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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 issues on UE complexity and memory requirements for linked PDCCH candidates
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 RAN1#106b-e [4], the following agreement was additionally made to down-select in RAN1#107-e among the following for the perspective of UE complexity and memory requirements for linked PDCCH candidates of PDCCH repetition.
	For RAN1#107-e:
To handle UE complexity / memory requirements for linked PDCCH candidates, down-select among the following in RAN1 #107-e
· Alt1: Address the issue by UE capability, where UE indicates a limit on one of the following
· Alt 1-1: Total number of linked candidates of which the first candidate is received and the second one has not been received at any given time
· Alt1-2: Total number of linked candidates in a slot
· FFS: Whether limit is per CC or across all CCs.
· FFS: Whether limit is per AL or irrespective of AL
· Alt2: Address the issue by adding a restriction such as: For a pair of linked MO’s, UE does not expect to be configured with any other linked MO in between the pair of linked MO’s
· FFS: Whether restriction is per CC or across all CCs.
· FFS: Whether the same restriction applies when one or more individual MO’s are in between the pair of linked MO’s
· Alt3: The support of PDCCH repetition is indicated separately for different Rel-15/16 PDCCH monitoring capabilities
· Note: This capability may be needed irrespective of this issue but may address the issue at a coarser granularity.
· Alt4: There is no need to further discuss this issue



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 SS’s. 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 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). 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. 
In the above agreement, Alt 1-1 and Alt 2 directly mitigate the aforementioned issues. Alt 1-2 may not directly help as UE may still be configured with multiple linked MOs such that their corresponding first MOs all appear before the start of the earliest second MO. Therefore, we propose to select Alt 1-1 or Alt 2.
Proposal 1: Support Alt 1-1 or Alt 2 in the above agreement in RAN1#106b-e.

0. Remaining issues on determining reference PDCCH candidate for PDCCH repetition
In RAN1#106b-e [4], the following agreement was additionally made to clarify for the issues below.
	Agreement
Further study the following issues for PDCCH repetition:
· Issue a: QCL-Type D assumption for CSI-RS with higher layer parameter repetition is not set to 'on' when it overlaps with multiple CORESETs with different QCL-TypeD.
· Issue b: For PDCCH repetition of DCI format 1_0 on two linked CSS, in order to determine the value of  for mapping VRB to PRB of a scheduled PDSCH
· Issue c: PDSCH rate matching on resources that overlaps with scheduling PDCCH resources if this corresponding PDCCH candidate is dropped due to interruption
· Issue d: With Type-1 HARQ-ACK codebook, and the SPS release PDCCH repetition, to determine the location of the HARQ-ACK bit of the SPS release PDCCH


Regarding Issue a, it seems a valid issue if CSI-RS with higher layer parameter repetition is not set to ‘on’ is overlapped with multiple CORESETs with different QCL-TypeD, determining QCL-TypeD assumption for the CSI-RS is needed as in the current specification. Hence, a simple solution is to determine a certain CORESET which is associated with the lowest SS set ID among two linked SS sets, which can be a solution aligned with the previous agreement for PUCCH resource determination.
Regarding Issue b, it seems a valid issue since DCI format 1_0 can be monitored even in Type 3 CSS, DCI format 1_0 can be repeated as well. Therefore, determining one CORESET among two CORESETs associated with two linked SS sets is needed, and in order to align with the previous agreement, we prefer to use the CORESET associated with the lowest SS set ID as a reference for determining the value of  for mapping VRB to PRB of a scheduled PDSCH.
Regarding Issue c, since we already have agreed that the PDSCH scheduled by a DCI in PDCCH candidates that are linked for repetition is rate matched around the union of two PDCCH candidates and the corresponding DMRS, our view is that the agreed rate matching rule should be applied regardless of dropped case for one of two linked PDCCH candidate.
Regarding Issue d, in Rel-15/16, the location of HARQ-ACK bit for the SPS PDSCH release DCI with Type-1 HARQ-ACK codebook 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 .



Figure 1. Location of HARQ-ACK bit for the SPS PDSCH release DCI with Type-1 HARQ-ACK codebook.

Proposal 2: Regarding Issue a, when a CSI-RS with higher layer parameter repetition is not set to 'on' is overlapped with multiple CORESETs with different QCL-TypeD, the UE may assume that the CSI-RS and a PDCCH DM-RS transmitted in the search space set with the lowest ID associated with CORESET are quasi co-located with 'typeD', if 'typeD' is applicable.
Proposal 3: Regarding Issue b, for PDCCH repetition of DCI format 1_0 on two linked CSS, using the CORESET associated with the lowest SS set ID among linked SS sets to determine the value of  for mapping VRB to PRB of a scheduled PDSCH.
Proposal 4: Regarding Issue d, 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 latest PDCCH. 

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 5: 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 6: 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 [5], [6]. 
Considering PDCCH repetition for AL8 PDCCH candidates and AL16 PDCCH candidates, in RAN1#106b-e [4], the following agreement was made to clarify certain cases and to resolve ambiguities of interpretation of a detected DCI as follows.
	For RAN1#107-e:
Study whether/how to resolve ambiguities for interpretation of a detected DCI for the following cases:
· Case a: SS sets 1 and 2 are linked, and SS set 3 is individual: 
· AL16 candidate in SS set 1 is linked with AL16 candidate in SS set 2
· SS set 3 has a AL8 candidate with the same start CCE as the AL16 candidate of SS set 1 (associated with a same CORESET with 1-symbol duration)
· Case b: SS sets 1 and 2 are linked, and SS set 3 is individual: 
· AL8 candidate in SS set 1 is linked with AL8 candidate in SS set 2
· SS set 3 has a AL16 candidate with the same start CCE as the AL8 candidate of SS set 1 (associated with a same CORESET with 1-symbol duration)
· Case c1: SS sets 1 and 2 are linked, and SS set 3 and 4 are linked
· AL8 candidate in SS set 1 is linked with AL8 candidate in SS set 2
· AL16 candidate in SS set 3 is linked with AL16 candidate in SS set 4
· AL8 candidate in SS set 1 has the same start CCE as the AL16 candidate in SS set 3 (associated with a same CORESET with 1-symbol duration)
· Case c2: SS sets 1 and 2 are linked: 
· AL8 candidate in SS set 1 is linked with AL8 candidate in SS set 2, 
· AL16 candidate in SS set 1 is linked with AL16 candidate in SS set 2
· AL8 candidate and AL16 candidate in at least one of the SS sets have the same start CCE (in a CORESET with 1-symbol duration)


Comparing the situation in Rel-15, there are certain ambiguities not only with rate matching around the scheduling DCI, but also reference PDCCH candidate issues, e.g., based on timeline (starts earlier/starts later/ends later, or earlier PDCCH monitoring occasion) or based on a certain CORESET (associated with the lowest SS set ID for PUCCH resource determination), and those can be discussed by using the above 4 cases which are expressed as in the following Figure 2. 

[image: ]
Figure 2. Possible cases which ambiguities exist considering AL8 and AL16 with PDCCH repetition.

Regarding Case a and Case b, our view is that these are simple for resolving reference PDCCH candidate issues to define a rule which interpretation of the detected DCI is based on Rel-17 PDCCH repetition rules (w.r.t reference PDCCH candidate) which is similar with the case of same CORESET/CCE/DCI size/scrambling between individual PDCCH candidate and one of linked PDCCH candidate as we already agreed. For rate matching, 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 and AL16 PDCCH candidates in both single and linked search spaces are not available for the PDSCH.
Regarding Case c1, since we already have agreed in RAN1#106b-e that a UE is not expected to handle the case where a first PDCCH candidate from the first pair of linked candidates to overlap (same CORESET, DCI size, CCEs, scrambling) with a second PDCCH candidate from the second pair of linked candidates for two pairs of linked PDCCH candidates, this can be an error case.
Regarding Case c2, since AL8 candidate and AL16 candidate in at least one of the SS sets have the same start CCE, we can further consider two sub-cases as expressed in Figure 2. Case c2-1 shows that AL8 candidate and AL16 candidate in both of the SS sets #1 and #2 have the same start CCE. Case c2-2 shows that AL8 candidate and AL16 candidate in SS set #1 have the same start CCE but different start CCE in SS set #2. 
For Case c2-1, there are no reference PDCCH candidate issues (neither based on timeline nor based on a certain CORESET) since they are within same linked SS sets and have same starting CCEs in both SS sets, hence Rel-17 PDCCH repetition rules are used. For rate matching, similar with Case a and Case b, 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 single and linked search spaces are not available for the PDSCH.
For Case c2-2, there are no reference PDCCH candidate issues based on timeline, similar with Case c2-1. However, there can be a reference PDCCH candidate issue based on a certain CORESET since start CCE can be different at a certain SS set as shown in Figure 2. Although PUCCH resource determination rule with PDCCH repetition was already agreed by using the CORESET associated with the lowest SS set ID, it is still ambiguous whether the PUCCH resource determination is based on start CCE for AL8 or AL16 PDCCH candidate. Hence, it should be clarified, e.g., simply follow the lowest start CCE index, which is the start CCE of AL16 PDCCH candidate in case of Figure 2. For rate matching, similar with Case a, Case b, and Case c2-1, 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. Note that in Rel-15 and also in Case a, Case b, and Case c2-1, since the start CCEs for AL8 and AL16 PDCCH candidates are same, the rate matching resource, i.e., the union of AL8 and AL16 PDCCH candidates, is same as the only resource of AL16 PDCCH candidate. However, in Case c2-2, since the start CCEs for AL8 and AL16 PDCCH candidates can be different at a certain SS set, the union of AL8 and AL16 PDCCH candidates means not only the resource of AL16 PDCCH candidate, but also for the resource of AL8 PDCCH candidate.
Proposal 7. To resolve an ambiguity on AL8 and AL16 PDCCH candidates with PDCCH repetition, support the following.
· Case c1 is treated as an error case (based on previous agreement).
· For Case a, Case b, Case c2 which AL8 and AL16 candidates have same starting CCEs in both SS sets (i.e., Case c2-1) and Case c2 which AL8 and AL16 candidate in a SS set with the lowest SS set ID have the same start CCE but have different start CCE in the other SS set,
· the interpretation of detected DCI is based on Rel-17 PDCCH repetition rules (w.r.t. reference PDCCH candidate).
· For Case c2 which AL8 and AL16 candidate in a SS set with the lowest SS set ID have different start CCE but have same start CCE in the other SS set,
· the interpretation of detected DCI which is related to timeline is based on Rel-17 PDCCH repetition rules (w.r.t. reference PDCCH candidate).
· the interpretation of detected DCI which is related to a certain CORESET is based on the PDCCH candidate with the lowest start CCE.
· For Case a, Case b, and Case c2 (both Case c2-1 and Case c2-2), regarding rate matching, the resources corresponding to union of the AL8 and AL16 PDCCH candidates in both single and linked search spaces are not available for the PDSCH.

0. Clarification on the maximum number of PDCCHs which a UE can expects to have received for a scheduled cell and at any time
In Rel-15/16, in order to maintain UE complexity at any time, the maximum number of PDCCHs UE has received scheduling the PDSCH receptions or PUSCH transmissions for which UE has not received or transmitted any corresponding PDSCH or PUSCH symbol is 16, which means that it is not supported for UE to have received 17 PDCCHs scheduling PDCSHs none of which UE has started to receive. In TS38.213, the UE behavior is defined as follows:
	For a scheduled cell and at any time, a UE expects to have received at most 16 PDCCHs for DCI formats with CRC scrambled by C-RNTI, CS-RNTI, or MCS-C-RNTI scheduling 16 PDSCH receptions for which the UE has not received any corresponding PDSCH symbol and at most 16 PDCCHs for DCI formats with CRC scrambled by C-RNTI, CS-RNTI, or MCS-C-RNTI scheduling 16 PUSCH transmissions for which the UE has not transmitted any corresponding PUSCH symbol.


Considering multi-TRP PDCCH repetition, it can be ambiguous how to count a certain pair of repetitive PDCCHs for the purpose of the above UE behavior. On the one hand, the repetitive PDCCHs can be counted as 1 since two PDCCHs have same DCI payload and basically those are repetitive PDCCHs. In that case, UE implementation complexity is less than what it would have been in Rel-15/16, i.e., if UE receives repetitive PDCCHs only, then those PDCCHs can schedule up to 8 PDSCHs. On the other hand, the repetitive PDCCHs can be counted as 2 since the number of transmitted PDCCH candidates are twice of the case for single PDCCH transmission.

Proposal 8. Determine how to count the Rel-15/16 limit on the maximum number of received PDCCHs without having received any of the scheduled PDSCHs/PUSCHs in case of PDCCH repetition, i.e., define the value of X for the following sentence:
· For a scheduled cell and at any time, a UE expects to have received at most X PDCCHs for DCI formats with CRC scrambled by C-RNTI, CS-RNTI, or MCS-C-RNTI scheduling 16 PDSCH receptions for which the UE has not received any corresponding PDSCH symbol and at most X PDCCHs for DCI formats with CRC scrambled by C-RNTI, CS-RNTI, or MCS-C-RNTI scheduling 16 PUSCH transmissions for which the UE has not transmitted any corresponding PUSCH symbol.
· The candidate value of X is 16 (repetitive PDCCHs are counted as 1) or 32 (counted as 2).

0. Clarification on applying TPC command values for PDCCH repetition
Regarding the UE behavior for TPC command accumulation, in current TS38.213, the UE behavior of TPC command accumulation is defined by the following part.
	-	[image: ] is the PUSCH power control adjustment state [image: ] for active UL BWP [image: ] of carrier [image: ] of serving cell [image: ] and PUSCH transmission occasion [image: ] if the UE is not provided tpc-Accumulation, where 
-	The [image: ] values are given in Table 7.1.1-1
-	[image: ] is a sum of TPC command values in a set [image: ] of TPC command values with cardinality [image: ] that the UE receives between [image: ] symbols before PUSCH transmission occasion [image: ] and [image: ] symbols before PUSCH transmission occasion [image: ] on active UL BWP [image: ] of carrier [image: ] of serving cell [image: ] for PUSCH power control adjustment state [image: ], where [image: ] is the smallest integer for which [image: ] symbols before PUSCH transmission occasion [image: ] is earlier than [image: ] symbols before PUSCH transmission occasion [image: ]


In Figure 3, a case as an example is depicted when two pairs of repetitive PDCCHs (DCI format 0_1) schedule PUSCH(1) and PUSCH(2), and repetitive PDCCHs (DCI format 2_2) indicates TPC command values. Given the previous agreements which are related to the timeline and/or reference PDCCH candidate for TPC command, two dashed lines, which are at the end of the two pairs of repetitive PDCCHs, mean the reference time determining the time window for applying TPC command value. Then, if we strictly follow the current specification above as sum of TPC command values, the PUSCH power control adjustment for PUSCH(2) considering accumulated TPC command value which a UE has received in the window (i.e., sum of TPC command values between two dashed lines) is f (2) = f (1) + 2a + 2b, where f (1) means PUSCH power control adjustment state for PUSCH(1), a and b mean the TPC command value from DCI format 2_2 and DCI format 0_1 scheduling PUSCH(2), respectively.
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Figure 3. Accumulating TPC command values considering repetitive PDCCHs.

Since DCI format 2_2 and DCI format 0_1 scheduling PUSCH(2) are repetitive PDCCHs, it is obvious that UE should apply the TPC command value only once despite of PDCCH repetition, i.e., f (2) = f (1) + a + b. However, based on the current specification, we are not sure whether the final outcome is intended or not. Hence, we would like to clarify this issue.
Proposal 9. With PDCCH repetition, in order to accumulate TPC command values for PUSCH transmission correctly, UE applies the TPC command value in the repetitive scheduling or group-common DCI only once.

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. Further details on PTRS-DMRS association for multi-TRP PUSCH repetition
The followings are the agreements and conclusion 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.

Conclusion
For the indication of PTRS-DMRS association for maxRank = 2 in mTRP PUSCH repetition type B, the Table used to indicate the association between PTRS port(s) and DMRS port(s) (i.e., Table 7.3.1.1.2-25 or 7.3.1.1.2-26 in 38.212) shall be determined based on legacy procedure (i.e., Tables are associated with the maxNrofPorts in PTRS-UplinkConfig).

Agreement
For the indication of PTRS-DMRS association for maxRank > 2 in mTRP PUSCH repetition type B, select Option 1
· Option 1 (4 bits): with a second PTRS-DMRS association field (similar to the existing field), and each field separately indicating the association between PTRS port and DMRS port for two TRPs.



For maxRank = 2, it was agreed that MSB is used for TRP1 and LSB is used for TRP2 and for maxRank >2, a second PTRS-DMRS association field is introduced. For maxRank = 2, table 7.3.1.1.2-25 or 7.3.1.1.2-26 in TS38.212 can be reused to determine the PTRS-DMRS association for both TRPs without the increase of DCI overhead. We can agree that PTRS-DMRS association can be implemented based on the legacy procedure but the meaning of codepoints becomes different from legacy operation obviously. This is because of the number of maximum PTRS ports (maxNrofPorts in PTRS-UplinkConfig) and the number of actual PTRS ports. The below figures show the examples of Rel-17 PTRS-DMRS association according to the maxNrofPorts and actual PTRS ports for each TRP.
[image: ]
Figure 4. Example of PTRS-DMRS association 
(when mTRP PUSCH with maxRank = 2 and the max number of PTRS port maxNrofPorts = 1)

Figure 4 shows the example of PTRS-DMRS association when maxRank = 2, maxNrofPorts = 1, and the number of scheduled DMRS ports is set to 2. For mTRP PUSCH repetition, the PTRS-DMRS association for TRP1 can be determined by 1 bit MSB and codepoint value ‘0’ or ‘1’ in Table 7.3.1.1.2-25 (for TRP2, the PTRS-DMRS association can be determined by similar approach with LSB). Therefore, from our understanding, by using two bits, all the PTRS-DMRS association cases for both TRPs can be determined with two bits and the meaning of all combination by two bits can be corresponding to value 0, 1, 2 and 3 in the right-sided table of Figure 4. On the other hand, with the legacy table 7.3.1.1.2-25, only first two codepoint ‘0’ and ‘1’ can be used for maxRank=2. So RAN1 should think about this detail to support PTRS-DMRS association for mTRP PUSCH with rank 2.

[image: ]
Figure 5. Example of PTRS-DMRS association 
(when mTRP PUSCH with maxRank = 2 and the max number of PTRS port maxNrofPorts = 2)

For another example, Figure 5 shows how to indicate the association between PTRS ports and DMRS port when maxRank=2 and maxNrofPorts=2, and the number of scheduled DMRS ports is set to 2. We also assume that the number of actual PTRS ports is 1 for TRP1 according to the first TPMI field for CB mTRP PUSCH (or first SRI field for NCB mTRP PUSCH) and the number of actual PTRS ports is 2 for TRP2 according to the second TPMI field for CB mTRP PUSCH (or second SRI field for NCB mTRP PUSCH). For TRP1, indicated two DMRS ports are candidates that can be associated with a PTRS port for TRP1. Therefore, 1 bit MSB should be indicated by gNB and UE can determine which DMRS port is associated with a PTRS port for TRP1 (left side of below table in Figure 5). On the other hand, for TRP2, two actual PTRS ports are utilized and two DMRS port that are corresponding to each PTRS port could be indicated by second TPMI field (or second SRI field), so 1 bit LSB is not needed to determine the association between two actual PTRS ports and two indicated DMRS ports. Because of determination of PTRS-DMRS association, we can consider the below table in Figure 5 and the meaning of each codepoint will become different with the legacy table 7.2.1.1.2-26. As above some examples, even though re-using the legacy procedure based on the legacy table (7.2.1.1.2-25 or 7.2.1.1.2-26), the meaning of each codepoint should be different between sTRP PUSCH transmission and mTRP PUSCH transmission according to the max number of UL PTRS port and the number of actual PTRS ports.
Observation 2: Even though re-using the legacy procedure based on the legacy table (7.2.1.1.2-25 or 7.2.1.1.2-26), the meaning of each codepoint can be different between sTRP PUSCH transmission and mTRP PUSCH transmission according to the max number of UL PTRS port and the number of actual PTRS ports.
Therefore, we want to make a common understanding for this issue and clarify the exact meaning of codepoint in table for PTRS-DMRS association after determining the association between PTRS port(s) and DMRS ports. 
[bookmark: _GoBack]Proposal 11: When the legacy table (7.2.1.1.2-25 or 7.2.1.1.2-26 in TS 38.212) shall be determined based on the legacy procedure, the interpretation of codepoints in the table should be different from the interpretation of codepoints in the legacy table according to TRP, the max number of UL PTRS ports (maxNrofPorts) and the number of actual PTRS ports. Therefore, in order to prevent possible misunderstandings, define new tables for PTRS-DMRS association field with Rel-17 multi-TRP PUSCH repetition.

1. Remaining issue on PHR enhancement for multi-TRP PUSCH repetition
In RAN1#106-e [3] and RAN1#106bis-e [4], the followings were agreed 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



	Agreement
If a UE does not support option 4 (Calculate two PHRs),
· If the PHR reporting is actual PHR, the UE uses the set of power control parameters corresponding to a first (earliest) repetition that overlaps with the first slot in which the PUSCH that carries the PHR MAC-CE is transmitted.
· If the PHR reporting is virtual PHR, it is reported based on legacy procedures.
· Note: RAN2 may further discuss PHR triggering aspects related to mTRP PUSCH repetition



With some companies’ concern, per-TRP PHR (option 4) will be supported as UE optional feature. If UE reports that the UE has the capability to support per-TRP PHR, gNB can determine whether to support per-TRP PHR or legacy PHR. Therefore, even though the UE can support per-TRP PHR, gNB can determine that the UE report two PHR for mTRP PUSCH (option 4) or one PHR for the first repetition (as agreement in 106b-e) via RRC configuration. From our perspective, for gNB to indicate whether to support per-TRP PHR or not, a new RRC parameter for this functionality is required.
Proposal 12: Introduce new RRC parameter to indicate per-TRP PHR for UE that reports this UE optional capability.

1. Clarification on enabling method for supporting multi-TRP PUCCH/PUSCH repetition
When RAN1 discussed RRC parameter in the previous RAN1#106bis-e, we asked other companies whether explicit additional RRC parameters are needed to indicate enabling mTRP PUCCH/PUSCH repetition, or implicit methods are enough. Our view is that at least conclusion is needed to indicate enabling mTRP PUCCH/PUSCH repetition. Also, similar with other companies, the implicit methods, i.e., using already agreed RRC configurations/MAC-CEs are fine with us. As an implicit method, the mTRP PUCCH repetition is enabled when at least a PUCCH resource is associated with the two activated PUCCH-spatialRelationInfo or two activated sets of power control parameters. Similarly, the mTRP PUSCH repetition is enabled when two SRS resource sets with usage set to ‘codebook’ or ‘nonCodebook’ are configured.
Proposal 13: Support implicit methods to indicate enabling mTRP PUCCH/PUSCH repetition as:
· The mTRP PUCCH repetition is enabled when at least a PUCCH resource is associated with the two activated PUCCH-spatialRelationInfo or two activated sets of power control parameters.
· The mTRP PUSCH repetition is enabled when two SRS resource sets with usage set to ‘codebook’ or ‘nonCodebook’ are configured.

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: Support Alt 1-1 or Alt 2 in the above agreement in RAN1#106b-e.
Proposal 2: Regarding Issue a, when a CSI-RS with higher layer parameter repetition is not set to 'on' is overlapped with multiple CORESETs with different QCL-TypeD, the UE may assume that the CSI-RS and a PDCCH DM-RS transmitted in the search space set with the lowest ID associated with CORESET are quasi co-located with 'typeD', if 'typeD' is applicable.
Proposal 3: Regarding Issue b, for PDCCH repetition of DCI format 1_0 on two linked CSS, using the CORESET associated with the lowest SS set ID among linked SS sets to determine the value of  for mapping VRB to PRB of a scheduled PDSCH.
Proposal 4: Regarding Issue d, 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 latest PDCCH. 
Proposal 5: Support PDCCH repetitions with different CORESETPoolIndex values based on the framework of option 2 + case 1 + Alt3.
Proposal 6: 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 7. To resolve an ambiguity on AL8 and AL16 PDCCH candidates with PDCCH repetition, support the following.
· Case c1 is treated as an error case (based on previous agreement).
· For Case a, Case b, Case c2 which AL8 and AL16 candidates have same starting CCEs in both SS sets (i.e., Case c2-1) and Case c2 which AL8 and AL16 candidate in a SS set with the lowest SS set ID have the same start CCE but have different start CCE in the other SS set,
· the interpretation of detected DCI is based on Rel-17 PDCCH repetition rules (w.r.t. reference PDCCH candidate).
· For Case c2 which AL8 and AL16 candidate in a SS set with the lowest SS set ID have different start CCE but have same start CCE in the other SS set,
· the interpretation of detected DCI which is related to timeline is based on Rel-17 PDCCH repetition rules (w.r.t. reference PDCCH candidate).
· the interpretation of detected DCI which is related to a certain CORESET is based on the PDCCH candidate with the lowest start CCE.
· For Case a, Case b, and Case c2 (both Case c2-1 and Case c2-2), regarding rate matching, the resources corresponding to union of the AL8 and AL16 PDCCH candidates in both single and linked search spaces are not available for the PDSCH.
Proposal 8. Determine how to count the Rel-15/16 limit on the maximum number of received PDCCHs without having received any of the scheduled PDSCHs/PUSCHs in case of PDCCH repetition, i.e., define the value of X for the following sentence:
· For a scheduled cell and at any time, a UE expects to have received at most X PDCCHs for DCI formats with CRC scrambled by C-RNTI, CS-RNTI, or MCS-C-RNTI scheduling 16 PDSCH receptions for which the UE has not received any corresponding PDSCH symbol and at most X PDCCHs for DCI formats with CRC scrambled by C-RNTI, CS-RNTI, or MCS-C-RNTI scheduling 16 PUSCH transmissions for which the UE has not transmitted any corresponding PUSCH symbol.
· The candidate value of X is 16 (repetitive PDCCHs are counted as 1) or 32 (counted as 2).
Proposal 9. With PDCCH repetition, in order to accumulate TPC command values for PUSCH transmission correctly, UE applies the TPC command value in the repetitive scheduling DCI only once.


PUCCH/PUSCH enhancements

Observation 2: Even though re-using the legacy procedure based on the legacy table (7.2.1.1.2-25 or 7.2.1.1.2-26), the meaning of each codepoint can be different between sTRP PUSCH transmission and mTRP PUSCH transmission according to the max number of UL PTRS port and the number of actual PTRS ports.
Proposal 10: For PUCCH repetition Scheme 1, we can support Option 1 to obtain more diversity gain. 
Proposal 11: When the legacy table (7.2.1.1.2-25 or 7.2.1.1.2-26 in TS 38.212) shall be determined based on the legacy procedure, the interpretation of codepoints in the table should be different from the interpretation of codepoints in the legacy table according to TRP, the max number of UL PTRS ports (maxNrofPorts) and the number of actual PTRS ports. Therefore, in order to prevent possible misunderstandings, define new tables for PTRS-DMRS association field with Rel-17 multi-TRP PUSCH repetition.
Proposal 12: Introduce new RRC parameter to indicate per-TRP PHR for UE that reports this UE optional capability. 
Proposal 13: Support implicit methods to indicate enabling mTRP PUCCH/PUSCH repetition as:
· The mTRP PUCCH repetition is enabled when at least a PUCCH resource is associated with the two activated PUCCH-spatialRelationInfo or two activated sets of power control parameters.
· The mTRP PUSCH repetition is enabled when two SRS resource sets with usage set to ‘codebook’ or ‘nonCodebook’ are configured.
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