are counted in span n, it doesn’t work because UE has to wait until span n+1 for doing soft combining between two candidates, at least BD in the aspect of UE operation/complexity cost by soft combining should not be counted in span n. 
· If all 3 BDs are counted in span n+1, it extremely needs no UE operation/complexity/memory caused by detection of candidate x in span n. This cannot happen from hardware implementation perspective especially for some cases where UE needs to individually detect candidate x costing 1 BD as the same as Rel-15/16 in span n.  
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Figure 2.1-1: Candidate x and candidate y are in different spans
· In Alt1, overbooking is per individual SS set as in Rel. 15/16, it will work well if 3 BDs are split into 1+2 where 1 BD is counted in span n and the other 2 BDs are counted in span n+1. Specifically, UE will do the individual detection for candidate x in span n which cost 1 BD, and do both individual detection for candidate y and soft combining between candidate x and y in span n+1 which cost additional 2 BDs. Consequently, if overbooking happens in span n, candidate x is dropped, and if overbooking happens in span n+1, candidate y is dropped. It is also better than Alt 2 from resource efficiency perspective as Alt 2 assumes both linked candidates are dropped together. 
· For case 1, 2 BDs are counted for the two linked candidates, we think it is also good to split 2 BDs into 1+1 where 1 BD is counted in span n and the other 1 BD is counted in span n+1. This is exactly Alt1 under case 1 in the above agreement, i.e., no change on the existing specification. Then, overbooking can be still per individual SS set as in Rel. 15/16. 
For intra-slot and intra-span PDCCH repletion, overbooking per individual SS set is still better. That is, 2 BDs or 3 BDs can be split into 1+1 or 1+2 for two linked candidates respectively. In the case when only both candidates lead to overbooking, UE can just drop the second candidate which has higher SS ID (lower priority), then the first PDCCH candidate which has lower SS ID (higher priority) can still be detected by UE. However, if 2 or 3 BDs are always counted together for the linked candidates, it will cause PDCCH resource waste if one of linked candidates is detected and overbooking does not happen.  
Proposal 1-1: Support overbooking per individual SS set
· For intra-slot/intra-span PDCCH repetition
· For Case 1: 2 BDs are counted for two linked candidates: support no change (use existing spec)
· For Case 2: 3 BDs are counted for two linked candidates: support that 1 BD is counted as part of the SS set with lower ID, and 2 BDs are counted as part of the SS set with higher ID
· For inter-span PDCCH repetition
· For Case 1: 2 BDs are counted for two linked candidates: support no change (use existing spec)
· For Case 2: 3 BDs are counted for two linked candidates: support that 1 BD is counted for the candidate in the earlier span, and 2 BDs are counted for the candidate in the later span

Processing timeline for PDSCH mapping Type B
In RAN1#106-e meeting, there is a working assumption below [2]. 
	Working Assumption
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


Some concern was raised especially in the case when UE do soft combining between two linked PDCCH candidates because of more UE complexity needed by PDCCH decoding which may further impact PDSCH processing timeline. However, as discussed before, more BDs are counted for the linked PDCCH candidates in which UE complexity has been considered. Hence, we don’t think any further enhancement is needed.
Proposal 1-2: Confirm the above working assumption which is also applicable for UE doing soft combining
· No any relaxation of processing timeline is needed

Two QCL-TypeD for overlapping CORESETs
For linked PDCCH repetition, it has been agreed two linked candidates can be FDMed. It implies that UE is able to support reception with two different beams for overlapping CORESETs at the same time. The possible solutions are listed as the following agreements [2]. 
	Agreement
For a UE supporting reception with two different beams and configured with PDCCH repetitions, for determination of two QCL-TypeD properties for multiple overlapping CORESETs, down-select from the following Alts in RAN1 #106-bis-e:
· Alt1: Identify the two QCL-Type D properties based on legacy priority order.
· Alt2: Reuse legacy priority rule to identify the first QCL-TypeD property, and then, identify the second QCL-TypeD according to one of the SS sets that is linked with a SS set with the first QCL-TypeD (among the multiple overlapping CORESETs)
· In the case of multiple such SS set pairs, Rel. 15 priority order is followed for the second QCL-TypeD determination
· FFS: The case of no such SS set pair
· Alt3: Assign same priority for two linked search space sets for PDCCH transmission with overlapping monitoring occasions (the priority is according to one of the two SS sets with a lower SS set ID)
· Priority order: SS type (USS/CSS) > linkage of SS sets > cell index > associated SS set ID
· Linked SS set has higher priority than individual SS set
· FFS: The case that the first QCL-TypeD is from unlinked CSS
· FFS: The case of no linked SS sets among the multiple overlapping CORESETs


Here is our analysis for the listed options: 
· Alt1 strives to reuse Rel-15/16 rule in which both two QCL-Type D properties are based on legacy priority order (CSS in lowest CC with highest priority, etc.). We support this solution as it is the simplest one and also aligned with the legacy designing principle. 
· One concern was raised on this solution, which is UE may not be able to simultaneously receive the two identified QCL type-D because the two QCL type-D may correspond to the same receive panel. However, we think this issue also exists in other candidate solutions. Moreover, UE can just drop reception of the second QCL type-D in such case, which is up to UE implementation. 
· Alt 2 has more complexity, and the motivation is unclear. SS with higher ID may be prioritized over SS with lower ID which is not aligned with Rel-15/16 designing principles. 
· Moreover, the aforementioned issue in Alt 1 that UE may not be able to simultaneously receive the two identified QCL type-D also exists when there is no linked SS with the SS corresponding to the first identified QCL type-D. As shown in the following figure, beam 1 is firstly identified based on Rel-15/16 priority rule. As there is no linked SS with SS1, beam 1 and beam 2 are identified finally for Alt2. However, it is possible that beam 1 and beam 2 may not be received simultaneously by UE. 
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Figure 2.1-2: SS2 and SS3 are linked
· Alt 3 is ambiguous. In the first bullet, it defines that priority order is SS type (USS/CSS) > linkage of SS sets > cell index > associated SS set ID, which implies that an individual CSS without link is prioritized over a linked USS. However, in the sub-bullet of this bullet, it clearly describes that a linked SS has higher priority than an individual SS. The sub-bullet conflicts with the main bullet for Alt3. 
· If the motivation of Alt3 is to prioritize an individual CSS over a linked USS, the same issue mentioned before also happens. As shown in Figure 2.1-2, if SS1 is a CSS, beam 1 and beam 2 will be identified. However, beam 1 and beam 2 may not be received simultaneously by UE. Moreover, among multiple SSs, it is unclear why linked SSs are higher prioritized than others. 
· If the motivation of Alt3 is to prioritize linked SS over individual SS regardless. There is risk to prioritize CSS over USS. Such design should be avoided as CSS is usually used to carry more important scheduling information. 
Based on the above comparison, we propose Alt1. 
Proposal 1-3: For determination of two QCL-TypeD for multiple overlapping CORESETs, identify the two QCL-Type D properties based on legacy priority order.

PDCCH repetition for Type0/0A/1/2 CSS and PDCCH order
In RAN1#106-e meeting, PDCCH repetition for type 3 CSS is agreed. However, it is still FFS on whether/how to support PDCCH repetition for Type0/0A/1/2 CSS [2].
	Agreement
For PDCCH repetition in Rel. 17, study the following aspects:
· Whether/how to support PDCCH repetition for Type0/0A/1/2 CSS
· Whether to support PDCCH order transmitted with PDCCH repetitions with different beams triggering CFRA for SpCell, and if it is supported how to determine the QCL assumption for the PDCCH that includes the DCI format 1_0 with RA-RNTI and the corresponding scheduled PDSCH.


Type 0/0A/1/2 CSS are used for MIB, SIB, paging and other configuration related to initial access, most of them are configured as cell specific parameters. That is, these CSS related configurations are shared among all UEs under the serving cell. Hence, it is not appropriate to support linked PDCCH repetition with different TCI states as multiple UEs usually do not share the same receive beams. Moreover, Type 0 CSS may be broadcasted by MIB for UEs before RRC connection, it is impossible to configure PDCCH repetition which needs RRC signaling. 
Proposal 1-4: Not to support PDCCH repletion for Type0/0A/1/2 CSS

For the second sub-bullet in the above agreement, we think it is better to support PDCCH order transmitted with PDCCH repetitions with different beams. Because C-RNTI is used for PDCCH order transmission as shown in the following box based on 38.212 description, PDCCH other than PDCCH order may also use the same SS. For example the PDCCH other than PDCCH order is used to schedule URLLC traffic. 
Since PDCCH repetition scheme is implemented by linking two SSs via RRC signaling, if PDCCH repetition feature is not supported for PDCCH order transmission, that means only individual SS with CRNTI can be used for PDCCH order transmission, or linked SS with CRNTI can only be used for PDCCH other than PDCCH order. This is an unnecessary restriction from scheduling perspective. In an extreme scenario with very high blockage probability where PDCCH repletion is desirable at least for PDCCH other than PDCCH order, an individual SS should be dedicatedly configured for PDCCH order transmission. Unnecessary resource waste is caused. 
However, based on the current 38.213, the QCL assumptions of PDCCH format 1_0 with RA-RNTI and the scheduled RAR PDSCH may follow the QCL of PDCCH order. If PDCCH repetition is supported for PDCCH order, one beam of two PDCCH repetitions should be selected for the QCL assumptions of PDCCH format 1_0 with RA-RNTI and the scheduled RAR PDSCH which UE may not be able to receive two receive beams. The most straightforward way is, the TCI state of SS with lowest ID between two linked SSs can be selected in such case to determine the QCL assumption for the PDCCH that includes the DCI format 1_0 with RA-RNTI and the corresponding scheduled PDSCH.

	38.212 section 7.3.1.2.1	Format 1_0
If the CRC of the DCI format 1_0 is scrambled by C-RNTI and the "Frequency domain resource assignment" field are of all ones, the DCI format 1_0 is for random access procedure initiated by a PDCCH order, with all remaining fields set as follows:
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Figure 2.1-3: QCL assumption among PDCCH order, DCI with RA-RNTI and RAR PDSCH

Proposal 1-5: Support PDCCH order transmitted with PDCCH repetitions with different beams
· The TCI state of the linked SS with lowest ID is used to determine the QCL assumption for the PDCCH that includes the DCI format 1_0 with RA-RNTI and the corresponding scheduled PDSCH

PDCCH repetition in multi-DCI based MTRP
Rel-16 MDCI based MTRP is the most desirable feature for MTRP. It is desirable to implement Rel-17 PDCCH repetition across two TRPs together with MDCI based MTRP. Otherwise, the Rel-17 feature may not be deployed in the future because it is not compatible with MDCI based MTRP. 
From specification effort perspective, most agreement for PDCCH repetition can be completely reused for multi-DCI based MTRP, including for PUCCH resource determination for HARQ-ACK when the corresponding PUCCH resource set has a size larger than eight, determination of the scheduling offset to identify whether a default beam should be used for PDSCH / CSI-RS reception, DAI determination, etc.. Overall, one of PDCCH repetition is used as the reference for those scheduling determination.  
The only remaining issues are on PDSCH scrambling determination, CRS rate matching, out-of-order between PDCCH and PDSCH/PUSCH based on coresetPoolIndex for two TRPs respectively in Rel-16. As we agreed before, the same way can be used to solve these issues, i.e. one of two linked PDCCH repetitions which may be associated with different coresetPoolIndex values is selected as the reference. For instance, if two linked PDCCH schedule a PDSCH, the scrambling ID corresponding the lowest coresetPoolIndex value is used for PDSCH transmission. 
Proposal 1-6: Support PDCCH repetition across two TRPs together with MDCI based MTRP 
· One of two PDCCH repetitions is used as the reference to determine PDSCH scrambling, CRS rate matching and out-of-order


PUCCH enhancement
We discuss some remaining issues for MTRP PUCCH reliability enhancements in this section.
Confirmation on intra-slot beam hopping (Scheme 2)
In previous meetings, intra-slot beam hopping based MTRP PUCCH (scheme 2) was proposed and supported by many companies, which aims to improve reliability and reduce latency for further enhancement. In scheme 2, when there are two beams activated for a PUCCH resource without repetition, the single PUCCH occasion of the given PUCCH resource is divided into two sets of symbols which corresponds to two beams. Based on that, scheme 2 can be implemented by reusing frequency hopping pattern in Rel-15 and directly improve the reliability of PUCCH transmission with very low specification change. 
Proposal 2-1: Support intra-slot beam hopping (scheme 2) for MTRP PUCCH repetition.

TRP specific configurations for PUCCH
In Rel-15/16, in order to randomize the interference among different PUCCH transmissions, the higher layer parameters 'initialCyclicShift' of PUCCH Format 0, 'initialCyclicShift' and 'timeDomainOCC' of PUCCH Format 1, and 'dataScramblingIdentityPUSCH' of PUCCH Formats 2, 3 and 4 are configured by RRC signaling for this purpose. For MTRP PUCCH repetition scheme in Rel-17, it makes sense to configure such parameters as TRP specific for interference randomization among different PUCCH transmission occasions as well and provide more scheduling flexibility for each TRP.
Proposal 2-2: Support to configure the following RRC parameters as TRP specific.
· 'initialCyclicShift' of PUCCH Format 0;
· 'initialCyclicShift' and 'timeDomainOCC' of PUCCH Format 1;
· 'dataScramblingIdentityPUSCH' of PUCCH Formats 2, 3 and 4.

Collision handling of PUCCH repetition with other channels/signals
In the case of TDD operation in Rel-15/16 NR, a single carrier frequency for uplink and downlink channels/signals are separated in the time domain on a cell basis. Since the UE cannot transmit and receive simultaneously, some signaling mechanisms providing information to the UE on whether the resources are used for uplink transmission or downlink reception, such as: (i) dynamic signaling for the scheduled transmission; (ii) semi-static signaling via RRC; (iii) dynamic SFI shared by a group of UEs. In the case of PUCCH repetition, the following rules are used according to the current specification [TS 38.213, Section 9.2.6]:
· UE does not transmit the PUCCH in the slot where the number of symbols available for the PUCCH transmission is smaller than the value provided by nrofSymbols for the corresponding PUCCH format;
· UE does not expect the set of SSB symbols (indicated by ssb-PositionsInBurst) to be used for PUCCH transmission;
· UE does not transmit the PUSCH repetition Type A or actual PUSCH repetition Type B in the slots which would overlap with PUCCH transmission when the conditions for multiplexing the UCI in the PUSCH are satisfied in the overlapping slots;
· UE does not multiplex different UCI types in a PUCCH repetition;
· When two PUCCHs are overlapping, UE does not expect these PUCCHs to start at a same slot and include the same UCI type priority, and UE does not transmit the later PUCCH repetition with same UCI type priority, and UE does not transmit the PUCCH with lower UCI type priority;
· UE does not expect a PUCCH that is in response to a DCI format detection to overlap with any other PUCCH that does not satisfy the corresponding timing conditions.
With respect to MTRP PUCCH repetition in Rel-17, the PUCCH repetitions toward different TRPs should have the same UCI type priority and content. There is no difference between Rel-15/16 and Rel-17 to apply the above collision rules in our view. That is, the existing rules on collision handling between PUCCH repetition and other channels/signals should be kept aligned with the mechanisms in Rel-15/16 to guarantee high reliability and low interference.
Proposal 2-3: The mechanisms of collision handing between PUCCH repetition and other channels/signals in Rel-15/16 should be maintained for MTRP PUCCH repetition in Rel-17 as well.

PUSCH enhancement
We discuss some remaining issues for MTRP PUSCH reliability enhancements in this section.
PTRS-DMRS association
On the indication of PTRS-DMRS association when transmission maxRank > 2, three options were agreed for further down-selection in RAN1 #104-e meeting [3].
	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, 
· The support of cyclic mapping can be optional UE feature for the cases when the number of repetitions is larger than 2.
· 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.


With respective to how to down-select one option, the following principles need to be taken into account: 
(i) PTRS-DMRS association indication when maxRank > 2 should be enhanced anyway, because there is no agreement/ conclusion to limit  the rank of MTRP PUSCH repetition; 
(ii) all possible PTRS-DMRS associations as Rel-15/16 should be indicated for a complete solution; 
(iii) avoid to cause DCI overhead increasing as much as possible; 
(iv) minimize specification change/ impact.
For option 1, it is a straightforward way to support TRP specific indication of PTRS-DMRS association when rank > 2. However, it will cause DCI overhead increasing with 2 additional bits, which is the most sensitive issue in single DCI based MTRP PUSCH repetition scheme. 
For option 2, it can fully support TRP specific indication of PTRS-DMRS association when rank > 2 without any DCI overhead increasing. Note that there are always 2 unused bits in each DMRS port indication field when rank > 2, which can be used for the purpose of PTRS-DMRS association for TRP#2 without any impact on the functionality for DMRS port allocation in the current specification. For example, as illustrated in Table 2.3-1 and Table 2.3-2 that the current DMRS port indication field in DCI for rank 3, 4, DMRS type 1 and 1 front loaded DMRS symbol, it can be seen that only 1 entry is used for DMRS port indication, where 2 bits are unused and can be used to indicate the PTRS-DMRS association for TRP#2.
Table 2.3-1: DMRS port indication when transform precoder is disabled, dmrs-Type=1, maxLength=1, rank = 3
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	2
	0-2

	1-7
	Reserved
	Reserved


Table 2.3-2: DMRS port indication when transform precoder is disabled, dmrs-Type=1, maxLength=1, rank = 4
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	2
	0-3

	1-7
	Reserved
	Reserved


For option 3, it is an incomplete solution which cannot indicate all possible PTRS-DMRS associations in Rel-15/16. Specifically, when the number of PTRS port is 1, it means only one of the first two DMRS ports can be selected and associated. Once neither of the first two DMRS ports is the best DMRS port, option 3 will cause performance loss. When the number of PTRS port is 2, it means the combination of the two selected and associated DMRS ports is fixed. 
Based on the above elaboration, we think option 2 should be supported to indicate PTRS-DMRS association when rank > 2, which won’t increase DCI overhead and can indicate all possible PTRS-DMRS associations. Taking into account the discussion and situation in the last meeting, we can compromise to option 3 (if compromise is needed) which at least support per TRP PTRS-DMRS association indication when maxRank > 2 as well as without any DCI overhead increasing.
Proposal 3-1: For the indication of PTRS-DMRS association when rank > 2, support option 2 that uses the existing PTRS-DMRS association field in DCI for the first TRP, and use unused bits in DMRS port indication field for the second TRP. 

Actual number of PT-RS ports
In RAN1#106-e meeting, the following working assumption was achieved about that the corresponding actual numbers of UL PT-RS ports in NCB scheme can be different between two SRS resource sets [2].
	[bookmark: OLE_LINK23]Working assumption
For non-codebook based multi-TRP PUSCH repetition, select Alt.2. 
· [bookmark: OLE_LINK24]Alt. 2: the actual number of PT-RS ports corresponding to the 1st SRS resource set can be different from the actual number of PT-RS ports corresponding to the 2nd SRS resource set.
· FFS: Whether specification change is needed due to this working assumption


Basically, the actual number of UL PT-RS port(s) for NCB PUSCH depends on SRI field in DCI or RRC parameter 'srs-ResourceIndicator' in 'rrc-ConfiguredUplinkGrant' in Rel-15/16. For MTRP PUSCH repetition in Rel-17, two SRI fields and two RRC parameters 'srs-ResourceIndicator' were introduced for two SRS resource sets respectively. Due to the SRS resource indications of two SRS resource sets are independent, it is natural to allow the actual number of UL PT-RS ports can be different between two SRS resource sets. Otherwise, the restriction of same actual number of UL PT-RS ports will impact SRS resource indication for NCB scheme. More specifically, as shown in figure 2.3-1 (where Pi denotes PT-RS port i, Si denotes SRS port i and Di denotes DM-RS port i), both two SRS resource sets are configured with two PT-RS ports which are specific to the same DM-RS ports. That is, P0 is specific to {S0 or S1}, P1 is specific to {S2 or S3}. If the actual number of UL PT-RS ports is mandatory to be the same of two SRS resource sets, and the first SRI field indicates {S0, S2} with two actual UL PT-RS ports, the second SRI field cannot indicate the combination {S0, S1} or {S2, S3} with only one actual UL PT-RS ports. This limits the flexibility and performance of gNB data transmission. Obviously, the restriction caused by same actual UL PT-RS ports of two SRS resource sets is unreasonable, which also will cause additional specification impact. Hence we support to confirm this work assumption, and we also think no specification change is needed due to this working assumption, no matter DG or CG PUSCH is used in MTRP operation.
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Figure 2.3-1: The linkage between PTRS ports and SRS ports for two SRS resource sets
Proposal 3-2: Support to confirm the working assumption that the actual number of PT-RS ports corresponding to the 1st SRS resource set can be different from the actual number of PT-RS ports corresponding to the 2nd SRS resource set.

In Rel-15/16, the maximum number of configured UL PT-RS ports is given by the higher layer parameter maxNrofPorts in PTRS-UplinkConfig, which also depends on the reported UE capability of the number of UL PT-RS ports. For MTRP PUSCH repetition in Rel-17, whether the maximum number of configured UL PT-RS ports for two SRS resource sets can be different should be discussed. Due to both the capabilities of the two panels and the propagation conditions among two TRPs may be different, it is better to allow the NW to configure different maximum numbers of UL PT-RS ports for two SRS resource sets. Therefore, we suggest the following proposal.
Proposal 3-3: Support the maximum number of configured UL PT-RS ports can be different for two SRS resource sets.

Per TRP PHR trigger
In RAN1 #106-e meeting, the following agreement was endorsed to fulfill per TRP PHR reporting [2].
	Agreement
[bookmark: OLE_LINK19]For PHR reporting related to M-TRP PUSCH repetition, support Option 4 as UE optional capability for a UE that supports mTRP PUSCH, 
· 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.


Generally, PHR report and trigger are very relevant and coexist in fact, so the related enhancements in Rel-17 MTRP operation need to take both aspects into account. In Rel-15/16, PHR report can be triggered for the following events: (i) periodically as controlled by a timer, (ii) change in PL-RS power that the difference between the current power headroom and the last report is larger than a configurable threshold, and (iii) a prohibit timer expires. Correspondingly, the higher layer parameters of such trigger events are configured by RRC for STRP operation, i.e., 'phr-PeriodicTimer', 'phr-ProhibitTimer' and 'phr-Tx-PowerFactorChange'.
For MTRP PUSCH repetition in Rel-17, RAN1 has agreed to configure power control parameters as TRP specific, including {P0 and Alpha, PL-RS id, closed-loop index}. In particular, per TRP PL-RS configuration is supported because of the different propagation conditions among two TRPs, hence it is natural and reasonable to configure the event ii (change in PL-RS power) as TRP specific for PHR trigger. Likewise, from the NW scheduling perspective, it is beneficial to configure the periodical timer and prohibitive timer for PHR reporting as TRP specific as well. Therefore, it means all the above three parameters of PHR trigger events should be configured as TRP specific. Regarding how to configure such parameters as TRP specific, it can be determined by RAN2. 
Proposal 3-4: Support to configure the higher layer parameters {'phr-PeriodicTimer', 'phr-ProhibitTimer', 'phr-Tx-PowerFactorChange'} of PHR trigger events as TRP specific.

The number of SRS resources
In RAN1 #106-e meeting, the following agreement was endorsed to further discuss whether the number of SRS resources in two SRS resource sets should be the same or different [2].
	Agreement
On the number of SRS resource configured in the two SRS resource sets, select one of the following alternatives, 
· Alt.1: Support the same number of SRS resources for both CB and NCB based m-TRP PUSCH repetition. 
· Alt.2: Support different number of SRS resources for both CB and NCB based m-TRP PUSCH repetition. The first SRS resource set always have the same or larger number of SRS resources than the second SRS resources set.
· The bit width of the 1st SRI field is determined based on the first SRS resource set
· FFS: How to interpret “SRI field is present or not present”
· Alt.3: Support different number of SRS resources for both CB and NCB based m-TRP PUSCH repetition. The first SRS resource set always have the smaller, same or larger number of SRS resources than the second SRS resources set.
· The bit width of the 1st SRI field is determined based on maximum number of SRS resources among two resource sets
· FFS: How to interpret “SRI field is present or not present”


First of all, referring to the previous agreements for NCB scheme, the following principles should be noted: (i) when STRP selection indicated by the new field with codepoints '00' or '01', the first and second SRS resource sets are used for TRP1 and TRP2 respectively; (ii) only the first SRI field can be used in STRP transmission; (iii) the length of the first SRI field is always lager than or equal to the second SRI field because the second SRI field only contains the SRI combination(s) corresponding to the same rank as the first SRI field;  (iii) only the first SRI field can be used when STRP operation; (iv) when MTRP operation (regardless of the TRP order) indicated by the new field with codepoints '10' or '11', the first and second SRS resource sets are used for TRP1 and TRP2 respectively. 
Based on the above principles, if different number of SRS resources can be configured for two SRS resource set, the first SRS resource set (with lower ID) should always be configured with more number of SRS resources and can just be used for TRP1, because the first SRI field is mandatory to be linked to the first SRS resource set (with lower ID). Given that the indicated rank  towards the two TRPs should always be the same in MTRP operation, the only benefit of different numbers of SRS resources is that PUSCH transmitted to TRP1 can be indicated with higher rank in STRP operation. Due to the propagation conditions of two TRPs are time-varying in fact, even though the propagation condition of TRP2 (the SRS resource set with higher ID) becomes better than TRP1 (the SRS resource set with lower ID), the PUSCH transmission of TRP2 cannot be scheduled with higher rank. Besides, this way will cause unnecessary waste of DCI overhead for the first SRI field and complicate the design/edit of specification. Therefore, the motivation of having different numbers of SRS resources is very unclear especially in NCB scheme. Considering that it is always preferred to adopt unified design for CB based and NCB based MTRP PUSCH repetition in Rel-17, we suggest the following proposal.
Proposal 3-5: Support Alt.1 that the number of SRS resources for both CB and NCB based m-TRP PUSCH repetition should be the same.

Conclusions
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In this contribution, we provide the following proposals on MTRP PDCCH, PUCCH, and PUSCH related enhancements. 
For PDCCH
Proposal 1-1: Support overbooking per individual SS set
· For intra-slot/intra-span PDCCH repetition
· For Case 1: 2 BDs are counted for two linked candidates: support no change (use existing spec)
· For Case 2: 3 BDs are counted for two linked candidates: support that 1 BD is counted as part of the SS set with lower ID, and 2 BDs are counted as part of the SS set with higher ID
· For inter-span PDCCH repetition
· For Case 1: 2 BDs are counted for two linked candidates: support no change (use existing spec)
· For Case 2: 3 BDs are counted for two linked candidates: support that 1 BD is counted for the candidate in the earlier span, and 2 BDs are counted for the candidate in the later span
Proposal 1-2: Confirm the above working assumption which is also applicable for UE doing soft combining
· No any relaxation of processing timeline is needed
Proposal 1-3: For determination of two QCL-TypeD for multiple overlapping CORESETs, identify the two QCL-Type D properties based on legacy priority order.
Proposal 1-4: Not to support PDCCH repletion for Type0/0A/1/2 CSS
Proposal 1-5: Support PDCCH order transmitted with PDCCH repetitions with different beams
· The TCI state of the linked SS with lowest ID is used to determine the QCL assumption for the PDCCH that includes the DCI format 1_0 with RA-RNTI and the corresponding scheduled PDSCH
Proposal 1-6: Support PDCCH repetition across two TRPs together with MDCI based MTRP 
· One of two PDCCH repetitions is used as the reference to determine PDSCH scrambling, CRS rate matching and out-of-order

For PUCCH
Proposal 2-1: Support intra-slot beam hopping (scheme 2) for MTRP PUCCH repetition.
[bookmark: _GoBack]Proposal 2-2: Support to configure the following RRC parameters as TRP specific.
· 'initialCyclicShift' of PUCCH Format 0;
· 'initialCyclicShift' and 'timeDomainOCC' of PUCCH Format 1;
· 'dataScramblingIdentityPUSCH' of PUCCH Formats 2, 3 and 4.
Proposal 2-3: The mechanisms of collision handing between PUCCH repetition and other channels/signals in Rel-15/16 should be maintained for MTRP PUCCH repetition in Rel-17 as well.

For PUSCH
Proposal 3-1: For the indication of PTRS-DMRS association when rank > 2, support option 2 that uses the existing PTRS-DMRS association field in DCI for the first TRP, and use unused bits in DMRS port indication field for the second TRP. 
Proposal 3-2: Support to confirm the working assumption that the actual number of PT-RS ports corresponding to the 1st SRS resource set can be different from the actual number of PT-RS ports corresponding to the 2nd SRS resource set.
Proposal 3-3: Support the maximum number of configured UL PT-RS ports can be different for two SRS resource sets.
Proposal 3-4: Support to configure the higher layer parameters {'phr-PeriodicTimer', 'phr-ProhibitTimer', 'phr-Tx-PowerFactorChange'} of PHR trigger events as TRP specific.
Proposal 3-5: Support Alt.1 that the number of SRS resources for both CB and NCB based m-TRP PUSCH repetition should be the same.
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