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Introduction
In the plenary RAN#92 meeting, the following objectives on the enhancements on NR-MIMO were laid out with regard to multi-TRP deployment [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 based on Rel-15/16 TCI framework
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 discusses various issues regarding PUSCH and PDCCH reliability enhancements, with a focus on multi-TRP deployments.
PDCCH reliability enhancements

In this section, proposals regarding reliability enhancements for PDCCH are presented.

Handling UE complexity/memory requirements for linked PDCCH candidates

The following agreement was reached on this issues in RAN1#106-e meeting [2].
	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 mentioned for consideration may be viewed from the following UE perspective:
· Limited capability of UE to decode linked PDCCH candidates: Cases 1 and 2 are relevant here. The UE is scheduled with a large number of PDCCH candidates to blind-decode in a given monitoring occasion or in monitoring occasions across a slot and in such cases, the UE has to perform blind-decoding of both individual PDCCH candidates and linked PDCCH candidates. With decoding of linked PDCCH candidates incurring a different BD complexity than individual PDCCH candidates, and potentially even higher depending on UE capability, a limit has to be set on the number of linked PDCCH candidates in a monitoring occasion. For this purpose, the UE may report the number of linked PDCCH candidates that it can decode in a given slot or span. 
· Memory overloading of UE while performing soft-combining: Case 3 is relevant for this scenario. An example instances was discussed in the last meeting: two linked SS sets containing two PDCCH repetitions are obtained in two different monitoring occasions, but a new DCI in one of the linked SS sets is interlaced between the repetitions (i.e., before the second SS set among the two linked SS sets comprising the PDCCH repetition is received, a PDCCH is transmitted in one of the, or the first, linked SS set(s)). This interlacing of SS sets may be avoided by specification restriction – a MO of an SS set that is linked does not happen between a MO of the same SS set before it and a MO of the linked SS set after it.
From the above discussion, the following is proposed to address UE complexity and memory issues:
Proposal 1: Enable UE reporting of the number of linked PDCCH candidates it can decode in a given slot or span.
Proposal 2: A MO of an SS set that is linked does not appear between a MO of the same SS set before it and a MO of the linked SS set after it.

PDCCH repetitions associated with different CORESETPoolIndex values

The support of PDCCH repetitions associated with different CORESETPoolIndex values was discussed in last meeting and postponed to RAN1#106-bis-e due to lack of consensus in terms of the required specification effort for this feature.  As it stands, the PDCCH repetition feature cannot co-exist with various M-TRP deployments for PDSCH (sDCI M-TRP PDSCH, mDCI M-TRP PDSCH). By specifying the feature with such a restriction, RAN1 risks narrowing the possibilities of M-TRP deployments for PDCCH repetition. The following alternatives were considered in the last meeting:
· Alt. 1: Support two linked PDCCH candidates to be associated with two CORESETPoolIndex values.
· Alt. 2: Two linked PDCCH candidates are not expected to be associated with different CORESETPoolIndex values.
· Alt. 3: CORESETPoolIndex value is not expected to be configured if PDCCH repetition is configured in the same CC.

Alt. 1 is the option that provides the most flexibility and deployment possibilities as it allows both S-TRP and M-TRP PDSCH deployments with PDCCH repetition. Alt. 2 restricts the transmission of the two PDCCH repetitions from a single TRP when M-DCI-based M-TRP PDSCH is configured. In the case of Alt. 3, PDCCH repetition is possible only with sDCI-based M-PDSCH transmission and excludes it when M-DCI-based MTRP PDSCH is configured. 
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Figure 1: Alt. 1 enables multi-TRP transmission of PDCCH repetitions when multi-DCI-based multi-TRP is enabled
Figure 2: Alt. 2 enables transmission of PDCCH repetitions only from single TRP when multi-DCI-based multi-TRP is enabled




With Alt. 1, M-TRP PDSCH is possible with either single DCI or multi-DCI and PDCCH repetition via multi-TRP is possible along with both types of multi-TRP PDSCH. However, with Alt. 2 and Alt. 3, the multi-TRP based transmission of PDCCH is not possible in at least one type of multi-TRP PDSCH (single-DCI/multi-DCI). Moreover, the specification effort for Alt. 1 is straight forward by extending/recycling existing features for PDSCH scrambling, CRS rate matching, HARQ-Ack, etc. Therefore, Alt. 1 is preferred for its flexibility.

Proposal 3: Support PDCCH repetitions with PDCCH candidates associated with different CORESETpoolIndex values.

When the CORESETs in which the two PDCCH candidates associated with the same DCI are present and belong to two different CORESETpoolIndex values, the PUCCH resource determination from a PUCCH resource set that has more than 8 resources can be based on the lowest CORESETpoolIndex among the two PDCCH candidates, thereby associating it with the default TRP.

Proposal 4: When DCI is transmitted via PDCCH repetition with the PDCCH candidates associated with two different CORESETpoolIndex values, for PUCCH resource determination for HARQ-Ack when the corresponding PUCCH resource set has a size larger than eight, the starting CCE index and number of CCEs in the CORESET of the PDCCH candidate associated with the lowest CORESETpoolIndex are used.

Similarly, the PDSCH scrambling and CRS-rate-matching pattern to be used in the same case need to be decided. The lowest CORESETpoolIndex value among the associated PDCCH candidates can be taken in the case of PDSCH scrambling ID and the CRS-rate-matching pattern determination as well.

Proposal 5: When DCI is transmitted via PDCCH repetition with the PDCCH candidates associated with two different CORESETpoolIndex values, the PDSCH scrambling and CRS-rate-matching pattern may be determined based on the lowest CORESETpoolIndex value associated with the PDCCH candidates.

Random access order for PDSCH (TS 38.214, Section 5.1)

During the last meeting, the impact of PDCCH repetition on CFRA PDCCH order was discussed. The following is described in the specifications regarding RACH association as mentioned in R1-2108255 [3]:

	TS 38.214: When receiving a PDSCH scheduled with RA-RNTI in response to a random access procedure triggered by a PDCCH order which triggers contention-free random access procedure for the SpCell [10, TS 38.321], the UE may assume that the DM-RS port of the received PDCCH order and the DM-RS ports of the corresponding PDSCH scheduled with RA-RNTI are quasi co-located with the same SS/PBCH block or CSI-RS with respect to Doppler shift, Doppler spread, average delay, delay spread, spatial RX parameters when applicable.

TS 38.213: If the UE attempts to detect the DCI format 1_0 with CRC scrambled by the corresponding RA-RNTI in response to a PRACH transmission initiated by a PDCCH order that triggers a contention-free random access procedure for the SpCell [11, TS 38.321], the UE may assume that the PDCCH that includes the DCI format 1_0 and the PDCCH order have same DM-RS antenna port quasi co-location properties.



An illustration of the CFRA trigger mechanism in Rel. 15/16 and the issue with PDCCH repetition are provided in the figures below:
PDCCH CFRA order
PDSCH scheduled with RA-RNTI
DCI with RA-RNTI
Same QCL assumptions
Figure 3: QCL assumptions for PDCCH with CFRA order and PDSCH scheduled with a RA-RNTI DCI as a response to the PDCCH order have the same QCL assumptions
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Figure 4: QCL assumptions for a CFRA order obtained in linked PDCCH candidates and PDSCH scheduled with a RA-RNTI DCI as a response to the PDCCH order have to be determined














Following the discussion on whether the PDCCH order that triggers contention-free random access procedure for the SpCell can be received in more than one PDCCH candidate or not, the following agreement was reached [2]:

	Agreement
For PDCCH repetition in Rel. 17, study the following aspects:
· Whether/how to support PDCCH repetition for Type0/0A/1/2 CSS
· Whether to support PDCCH order transmitted with PDCCH repetitions with different beams triggering CFRA for SpCell, and if it is supported how to determine the QCL assumption for the PDCCH that includes the DCI format 1_0 with RA-RNTI and the corresponding scheduled PDSCH.



The available options and the impact are as follows:
· The CFRA PDCCH order is not obtained in linked PDCCH candidates. This case can be seen as a scheduling restriction at the network side, but it would be the simplest solution with the least specification impact.
· The CFRA PDCCH order is obtained in linked PDCCH candidates with the same QCL assumptions for both the PDCCHs. This means the repetitions have the same QCL assumption and the linked PDCCH candidates are transmitted from the same TRP. Maintaining the same beam for all the transmissions is illustrated in Fig. 4 – the PDCCH repetitions comprising the CFRA order, the DCI with RA-RNTI scheduling the PDSCH and the scheduled PDSCH may be associated with the same CSI-RS or SSB for QCL. This would be a natural extension of the Rel. 15/16 specification.
· The CFRA PDCCH order may be obtained in linked PDCCH candidates with different QCL assumptions for the two PDCCHs. In this method, the beam to use for the RA-RNTI and the PDSCH have to be chosen from one of the PDCCHs. It has a higher specification impact than the first two choices.

Based on the above discussion, we propose the following. 

Proposal 6: Enable CFRA PDCCH order transmission in linked PDCCH candidates with the same QCL assumption for both PDCCHs. 

Blind decoding count for PDCCH overbooking

The following agreement was reached with regards to this topic in RAN1#106-e [2]:
	Agreement
For overbooking in the PCell for USS with two linked SS sets in the same slot/span, select one Alt for each of Case 1 and Case 2 in RAN1 #106-bis-e:
· Case 1: 2 BDs are counted for two linked candidates:
· Alt1: No change (use existing spec)
· Alt2: Consider the SS set pair together (both are kept or both are dropped), where the priority is based on lower SS set ID among the pair.
· Case 2: 3 BDs are counted for two linked candidates:
· Alt1: Overbooking is per individual SS set as in Rel. 15/16
· Alt1-1: The third BD is counted as a virtual SS set (i.e., the virtual SS set for the third BDs is 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.



The priority for decoding a PDCCH candidate in Rel. 15/16 depends on the search space set it belongs to – the lower the SS set ID, the higher the priority. Having linked PDCCH candidates disrupts the priority – if a SS set  is linked with an SS set  with , and there are other SS sets with higher priority than , then the UE may either count both SS sets  and  as one unit and combine their BD count together or the BD count is individually for each SS set. With individual counting, if a linked SS set (say ) is being dropped due to lower priority, the other SS set  may still be decoded individually, keeping with the Rel. 15/16 rules. Dropping both candidates together may disrupt the priority rules from Rel. 15/16. Firstly, the priority of both SS sets have to be determined and if any one of them is dropped, then both of them have to be dropped and another SS set may be included in place of the additionally dropped SS set for counting. Therefore, in our view, Alt. 1 is the better choice as it is aligned with Rel. 15/16.
Proposal 7: For overbook in the PCell for USS with two linked SS sets in the same slot/span, perform BD counting per SS set (Alt. 1). 
Conclusion
The following proposals are made from the discussions above.
Proposal 1: Enable UE reporting of the number of linked PDCCH candidates it can decode in a given slot or span.
Proposal 2: A MO of an SS set that is linked does not appear between a MO of the same SS set before it and a MO of the linked SS set after it.
Proposal 3: Support PDCCH repetitions with PDCCH candidates associated with different CORESETpoolIndex values.

Proposal 4: When DCI is transmitted via PDCCH repetition with the PDCCH candidates associated with two different CORESETpoolIndex values, for PUCCH resource determination for HARQ-Ack when the corresponding PUCCH resource set has a size larger than eight, the starting CCE index and number of CCEs in the CORESET of the PDCCH candidate associated with the lowest CORESETpoolIndex are used.

Proposal 5: When DCI is transmitted via PDCCH repetition with the PDCCH candidates associated with two different CORESETpoolIndex values, the PDSCH scrambling and CRS-rate-matching pattern may be determined based on the lowest CORESETpoolIndex value associated with the PDCCH candidates.

Proposal 6: Enable CFRA PDCCH order transmission in linked PDCCH candidates with the same QCL assumption for both PDCCHs. 

Proposal 7: For overbook in the PCell for USS with two linked SS sets in the same slot/span, perform BD counting per SS set (Alt. 1). 
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