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Introduction
In Rel.17 NR FeMIMO WID, multi-TRP enhancements for PDCCH, PUCCH, and PUSCH are given as follows [1]:
	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 
b. Identify and specify QCL/TCI-related enhancements to enable inter-cell multi-TRP operations, assuming multi-DCI based multi-PDSCH reception
c. Evaluate and, if needed, specify beam-management-related enhancements for simultaneous multi-TRP transmission with multi-panel reception
d. Enhancement to support HST-SFN deployment scenario:
i. Identify and specify solution(s) on QCL assumption for DMRS, e.g. multiple QCL assumptions for the same DMRS port(s), targeting DL-only transmission
ii. Evaluate and, if the benefit over Rel.16 HST enhancement baseline is demonstrated, specify QCL/QCL-like relation (including applicable type(s) and the associated requirement) between DL and UL signal by reusing the unified TCI framework



This contribution provides Samsung’s view on the highlighted topic above.

1 
2 
PDCCH enhancements
0. Remaining BD/CCE and Overbooking rule for PDCCH repetition
For understanding UE complexity in blind decoding the PDCCH, the following agreement has been made in RAN1#104b-e [2].
	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



One important aspect of PDCCH repetition is potential complexity of soft combining operation of PDCCH due to its blind nature. Such soft combining would need to be done candidate by candidate manner while acknowledging linkage between repetitions for every decoding attempt. Such candidate by candidate combining also implies that a UE needs to hold full LLR buffer of two separate search space sets. Hence, careful consideration would be necessary to reduce implementation impact. For example, the number of BD/CCE corresponding to repetitions may need to be limited. Since many BD candidates can exist in overlapping manner in each SS, LLR buffer in terms of candidates typically becomes much larger than LLR buffer in terms of CCE. Hence, a UE may need to store LLR of first repetition in terms of CCE, which implies that shuffling of LLR and restructuring buffer in terms of candidates would need to happen for both first and second repetition LLRs when soft combining is attempted. An impact of such doubling of processing needs to considered, and restriction on the number of BD/CCE corresponding to repetitions, e.g., up to half amount of per-slot BD/CCE limit, would be required.
In RAN1#106-e [3], the following agreement was made to study the UE complexity, memory requirements for linked PDCCH candidates of PDCCH repetition.
	Agreement 
Study whether/how to handle UE complexity / memory requirements for linked PDCCH candidates
· The following cases can be considered:
· Case 1: One pair of linked MO’s of one pair of linked SS sets in a given slot with large number of candidates.
· Case 2: Multiple pairs of linked MO’s of one pair of linked SS sets in a given slot, where MO’s of the two SS sets are not interlaced
· Case 3: For two pairs of linked SS sets (e.g. SS sets 1 and 2 are linked, and SS sets 3 and 4 are linked), a MO of any of the SS sets (e.g. SS set 3) is in between two linked MOs of another two SS sets (e.g. SS sets 1 and 2).
· Other cases are not precluded.
· Examples of possible mechanisms to address the issue: Restrictions in the spec, UE capability, limit total number linked candidates in a slot, limit total number of linked candidates / CCEs at any given time (similar to CPU occupation)
· Whether the solution should also depend on AL of linked candidates
· The case of CA can also be considered



In any case a situation in which a UE needs to hold LLR buffer of first repetitions for long time while a UE also needs to monitor other MO’s including more of such first repetitions should be prevented. At each given time, a UE needs to keep holding LLR memory corresponding to unresolved first repetitions in addition to memory needed to handle BD/CCE of the current monitoring occasion (MO). Hence, whether to allow something like inter-slot PDCCH repetition or not needs to be discussed acknowledging implementation burden. For example, with inter-slot repetition with two consecutive slots, the amount of the worst case memory corresponding to unresolved first repetitions and the current MO would be two times of per-slot BD/CCE limit, and such amount would further increase with larger distance between slots. While inter-slot repetition can be a useful functionality, it would be undesirable and unnecessary to ask to UE to double the memory budget to support this functionality. In that sense, there can be restriction on the number of SS’s or the amount of CCEs or candidates corresponding to first repetitions before the time instance including MOs with second repetitions. For example, a proper restriction can be designed toward the goal of something like ‘a UE is not required to store more than per-slot BD/CCE limit at any given time.’
Observation 1: Restriction/limitation on the amount of BD/CCE corresponding to repetitions needs to be considered to acknowledge increased/duplicated processing burden with soft combining. Restriction/limitation on the amount of BD/CCE between two repetitions needs to be considered to acknowledge increased memory budget due to lasting impact of unresolved first repetitions.

One way to mitigate the LLR buffering issue is to only support MO configurations where the second MO among any two linked MOs ends before the start of the first MO of another linked pair of MOs. In this way, UE may finish processing of the first pair and use the buffer for the second pair. To relax this restriction on gNB for SS configuration, we may allow partial overlapping among different pairs of MO to a certain extent. The following proposal is an attempt to this end.
Proposal 1: For intra-slot repetition, when two SS sets with  MOs in the slot are linked together, limit the maximum number of MOs between any two linked MO # of the first SS set and MO# of the second SS set to a maximum number.

Another aspect of the PDCCH repetition scheme, is when the two linked MOs are in different PDCCH monitoring units, e.g. slots if inter-slot repetition is supported and span for inter-span repetition. Since the LLRs for the unresolved PDCCH candidates in one span need to be stored until the second span is processed, the LLR buffer requirement is doubled compared to the per-span limit. Another aspect is that based on current agreements, every two PDCCH candidate may be counted as X towards the BD/CCE limit. Since PDCCH overbooking/dropping is per span, it is needed to specify the BD counting per span, e.g. each PDCCH candidate may be counted as X/2 or the PDCCH candidates in first span may be counted as X1 and those in the second span may be counted as X2 depending on UE implementation.
Proposal 2: For inter-span PDCCH repetition, further study how to count the PDCCH candidate towards the BD/CCE limit, and perform SS overbooking/dropping.

Also, regarding the overbooking rule, the appropriate modification can be beneficial at least for repetition based scheme. If the number of PDCCH candidates and the number of non-overlapped CCEs exceed the limit, a part of all search space sets configured to UE can be selected based on the overbooking rule, i.e., common search space set with lower index is firstly selected, and if the limit is not exceeded despite of selecting all common search space sets, UE-specific search space set with lower index selected by priority until the limit is exceeded. Then, considering the repeated PDCCH candidates which are within a same search space sets, dropping a whole search space set due to the limit seems overkill, hence an enhancement enabling to select the subset of PDCCH candidates and CCEs would be needed at least for the repetition based scheme.
Proposal 3: Support modified overbooking rule enabling to select the subset of PDCCH candidates and CCEs in a common or UE-specific search space sets which include repeated PDCCH candidates.

0. Clarification on SPS PDSCH release DCI for PDCCH repetition
In RAN1#106-e [3], the following agreement was made to clarify a reference PDCCH for issues involving a timeline for/related to DCI decoding.
	Agreement
For the issues involving a timeline for/related to DCI decoding, the PDCCH candidate that ends later in time among the two linked PDCCH candidates is used as a reference. This includes at least the following issues
· For N timeline and the HARQ ACK slot offset in the case that DL DCI does not schedule PDSCH but requests HARQ-Ack: SPS release DCI, SCell dormancy indication, requesting Type-3 HARQ-Ack codebook
· For SPS PDSCH cancelation timeline (14 symbols)
· For PUCCH resource overriding timeline (N3)
· For starting drx-InacitivityTimer
· For timeline to send PRACH in response to PDCCH order
· For PDSCH / AP-CSI-RS reception preparation time with cross carrier scheduling with different SCS’s for PDCCH and PDSCH / AP-CSI-RS, i.e., minimum scheduling delay Npdsch and Ncsirs
· For PHR timeline conditions for virtual versus actual PHR
· For TPC application time window to determine whether a TPC command is applicable or not
· For CPU occupation duration for AP-CSI
For the following issue, the PDCCH candidate that starts earlier in time among the two linked PDCCH candidates is used as a reference:
· For determining the most recent transmission of SRS resource(s) identified by the SRI



Among above, one of the defined case is N timeline and the HARQ-ACK slot offset for SPS PDSCH release DCI highlighted as in the first sub-bullet. In our view, there are two more issues on SPS PDSCH release DCI.
In Rel-16, when SPS PDSCH release DCI and the indicated SPS PDSCH are received in the same slot when certain timeline conditions must hold if the HARQ-ACK bits of the PDCCH and the PDSCH are mapped to the same PUCCH. In particular, the SPS release PDCCH must end before the end of the SPS PDSCH in the slot. In current specification, the UE behavior for receiving SPS release PDCCH with repetition is ambiguous as the agreements only considered a single PDCCH without repetition. Therefore, whether or not a scenario where the first PDCCH repetition ends before the end of the SPS PDSCH while the second one ends after that is supported needs a reference PDCCH. To provide UE with increased reliability of the repeated PDCCH as well as sufficient processing time for the PDSCH decoding, the second PDCCH should be chosen as the reference PDCCH. In other words, both first and second PDCCH must end before the end of SPS PDSCH in the slot.
Proposal 4: Support the PDCCH candidate that ends later in time among the two linked PDCCH candidates as a reference PDCCH to determine the conditions for receiving SPS PDSCH release DCI and the SPS PDSCH in the same slot, and the PDCCH candidate that ends later in time must end before the end of the SPS PDSCH.

Another issue is the location of HARQ-ACK bit for the SPS PDSCH release DCI with Type-1 HARQ-ACK codebook. In Rel-15/16, the location of the A/N bit for the SPS PDSCH release DCI is the same as the corresponding SPS PDSCH reception on the scheduled cell. In case of PDCCH repetition, a reference PDCCH should be defined to determine the PDSCH slot for the A/N location. Since the HARQ-ACK timing is from a PDCCH candidate that ends later in time, it is natural to choose the PDCCH candidate as the reference PDCCH. With such a choice, in the following figure, the A/N bit for the SPS PDSCH release PDCCH is placed in the location of SPS PDSCH in slot .



Proposal 5: With Type-1 HARQ-ACK codebook, and the release PDCCH repetition, the location of the HARQ-ACK bit of the release PDCCH is determined based on the PDCCH candidate that ends later in time.

0. PDCCH repetition based on different CORESETPoolIndex values
In Rel-16, based on two different CORESETPoolIndex values, multi-DCI based NC-JT scheme was agreed and independent PDCCHs within CORESETs can schedule fully/partially/non-overlapped PDSCHs based on reported UE capability. So far in Rel-17, although the PDCCH repetition based on Alt3 is operated by using two CORESETs transmitted from each different TRPs, the discussion did not consider the CORESETs which are configured with CORESETPoolIndex. Since CORESETs with different CORESETPoolIndex values already mean that each PDCCH included in CORESET with CORESETPoolIndex is transmitted from each TRP, our view is that it is natural to extend the PDCCH repetition considering two different CORESETPoolIndex values for mTRP PDCCH repetition.
Proposal 6: Support PDCCH repetitions with different CORESETPoolIndex values based on the framework of option 2 + case 1 + Alt3.

If the PDCCH repetition based on different CORESETPoolIndex values is performed, since the motivation of multi-DCI based NC-JT is to schedule PDSCHs by using independent PDCCHs but two PDCCH repetitions should have same values for all DCI fields regarding option 2, it could have some conflicts with the current specification. The detailed issues can be summarized as follows:
1) PDSCH scrambling / CRS rate matching / HARQ-ACK
· These aspects were already noted in the previous agreement.
2) Which kind of PDSCH can be scheduled? Single PDSCH or NC-JT PDSCHs or both (if so, whether/how to switch?)
· Since repeated PDCCHs have all the same DCI field values, it is reasonable to schedule a single PDSCH. However, based on two different CORESETPoolIndex values, multi-DCI based NC-JT can schedule fully/partially/non-overlapped PDSCHs in Rel-16. Hence, which kind of PDSCH can be scheduled would be discussed.
· If both options are supported, then whether/how to distinguish/switch between two scheduling types of PDSCH would be also discussed.
· Regarding this issue, the following issues such as Indicating TCI state field / MAC-CE operation, DM-RS, HARQ process ID, NDI, would be discussed, too. Further, in addition to dynamic grant based PDSCH, it can be also discussed whether/how to apply for activation/deactivation on configured grant (CG) or semi-persistent scheduling (SPS) based PDSCH.

Proposal 7: Further study the PDCCH repetitions with different CORESETPoolIndex values based on the framework of option 2 + case 1 + Alt3 for the following aspects:
1) PDSCH scrambling / CRS rate matching / HARQ-ACK as in the previous agreement
2) Which kind of PDSCH can be scheduled? Single PDSCH or NC-JT PDSCHs or both (if so, whether/how to switch?)
A. Indicating TCI state field / MAC-CE operation
B. Indicating DM-RS field
C. Indicating HARQ process ID field and NDI field
D. Whether/how to apply for activation/deactivation on CG or SPS
3) FFS: other aspects are not precluded.

0. Ambiguity on AL8 & AL16 for PDCCH repetition
In RAN1#92 meeting, RAN1 discussed potential ambiguity on AL8 PDCCH candidate and AL16 PDCCH candidates in a certain condition (i.e., 1 symbol non-interleaved CORESET and the starting CCEs of both AL8 and AL16 are same). Since AL16 PDCCH candidate is basically repetition of two AL8 PDCCH candidates, a UE may not correctly identity which AL is used for PDCCH transmission from gNB side. For more details on this ambiguity, please see the references [4],[5]. With this ambiguity, we observe at least two issues: PDSCH rate-matching and PUCCH resource determination.

PUCCH resource determination
In Rel-15, if more than 8 PUCCH resources are configured in a PUCCH resource set, the starting CCE index of the detected PDCCH and the number of CCEs in the CORESET associated with the detected PDCCH are used to determine a PUCCH resource for transmitting HARQ-ACK information. As describe above, it is like not possible for UE to identify which PDCCH candidate is used for transmission from gNB if AL8 PDCCH candidate and AL16 PDCCH candidate satisfy the condition. Fortunately, there are no problems in Rel-15, because the starting CCE index of AL8 PDCCH candidate and AL16 PDCCH candidate is always same under the condition. Note that the same starting CCE index is a necessary condition for the ambiguity on AL8 and AL16. 
In Rel-17 MIMO WI, in order to determine a PUCCH resource, it was agreed that the starting CCE index and the number of CCEs in CORESET of the SS with the lowest SS ID among the linked SSs are used. If two linked search spaces are associated to different CORESETs with different CORESET ID after modulo-3 operation, then there is possibility that the starting CCE index of AL8 PDCCH candidate and AL16 PDCCH candidate is same in the first search space but different in the second search space. It is because that different CORESET ID after modulo-3 operation results in different starting CCE index. Recall the PDCCH hash function is
,
where for a USS, , ,  for ,  for ,  for , and ). If the first search space has the lowest SS ID, then there is no ambiguity to PUCCH resource determination since two PDCCH candidates have the same staring CCE index but if the second search space has the lowest SS ID, then the UE cannot identify which starting CCE index of AL8 or AL16 is used for PUCCH resource determination. In order to address such a problem, it would be simple that specific one PDCCH candidate among AL8 and AL16 PDCCH candidates is used for PUCCH resource determination in this scenario.
Proposal 8. If at least one search space meets the condition in Proposal 6, then the PUCCH resource is determined by the starting CCE index of the [AL8 or AL16] PDCCH candidate in the search space with the lowest ID and the number of CCEs in the CORESET of the search space with the lowest ID.

PDSCH rate-matching
In order to prevent any misunderstandings on PDSCH rate-matching caused from the ambiguity on AL 8 and AL 16, TS38.214 specifies the following UE behaviors: 
	TS38.214 v15.14.0
If a UE monitors PDCCH candidates of aggregation levels 8 and 16 with the same starting CCE index in non-interleaved CORESET spanning one OFDM symbol and if a detected PDCCH scheduling the PDSCH has aggregation level 8, the resources corresponding to the aggregation level 16 PDCCH candidate are not available for the PDSCH.


It is worth noting that CCEs of AL16 PDCCH candidate entirely include all CCEs of AL8 PDCCH candidate since two PDCCH candidates start the same CCE index and are associated with non-interleaved CORESET. Therefore, it is enough to rate-match the PDSCH around the AL16 PDCCH candidate.
In Rel-17 MIMO WI, PDCCH repetition is introduced to support for multi-TRP reception. To enable the PDCCH repetition, two search spaces are linked and each PDCCH candidate in each search space carries the same DCI payload. The UE may detect the DCI by receiving either of PDCCH candidates (a.k.a. separate decoding) or both of PDCCH candidates (a.k.a. joint decoding). Note that UE’s decoding assumption is purely up to UE implementation so that gNB does not have information on that. 
For PDSCH rate-matching, it was agreed to rate-match a PDSCH around the union of two PDCCH candidates and the corresponding DMRS, if the PDSCH is scheduled by a DCI in PDCCH candidates that are linked for repetition. The problem is that a UE cannot know which AL is used for PDCCH transmission when at least one search space among the link search spaces meets a certain condition. In this case, it is unclear which PDCCH candidates are used for the PDSCH rate-matching. Similar with Rel-15 UE behavior, to avoid any misunderstanding on the PDSCH rate-matching, it would be better to take conservative approach, i.e., the resources corresponding to union of the AL8 PDCCH candidate and AL16 PDCCH candidate in both linked search spaces are not available for the PDSCH.

Proposal 9. If at least one search space meets the following condition, then rate-match the PDSCH around union of the AL8 PDCCH candidate and the AL16 PDCCH candidate.
· Condition: In a search space, the AL8 PDCCH candidate and the AL16 PDCCH candidate has the same starting CCE index and the CORESET associated with the search space is non-interleaved and 1 symbol duration. 


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



For the diversity, both cyclical and sequential mapping pattern can be supported. When inter-slot frequency hopping is configured, frequency hopping can be performed for more diversity among the repetitions with the same beam. For the sequential mapping, the repetitions with the same beam can be transmitted through the different frequency hops by using the legacy inter-slot frequency hopping. For the cyclical mapping pattern, inter-slot frequency hopping can be performed considering that the repetitions with the same beam because two beams are changed in the cyclical manner. Therefore, as Option 1, different pattern for the inter-slot frequency hopping should be performed depending on the beam mapping type. 
Option 2 supports only sequential mapping pattern when inter-slot frequency hopping is configured. So, we cannot take advantage of the cyclical mapping pattern even though it provides more diversity in low mobility scenario (i.e., the wireless channel doesn’t change much in time) as the UL beam can be changed per slot. Moreover, cyclical beam mapping enables the gNB to achieve a benefit from beam mapping diversity earlier as compared to sequential mapping and it enables the gNB to terminate decoding early. For Option 3, if cyclical mapping pattern and inter-slot frequency hopping are configured, the repetitions with same beam should be transmitted with the same frequency hop. Therefore, for cyclical beam mapping, Option 3 does not simultaneously obtain a benefit from both frequency and beam diversity. Consequently, for PUCCH repetition Scheme 1, we can support Option 1 to obtain more diversity gain.
Proposal 10: For PUCCH repetition Scheme 1, we can support Option 1 to obtain more diversity gain.

1. Two SRS resource sets Multi-TRP PUSCH repetition
It was agreed to increase the maximum number of SRS resource sets (which usage is ‘codebook’ or ‘nonCodebook’) up to two for mTRP PUSCH repetition. Based on this agreement, each SRS resource set is used to transmit PUSCH into each TRP and each pathlossReferenceRS is configured per SRS resource set. And each SRS resource in each SRS resource set contains SRS-SpatialRelationInfo for each TRP. Therefore, two SRI and two TPMI (if codebook based mTRP PUSCH repetition is supported) in single DCI can be determined as two SRS resource sets. On the other words, gNB can determine the first SRI and first TPMI from the first SRS resource set among two sets and the second SRI and second TPMI from the second SRS resource set.
In Release 15/16, the association between indicated SRI and most recent transmission of SRS resource identified by SRI is clear as the below description in the current specification and shown in Figure 1 because there is only one SRS resource set which usage is ‘codebook’ or ‘nonCodebook’. 
	<CB PUSCH (38.214)>
[image: ]
<NCB PUSCH (38.214)>
[image: ]



However, in Release 17, the timing of recent SRS resource transmission for each SRS resource set can be different if two SRS resource sets are supported for mTRP PUSCH repetition. Therefore, the association between each SRI and SRS resource(s) identified by each SRI should be clarified with consideration for timing of the most recent SRS resource transmission from each SRS resource set. The first and second SRI of indicated SRIs in slot n can be associated with the most recent transmission of SRS resources in the first and second SRS resource sets, respectively, identified by the SRI, where the SRS resources are prior to the PDCCH carrying the SRI. Figure 2 shows an example for the association of each SRI and the most recent SRS resource transmission per SRS resource set.
[image: ]
Figure 1. Association between SRI and SRS resource for sTRP PUSCH repetition
[image: ]
Figure 2. Association between each SRI and SRS resource identified by each SRI
Proposal 11: The first and second SRI of indicated SRIs in slot n can be associated with the most recent transmission of SRS resources in the first and second SRS resource sets, respectively, identified by the SRI, where the SRS resources are prior to the PDCCH carrying the SRI.
In addition, since power control parameters such as alpha, p0, and pathlossReferenceRS defined in each SRS-ResourceSet can be different as each SRS-ResourceSet corresponds to different TRPs. However, for the case of srs-PowerControlAdjustmentStates, which sets whether the power control of SRS and PUSCH is tied or not, it is natural to configure ‘sameAsFci2’ or ‘separateClosedLoop’ for both SRS resource sets. Therefore, it seems that the same value should be provided for both SRS resource sets.
Proposal 12: The two srs-PowerControlAdjustmentStates included in both SRS-ResourceSets have same value as sameAsFci2 or separateClosedLoop.

1. PTRS-DMRS association for multi-TRP PUSCH repetition
The following is the agreement on PTRS-DMRS association for mTRP PUSCH repetition type B.
	Agreement
For single DCI based M-TRP PUSCH Type B repetition schemes, 
· For maxRank = 2, the number of bits for the indication of PTRS-DMRS association is the same as Rel-15/16, MSB and LSB separately indicating the association between PTRS port and DMRS port for two TRPs. 
FFS: the indication of PTRS-DMRS association for maxRank > 2.

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.



For maxRank = 2, it was agreed that MSB is used for TRP1 and LSB is used for TRP2. In this case, MSB and LSB can be interpreted differently depending on the total number of PTRS ports. If the total number of PTRS ports is 1, each bit is used to indicate the DMRS-PTRS association corresponding to each TRP as above. However, each bit should be interpreted depending on the actual number of PTRS ports based on SRI or TPMI if the total number of PTRS ports is 2. For example, when we assume that non-codebook based mTRP PUSCH is supported and two SRS resources indicated by the first SRI field is configured with one PTRS port, i.e., the number of actual PTRS ports is one, MSB of PTRS-DMRS association field is used to indicate one of two DMRS ports (left in Figure 3). Moreover, if two SRS resources indicated by the second SRI field are configured with two different PTRS ports, i.e., the actual number of PTRS ports is two, then, each DMRS port can be associated with each configured PTRS port irrespective of LSB of PTRS-DMRS association field (right in Figure 3). Similarly, PTRS-DMRS association field can be interpreted differently according to the total number of PTRS ports and the actual number of PTRS ports depending on indicated TPMI (PUSCH antenna port 1000 and 1002 in indicated TPMI share PT-RS port 0, and PUSCH antenna port 1001 and 1003 in indicated TPMI share PT-RS port 1).
[image: ]
Figure 3. Example of the association between PTRS ports and DMRS ports 
(NCB based mTRP PUSCH, maxRank = 2)
Proposal 13: For maxRank = 2, PTRS-DMRS association field should be interpreted differently according to the total number of PTRS ports and the actual number of PTRS ports that is indicated by SRI or TPMI.
In the previous meeting, rank restriction for mTRP PUSCH was not agreed. Therefore, the indication of PTRS-DMRS association for maxRank > 2 should also be discussed. One way to support maxRank > 2 is by adding one more PTRS-DMRS association field in DCI. However, the DCI overhead is already increased much because additional SRI/TPMI fields and other fields (e.g. additional TPC command) to support mTRP PUSCH are introduced. Furthermore, PTRS-DMRS association has less priority relative to SRI/TPMI indication as the latter is directly related to mTRP PUSCH transmission. So, we consider a method to indicate the association for maxRank > 2 without increase of DCI overhead. When PTRS-DMRS association is enhanced for maxRank > 2 without increase of DCI overhead, the unified method can be supported for both cases of maxRank = 2 and maxRank > 2. I.e., 1 bit MSB is used for PTRS-DMRS association of TRP1 and the other 1 bit LSB is used for PTRS-DMRS association of TRP2. As details of Option 3, the candidates of DMRS ports can be defined depending on maxNrofPorts.
Proposal 14: Consider the indication method of PTRS-DMRS association for maxRank > 2 without increase of DCI overhead. To support unified solution for both maxRank = 2 and maxRank > 2, Option 3 is appropriate. 

1. Discussion on indication of mTRP PUCCH/PUSCH repetition
In Rel-17, RAN1 has enhanced PUCCH and PUSCH that can be transmitted in the manner of mTRP. To support mTRP PUCCH/PUSCH repetition, the methods to introduce additional DCI field (e.g. DCI field for TPC, SRI, TPMI etc.) were introduced. For some of the features, we agreed that new configuration is required to indicate the existence of new additional field (e.g. RRC configuration for the second TPC field). Similarly, we need to discuss whether new RRC parameter to indicate explicitly mTRP PUCCH/PUSCH repetition is required and useful to determination of the existence of new additional DCI field (second SRI/TPMI, dynamic switching, etc.). For example of PUSCH, we can discuss which one of the following options can be used to indicate mTRP operation.
· Option 1) New RRC parameter can be introduced to indicate explicitly mTRP PUSCH repetition (e.g. RRC parameter for indication of mTRP operation or RRC parameter for indication of the number of SRS resource sets (usage = ‘codebook’ or ‘nonCodebook’)
· Option 2) The related RRC configuration can indicate implicitly mTRP PUSCH repetition (e.g. the number of configured SRS resource sets (usage = ‘codebook’ or ‘nonCodebook’)
For the enhanced TPC in Rel-17, new RRC configuration can indicate the existence of second TPC field in DCI and this is a similar approach to determine the existence of certain DCI fields or the bit width of DCI fields in Rel-15/16. However, there is not enough discussion on the mTRP PUCCH/PUSCH indication that is specified in either the explicit way or implicit way. Especially, the discussion is related to the existence of second SRI/TPMI field or new DCI field for dynamic switching. Therefore, RAN1 should discuss whether to introduce new RRC parameter for the explicit indication of mTRP operation or not in 106bis-e and the detail method to indicate mTRP PUCCH/PUSCH operation will be specified after discussion. 
Proposal 15: Need to discuss how to indicate mTRP PUCCH repetition or mTRP PUSCH repetition. To specify the method to indicated mTRP PUCCH repetition or mTRP PUSCH repetition, we can consider follows:
· Option 1) New RRC parameter can be introduced to indicate explicitly mTRP PUCCH/PUSCH repetition (e.g. RRC parameter for indication of mTRP operation or RRC parameter for indication of the number of SRS resource sets (usage = ‘codebook’ or ‘nonCodebook’))
· Option 2) The related RRC configuration can indicate implicitly mTRP PUCCH/PUSCH repetition (e.g. the number of activated PUCCH-SpatialRelationInfo or sets of PC parameters, the number of configured SRS resource sets (usage = ‘codebook’ or ‘nonCodebook’))

1. PHR enhancement for mTRP PUSCH repetition
In RAN1#106-e [3], the followings were discussed on PHR of mTRP PUSCH repetition.

	Agreement
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.



	Agreement
For option 4, support the following: 
· When PHR MAC-CE is reported in slot n, for a CC that is configured with mTRP PUSCH repetition, second PHR value is determined as, 
· If the first PHR value is actual PHR (based on Rel. 15/16) corresponding to a repetition among mTRP PUSCH repetitions associated with a given TRP, the second PHR value, select Alt. 2A 
· Alt.2A: Is actual only when a repetition associated with the other TRP is transmitted in slot n. Otherwise, it is virtual.
· If there are multiple repetitions associated with the other TRP in slot n, the earliest one in slot n is selected.
· If the first PHR value is actual PHR (based on Rel. 15/16) but not corresponding to a repetition among mTRP PUSCH repetitions (corresponds to sTRP PUSCH), select Alt. 1B 
· Alt1B: a second PHR value is reported as virtual PHR.
· If the first PHR value is virtual, select Alt. 1C 
· Alt1C: a second PHR value is reported as virtual PHR.
· Note: It was agreed that when second PHR is virtual, it is calculated based on a set of default power control parameters defined for the other TRP (that is not associated with the first PHR)
· Note: It was agreed that the above is applicable to both single entry and multi-entry PHR reports



When mTRP PUSCH repetition is supported, PHR per each TRP can be reported as UE optional capability. By using Rel-17 enhanced PHR, UE can report the difference between the nominal UE maximum transmit power and estimated transmit power for each TRP. Each value of PHR per each TRP is dependent on the value of pathloss for each TRP. However, in current specification (TS 38.321), a PHR triggering event, which is related to the variation of pathloss, considers the only pathloss variation in the aspect of sTRP PUSCH operation as follow:
	TS 38.321
[image: ]


According to the current specification, UE compares a current measured pathloss on the current pathloss reference with the previous measured pathloss of last PHR transmission to determine whether to trigger PHR based on pathloss variation. This legacy triggering event based on parthloss value comparison can result in too many PHR triggering even though each pathloss value for each TRP is not changed much (e.g. when TRP is frequently changed by dynamic switching (sTRP PUSCH for TRP1 (PHR reported)  sTRP PUSCH for TRP2 (??)  sTRP PUSCH for TRP1 (??)…)). Or, it can result in too rare PHR triggering (if a channel for the first TRP is changed so slow but the other channel for the second TRP is changed fast, UE compares only pathloss value for the first TRP). Especially, when mTRP PUSCH repetition with dynamic switching is supported and mTRP PUSCH repetition is switched into sTRP PUSCH repetition or vice versa, there are more points that are considerable. For example, if sTRP PUSCH repetition (related to the previous PHR transmission) is switched into mTRP PUSCH repetition (related to the current PUSCH transmission), we need to clarify which pathloss values should be compared to determine PHR triggering. Therefore, PHR triggering event based on the variation of pathloss value should be enhanced to consider the variation of each pathloss value for each TRP. The detail enhancement should be up to RAN2 but RAN1 needs to request the PHR triggering event enhancement with consideration for mTRP PUSCH repetition toward RAN2. 
Proposal 16: RAN1 needs to request the PHR triggering event enhancement with consideration for mTRP PUSCH repetition toward RAN2.

As the agreement in RAN1#106-e, we support the enhancement on PHR per TRP as UE optional capability. Therefore, if UE can support enhanced PHR under mTRP PUSCH operation, new RRC parameter is required to indicate the enhanced PHR. Therefore, RAN1 should ask RAN2 for the introduction of new RRC parameter to indicate whether to support the Rel-17 enhanced PHR.  
Proposal 17: RAN1 should ask RAN2 for the introduction of new RRC parameter to indicate whether to support the Rel-17 enhanced PHR.
 
1. Autonomous SRS beam update
In RAN1#102-e, it was agreed to consider multi-TRP repetition for CG based PUSCH. According to Rel-16, UL beam for CG based PUSCH is defined as that applied at the last SRS resource transmitted before the time when CG PUSCH is activated/configured, as depicted in Figure 5. However, a beam direction for SRS can be (incrementally) changed due to UE mobility or change of orientation so that the UE can still follow the configured/activated spatial relation for SRS. Even when the beam for SRS resource is updated, it would not be allowed for CG PUSCH transmission to apply the updated beam unless the CG PUSCH is reconfigured. Such a behaviour would cause UL performance degradation especially when UE mobility is moderate/high and UE performs autonomous beam update. To provide high reliability desired for the URLLC use case, it is needed to enhance the timing relationship between SRS and CG PUSCH for multi-TRP such that SRS beam update can be applied to CG PUSCH automatically as depicted in Figure 6. In this figure, following the discussion of Proposal 10, two SRS resources are considered for the CG PUSCH repetition, so that a beam X corresponding to SRS#1 is used for transmission of the first CG PUSCH repetition to TRP #1, and another beam Y corresponding to SRS#2 is used for transmission of the second CG PUSCH repetition to TRP #2. Also, beams X’ and X” show updated beams for SRS#1, and beams Y’ and Y” show updated beams for SRS#2, as the UE moves.
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Figure 5. UL beam determination for CG PUSCH in Rel-16.
[image: ]
Figure 6. Proposed UL beam determination for CG PUSCH for Rel-17.

Proposal 18: Introduce enhanced timing relationship between SRS and CG PUSCH to allow automatic beam update for the CG PUSCH in order to follow the configured/activated spatial relation for SRS.
Conclusion
In this contribution, the following observations and proposals are given: 
PDCCH enhancements

Observation 1: Restriction/limitation on the amount of BD/CCE corresponding to repetitions needs to be considered to acknowledge increased/duplicated processing burden with soft combining. Restriction/limitation on the amount of BD/CCE between two repetitions needs to be considered to acknowledge increased memory budget due to lasting impact of unresolved first repetitions.
Proposal 1: For intra-slot repetition, when two SS sets with  MOs in the slot are linked together, limit the maximum number of MOs between any two linked MO # of the first SS set and MO# of the second SS set to a maximum number.
Proposal 2: For inter-span PDCCH repetition, further study how to count the PDCCH candidate towards the BD/CCE limit, and perform SS overbooking/dropping.
Proposal 3: Support modified overbooking rule enabling to select the subset of PDCCH candidates and CCEs in a common or UE-specific search space sets which include repeated PDCCH candidates.
Proposal 4: Support the PDCCH candidate that ends later in time among the two linked PDCCH candidates as a reference PDCCH to determine the conditions for receiving SPS PDSCH release DCI and the SPS PDSCH in the same slot, and the PDCCH candidate that ends later in time must end before the end of the SPS PDSCH.
Proposal 5: With Type-1 HARQ-ACK codebook, and the release PDCCH repetition, the location of the HARQ-ACK bit of the release PDCCH is determined based on the PDCCH candidate that ends later in time.
Proposal 6: Support PDCCH repetitions with different CORESETPoolIndex values based on the framework of option 2 + case 1 + Alt3.
Proposal 7: Further study the PDCCH repetitions with different CORESETPoolIndex values based on the framework of option 2 + case 1 + Alt3 for the following aspects:
1) PDSCH scrambling / CRS rate matching / HARQ-ACK as in the previous agreement
2) Which kind of PDSCH can be scheduled? Single PDSCH or NC-JT PDSCHs or both (if so, whether/how to switch?)
A. Indicating TCI state field / MAC-CE operation
B. Indicating DM-RS field
C. Indicating HARQ process ID field and NDI field
D. Whether/how to apply for activation/deactivation on CG or SPS
3) FFS: other aspects are not precluded.
Proposal 8. If at least one search space meets the condition in Proposal 6, then the PUCCH resource is determined by the starting CCE index of the [AL8 or AL16] PDCCH candidate in the search space with the lowest ID and the number of CCEs in the CORESET of the search space with the lowest ID.
Proposal 9. If at least one search space meets the following condition, then rate-match the PDSCH around union of the AL8 PDCCH candidate and the AL16 PDCCH candidate.
· Condition: In a search space, the AL8 PDCCH candidate and the AL16 PDCCH candidate has the same starting CCE index and the CORESET associated with the search space is non-interleaved and 1 symbol duration. 


PUCCH/PUSCH enhancements

Proposal 10: For PUCCH repetition Scheme 1, we can support Option 1 to obtain more diversity gain.
Proposal 11: The first and second SRI of indicated SRIs in slot n can be associated with the most recent transmission of SRS resources in the first and second SRS resource sets, respectively, identified by the SRI, where the SRS resources are prior to the PDCCH carrying the SRI.
Proposal 12: The two srs-PowerControlAdjustmentStates included in both SRS-ResourceSets have same value as sameAsFci2 or separateClosedLoop.
Proposal 13: For maxRank = 2, PTRS-DMRS association field should be interpreted differently according to the total number of PTRS ports and the actual number of PTRS ports that is indicated by SRI or TPMI.
Proposal 14: Consider the indication method of PTRS-DMRS association for maxRank > 2 without increase of DCI overhead. To support unified solution for both maxRank = 2 and maxRank > 2, Option 3 is appropriate. 
Proposal 15: Need to discuss how to indicate mTRP PUCCH repetition or mTRP PUSCH repetition. To specify the method to indicated mTRP PUCCH repetition or mTRP PUSCH repetition, we can consider follows:
· Option 1) New RRC parameter can be introduced to indicate explicitly mTRP PUCCH/PUSCH repetition (e.g. RRC parameter for indication of mTRP operation or RRC parameter for indication of the number of SRS resource sets (usage = ‘codebook’ or ‘nonCodebook’))
· Option 2) The related RRC configuration can indicate implicitly mTRP PUCCH/PUSCH repetition (e.g. the number of activated PUCCH-SpatialRelationInfo or sets of PC parameters, the number of configured SRS resource sets (usage = ‘codebook’ or ‘nonCodebook’))
Proposal 16: RAN1 needs to request the PHR triggering event enhancement with consideration for mTRP PUSCH repetition toward RAN2.
Proposal 17: RAN1 should ask RAN2 for the introduction of new RRC parameter to indicate whether to support the Rel-17 enhanced PHR.
[bookmark: _GoBack]Proposal 18: Introduce enhanced timing relationship between SRS and CG PUSCH to allow automatic beam update for the CG PUSCH in order to follow the configured/activated spatial relation for SRS.
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6.1.1.1 Codebook based UL transmission

For codebook based transmission. PUSCH can be scheduled by DCI format 0_0. DCI format 0_1. DCI format 0_2 or
semi-statically configured to operate according to Clause 6.1.2.3. If this PUSCH is scheduled by DCI format 0_1. DCT
format 0_2. or semi-statically configured to operate according to Clause 6.1.2.3. the UE determines its PUSCH
transmission precoder based on SRI. TPMI and the transmission rank. where the SRI. TPMI and the transmission rank
are given by DCI fields of SRS resource indicator and Precoding information and number of layers in clause 7.3.1.1.2
and 7.3.1.1.3 of [5. TS 38.212] for DCT format 0_1 and 0_2  or given by srs-Resourcelndicator and
precodingAndNumberOfLayers according to clause 6.1.2.3. The SRS-ResourceSet(s) applicable for PUSCH scheduled
by DCI format 0_1 and DCI format 0_2 are defined by the entries of the higher layer parameter srs-
ResourceSetToAddModList and srs-ResourceSetToAddModListDCI-0-2 in SRS-config. respectively. Only one SRS
resource set can be configured in srs-ResourceSetToAddModList with higher layer parameter wusage in SRS-ResourceSet
set to 'codebook’. and only one SRS resource set can be configured in srs-ResourceSetToAddModListDCI-0-2 with
higher layer parameter usage in SRS-ResourceSet set to 'codebook’. The TPMI is used to indicate the precoder to be
applied over the layers {0...v-1} and that corresponds to the SRS resource selected by the SRI when multiple SRS
resources are configured. or if a single SRS resource is configured TPMI is used to indicate the precoder to be applied
over the layers {0...v-1} and that corresponds to the SRS resource. The transmission precoder is selected from the
uplink codebook that has a number of antenna ports equal to higher layer parameter nrofSRS-Ports in SRS-Config. as
defined in Clause 6.3.1.5 of [4. TS 38.211]. When the UE is configured with the higher layer parameter #xConfig set to
'codebook’. the UE is configured with at least one SRS resource. The indicated SRI in slot » is associated with the most
recent transmission of SRS resource identified by the SRI. where the SRS resource is prior to the PDCCH carrying the
SRL.
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6.1.1.2 Non-Codebook based UL transmission

For non-codebook based transmission. PUSCH can be scheduled by DCI format 0_0. DCI format 0_1. DCI format 0_2
or semi-statically configured to operate according to Clause 6.1.2.3. If this PUSCH is scheduled by DCI format 0_1.
DCT format 0_2. or semi-statically configured to operate according to Clause 6.1.2.3. the UE can determine its PUSCH
precoder and transmission rank based on the SRI when multiple SRS resources are configured. where the SRI is given
by the SRS resource indicator in DCT according to clause 7.3.1.1.2 and 7.3.1.1.3 of [5. 38.212] for DCI format 0_1 and
DCI format 0_2. or the SRI is given by srs-Resourcelndicator according to clause 6.1.2.3. The SRS-ResourceSet(s)
applicable for PUSCH scheduled by DCT format 0_1 and DCI format 0_2 are defined by the entries of the higher layer
parameter srs-ResourceSetToAddModList and srs-ResourceSetToAddModListDCI-0-2 in SRS-config. respectively. The
UE shall use one or multiple SRS resources for SRS transmission. where, in a SRS resource set. the maximum number
of SRS resources which can be configured to the UE for simultaneous transmission in the same symbol and the
maximum number of SRS resources are UE capabilities. The SRS resources transmitted simultaneously occupy the
same RBs. Only one SRS port for each SRS resource is configured. Only one SRS resource set can be configured in srs-
ResourceSetToAddModList with higher layer parameter usage in SRS-ResourceSet set to 'nonCodebook'. and only one
SRS resource set can be configured in srs-ResourceSetToAddModListDCI-0-2 with higher layer parameter usage in
SRS-ResourceSet set to 'nonCodebook' ed for non-
codebook based uplink transmission is
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- phr-ProhibitTimer expires or has expired and the path loss has changed more than p/r-Tx-PowerFactorChange
dB for at least one activated Serving Cell of any MAC entity of which the active DL BWP is not dormant BWP
which is used as a pathloss reference since the last transmission of a PHR in this MAC entity when the MAC
entity has UL resources for new transmission:

NOTE 1: The path loss variation for one cell assessed above is between the pathloss measured at present time on
the current pathloss reference and the pathloss measured at the transmission time of the last transmission
of PHR on the pathloss reference in use at that time. irrespective of whether the pathloss reference has
changed in between. The current pathloss reference for this purpose does not include any pathloss
reference configured using pathlossReferenceRS-Pos in TS 38.331 [5].
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