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Introduction
The Rel-17 WID for further enhancements on MIMO (FeMIMO) is approved [1], which includes the following objective:
2. Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
a. Identify and specify features to improve reliability and robustness for channels other than PDSCH (that is, PDCCH, PUSCH, and PUCCH) using multi-TRP and/or multi-panel, with Rel.16 reliability features as the baseline 

In Rel. 16 mTRP enhancements, the focus was mostly on PDSCH reliability enhancements while reliability for PDCCH, PUCCH, and PUSCH was not taken into account explicitly due to lack of time. In order to ensure overall reliability of the system, it is important to ensure that both data and control for both downlink and uplink are reliable. In this contribution, we discuss the aspects related to reliability and robustness of PDCCH, PUCCH, and PUSCH separately.
PDCCH
[bookmark: _Ref61127651]In this section, we discuss the following aspects for PDCCH repetition:
· Remaining issues related to linking PDCCH candidates
· BD counting and overbooking
· Procedural impacts and timeline issues
· Type 3 CSS
· QCL-TypeD prioritization enhancements
· Other remaining issues
1.1 [bookmark: PDCCH1]Remaining Issues for Linking PDCCH candidates
The following was agreed in RAN1 #106-e:
Agreement
When one of the linked PDCCH candidates uses the same set of CCEs as an individual (unlinked) PDCCH candidate, and they both are associated with the same DCI size, scrambling, and CORESET
· Interpretation of the detected DCI is based on Rel. 17 PDCCH repetition rules (wrt reference PDCCH candidate). 
· Whether the individual candidate is monitored or not is determined by a UE capability 
· FFS (In UE feature session): The details including reusing the reported number of BDs for this purpose, or relation to reported number of BDs
· In both cases, the individual candidate is not counted toward the BD limit.
· UE capability for max number of such overlaps is introduced 
· FFS: Value of 0 is included as a candidate value for the UE capability
· The details to be discussed as part of UE capability discussions
· FFS: When the individual candidate is monitored, the scenario where the other linked candidate is also “overlapping” (same CORESET, DCI size, CCEs, scrambling) with a second individual candidate

Regarding the last FFS, we think decoding two different DCIs in linked PDCCH candidates should not be expected by the UE regardless of whether it is due to overlap with two individual candidates or w/o overlapping with individual candidates. Otherwise, not only soft combining becomes problematic but also two different DCI payloads are both interpreted based on Rel. 17 PDCCH repetition rules while they are individually transmitted. In addition, it prevents some implementation-based power saving or complexity reduction techniques such as skipping the second linked candidate when the first one is decoded.
Note that the above does not prevent monitoring both individual candidates in the case of overlap (in the last FFS scenario) subject to UE capability as agreed above, and gNB still can choose one of the individual candidates, but when both of them are transmitted, they should not be different DCI payloads. Hence, we propose:
Proposal 1: UE does not expect to decode two different DCIs (different payload) in two linked PDCCH candidates.
· The above also applies when each of the two linked PDCCH candidates overlap (same CORESET, DCI size, CCEs, scrambling) with an individual candidate, i.e., UE is not expected to decode two different DCIs (different payload) in the two individual candidates.

So far, the discussions have been mainly focused on the overlap between individual candidates and linked candidates, and the scenario that two different linked candidates are overlapping (same CORESET, DCI size, CCEs, scrambling) has not been discussed. This case is illustrated in Figure 1. 
[image: ]
[bookmark: _Ref68554221]Figure 1: Ambiguity issue when two different linked candidates overlap.
As there is no way for the UE to distinguish between PDCCH candidate 1 and PDCCH candidate 3, if a DCI is detected using any of the two candidates, there would be the following ambiguity issue:
· If the UE assumes that the detected DCI is detected in PDCCH candidate 1, the DCI is interpreted based on the reference candidate among PDCCH candidate 1 and 2 (e.g. wrt PRI, DAI, timelines, etc.).
· If the UE assumes that the detected DCI is detected in PDCCH candidate 3, the DCI is interpreted based on the reference candidate among PDCCH candidate 3 and 4 (e.g. wrt PRI, DAI, timelines, etc.).

In this scenario, effectively a reference candidate among all the 4 candidates needs to be defined, which has additional impacts of specification and UE complexity. In addition, there is no strong use case for allowing such conflicts among two pairs of linked candidates (which is in contrast to the case in the agreement for overlap between individual candidate and linked candidate for allowing gNB to select between sTRP and mTRP PDCCH by reusing the same BD/CCE limit). Hence, we think such configurations should be avoided by gNB to not further complicate the design of PDCCH repetition.

[bookmark: PDCCH2A]Proposal 2: For two pairs of linked PDCCH candidates, UE does not expect 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.
A different issue in the case of PDCCH repetition is related the fact that the first 8 CCEs of a AL16 candidate can appear as a AL8 candidate to a UE. This is because AL8 and AL16 candidates have the same mother code length, and are rate matched by repeating the mode code. Then, if the first 8 CCEs of AL16 is a AL8 candidate, UE cannot distinguish whether a decoded DCI is from the AL8 candidate or AL16 candidate. This issue even exists in Rel. 15, and is addressed below for the ambiguity caused for rate matching around the scheduling DCI:
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.

The following points need to be considered related to this issue:
· This issue is different than the previous issue discussed above for the case of overlapping candidates (same CCEs, same CORESET, same DCI size, same scrambling):
· This issue only occurs between AL8 candidate and AL16 candidate with the same starting CCE in the same CORESET with one OFDM symbol.
· The BD is counted for both candidates in this case as the CCEs are not the same (one is a subset of the other). Hence, both candidates are also monitored.
· In Rel. 15, this issue causes ambiguity only for rate matching around scheduling DCI. However, in the case of PDCCH repetition, this issue causes ambiguity for many other procedures, i.e., all the procedures that are a function of reference PDCCH candidate (e.g. PRI, DAI, timelines, etc.).

This issue causes ambiguity in all of the following three scenarios as also illustrated in .
· Scenario 1: Two linked candidates with AL16, and one individual (unlinked) candidate with AL8 has the same start CCE as one of the linked candidates
· Scenario 2: Two linked candidates with AL8, and one individual (unlinked) candidate with AL16 has the same start CCE as one of the linked candidates
· Scenario 3: Two linked candidate with AL8, and another two linked candidate with AL16, where one of the linked candidates with AL8 has the same start CCE as one of the linked candidates with AL16
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Figure 2: Ambiguity issue between AL8 and AL16 candidates in PDCCH repetition.
Even though this issue is not exactly the same as the issue of overlapping candidates (same CCEs, same CORESET, same DCI size, same scrambling) as mentioned above, it is reasonable to use the same solution for the purpose of resolving the ambiguity that whether the PDCCH candidate with AL8 is detected or the PDCCH candidate with AL16 is detected. Then, in scenario 1 and 2, the interpretation of a detected DCI is based on Rel. 17 PDCCH candidates wrt reference candidate, and scenario 3 is not expected to occur. Hence, we propose:
Proposal 3: If a first PDCCH candidate with AL8 in a first SS set and a second PDCCH candidate with AL16 in a second SS set have the same starting CCE index in a CORESET spanning one OFDM symbol:
· If one of the first or second PDCCH candidate is linked to another PDCCH candidate for PDCCH repetition, interpretation of a detected DCI via any of the first or second PDCCH candidates is based on Rel. 17 PDCCH repetition rules (wrt reference PDCCH candidate).
· UE does not expect both the first and second PDCCH candidates to be linked with other corresponding PDCCH candidates for PDCCH repetition.

The following was agreed in the previous meeting:
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

The cases 1-3 are illustrated in Figure 3.
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[bookmark: _Ref83846007]Figure 3: Illustration of Cases 1-3 for the issue related to UE complexity / memory requirements for linked PDCCH candidates.
All cases above can result in excessive memory requirements especially for UEs that perform soft combining since the UE needs to store the LLRs. We propose to handle the UE complexity issue related to memory requirements for all these cases in a unified way. It should be noted that AL of two linked candidates also plays a role in the complexity / memory requirements as more soft bits need to be stored for larger AL. Furthermore, total memory across all CCs and per CC need to be considered. Given these, we see two options:
· Option 1: UE capability can be defined for each PDCCH monitoring capability. For example, with basic PDCCH monitoring capability (all MO’s are within 3 OFDM symbols), UE may not need to store LLRs for soft combining. As another example, with advanced PDCCH monitoring (monitoring in any occasion with span gap), UE capability can be defined as to whether PDCCH repetitions can be inter-span or not. This is because when PDCCH repetitions are not in different spans, storing LLRs may not be needed.
· Option 2: Any two linked candidates can occupy a number of processing units (e.g. depending on AL), and at any given time the total number of occupied processing units should not exceed the UE capability. This is similar to Rel. 15 CPU occupation for CSI computation complexity.

Our preference is Option 1 since the UE capabilities in Option 1 may be anyway needed irrespective of this issue, and to minimize the spec impact.
Proposal 4: To handle UE complexity / memory requirements for linked PDCCH candidates 
· Option 1: The support of PDCCH repetition can be separately indicated for various PDCCH monitoring capabilities (e.g. for basic PDCCH monitoring capability and for more advanced PDCCH monitoring capabilities such as monitoring with span gap in which case the support of intra-span / inter-span PDCCH repetition can be separately indicated). 
· Option 2: Any two linked candidates can occupy a number of processing units (e.g. depending on AL), and at any given time the total number of occupied processing units should not exceed the UE capability (analogous to Rel. 15 CPU occupation for CSI computation complexity).

1.2 BD Counting and Overbooking
The following was agreed in the previous meeting for overbooking:
Agreement 
For overbooking in the PCell for USS with two linked SS sets in the same slot/span, select one Alt for each of Case 1 and Case 2 in RAN1 #106-bis-e:
· Case 1: 2 BDs are counted for two linked candidates:
· Alt1: No change (use existing spec)
· Alt2: Consider the SS set pair together (both are kept or both are dropped), where the priority is based on lower SS set ID among the pair.
· Case 2: 3 BDs are counted for two linked candidates:
· Alt1: Overbooking is per individual SS set as in Rel. 15/16
· Alt1-1: The third BD is counted as a virtual SS set (i.e., the virtual SS set for the third BDs is dopped before dropping the linked SS sets).
· Alt1-2: The third BD is counted as part of the SS set with higher ID.
· Alt2: Consider the SS set pair together (both are kept or both are dropped), where the priority is based on lower SS set ID among the pair.
· FFS: Inter-span PDCCH repetition for r16monitoringcapablity.
[bookmark: PDCCH3]
In the case of 2BDs, no change to the existing spec is needed. In fact, Alt2 is not an improvement, but a downgrade compared to Rel. 15. This is because even if one of the PDCCH candidates (in one of the SS sets) can be monitored, we still drop it for no good reason. Hence, Alt1 is preferred. In the case of 3BDs, Alt1-2 is still preferred for more granular dropping and also for minimum change to legacy overbooking procedures. In the case of Alt1-1, a virtual SS set needs to be defined only for this purpose, and in the case of Alt2, some unnecessary dropping will occur. 
Proposal 5: For overbooking in the PCell for USS with two linked SS sets in the same slot/span
· For Case 1 (2 BDs are counted for two linked candidates), no change to the existing spec is needed (Alt1)
· For Case 2 (3 BDs are counted for two linked candidates), support Alt 1-2: The third BD is counted as part of the SS set with higher ID.

In addition, the case of inter-span PDCCH repetition if supported should be discussed as captured in the FFS of the above agreement. The main issue is related to in which span the third BD should be counted when 3 BDs are counted for two linked candidates. A natural solution is to count the third BD as part of the later span in time. With this, there would be no issue on overbooking since overbooking is only applicable to the first span of a slot, and the third BD is not counted in the first span. Hence, we propose:
Proposal 6: In the case of inter-span PDCCH repetition for r16monitoringcapablity and when 3 BDs are counted for two linked PDCCH candidates, the third BD is counted toward the BD limit of the later span in time.
1.3 Procedural Impacts and Timeline Issues
Regarding d1,1 for PDSCH mapping Type B, the following working assumption was agreed in the previous meeting:
Working Assumption
If a PDSCH with mapping Type B is scheduled by a DCI in PDCCH candidates that are linked for repetition, d1,1 for PDSCH processing time is determined
· Option 2: By considering the PDCCH candidate that results in larger d1,1 value
· Note: Above applies at least for UEs doing selective decoding
FFS: Relaxation of processing time for soft combining of linked PDCCH candidates including PUSCH processing, PDSCH processing for mapping Type A and B, AP CSI processing, DCI processing (N timeline), etc.
FFS: How above applies for UEs doing soft combining

For the case of soft combining, we do not see the necessity to define a different timeline values for various processing timelines. This is because 
a) There are already other mechanisms agreed or under discussion to capture the complexity associated with soft combining such as counting two linked candidates as three BDs or addressing the UE complexity / memory requirements in a more systematic way as discussed in Section 2.1. 
b) Defining a new timeline for the cases listed above (PUSCH processing, PDSCH processing for mapping Type A and B, AP CSI processing, DCI processing (N timeline), etc.) is not a trivial task at all and requires multiple meetings to converge on, which is not justified for the purpose of PDCCH repetition. 
c) Whether UE performs soft combining or not is up to the UE as discussed before, and if sperate timelines are defined for soft combining, additional UE capability signalling and RRC configurations would be needed with respect to decoding assumption at the UE.
Hence, we propose:
Proposal 7: Confirm the Working Assumption for d1,1 determination for PDSCH mapping Type B irrespective of selective decoding or soft combining.

With respect to PDSCH mapping Type A, the following restriction applies in Rel. 15 [38.214, Section 5.1.2.1]: “The UE is not expected to receive a PDSCH with mapping type A in a slot, if the PDCCH scheduling the PDSCH was received in the same slot and was not contained within the first three symbols of the slot.”. The PDSCH processing timeline is based on this assumption. Note that unlike PDSCH mapping Type B, the number of overlapping symbols between PDSCH and scheduling DCI does not play a role in determination of PDSCH processing time in PDSCH mapping Type A, but instead the location of the last symbol of the PDSCH is important. 
In the case of PDCCH repetition, both of the PDCCH candidates should be withing the first three symbols of the slot in the case of same slot scheduling. Note that the UE may only decode one PDCCH candidate and if that candidate (which can be any of the two) is not within the first three symbols of the slot, the Rel. 15 rule is effectively violated. 
[bookmark: PDCCH12]Proposal 8: If two linked PDCCH candidates schedule a PDSCH with mapping Type A in a same slot, both linked PDCCH candidates are expected to be contained within the first three symbols of the slot.

Regarding the issue related to CORESETPoolIndex value for multi-DCI based mTRP, we think the use case of two PDCCH repetitions being associated with different CORESETPoolIndex values is not clear. In Rel. 16 multi-DCI based mTRP, there is no joint scheduling across TRPs. In fact, multi-DCI based mTRP is design for independent / separate scheduling (even in the case of ideal backhaul). Hence, two PDCCH candidates that are linked for repetitions should be associated with the same CORESETPoolIndex value when CORESETPoolIndex value is configured. In addition, in the absence of such restrictions, most of the Rel. 16 multi-DCI based mTRP procedures require change, such as PDSCH scrambling, HARQ-Ack, CRS rate matching, out-of-order operation, BD/CCE counting (per-CORESETPoolIndex limit), interpretation of TCI field in DL DCI from a corresponding set of active TCI states, etc.
[bookmark: PDCCH8]Proposal 9: When CORESETPoolIndex value is configured for one or more CORESETs, two linked PDCCH candidates are not expected to be associated with different CORESETPoolIndex values.

Regarding PDCCH repetition with the same TCI state, we think it should be supported given that i) extra specification effort is not needed given that the agreed framework can easily support it unless if artificial restrictions are added ii) PDCCH repetition with the same TCI state is beneficial to increase the maximum reliability level, which is useful in some use cases iii) this is similar to Rel. 16 mTRP design, where scheme 4 is supported with 2 TCI states as well as one TCI state. 
For achieving single-TRP PDCCH repetition, one way is to configure/activate the same TCI states for two different CORESETs associated with the two linked PDCCH candidates. A simpler way is to use the same CORESET for the two linked PDCCH candidates (the two corresponding SS sets are associated with the same CORESET). The latter solution is beneficial for UEs that do not support the max number of CORESETs per CC. In this case, a condition may be needed that the monitoring occasions of the two linked SS sets should be non-overlapping.
[bookmark: PDCCH9]Proposal 10: There is no need for restrictions with respect to CORESET(s) associated with two linked SS sets: Same CORESET as well as different CORESETs with same TCI state should be allowed.
· When same CORESET is used, monitoring occasions of the two linked SS sets should be non-overlapping in time.

1.4 Type 3 CSS
Regarding PDCCH repetition for Type 3 CSS (DCI formats 2_x), the following was agreed in the previous meeting:
Agreement
Support PDCCH repetition for Type3 CSS.

The required enhancements are limited to timeline / procedural clarifications for some of the DCI formats 2_x as discussed below for DCI formats 2_1, i.e., DL-PI (interrupted transmission indication), and DCI format 2_4, i.e., UL-CI (cancelation indication), and for SS set group switching.
In Rel. 15, the set of symbols that the interrupted transmission indication is applied to is based on a number of symbols prior to the first symbol of the CORESET containing the DCI format 2_1. Similarly, the set of symbols that the cancelation indication is applied to starts after  from the end of the DCI format 2_4. The specification text for these procedures are copied below:
If a UE detects a DCI format 2_1 in a PDCCH transmitted in a CORESET in a slot, the set of symbols is the last [image: ] symbols prior to the first symbol of the CORESET in the slot where [image: ] is the PDCCH monitoring periodicity provided by the value of monitoringSlotPeriodicityAndOffset, as described in Clause 10.1, [image: ] is the number of symbols per slot, [image: ] is the SCS configuration for a serving cell with mapping to a respective field in the DCI format 2_1, [image: ] is the SCS configuration of the DL BWP where the UE receives the PDCCH with the DCI format 2_1.

For the serving cell, the UE determines the first symbol of the  symbols to be the first symbol that is after  from the end of a PDCCH reception where the UE detects the DCI format 2_4, where  is obtained from  for PUSCH processing capability 2 [6, TS 38.214] assuming …
In the case of PDCCH repetition, the set of symbols should be unambiguously determined irrespective of which of the two linked PDCCH candidates the UE detects in both cases of DL-PI and UL-CI. For DCI format 2_1 (DL-PI), the reference candidate should be the one that starts earlier in time for the purpose of determining the set of symbols. One the other hand, for DCI format 2_4 (UL-CI), the reference candidate should be the one that ends later in time for the purpose of determining the set of symbols. This is illustrated in Figure 4.
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[bookmark: _Ref68263723]Figure 4: DCI format 2_1 and 2_4 with PDCCH repetition and determination of the set of symbols.
[bookmark: PDCCH13]Proposal 11: When monitoring DCI format 2_1 or 2_4 in two PDCCH candidates that are linked for PDCCH repetition, UE determines the set of symbols that interrupted transmission indication or cancelation indication is applied to based on a reference PDCCH candidate, which is
· For DCI format 2_1: The PDCCH candidate that starts earlier in time.
· For DCI format 2_4: The PDCCH candidate that ends later in time.

In Rel. 16, DCI can dynamically switch between two groups of SS sets. Each SS set belong to one or both SS set groups, and is up to the network and based on RRC configuration. For example, network can configure the SS sets with more frequent monitoring occasions in the first group and the SS sets with sparser monitoring occasions in the second group. Hence, network can dynamically switch between frequent PDCCH monitoring and sparse PDCCH monitoring. This feature was introduced as part of Rel. 16 NRU (for different PDCCH monitoring behaviours before and after COT) but can be used also for other purposes. Explicit indication of SS set group can be via DCI format 2_0 by “search space set group switching flag” field, but implicit switching or timer-based switching are also possible in Rel. 16.
[bookmark: _Hlk83417122]In the case of explicit indication of SS set group by DCI format 2_0 or implicit switching based on detection of a DCI format, the time to switch to the other SS set group is defined as the first slot after  symbols after the last symbol of the DCI, where  is a number of symbols provided in RRC configuration as searchSpaceSwitchingDelay-r16. 
If a UE is provided by SearchSpaceSwitchTrigger a location of a search space set group switching flag field for a serving cell in a DCI format 2_0, as described in clause 11.1.1; 
-	if the UE detects a DCI format 2_0 and a value of the search space set group switching flag field in the DCI format 2_0 is 0, the UE starts monitoring PDCCH according to search space sets with group index 0, and stops monitoring PDCCH according to search space sets with group index 1, for the serving cell at a first slot that is at least  symbols after the last symbol of the PDCCH with the DCI format 2_0
-	if the UE detects a DCI format 2_0 and a value of the search space set group switching flag field in the DCI format 2_0 is 1, the UE starts monitoring PDCCH according to search space sets with group index 1, and stops monitoring PDCCH according to search space sets with group index 0, for the serving cell at a first slot that is at least  symbols after the last symbol of the PDCCH with the DCI format 2_0, and the UE sets the timer value to the value provided by searchSpaceSwitchTimer
…
If a UE is not provided SearchSpaceSwitchTrigger for a serving cell,
-	if the UE detects a DCI format by monitoring PDCCH according to a search space set with group index 0, the UE starts monitoring PDCCH according to search space sets with group index 1, and stops monitoring PDCCH according to search space sets with group index 0, for the serving cell at a first slot that is at least  symbols after the last symbol of the PDCCH with the DCI format, the UE sets the timer value to the value provided by searchSpaceSwitchTimer if the UE detects a DCI format by monitoring PDCCH in any search space set

[bookmark: _Hlk83417084]When the DCI format that triggers the SS set group switching (whether DCI format 2_0 in the case of explicit switching or any DCI format in the case of implicit switching) is transmitted by two PDCCH candidates that are linked for PDCCH repetition, the timeline should start after the last symbol of the PDCCH candidate that ends later in time. Hence, we propose:
Proposal 12: When the DCI format that triggers the SS set group switching is transmitted by two PDCCH candidates that are linked for PDCCH repetition, the timeline () starts after the last symbol of the PDCCH candidate that ends later in time.
For SS set group switching, in addition to the issue discussed above related to timeline, it should be discussed that how SS set group switching feature can work when some SS sets are linked for PDCCH repetition. In particular, the following dynamic switching behaviours can be achieved by reusing the SS set group switching mechanisms:
· Case 1: Switching between “monitoring SS set x or y individually” and “monitoring linked SS sets x and y for PDCCH repetition”
· Case 2: Switching between “monitoring linked SS sets x and y for PDCCH repetition” and “monitoring linked SS sets x and z for PDCCH repetition”

The two cases are illustrated in Figure 5:
[image: ]
[bookmark: _Ref68364513]Figure 5: Reusing SS set group switching mechanisms for dynamic SS set linking in PDCCH repetition.
Proposal 13: Support reusing SS set group switching mechanisms for dynamic SS set linking in the case of PDCCH repetition (applies to a UE that supports SS set group switching).
1.5 QCL-TypeD Prioritization Enhancements
The following was agreed in the previous meeting for QCL TypeD prioritization in FR2

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

In Alt1, PDCCH repetition configuration does not have any impact on the determination of two QCL-TypeD while it has been previously agreed that “Note: The primary goal of this enhancement for the purpose of this sub-AI is to support time-overlapping PDCCH repetitions in FR2.”. In Alt3, if the first QCL-TypeD is from an unlinked CSS, a second QCL-TypeD is not determined even if there are a pair of linked SS sets and one of them has the first QCL-TypeD. On the other hand, Alt2 addresses these issues and is also consistent with legacy since a) Determination of the first QCL-TypeD is based on Rel. 15 b) Determination of the second QCL-TypeD takes into account PDCCH repetition configurations. Regarding the FFS part in Alt2 (The case of no such SS set pair), a simple approach is to not determine a second QCL-TypeD since it cannot be used for the purpose of monitoring time-domain overlapping PDCCH repetitions.

Based on the discussions above, we propose:

Proposal 14: For a UE supporting reception with two different beams and configured with PDCCH repetitions, for determination of two QCL-TypeD properties for multiple overlapping CORESETs, support
· Alt2: Reuse legacy priority rule to identify the first QCL-TypeD property, and then, identify the second QCL-TypeD according to one of the SS sets that is linked with a SS set with the first QCL-TypeD (among the multiple overlapping CORESETs)
· In the case of multiple such SS set pairs, Rel. 15 priority order is followed for the second QCL-TypeD determination
· In the case of no such SS set pair, a second QCL-TypeD is not determined.

Also, in the previous meeting, the following was agreed for different cases in which one of the linked PDCCH candidates are dropped:
Agreement
[bookmark: _Hlk83457003]For PDCCH repetition with two linked candidates, if due to Rel. 15/16 procedures, one of the linked candidates is not monitored (is dropped)
· Option 1: UE still monitors the linked candidate that is not dropped and interprets the DCI based on Rel. 17 PDCCH rules (wrt reference PDCCH candidate)
· At least the following Rel. 15/16 rules are applicable for this purpose:
· Case 1: Overlap with SSB
· Case 2: Overlap with rate matching resources: RateMatchPattern, lte-CRS-ToMatchAround, or LTE-CRS-PatternList-r16, availableRB-SetPerCell-r16
· Case 3: Due to TDD DL/UL related conflicts: Overlap with semi-static / dynamic UL symbols or overlap with PRACH
· FFS: Case 4: QCL-TypeD prioritization rule among CORESETs result in one of the linked candidates not being monitored
· FFS: Case 6: Overlap with reserved PRB(s) and OFDM symbol(s) indicated by DCI format 2_1 where UE may assume no transmission intended for the UE
· Other cases are not precluded
· This does not impact the BD count for both dropped and non-dropped PDCCH candidates

When dropping a PDCCH candidate is due to Case 4 (QCL-TypeD prioritization), the same option 1 as agreed above is needed. Note that this is independent from the issue of determination of two QCL-TypeD discussed above since dropping due to Case 4 can happen even when two linked PDCCH candidates are TDMed, or when UE does not have the capability of reception with two different beams.
[bookmark: PUCCH3]Proposal 15: For PDCCH repetition with two linked candidates, if due to Rel. 15/16 procedures, one of the linked candidates is not monitored (is dropped)
· Option 1: UE still monitors the linked candidate that is not dropped and interprets the DCI based on Rel. 17 PDCCH rules (wrt reference PDCCH candidate)
· In addition to Cases 1-3 agreed before, Case 4 is also applicable for this purpose:
· Case 4: QCL-TypeD prioritization rule among CORESETs result in one of the linked candidates not being monitored
· This does not impact the BD count for both dropped and non-dropped PDCCH candidates
1.6 Other Remaining Issues
The following was agreed in RAN1 #106-e:
Agreement
For PDCCH repetition in Rel. 17, study the following aspects:
· Whether/how to support PDCCH repetition for Type0/0A/1/2 CSS
· Whether to support PDCCH order transmitted with PDCCH repetitions with different beams triggering CFRA for SpCell, and if it is supported how to determine the QCL assumption for the PDCCH that includes the DCI format 1_0 with RA-RNTI and the corresponding scheduled PDSCH.

With respect to Type0/0A/1/2 CSS, PDCCH repetition can only be supported during RRC connected mode. This is because linking two SS sets is done using dedicated RRC signaling. Even for supporting PDCCH repetition for theses types of CSS, the following issues need to be addressed:
· It is challenging to link SS set 0 to any other SS set. This is because the MO’s of SS set 0 are a function of SSB associated with CORESET0, which can change over time (e.g. due to random access, or due to change in TCI state of CORESET 0). Then, the one-to-one mapping between MO’s of SS set 0 and the other linked SS set may not be possible w/o RRC reconfiguration of the linked SS set whenever the CORSET0 beam changes.
· The number of BDs for each aggregation level is given by a fixed table (Table 10.1-1 in 38.213) for these CSS types. For example, only one PDCCH candidate with AL16 is defined for these CSS types. With PDCCH repetition, two candidates should be linked with each other with one-to-one mapping, which may require additional specification work and/or UE complexity. 
· For each of these CSS types, only one SS set ID can be configured in PDCCH-ConfigCommon. With PDCCH repetition, how to configure or determine the other linked SS set requires additional specification impact.

Given the issues above, our preference is to not support PDCCH repetition for Type0/0A/1/2 CSS in Rel-17. 
Proposal 16: UE does not expect the following SS sets to be linked with another SS set for PDCCH repetition:
· SS set 0, searchSpaceSIB1, searchSpaceOtherSystemInformation, pagingSearchSpace, ra-SearchSpace

The other issue listed in the agreement above is related to PDCCH order. For sending the PDCCH order DCI itself, USS can be used (CRC is scrambled with  C-RNTI), and hence, using PDCCH repetition is not an issue. In fact, for the timeline for PDCCH order (to send PRACH), it is already agreed that the PDCCH candidate that ends later in time is used as a reference. Then, the remaining issue is that how to determine the beam for subsequent PDCCH that includes the DCI format 1_0 with RA-RNTI and the corresponding scheduled PDSCH. We can see two possible ways to address the issue:
· Alt1: A fixed rule is defined for this purpose, e.g., among the two linked candidates used for detection of the PDCCH order, the beam of the CORESET with lower ID is used.
· Alt2: Whether the first beam or the second beam is used is indicated by the PDCCH order DCI itself. Since there are already 10 reserved bits as described in 38.212 Section 7.3.1.2.1 in the case of PDCCH order, this alternative is preferred as the choice is up to the gNB without additional DCI overhead. 

Proposal 17: When PDCCH order is transmitted with PDCCH repetitions with different beams triggering CFRA for SpCell, the QCL assumption for the PDCCH that includes the DCI format 1_0 with RA-RNTI and the corresponding scheduled PDSCH is determined based on
· Alt1: Among the two linked candidates used for the PDCCH order, the beam of the CORESET with lower ID is used.
· Alt2: One of the existing reserved bits in PDCCH order DCI is used to indicate whether the first beam or the second beam should be used.

Finally, some discussions are required for cross-carrier scheduling when the scheduling cell is configured with linked SS sets / PDCCH repetition. Note that for the purpose of minimum scheduling delay in cross-carrier scheduling with different numerologies, it is already agreed that the PDCCH candidate that ends later in time is used as a reference candidate. However, basic operation of cross-carrier scheduling with PDCCH repetition as illustrated in Figure 6 has not been discussed
[image: ]
[bookmark: _Ref83482396]Figure 6: Cross-carrier scheduling with PDCCH repetition. 
For cross-carrier scheduling in Rel-15, CORESETs are not configured in the scheduled cell, and only SS sets are configured. The purpose of configuring SS sets in the scheduled cell is only for configuring number of candidates for that scheduled cell for each AL, and not for configuring MO’s as the MO’s are monitored in the scheduling cell. In fact, 38.331 for “SearchSpace” configuration mentions that “For a scheduled cell in the case of cross carrier scheduling, except for nrofCandidates, all the optional fields are absent (regardless of their presence conditions)”. The monitoring occasions are in the scheduling cell, and UE looks at the SS set with the same ID as the search space set in the scheduled cell as mentioned in 38.331:
In case of cross carrier scheduling, search spaces with the same searchSpaceId in scheduled cell and scheduling cell are linked to each other. The UE applies the search space for the scheduled cell only if the DL BWPs in which the linked search spaces are configured in scheduling cell and scheduled cell are both active. 

Note that “linked” above is a different across the SS sets in the scheduling cell and scheduled cell is a different type of linking than the notion of linking we use for Rel-17 PDCCH repetition. 
In the case that two SS sets in a scheduling cell are linked for PDCCH repetition, two SS sets with the same ID in the scheduled cell can be configured to be linked for PDCCH repetition in which case the two SS sets in the scheduled cell should be also configured with the same number of candidates for each AL. Note that if the two SS sets in the scheduling cell are not linked for PDCCH repetition, then there may not be one-to-one mapping in MO’s, and hence the two SS sets with the same ID in the scheduled cell also cannot be linked for PDCCH repetition. However, if the two SS sets in the scheduling cell are linked for PDCCH repetition, the two SS sets with the same ID in the scheduled cell may or may not be linked for PDCCH repetition. These two cases are illustrated in Figure 7.
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[bookmark: _Ref83484077]Figure 7: Linking SS sets in the scheduled CC for cross-carrier scheduling with PDCCH repetition.
Proposal 18: When a scheduled CC is configured to be cross-carrier scheduled by a scheduling CC 
· If two SS sets in the scheduling CC are linked for PDCCH repetition, two SS sets in the scheduled CC with the same IDs as the two linked SS sets in the scheduling cell can be configured to be linked for PDCCH repetition with cross-carrier scheduling:
· If the two SS sets in the scheduled CC are also linked, they should be configured with the same number of candidates for each AL. 
· In this case, the PDCCH candidates with the same AL and candidate index corresponding to the CIF value associated with the scheduled cell are linked.
· If two SS sets in the scheduling CC are not linked for PDCCH repetition, two SS sets in the scheduled CC with the same IDs as the two linked SS sets in the scheduling cell should not be configured to be linked for PDCCH repetition with cross-carrier scheduling.
PUSCH
In this section, we discuss the remaining aspects related to single-DCI based PUSCH repetitions targeted toward different TRPs.
With respect to the number of SRS resources in each SRS resource set, the following was agreed in RAN1 #106-e:
Agreement
On the number of SRS resource configured in the two SRS resource sets, select one of the following alternatives, 
· [bookmark: _Hlk83487836]Alt.1: Support the same number of SRS resources for both CB and NCB based m-TRP PUSCH repetition. 
· Alt.2: Support different number of SRS resources for both CB and NCB based m-TRP PUSCH repetition. The first SRS resource set always have the same or larger number of SRS resources than the second SRS resources set.
· The bit width of the 1st SRI field is determined based on the first SRS resource set
· FFS: How to interpret “SRI field is present or not present”
· Alt.3: Support different number of SRS resources for both CB and NCB based m-TRP PUSCH repetition. The first SRS resource set always have the smaller, same or larger number of SRS resources than the second SRS resources set.
· The bit width of the 1st SRI field is determined based on maximum number of SRS resources among two resource sets
· FFS: How to interpret “SRI field is present or not present”

In both cases of Alt2 or Alt3, it is possible that only the first SRI field is present since the number of SRS resources in the first SRS resource set can be larger than one while the number of SRS resources in the second SRS resource set can be equal to one. Then, the following two issues need to be discussed:
· For the rules that are a function of whether SRI fields are present or not (e.g., default power control parameters, or interpretation of and number of bits for OLPC set indication field in the DCI), some additional specification impacts are expected since only the first SRI field may be present
· For scheduling sTRP with second TRP (new field for dynamic switching is set to “01”), even the first SRI field should not be used while it is agreed that SRI indication is based on the first SRI field.

Hence, either Alt1 or Alt2/Alt3 with a restriction that the scenario above (only one SRI field is present) does not happen is preferred. Comparing Alt2 with Alt3, Alt2 has smaller DCI size. This is because when the second SRS resources has larger number of SRS resources, the number of bits needed even for the first SRI field is increased since the bit width of the 1st SRI field is determined based on maximum number of SRS resources among two resource sets as agreed under Alt3 above. On the other hand, the flexibility of both Alt2 and Alt3 are similar, and gNB can always configure the larger SRS resource set with a lower ID (as the first SRS resource set). Therefore, we propose:
Proposal 19: On the number of SRS resource configured in the two SRS resource sets:
· Alt.2 (first preference): Support different number of SRS resources for both CB and NCB based m-TRP PUSCH repetition. The first SRS resource set always have the same or larger number of SRS resources than the second SRS resources set.
· The bit width of the 1st SRI field is determined based on the first SRS resource set
· If the second SRS resource set has one SRS resource, the first SRS resource set should also be configured with one SRS resource (Either both SRI fields are present or both SRI fields are not present)
· Alt.1 (second preference): Support the same number of SRS resources for both CB and NCB based m-TRP PUSCH repetition

For the case of maxRank > 2, the following was agreed related to PTRS-DMRS association:
Agreement
For single DCI based M-TRP PUSCH Type B repetition, the indication of PTRS-DMRS association for maxRank > 2 is supported, down select one of the following options in RAN1 #105-e meeting, 
· 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. 
· [bookmark: _Hlk70862996][bookmark: _Hlk70862890]if maxNrofPorts = 2, the 1 bit indicates one of two DMRS ports sharing the same PTRS port.

[bookmark: _Hlk76912013]Option 3 above is not a complete solution as only 1 bit cannot indicate the PTRS-DMRS association for the case of maxRank>2. As a result, only one of the first two DMRS ports for maxNrofPorts = 1 can be indicated. For the case of maxNrofPorts = 2, it is also not clear how 1 bit can work to indicate two associated DMRS ports per TRP. Furthermore, if the intention is to avoid adding DCI overhead and keep the specification simple, no change to PTRS-DMRS association for maxRank>2 seems to be a more natural outcome (the only outcome if there is no consensus), i.e., PTRS-DMRS association is based on legacy (if maxRank>2), and the same indication is applied to both TRPs (to both sets of repetitions). 
On the other hand, the benefit of Option 2 is to reduce the DCI signalling overhead by reusing the reserved entries of antenna ports indication field while the drawback of Option 2 is complicated signalling mechanisms and larger spec impact. Differently, Option 1 is simple with smaller spec impact while it requires more DCI overhead. 
Given these, we can be fine with either Option 1 or Option 2 or no change compared to legacy:
[bookmark: PUSCH9]Proposal 20: For PTRS-DMRS association of M-TRP PUSCH Type B repetition with maxRank > 2, support
· 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, or
· 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, or
· No change to legacy, i.e., the same PTRS-DMRS association field is applied to both TRPs (to both sets of repetitions).

With respect to actual number of PTRS ports for NCB-based mTRP PUSCH, the following Working Assumption was agreed:
Working assumption
For non-codebook based multi-TRP PUSCH repetition, select Alt.2. 
· Alt. 2: the actual number of PT-RS ports corresponding to the 1st SRS resource set can be different from the actual number of PT-RS ports corresponding to the 2nd SRS resource set.
· FFS: Whether specification change is needed due to this working assumption

The above does not seem to have any specification impact, hence, a conclusion may be enough instead of an agreement. 
Proposal 21: Instead of confirming the above WA as an agreement, a conclusion would be enough.

[bookmark: _Hlk83497834]For Type 1 CG-PUSCH, it is already agreed that to add second fields of ‘pathlossReferenceIndex’, 'srs-ResourceIndicator' and 'precodingAndNumberOfLayers' in 'rrc-ConfiguredUplinkGrant', and second field of 'p0-PUSCH-Alpha' and 'powerControlLoopToUse' in 'ConfiguredGrantConfig’. However, there are still two remaining issues:
· When a Type 1 CG configuration is only configured with the first (legacy) fields for sTRP transmission, whether the parameters are associated with the first SRS resource set or the second SRS resource set (since SRS resource sets are configured irrespective of CG configurations).
· When a Type 1 CG configuration is configured with both the first (legacy) fields and second (new) fields for mTRP transmission, how to determine the association of the first / second RRC-configured fields with the first / second SRS resource sets and how to determines the order between the two TRPs, i.e., whether the first repetition in time is associated with the first SRS resource set or the second SRS resource set.

In order to address both issues above, we can add a field to 'rrc-ConfiguredUplinkGrant' for Type 1 CG, where the field can indicate one of the two possibilities and the interpretation depends on whether only the first (legacy) fields for sTRP transmission are configured or both the first (legacy) fields and second (new) fields for mTRP transmission are configured:
· In the case of sTRP: The field indicates whether transmission is associated with the first SRS resource set (with lower ID) or the second SRS resource set (with higher ID).
· In the case of mTRP: The field indicates whether the first repetition in time is associated with the first SRS resource set (with lower ID) or the second SRS resource set (with higher ID).

Hence, we propose:
Proposal 22: For a CC configured with two SRS resource sets for CB or NCB based mTRP PUSCH repetition, for Type 1 CG configuration, an additional field is added in 'rrc-ConfiguredUplinkGrant' that indicates one of the two possibilities based on:
· If the CG is configured with only one field for each of ‘pathlossReferenceIndex’, 'srs-ResourceIndicator', 'precodingAndNumberOfLayers', 'p0-PUSCH-Alpha' and 'powerControlLoopToUse'
· The additional field indicates whether PUSCH is associated with the first SRS resource set or the second SRS resource set
· If the CG is configured with first and second fields for each of ‘pathlossReferenceIndex’, 'srs-ResourceIndicator', 'precodingAndNumberOfLayers', 'p0-PUSCH-Alpha' and 'powerControlLoopToUse', where the first fields are associated with the first SRS resource set and the second fields are associated with the second SRS resource set
· The additional field indicates whether the first repetition in time is associated with the first SRS resource set or the second SRS resource set.

Another issue is related to PUSCH power control for SP-CSI on PUSCH. It is already agreed that SP-CSI can be transmitted on two PUSCH repetitions associated with the two TRPs. However, there is only one RRC-configured parameter p0alpha (configured in “semiPersistentOnPUSCH” as part of “CSI-ReportConfig”). Hence, a second p0alpha may be needed when SP-CSI is transmitted on mTRP PUSCH repetitions.
Proposal 23: Support a second p0alpha RRC parameter in “semiPersistentOnPUSCH” which is used for a CSI report Config when a DCI activates it on mTRP PUSCH repetitions.

Finally, issues related to mTRP PUSCH repetitions by DCI format 0_2 should be discussed. In Rel-16, SRS resource set (for either CB or NCB) can be separately configured for PUSCH scheduled by DCI format 0_2 (in “srs-ResourceSetToAddModListDCI-0-2”) but it includes the first few SRS resources in the SRS resource set configured for DCI format 0_1 (in “srs-ResourceSetToAddModList”), and all parameters expect SRS resource set ID and list of SRS resources should be the same as the SRS resource set configured for DCI format 0_1:
7.3.1.1.3	Format 0_2
…
-	SRS resource indicator –or bits, where  is the number of configured SRS resources in the SRS resource set configured by higher layer parameter srs-ResourceSetToAddModListDCI-0-2, and associated with the higher layer parameter usage of value 'codeBook' or 'nonCodeBook', where the SRS resource set is composed of the first  SRS resources together with other configurations in the SRS resource set configured by higher layer parameter srs-ResourceSetToAddModList, if any, and associated with the higher layer parameter usage of value 'codeBook' or 'nonCodeBook', respectively, except for the higher layer parameters ‘srs-ResourceSetId’ and ‘srs-ResourceIdList’

The reason for the above in Rel-16 is to ensure that UE complexity is not increased by configuring a completely different sets of parameters while being able to reduce the size of SRI field for DCI format 0_2 in a configurable way. The same subset relationship should be maintained in Rel-17 across the SRS resource sets configured for DCI format 0_1 and DCI format 0_2. The following aspects require discussions:
· How to determine first / second SRS resource sets for CB or NCB based mTRP PUSCH repetitions in the case that UE monitors both DCI formats 0_1 and 0_2? 
· Note that it has been previously agreed that “SRS resource set with lower ID is the first SRS resource set, and the other SRS resource set is the second SRS resource set”, but clarification is required that this rule is separately applied for SRS resource sets configured for a given DCI format.
· How to define the Rel-16 subset relationship described above when one or both DCI formats are configured with two SRS resource sets?
· Once first / second SRS resource sets are clarified as discussed above, the subset relationship is applied among the first SRS resource sets configured for each of DCI formats 0_1 and 0_2, and separately among the second SRS resource sets configured for each of DCI formats 0_1 and 0_2.
· How to determine the presence of the new field (2bits) for dynamic switching for DCI formats 0_1 and 0_2?
· This can be simply based on whether two SRS resource sets are configured for a given DCI format.

Based on the above discussions, we propose:
Proposal 24: When UE is configured to monitor DCI format 0_2, and SRS resource sets in “srs-ResourceSetToAddModListDCI-0-2” are configured:
· The “first” / “second” SRS resource sets are determined by applying the agreed rule “SRS resource set with lower ID is the first SRS resource set, and the other SRS resource set is the second SRS resource set” separately for SRS resource sets configured for DCI format 0_1 and for SRS resource sets configured for DCI format 0_2.
· The “first” SRS resource set for DCI format 0_2 has the same configuration as the “first” SRS resource set configured for DCI format 0_1 expect ‘srs-ResourceSetId’ and ‘srs-ResourceIdList’, and includes the first N SRS resources of the “first” SRS resource set configured for DCI format 0_1.
· The “second” SRS resource set for DCI format 0_2 (if any) has the same configuration as the “second” SRS resource set configured for DCI format 0_1 (if any) expect ‘srs-ResourceSetId’ and ‘srs-ResourceIdList’, and includes the first N SRS resources of the “second” SRS resource set configured for DCI format 0_1.
· The presence of the new field in the DCI for dynamic switching (2bits) is separately determined for DCI format 0_1 and DCI format 0_2 based on whether two SRS resource sets are configured for that DCI format for CB or NCB based PUSCH.

Conclusion 
For PDCCH enhancements, we propose:
Proposal 1: UE does not expect to decode two different DCIs (different payload) in two linked PDCCH candidates.
· The above also applies when each of the two linked PDCCH candidates overlap (same CORESET, DCI size, CCEs, scrambling) with an individual candidate, i.e., UE is not expected to decode two different DCIs (different payload) in the two individual candidates.

Proposal 2: For two pairs of linked PDCCH candidates, UE does not expect 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.
Proposal 3: If a first PDCCH candidate with AL8 in a first SS set and a second PDCCH candidate with AL16 in a second SS set have the same starting CCE index in a CORESET spanning one OFDM symbol:
· If one of the first or second PDCCH candidate is linked to another PDCCH candidate for PDCCH repetition, interpretation of a detected DCI via any of the first or second PDCCH candidates is based on Rel. 17 PDCCH repetition rules (wrt reference PDCCH candidate).
· UE does not expect both the first and second PDCCH candidates to be linked with other corresponding PDCCH candidates for PDCCH repetition.

Proposal 4: To handle UE complexity / memory requirements for linked PDCCH candidates 
· Option 1: The support of PDCCH repetition can be separately indicated for various PDCCH monitoring capabilities (e.g. for basic PDCCH monitoring capability and for more advanced PDCCH monitoring capabilities such as monitoring with span gap in which case the support of intra-span / inter-span PDCCH repetition can be separately indicated). 
· Option 2: Any two linked candidates can occupy a number of processing units (e.g. depending on AL), and at any given time the total number of occupied processing units should not exceed the UE capability (analogous to Rel. 15 CPU occupation for CSI computation complexity).

Proposal 5: For overbooking in the PCell for USS with two linked SS sets in the same slot/span
· For Case 1 (2 BDs are counted for two linked candidates), no change to the existing spec is needed (Alt1)
· For Case 2 (3 BDs are counted for two linked candidates), support Alt 1-2: The third BD is counted as part of the SS set with higher ID.

Proposal 6: In the case of inter-span PDCCH repetition for r16monitoringcapablity and when 3 BDs are counted for two linked PDCCH candidates, the third BD is counted toward the BD limit of the later span in time.
Proposal 7: Confirm the Working Assumption for d1,1 determination for PDSCH mapping Type B irrespective of selective decoding or soft combining.
Proposal 8: If two linked PDCCH candidates schedule a PDSCH with mapping Type A in a same slot, both linked PDCCH candidates are expected to be contained within the first three symbols of the slot.
Proposal 9: When CORESETPoolIndex value is configured for one or more CORESETs, two linked PDCCH candidates are not expected to be associated with different CORESETPoolIndex values.
Proposal 10: There is no need for restrictions with respect to CORESET(s) associated with two linked SS sets: Same CORESET as well as different CORESETs with same TCI state should be allowed.
· When same CORESET is used, monitoring occasions of the two linked SS sets should be non-overlapping in time.

Proposal 11: When monitoring DCI format 2_1 or 2_4 in two PDCCH candidates that are linked for PDCCH repetition, UE determines the set of symbols that interrupted transmission indication or cancelation indication is applied to based on a reference PDCCH candidate, which is
· For DCI format 2_1: The PDCCH candidate that starts earlier in time.
· For DCI format 2_4: The PDCCH candidate that ends later in time.

Proposal 12: When the DCI format that triggers the SS set group switching is transmitted by two PDCCH candidates that are linked for PDCCH repetition, the timeline () starts after the last symbol of the PDCCH candidate that ends later in time.
Proposal 13: Support reusing SS set group switching mechanisms for dynamic SS set linking in the case of PDCCH repetition (applies to a UE that supports SS set group switching).
Proposal 14: For a UE supporting reception with two different beams and configured with PDCCH repetitions, for determination of two QCL-TypeD properties for multiple overlapping CORESETs, support
· Alt2: Reuse legacy priority rule to identify the first QCL-TypeD property, and then, identify the second QCL-TypeD according to one of the SS sets that is linked with a SS set with the first QCL-TypeD (among the multiple overlapping CORESETs)
· In the case of multiple such SS set pairs, Rel. 15 priority order is followed for the second QCL-TypeD determination
· In the case of no such SS set pair, a second QCL-TypeD is not determined.

Proposal 15: For PDCCH repetition with two linked candidates, if due to Rel. 15/16 procedures, one of the linked candidates is not monitored (is dropped)
· Option 1: UE still monitors the linked candidate that is not dropped and interprets the DCI based on Rel. 17 PDCCH rules (wrt reference PDCCH candidate)
· In addition to Cases 1-3 agreed before, Case 4 is also applicable for this purpose:
· Case 4: QCL-TypeD prioritization rule among CORESETs result in one of the linked candidates not being monitored
· This does not impact the BD count for both dropped and non-dropped PDCCH candidates
Proposal 16: UE does not expect the following SS sets to be linked with another SS set for PDCCH repetition:
· SS set 0, searchSpaceSIB1, searchSpaceOtherSystemInformation, pagingSearchSpace, ra-SearchSpace

Proposal 17: When PDCCH order is transmitted with PDCCH repetitions with different beams triggering CFRA for SpCell, the QCL assumption for the PDCCH that includes the DCI format 1_0 with RA-RNTI and the corresponding scheduled PDSCH is determined based on
· Alt1: Among the two linked candidates used for the PDCCH order, the beam of the CORESET with lower ID is used.
· Alt2: One of the existing reserved bits in PDCCH order DCI is used to indicate whether the first beam or the second beam should be used.

Proposal 18: When a scheduled CC is configured to be cross-carrier scheduled by a scheduling CC 
· If two SS sets in the scheduling CC are linked for PDCCH repetition, two SS sets in the scheduled CC with the same IDs as the two linked SS sets in the scheduling cell can be configured to be linked for PDCCH repetition with cross-carrier scheduling:
· If the two SS sets in the scheduled CC are also linked, they should be configured with the same number of candidates for each AL. 
· In this case, the PDCCH candidates with the same AL and candidate index corresponding to the CIF value associated with the scheduled cell are linked.
· If two SS sets in the scheduling CC are not linked for PDCCH repetition, two SS sets in the scheduled CC with the same IDs as the two linked SS sets in the scheduling cell should not be configured to be linked for PDCCH repetition with cross-carrier scheduling.

For PUSCH enhancements, we propose:
Proposal 19: On the number of SRS resource configured in the two SRS resource sets:
· Alt.2 (first preference): Support different number of SRS resources for both CB and NCB based m-TRP PUSCH repetition. The first SRS resource set always have the same or larger number of SRS resources than the second SRS resources set.
· The bit width of the 1st SRI field is determined based on the first SRS resource set
· If the second SRS resource set has one SRS resource, the first SRS resource set should also be configured with one SRS resource (Either both SRI fields are present or both SRI fields are not present)
· Alt.1 (second preference): Support the same number of SRS resources for both CB and NCB based m-TRP PUSCH repetition

Proposal 20: For PTRS-DMRS association of M-TRP PUSCH Type B repetition with maxRank > 2, support
· 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, or
· 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, or
· No change to legacy, i.e., the same PTRS-DMRS association field is applied to both TRPs (to both sets of repetitions).

Proposal 21: Instead of confirming the above WA as an agreement, a conclusion would be enough.
Proposal 22: For a CC configured with two SRS resource sets for CB or NCB based mTRP PUSCH repetition, for Type 1 CG configuration, an additional field is added in 'rrc-ConfiguredUplinkGrant' that indicates one of the two possibilities based on:
· If the CG is configured with only one field for each of ‘pathlossReferenceIndex’, 'srs-ResourceIndicator', 'precodingAndNumberOfLayers', 'p0-PUSCH-Alpha' and 'powerControlLoopToUse'
· The additional field indicates whether PUSCH is associated with the first SRS resource set or the second SRS resource set
· If the CG is configured with first and second fields for each of ‘pathlossReferenceIndex’, 'srs-ResourceIndicator', 'precodingAndNumberOfLayers', 'p0-PUSCH-Alpha' and 'powerControlLoopToUse', where the first fields are associated with the first SRS resource set and the second fields are associated with the second SRS resource set
· The additional field indicates whether the first repetition in time is associated with the first SRS resource set or the second SRS resource set.

Proposal 23: Support a second p0alpha RRC parameter in “semiPersistentOnPUSCH” which is used for a CSI report Config when a DCI activates it on mTRP PUSCH repetitions.
Proposal 24: When UE is configured to monitor DCI format 0_2, and SRS resource sets in “srs-ResourceSetToAddModListDCI-0-2” are configured:
· The “first” / “second” SRS resource sets are determined by applying the agreed rule “SRS resource set with lower ID is the first SRS resource set, and the other SRS resource set is the second SRS resource set” separately for SRS resource sets configured for DCI format 0_1 and for SRS resource sets configured for DCI format 0_2.
· The “first” SRS resource set for DCI format 0_2 has the same configuration as the “first” SRS resource set configured for DCI format 0_1 expect ‘srs-ResourceSetId’ and ‘srs-ResourceIdList’, and includes the first N SRS resources of the “first” SRS resource set configured for DCI format 0_1.
· The “second” SRS resource set for DCI format 0_2 (if any) has the same configuration as the “second” SRS resource set configured for DCI format 0_1 (if any) expect ‘srs-ResourceSetId’ and ‘srs-ResourceIdList’, and includes the first N SRS resources of the “second” SRS resource set configured for DCI format 0_1.
· The presence of the new field in the DCI for dynamic switching (2bits) is separately determined for DCI format 0_1 and DCI format 0_2 based on whether two SRS resource sets are configured for that DCI format for CB or NCB based PUSCH.

2 References
[1] [bookmark: _Ref450583331]RP-193133, New WID: Further enhancements on MIMO for NR, Samsung
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