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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 
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 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, some 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. 
Inter span/slot PDCCH repetition
The previous meeting has agreed the intra-slot PDCCH repetition which should also be applicable for span based PDCCH mechanism in our view including intra-span PDCCH repetition and inter-span PDCCH repetition within one slot. Because a slot has several spans, and each span only occupies 2 or 3 symbols, if linked PDCCH candidates detected in two SSs for PDCCH repetition are always restricted in a same span, PDCCH congestion may occur. So it should be clearly clarified that inter-span PDCCH repetition is supported under the premise of intra-slot PDCCH repetition. 
Furthermore, only support of intra-slot PDCCH restricts scheduling flexibility, so inter-slot PDCCH repetition should be supported as well. Whether latency is an issue depends on gNB implementation, e.g., inter-slot PDCCH repetitions can be configured in the successive slots to reduce scheduling latency.
Proposal 1-1: Support inter-span PDCCH repetition within one slot. 
Proposal 1-2: Support inter-slot PDCCH repetition.

BD counting
In RAN1#104bis-e meeting, the following agreement is achieved for blind detection of PDCCH repetitions:
	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


For UE capability with BD number 3 based on the previous discussion, it was assumed that UE is able to do both soft combining and individual PDCCH detection for of two PDCCH repetitions. In such case, gNB can configure with BD number = 2 or 3 by RRC signaling for linked PDCCH candidates.
For UE capability with BD number 2, there were two interpretations for UE detection:
· Interpretation 1: UE always does soft combining for two PDCCH repetitions
· In some scenarios, e.g. non-blockage scenarios or the scenario that gNB ensures the two linked PDCCH repetitions transmitting together, this type of UE detection is beneficial due to soft combining gain based on the simulation results from many companies. 
· However, in some other scenarios, e.g. one of PDCCH repetitions is blocked, or not actually transmitted by gNB (gNB may transmit another PDCCH in the physical resources), soft combining may cause worse performance than individual detection for two PDCCH repetitions. In some cases, the performance may be even worse than legacy single PDCCH transmission since one of PDCCH candidates cause significant interference to the other.
· Interpretation 2: UE always does individual detection for two PDCCH repetitions. 
· In the case when one of PDCCH repetitions is blocked, or not actually transmitted by gNB, this kind of UE detection is more beneficial than low soft combining. 
Overall, from PDCCH reliability perspective, BD number 3 is the best for PDCCH repetitions. However, as there is limitation for total number of BDs, it will reduce PDCCH capacity compared with BD number 2. For UE supporting BD number 2, it is better to let gNB know which interpretation is assumed. Then, gNB can configure an appropriate solution for each scenario. For example, if UE reports capability BD number = 2 with both interpretation 1 and 2, gNB can configure interpretation 1 for non-blockage scenarios, or configure interpretation 2 for blockage scenarios. 
Based on the above analysis, we have the following proposal
Proposal 1-3: UE reports capability either with BD number = 2 or = 3 (NOT both) for two linked PDCCH candidates
· For UE capability report with BD number =3, gNB can configure either BD number = 2 or 3
· For UE capability report with BD number =2, UE further reports whether soft combining or individual detection is used
· gNB can configure either soft combining or individual detection for configuration of BD number = 2

In the case when two linked PDCCH candidates are in different slots or spans, it should be clarified how to split the BD number for the two candidates as the BD number computations is done per slot or per span. 
For BD number = 2 with individual detection, it is obvious that total amount 2 should be equally split for linked PDCCH candidates. It is the same as Rel-15/16. That is, BD number of each PDCCH candidate is 1. 
For BD number = 2 with soft combining detection, the BD number of each PDCCH candidate can still be 1 in our view.  For BD number = 1, each PDCCH detection comprises two parts, including CCE-demapping/channel estimation, e.g. weighted as 0.4, and channel decoding, e.g. weighted as 0.6, respectively. When UE does soft combining for two TDMed PDCCH candidates as shown in Figure 2.1-1, UE needs to do CCE-demapping/channel estimation for the first candidate x and the second candidate y, the consumed BD number is 0.4 + 0.4. Further, UE needs to do channel decoding after soft combining, the consumed BD number is 0.6 at the second slot or span. Thus the total BD number is 0.4 + 0.4 + 0.6 = 1.6. It is noted that we agreed 2 because of simplicity. In such case, we can assume the second PDCCH candidate consuming BD number 0.4 + 0.6 = 1, and the remaining 1 is taken by the first PDCCH candidate. 
For BD number = 3, we can still take the above assumption. That is, for each individual PDCCH detection, the BD number = 1 which comprises two parts including CCE-demapping/channel estimation, e.g. counted as 0.4, and channel decoding, e.g. counted as 0.6, respectively. For soft combining detection, UE does not need to do CCE-demapping/channel estimation again for the two PDCCH candidates since it has been done before for individual PDCCH detection. The only extra operation is just to do channel coding of soft combing bits at the second slot or span as shown in Figure 2.1-1. Therefore, we can see that the first PDCCH candidate consumes BD amount 1, and the second PDCCH  candidate consumes BD amount 1.6. After rounded to an integer number, it should be 1+2 for the first and the second PDCCH candidates respectively.
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Figure 2.1-1: Candidate x and candidate y are in different spans
Proposal 1-4: When two linked PDCCH candidates are in different spans or slots
· For BD number =3, the BD numbers of the earlier and later PDCCH candidate are 1 and 2 respectively
· For BD number =2, the BD numbers of the earlier and later PDCCH candidate are 1 and 1 respectively

Cases where a PDCCH candidate is not monitored 
In RAN1#104b-e meeting, some options were listed to be down-selected for the purpose of BD counting 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.
	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


In our view, Option 1 is the simplest solution since the linked PDCCH candidates are always bundled and all agreed Rel-17 rules can be reused.  However, Option 2 and 3 needs more specification efforts to consider the new UE behavior in the case when one linked PDCCH candidate is not counted. 
Proposal 1-5: 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, support Option 1, i.e. the individual candidate is not counted for monitoring. 

In addition, as shown in the following agreement, two options were listed to be determined for some cases where one of the linked PDCCH candidates is dropped or is not monitored. 
	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 


In our view, option 2 causes unnecessary resource waste, and option 1 is more efficient from resource utilization perspective since one of candidates can still be used for PDCCH transmission even though the other is not monitored or dropped. Hence we propose to support option 1.
Proposal 1-6: For PDCCH repetition with two linked candidates, if due to Rel. 15/16 procedures, one of the linked candidates is not monitored (is dropped), support Option 1, i.e. UE still monitors the linked candidate that is not dropped. 

Reference symbol for SLIV
In RAN1#104b-e meeting, two options were listed for the purpose of the reference symbol for SLIV if a PDSCH with mapping Type B is scheduled by linked PDCCH candidates. 
	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


As shown in the following figures, Alt 3 assumes that the starting symbol S of PDSCH is relative to the starting symbol S0 of the earlier PDCCH occasion, and Alt 1 assumes that the starting symbol S of PDSCH is relative to the starting symbol S0 of the later PDCCH occasion where DCI 0 and DCI 1 correspond to two linked PDCCH candidates for PDCCH repetition. 
[bookmark: _GoBack]For simplicity, we assume S=0, then the starting symbol of PDSCH will be the same as the starting symbol of DCI 0 for Alt 3 and be the same as the starting symbol of DCI 1 for Alt 1 as shown in the following left and right figures respectively. 
In Alt 3, if the first DCI 0 is not detected successfully by UE, it may lead to that the scheduled PDSCH is earlier than its scheduling DCI 1. In such case, the UE processing procedure will not be the same as Rel-15/16 since the UE may not have enough time for PDSCH processing. That’s because UE has to firstly decode PDCCH then followed by PDSCH. The subsequent HARQ-ACK transmission time may be further impacted as well. 
Alt 1 is simple and has no issue for UE processing time. The later PDCCH can be used as the reference for SLIV and PDSCH processing time computation which can completely reuse the Rel-15/16 mechanism. 
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Figure 2.1-2: Starting symbol S of PDSCH is relative to the starting symbol S0 of the PDCCH occasion
Proposal 1-7: 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, support Alt 1, i.e. the PDCCH candidate that starts later in time is used. 

PUCCH enhancement
We discuss some remaining issues for MTRP PUCCH reliability enhancements in this section.
TPC command indication
In RAN1 #105-e meeting, the following agreement was endorsed for TPC command indication per TRP [2]. Note that this agreement can just be applied to the case when close loop indices are different for two TRPs. Some pending issues in other cases need to be addressed.
	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.


Given that RAN1 has agreed STRP/MTRP dynamic switching of MTRP PUCCH can be done by associating a PUCCH resource activated with one or two beams/ PC parameter sets and indicated by PRI [3], the following three cases can be possible and true for the PUCCH resource indicated by DCI:
· Case 1: two beams with two different closed loop indices (for MTRP operation);
· Case 2: two beams with two same closed loop indices (for MTRP operation);
· Case 3: a single beam with a single closed loop index (for STRP operation).
Based on the above, once a PUCCH resource is configured with two different closed loop indices (CLI) (case 1) in the PUCCH resource set, the second TPC field will must be configured by RRC, and there are always two TPC fields in DCI formats 1_1 / 1_2. Accordingly, two TPC fields can be used for case 1 to indicate two TPC values corresponding to two CLIs, respectively. However, one open issue is how to indicate the single TPC value of two same CLIs/ one single CLI via two TPC fields for case 2 and 3. To address this issue, there are three options:
· Option 1: Only the first TPC field is used, and the second TPC field is invalid or set as default value, e.g. '00' or '11'.
· This solution is simple and similar as Rel-15/16 design of the unused fields in DCI.
· Option 2: Only the first TPC field is used, and the second TPC field is set as the same value of the first. 
· This solution can improve the reliability and robustness of DCI reception. That is, once UE decodes the second TPC value different from the first TPC value, UE will be aware of an error in DCI detection.
· Option 3: Both the first and second TPC fields are jointly used to indicate more alternative values. 
· By this way, there are totally 4 bits can be used, and more flexibility can be achieved without any DCI overhead increasing. How to use the 4 bits can be further studied, e.g. define a new 4 bits TPC table.
Since option 3 can provide more candidates of TPC values, we slightly prefer it.
Proposal 2-1: When two TPC fields are present in DCI formats 1_1 / 1_2 and the PUCCH resource indicated by PRI is associated with two same closed loop indices or a single closed loop index, both two TPC fields (4 bits) are jointly used to indicate a single TPC value.

Group based spatial relation update
In RAN1 #105-e meeting, the following agreement was endorsed to further study the enhancement on group based PUCCH spatial relation update in Rel-17 MTRP operation [2].
	For future meetings:
Further study the enhancements needed on grouping of PUCCH resources for Rel-17 multi-TRP PUCCH repetition


In Rel-16, grouping of PUCCH resources can be configured for spatial relation update simultaneously, and up to four PUCCH groups are supported, where each group corresponds to one beam or one spatial relation in FR2. This feature is very helpful to save MAC CE overhead. Hence, it should further support this feature for MTRP PUCCH repetition in Rel-17 as well. 
Proposal 2-2: Support PUCCH group based spatial relation update for Rel-17 MTRP PUCCH repetition scheme.

For MTRP PUCCH repetition scheme in Rel-17, different beams/ spatial relations of one PUCCH resource means to direct this PUCCH resource to different TRPs. Then, it is natural to configure one PUCCH resource in two PUCCH groups, so that the PUCCH resource can be configured with two beams. For example, PUCCH group 0 includes {resource 0, 1, 2} and PUCCH group 1 includes {resource 0, 3, 4}. Then PUCCH resource 0 can be configured with two beams which towards TRP  0 and TRP 1, respectively.
To achieve the above purpose and minimize specification change as well, we use the following example to illustrate one straightforward way. 
· When PUCCH resource 0 is present in MAC CE, one reserved bit in the existing “Enhanced PUCCH Spatial Relation Activation/Deactivation MAC CE” (as shown in Figure 2.2-1) can be used to indicate which one of multiple PUCCH groups containing PUCCH resource 0 should be updated. More specifically, when the indicated bit of PUCCH resource 0 equals to 0, it means that spatial relation of  PUCCH group 0 will be updated. When the indicated bit of PUCCH resource 0 equals to 1, it means spatial relation of PUCCH group 1 will be updated.


Figure 2.2-1: Enhanced PUCCH spatial relation activation/deactivation MAC CE
Proposal 2-3: Support that one PUCCH resource with two spatial relations can be configured in two PUCCH groups, which can be updated based on PUCCH resource grouping for two TRPs in FR2.

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 2-4: 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.

Confirmation on intra-slot beam hopping (Scheme 2)
In previous meetings, intra-slot beam hopping based MTRP PUCCH (scheme 2) was proposed by several 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 following frequency hopping pattern in Rel-15 and directly improve the reliability of PUCCH transmission with low specification change. 
Proposal 2-5: Support intra-slot beam hopping (scheme 2) for MTRP PUCCH scheme.

PUSCH default beam when scheduled by DCI format 0_0
In previous meetings, one pending issue is about how to determine default beam of MTRP PUSCH scheduled by DCI format 0_0, and there were two different views from companies: 
(i) the spatial relation info with lower ID of the PUCCH resource with the lowest ID can be used as the default beam; 
(ii) up to gNB implementation, the PUCCH resource with the lowest ID is not activated with two spatial relations.
From our perspective, the specification effort corresponding to the above two options are nearly same. The difference is that the second option will lead to more impact on the flexibility for configuration of PUCCH resource. Especially, if it is mandatory to activate only one spatial relation info for the PUCCH resource with the lowest ID, STRP/MTRP PUCCH dynamic switching may not be supported in this case. Therefore, it is more reasonable to adopt the first option to facilitate this PUCCH enhancement.
Proposal 2-6: When the PUCCH resource with the lowest ID is activated with two spatial relations, the spatial relation info with lower ID can be used as the default beam for PUSCH scheduled by DCI format 0_0.

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]:
(i) 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;
(ii) UE does not expect the set of SSB symbols (indicated by ssb-PositionsInBurst) to be used for PUCCH transmission;
(iii) 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;
(iv) UE does not multiplex different UCI types in a PUCCH repetition;
(v) 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;
(vi) 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 2-7: 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.
TPC command indication
As elaborated in section 2.2.1, the requirement of two TPC fields actually depends on whether closed loop indices (CLI) towards two TRPs are the same or different. For MTRP PUSCH repetition, it means once any two of SRS resources in two SRS resource sets are configured with different closed loop indices, the second TPC field should always be present in DCI. Likewise, two SRS resources selected from two SRS resource sets can be configured with two same closed loop indices for MTRP operation (similar as case 2 in section 2.1.1), and one SRS resource selected from one SRS resource set can be configured with a single closed loop index  for STRP operation (similar as case 3 in section 2.1.1). Accordingly, how to indicate the single TPC value of two same CLIs/ one single CLI via two TPC fields should also be clarified. 
Given that a unified design should be adopted for both MTRP PUCCH and MTRP PUSCH, we slightly prefer to use two TPC fields to jointly indicate more candidates of TPC value (similar as option 3 in section 2.1.1) for more flexibility as well as without any DCI overhead increasing.
Proposal 3-1: When two TPC fields exist in DCI formats 1_1 / 1_2 and all PUSCH repetitions are associated with two same closed loop indices or one single closed loop index, both two TPC fields (4 bits) are jointly used to indicate a single TPC value.

STRP/MTRP dynamic switching
In RAN1 #105-e meeting, the following agreement was endorsed to introduce a new field with 2 bits to indicate STRP/MTRP dynamic switching for PUSCH repetition [2].
	Agreement
Confirm the Working Assumption (with supporting two bits for the new field). 
· For indicating STRP/MTRP dynamic switching for non-CB/CB based MTRP PUSCH repetition, 
· Introduce a new field in DCI to indicate at least the S-TRP or M-TRP operation. 
· The new field is 2 bits


Note that the method on how to introduce the new field in DCI is still pending, where the saving of DCI overhead should be taken into account as the major design principle. During the previous meetings, one alternative way supported by more than 10 companies  is to utilize one or more entries in 2nd TPMI field (for CB scheme) and 2nd SRI field (for NCB scheme) to indicate STRP/MTRP dynamic switching, which can save 1 or 2 bits for most cases. More specifically, the newly additional 2-bit field is only required when single-port transmission is configured for both CB or NCB scheme. For the sake of DCI overhead saving, whether the new 2-bit field is present in DCI can depend on RRC configuration. Based on that, 1 or 2 bits can always be saved in DCI for both CB and NCB based SDCI MTRP PUSCH schemes just except for the case of 1-port based MTRP PUSCH repetition.
Proposal 3-2: Whether the new 2-bit field is present in DCI format 0_1 / 0_2 can depend on RRC configuration for both CB and non-CB based MTRP PUSCH repetition.
· If the new 2-bit field is not configured, one or more entries in 2nd SRI filed for NCB and 2nd TPMI field for CB can be used to indicate STRP/MTRP dynamic switching.

PTRS-DMRS association
On the indication of PTRS-DMRS association when transmission rank > 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.


Regarding how to down-select one option, we believe the following principles should be taken into account: (i) all possible PTRS-DMRS associations as Rel-15/16 should be indicated for a complete design; (ii) avoid to cause DCI overhead increasing as much as possible; (iii) 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 lead to DCI overhead increasing with 2 bits, which is the most critical issue for 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 reserved 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 under the case of transmission rank 3, 4 and 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 reserved 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 indeed 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. 
Proposal 3-3: For the indication of PTRS-DMRS association when rank > 2, support to use the existing PTRS-DMRS association field in DCI for the first TRP, and use reserved entries/bits in DMRS port indication field for the second TRP. (option 2)

PHR reporting
In RAN1 #105-e meeting, the following agreement was endorsed for further study per TRP PHR reporting and triggering [2].
	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.


The following principles should be taken into account for this issue: (1) at least per TRP PHR reporting should be supported; (2) minimize specification change/ effort for RAN2 as much as possible considering the time budget of RAN2 is very limited; (3) the solution can be used for the case of UL CA as well. Besides, given that four options as below have been proposed in RAN1 #104b-e meeting on the enhancement of PHR reporting for MTRP operation [4], we provide the analysis among the four options based on the above principles as follows.
	Agreement
For PHR reporting related to M-TRP PUSCH repetition, select one from the following options in RAN1 #105-e meeting. 
· Option 1:  Calculate one PHR associated with the first PUSCH occasion (earliest repetition that overlaps with the first slot in which the PUSCH that carries the PHR MAC-CE is transmitted) 
· Option 2: Calculate two PHRs, each associated with a first PUSCH occasion to each TRP, but report one of them 
· FFS: How to select the PHR for reporting. 
· Option 4: Calculate two PHRs, each associated with a first PUSCH occasion to each TRP, and report two PHRs 
· Option 5: No changes to legacy PHR reporting 


· For principle#1, both option 2 and option 4 can support per TRP PHR reporting, where option 2 can indicate TDMed PHR reporting towards each one of two TRPs and can guarantee high flexibility for per TRP PHR triggering. Further, option 4 is mandatory to report two PHR values for two TRPs every time no matter whether it is really necessary or not. Neither option 1 nor option 5 can support per TRP PHR reporting. Especially, although some companies mentioned in last meeting that option 1 can achieve this purpose via combining with TRP order indication, it means that PHR triggering will be motivated by gNB indication rather than UE measurement of power change of PL-RS, which is deviated from legacy PHR triggering mechanism in fact.
· For principle#2, option 4 will cause high specification effort since a new MAC CE design has to be introduced for both CA and non-CA operations. Option 2 is simple enough to reuse the reserved field in Single/Multiple-Entry PHR MAC CE to indicate the corresponded TRP (as shown in Fig. 2.3-1), where a completely new MAC CE design can be avoided. 

Figure 2.3-1: Single Entry PHR MAC CE
· For principle#3, we think both option 2 and 4 can work for the case of UL CA operation and guarantee the requirement of reporting timeline. In more details, assuming that STRP PUSCH transmission in CC1 in slot n and MTRP PUSCH repetitions in slot n and slot n+2 in CC2, and UE will report PHR values in slot n in CC1, for option 2, due to the PHR reporting of TRP1 and TRP2 are separated, there is no issue about PHR reporting timeline. For option 4, the PHR MAC CE will include PHR for PUSCH transmission#1 in slot n in CC1, PHR for PUSCH repetition#1 in slot n in CC2, and PHR for PUSCH repetition#2 in slot n+2 in CC2. In such case, there is no motivation to include PHR for PUSCHs on other CCs in slot n+2.
In the light of the above analyses, we think option 2 should be supported to facilitate per TRP PHR reporting with minor specification change/ effort as well. 
Proposal 3-4: For PHR reporting related to MTRP PUSCH repetition, support option 2, i.e. calculate two PHRs, each associated with a first PUSCH occasion to each TRP, but report one of them.
· Utilize one reserved field in PHR MAC CE for TRP selection.

Regarding FFS1 for Option 4, it should be noted that a PHR reporting can be triggered for a certain component carrier by the following three events in Rel-15/16
· periodically as controlled by a timer, 
· change in PL-RS power, 
· a prohibit timer expires. 
Given that higher layer parameters of such trigger events are configured by RRC signaling, i.e., 'phr-PeriodicTimer', 'phr-ProhibitTimer' and 'phr-Tx-PowerFactorChange. For MTRP PUSCH repetition, these parameters of PHR trigger events should be configured as TRP specific. How to configure such parameters as TRP specific can be determined by RAN2. One straightforward example is to add 'phr-PeriodicTimer2', 'phr-ProhibitTimer2' and 'phr-Tx-PowerFactorChange2' in 'PHR-Config' directly. Then, the two PHR trigger event related parameter sets can be associated with the two SRS resource sets respectively.
Regarding FFS2 and FFS3, it is simple to extend the current single-cell and multi-cell PHR MAC CE for option 2, which is to utilize one reserved field in the current Single/Multiple Entry PHR MAC CE to indicate the TRP information as discussed above. Note that P-MPR and MPE report per TRP is not required, the extension of MAC CE for option 2 does not cause any impact on the legacy P-MPR and MPE report approach.
Regarding FFS4, it is natural to let RAN2 determine the relevant design for this enhancement.
Proposal 3-5: Support to configure the higher layer parameters {'phr-PeriodicTimer', 'phr-ProhibitTimer', 'phr-Tx-PowerFactorChange'} of PHR trigger events as TRP specific.

Default power control parameters
In RAN1 #105-e meeting, the following three alternatives were raised to further study the approach of default PC parameters when two SRI fields are absent [2].
	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.


Regarding how to down-select among the above three alternatives, we think it makes sense to take the legacy rules in Rel-15/16 into account for Rel-17 MTRP PUSCH repetition. In Rel-15/16, the default PC parameters {P0/alpha, PL-RS Id and closed loop index} of PUSCH scheduled by DCI are defined separately in the current TS 38.213, which are given as following.
· Default P0/Alpha
	If the PUSCH transmission except for the PUSCH retransmission corresponding to a RAR UL grant is scheduled by a DCI format that does not include an SRI field, or if SRI-PUSCH-PowerControl is not provided to the UE, ..., the UE determines [image: ] from the value of the first P0-PUSCH-AlphaSet in p0-AlphaSets.
...
If the PUSCH transmission except for the PUSCH retransmission corresponding to a RAR UL grant is scheduled by a DCI format that does not include an SRI field, or if SRI-PUSCH-PowerControl is not provided to the UE, [image: ], and the UE determines [image: ] from the value of the first P0-PUSCH-AlphaSet in p0-AlphaSets.


· Default PL-RS Id
	-	If 
-	the PUSCH transmission is scheduled by DCI format 0_0 and the UE is not provided a spatial setting for a PUCCH transmission, or 
-	the PUSCH transmission is scheduled by DCI format 0_1 or DCI format 0_2 that does not include an SRI field, or 
-	SRI-PUSCH-PowerControl is not provided to the UE, 
	the UE determines a RS resource index  with a respective PUSCH-PathlossReferenceRS-Id value being equal to zero where the RS resource is either on serving cell  or, if provided, on a serving cell indicated by a value of pathlossReferenceLinking
...
-	If the UE is provided enablePL-RS-UpdateForPUSCH-SRS, a mapping between sri-PUSCH-PowerControlId and PUSCH-PathlossReferenceRS-Id values can be updated by a MAC CE as described in [11, TS38.321]

-	For a PUSCH transmission scheduled by a DCI format that does not include an SRI field, or for a PUSCH transmission configured by ConfiguredGrantConfig and activated, as described in Clause 10.2, by a DCI format that does not include an SRI field, a RS resource index  is determined from the PUSCH-PathlossReferenceRS-Id mapped to sri-PUSCH-PowerControlId = 0


· Default closed loop index
	-	l ∈{0, 1}if the UE is configured with twoPUSCH-PC-AdjustmentStates and l = 0 if the UE is not configured with twoPUSCH-PC-AdjustmentStates or if the PUSCH transmission is scheduled by a RAR UL grant as described in Clause 8.3
...
-	If the PUSCH transmission is scheduled by a DCI format that does not include an SRI field, or if an SRI-PUSCH-PowerControl is not provided to the UE, l = 0.


As stated by the above description, it can be seen that some cases should be considered specifically for default PC parameters of Rel-17 MTRP PUSCH repetition, such as:
· For default PL-RS, when enablePL-RS-UpdateForPUSCH-SRS is configured, PL-RS Ids for two TRPs should be the PUSCH-PathlossReferenceRS-Id value being 0 and 1, respectively. Otherwise, PL-RS Id for two TRPs should be the PUSCH-PathlossReferenceRS-Id mapped with sri-PUSCH-PowerControlId = 0 which associated with the first and second SRS resource set, respectively. 
· For default closed loop index, when twoPUSCH-PC-AdjustmentStates is configured, closed loop index equals to 0 and 1 applied for two TRPs, respectively. Otherwise, closed loop index equal to 0 is applied for both TRPs. 
· For default P0/Alpha, it is natural to take the first and second values in P0-AlphaSet for two TRPs, respectively.
In the light of the above elaboration, it can be seen that both Alt. 1 and Alt. 2 are somehow deviated from the current design in Rel-15/16. However, Alt. 3 is aligned with the legacy mechanism very well and with minimized specification effort. Therefore, it makes sense to adopt Alt. 3 to determine the default PC parameters for MTRP PUSCH repetition scheme in Rel-17.
Proposal 3-6: Support to adopt Alt. 3 as the solution on default PC parameters determination when SRI field is absent.

OLPC set indication
In RAN1 #105-e meeting, the following agreement was endorsed for OLPC set indication when two SRI fields are present in DCI [2]. Regarding the case that two SRI fields are absent in DCI, the same enhancement should be considered.
	Agreement
For indicating per-TRP OLPC set in DCI format 0_1/0_2, if two SRI fields present in the DCI, 
· Use the existing field (1 bit) for OLPC set indication and a second p0-PUSCH-SetList-r16.
· if value of the field equals to ‘0’, the UE determine value of P0 from SRI-PUSCH-PowerControl with a sri-PUSCH-PowerControlId value mapped to the SRI field value corresponding to each TRP.
· if value of the field equals to ‘1’, the UE determine value of P0 from a first value in P0-PUSCH-Set with a p0-PUSCH-SetId value mapped to the SRI field value corresponding to each TRP.


According to the current specification, an additional P0 was introduced for power boosting of URLLC traffic in Rel-16, and this P0 was indicated by OLPC set indication field in DCI. For the case that SRI field is absent in DCI format 0_1 or 0_2, OLPC set indication field with 1 or 2 bits as configured by RRC parameter 'olpc-ParameterSetDCI-0-1'. More specifically, when the OLPC set indication field is configured as 1 bit, two levels of P0 candidate value can be selected and indicated from 'P0-PUSCH-AlphaSet', which is used for eMBB traffic, or from 'P0-PUSCH-Set-r16', which is used for URLLC traffic, respectively. When the OLPC set indication field is configured as 2 bits, three levels of P0 value can be selected and indicated, where one P0 candidate value is selected from 'P0-PUSCH-AlphaSet', which is used for eMBB traffic, and two P0 values are selected from 'P0-PUSCH-Set-r16', which is used for URLLC traffic.
For MTRP PUSCH repetition scheme in Rel-17, since one of the two TRPs to perform repetition for one UE may also perform eMBB reception from another UE, it is needed to support TRP specific power boosting for more flexibility when URLLC traffic is delivered. That is, as shown in figure 2.3-2, one P0 value for TRP#1 is selected from 'P0-PUSCH-AlphaSet' without boosting for power saving and the other P0 value for TRP#2 is selected from 'P0-PUSCH-Set-r16' with boosting for transmission reliability. Therefore, a second OLPC set indication should be added in DCI. Besides, as the above elaboration in section 2.3.5 that default P0 for two TRPs should be configured from the first and second P0 values in 'P0-PUSCH-AlphaSet' when SRI fields are absent, it means two P0 values of eMBB traffic can be select from the first and second P0 values in 'P0-PUSCH-AlphaSet', respectively. Hence, it makes sense to add a second 'P0-PUSCH-Set-r16' in RRC for URLLC traffic.
[image: ]
Figure 2.3-2: Per TRP power boosting for URLLC traffic when MTRP operation
In the light of the above discussion, we support to add a second OLPC set indication filed in DCI and a second 'P0-PUSCH-Set-r16' in RRC for the case that two SRI fields are absent.
Proposal 3-7: To indicate per TRP OLPC set in DCI format 0_1/0_2, if two SRI fields are absent in DCI, 
· Support a second OLPC set indication filed in DCI and a second 'P0-PUSCH-Set-r16' in RRC.
· The first and second OLPC fields are associated with the first and second SRS resource sets, respectively.
· For first and second OLPC fields,
· if value of the field equals to '0' or '00', the UE determines two P0 values for two TRPs from the first and second values in 'P0-PUSCH-AlphaSet', respectively.
· if value of the field equals to '1' or '01', the UE determines two P0 values for two TRPs from the first value in two 'P0-PUSCH-Set-r16', respectively.
· if value of the field equals to '10', the UE determines two P0 values for two TRPs from the second value in two 'P0-PUSCH-Set-r16', respectively.

SP-CSI multiplexing
In the last meeting, the following agreement was endorsed for further study of whether to support multiplexing SP-CSI on MTRP PUSCH repetitions.
	Agreement
For SP-CSI report on mTRP PUSCH repetition Type A and B activated by a DCI, further study the use of a similar mechanism to A-CSI multiplexing on M-TRP PUSCH without a TB, which includes the following,
· When SP-CSI multiplexed on m-TRP PUSCH, SP-CSI multiplexed on the two repetitions associated with the two TRPs, and the number of repetitions is always assumed to be 2, regardless of the value indicated.
· Reuse similar conditions (e.g. UCIs other than the A-CSI are not multiplexed, same number for first actual repetitions, the content of the CSI is the same) to support SP-CSI multiplexing on m-TRP PUSCH as defined in A-CSI multiplexing on M-TRP PUSCH.


It should be noted that P/SP-CSI multiplexing on PUSCH repetition was not agreed in Rel-15/16, which is mainly for two reasons as below. 
· First, P/SP-CSI carried in PUCCH repetition can be used even if P/SP-CSI on PUSCH may have potential reliability issues. 
· Second, when Type II CSI carried on PUSCH repetitions, due to the huge UCI payload of such CSI reporting, it will lead to substantial reduction of user data throughput. 
In addition, given that the enhancement of AP/SP-CSI multiplexing on PUSCH repetitions was NOT agreed in CE AI in Rel-17 (referring to R1-2007392), we should avoid to repeatedly discuss the same issue in FeMIMO AI as well. Based on the above considerations, we fail to see the necessity to enhance SP-CSI on MTRP PUSCH repetitions.
Proposal 3-8: Do NOT support multiplexing SP-CSI on MTRP PUSCH repetitions in Rel-17.

Conclusions
[bookmark: OLE_LINK11][bookmark: OLE_LINK10]In this contribution, we provide the following proposals on MTRP PDCCH, PUCCH, and PUSCH related enhancements. 
For PDCCH
Proposal 1-1: Support inter-span PDCCH repetition within one slot. 
Proposal 1-2: Support inter-slot PDCCH repetition.
Proposal 1-3: UE reports capability either with BD number = 2 or = 3 (NOT both) for two linked PDCCH candidates
· For UE capability report with BD number =3, gNB can configure either BD number = 2 or 3
· For UE capability report with BD number =2, UE further reports whether soft combining or individual detection is used
· gNB can configure either soft combining or individual detection for configuration of BD number = 2
Proposal 1-4: When two linked PDCCH candidates are in different spans or slots
· For BD number =3, the BD numbers of the earlier and later PDCCH candidate are 1 and 2 respectively
· For BD number =2, the BD numbers of the earlier and later PDCCH candidate are 1 and 1 respectively
Proposal 1-5: 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, support Option 1, i.e. the individual candidate is not counted for monitoring. 
Proposal 1-6: For PDCCH repetition with two linked candidates, if due to Rel. 15/16 procedures, one of the linked candidates is not monitored (is dropped), support Option 1, i.e. UE still monitors the linked candidate that is not dropped. 
Proposal 1-7: 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, support Alt 1, i.e. the PDCCH candidate that starts later in time is used. 

For PUCCH
Proposal 2-1: When two TPC fields are present in DCI formats 1_1 / 1_2 and the PUCCH resource indicated by PRI is associated with two same closed loop indices or a single closed loop index, both two TPC fields (4 bits) are jointly used to indicate a single TPC value.
Proposal 2-2: Support PUCCH group based spatial relation update for Rel-17 MTRP PUCCH repetition scheme.
Proposal 2-3: Support that one PUCCH resource with two spatial relations can be configured in two PUCCH groups, which can be updated based on PUCCH resource grouping for two TRPs in FR2.
Proposal 2-4: 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 2-5: Support intra-slot beam hopping (scheme 2) for MTRP PUCCH scheme.
Proposal 2-6: When the PUCCH resource with the lowest ID is activated with two spatial relations, the spatial relation info with lower ID can be used as the default beam for PUSCH scheduled by DCI format 0_0.
Proposal 2-7: 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: When two TPC fields exist in DCI formats 1_1 / 1_2 and all PUSCH repetitions are associated with two same closed loop indices or one single closed loop index, both two TPC fields (4 bits) are jointly used to indicate a single TPC value.
Proposal 3-2: Whether the new 2-bit field is present in DCI format 0_1 / 0_2 can depend on RRC configuration for both CB and non-CB based MTRP PUSCH repetition.
· If the new 2-bit field is not configured, one or more entries in 2nd SRI filed for NCB and 2nd TPMI field for CB can be used to indicate STRP/MTRP dynamic switching.
Proposal 3-3: For the indication of PTRS-DMRS association when rank > 2, support to use the existing PTRS-DMRS association field in DCI for the first TRP, and use reserved entries/bits in DMRS port indication field for the second TRP. (option 2)
Proposal 3-4: For PHR reporting related to MTRP PUSCH repetition, support option 2, i.e. calculate two PHRs, each associated with a first PUSCH occasion to each TRP, but report one of them.
· Utilize one reserved field in PHR MAC CE for TRP selection.
Proposal 3-5: Support to configure the higher layer parameters {'phr-PeriodicTimer', 'phr-ProhibitTimer', 'phr-Tx-PowerFactorChange'} of PHR trigger events as TRP specific.
Proposal 3-6: Support to adopt Alt. 3 as the solution on default PC parameters determination when SRI field is absent.
Proposal 3-7: To indicate per TRP OLPC set in DCI format 0_1/0_2, if two SRI fields are absent in DCI, 
· Support a second OLPC set indication filed in DCI and a second 'P0-PUSCH-Set-r16' in RRC.
· The first and second OLPC fields are associated with the first and second SRS resource sets, respectively.
· For first and second OLPC fields,
· if value of the field equals to '0' or '00', the UE determines two P0 values for two TRPs from the first and second values in 'P0-PUSCH-AlphaSet', respectively.
· if value of the field equals to '1' or '01', the UE determines two P0 values for two TRPs from the first value in two 'P0-PUSCH-Set-r16', respectively.
· if value of the field equals to '10', the UE determines two P0 values for two TRPs from the second value in two 'P0-PUSCH-Set-r16', respectively.
Proposal 3-8: Do NOT support multiplexing SP-CSI on MTRP PUSCH repetitions in Rel-17.
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