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Introduction
In the plenary RAN#86 meeting, the following objectives on the enhancements on NR-MIMO were laid out regards to multi-TRP deployment [1]:
· Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
· 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 
· Identify and specify QCL/TCI-related enhancements to enable inter-cell multi-TRP operations, assuming multi-DCI based multi-PDSCH reception
· Evaluate and, if needed, specify beam-management-related enhancements for simultaneous multi-TRP transmission with multi-panel reception
· Enhancement to support HST-SFN deployment scenario:
a. 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
b. 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 for multi-TRP deployments.
PDCCH reliability enhancements
In RAN1#104-e [2], the following agreements were made with regard to MTRP enhancements for PDCCH.

Agreement
Confirm the working assumption: 
For PDCCH reliability enhancements with non-SFN schemes and Option 2 + Case 1, support Alt3 (two SS sets associated with corresponding CORESETs).

Agreement
For Option 2, at least for the following purposes, a reference PDCCH candidate is defined as the candidate that ends later in time among the two linked PDCCH candidates in the time domain:
· To determine the scheduling offset to identify whether a default beam should be used for PDSCH / CSI-RS reception.
· To extend the definition of in-order for PDCCH-PDSCH and PDCCH-PUSCH, i.e., PDCCH ending symbol is the last symbol of the reference PDCCH candidate in at least the following restrictions in 38.214. 
· For any two HARQ process IDs in a given scheduled cell, if the UE is scheduled to start receiving a first PDSCH starting in symbol j by a PDCCH ending in symbol I, the UE is not expected to be scheduled to receive a PDSCH starting earlier than the end of the first PDSCH with a PDCCH that ends later than symbol i.
· For any two HARQ process IDs in a given scheduled cell, if the UE is scheduled to start a first PUSCH transmission starting in symbol j by a PDCCH ending in symbol I, the UE is not expected to be scheduled to transmit a PUSCH starting earlier than the end of the first PUSCH by a PDCCH that ends later than symbol i.
· For PUSCH preparation time (N2) and CSI computation time (Z): Last symbol of the PDCCH is based on the last symbol of the reference PDCCH candidate.
· FFS: If inter-slot PDCCH repetition is supported, for slot offset for scheduling the same PDSCH/PUSCH/CSI-RS/SRS: The slot of the reference PDCCH candidate is used as the reference slot.

Agreement
If two PDCCH candidates that are linked for repetition do not belong to the same PDCCH monitoring occasion, the earlier PDCCH monitoring occasion is used as the reference for the following:
· Definition of counter DAI / total DAI and Type-2 HARQ-Ack codebook construction.
· Determining the last DCI for PUCCH resource determination based on the PRI field of the last DCI.

Agreement
Study whether / how to resolve the following potential issues in the case of PDCCH repetition:
· Issue 1: Starting symbol for PDSCH mapping type B as well as reference symbol for SLIV (i.e., when ReferenceofSLIV-ForDCIFormat1_2 is configured).
· Issue 2: Determination of PDSCH beam when TCI field is not present in DCI (when scheduling offset is equal to or larger than timeDurationForQCL)
· Issue 3: When PDCCH repetitions are associated with different CORESETPoolIndex values, and the need to use one of them as reference for PDSCH scrambling / CRS rate matching / HARQ-Ack / etc. 
· Whether PDCCH repetition can be used with multi-DCI based multi-TRP.
· Issue 4: Whether single-TRP PDCCH repetition is supported by reusing the agreed framework.

R1-2101839	Summary #2 of email discussions [104-e-NR-feMIMO-02] for mTRP PDCCH enhancements	Moderator (Qualcomm)

Agreement
For PDCCH repetition, support linking two SS sets by RRC configuration:
· FFS: Whether MAC-CE can be used additionally
· When PDCCH repetition is monitored in two linked SS sets, the UE does not expect a third monitored SS set to be linked with any of the two linked SS sets.
· The two linked SS sets have the same SS set type (USS/CSS) 
· The two linked SS sets have the same DCI formats to monitor
· For intra-slot PDCCH repetition, 
· The two SS sets should have the same periodicity and offset (monitoringSlotPeriodicityAndOffset), and the same duration
· For linking monitoring occasions across the two SS sets that exist in the same slot: 
· The two SS sets have the same number of monitoring occasions within a slot and n-th monitoring occasion of one SS set is linked to n-th monitoring occasion of the other SS set

Agreement
At least for FR1, if a PDSCH is scheduled by a DCI in PDCCH candidates that are linked for repetition, and the resources in the CORESET(s) containing the PDCCH candidates overlap with the resources of the PDSCH, the PDSCH is rate matched around the union of two PDCCH candidates and the corresponding DMRS.
· Note: This does not imply that two linked PDCCH candidates can / cannot be overlapping in resources, which is a separate discussion.
· FFS: The case of FR2

R1-2101954	Summary #3 of email discussions [104-e-NR-feMIMO-02] for mTRP PDCCH enhancements	Moderator (Qualcomm)

Agreement
When two SS sets are linked for PDCCH repetition, they do not contain individual PDCCH candidates. 
· Note 1: For configuration of individual PDCCH candidates, a different SS set can be configured by network.
· Note 2: When one of the linked PDCCH candidates uses the same set of CCEs as an individual PDCCH candidate, and they both are associated with the same DCI size, scrambling, and CORESET, Rel. 15 rule is followed wrt not counting an additional BD.

Agreement
For PDCCH repetition, two PDCCH candidates in two SS sets are linked based on
· Having the same AL and the same candidate index: 
· Two linked SS sets are configured with the same number of candidates for each AL.

Conclusion.
The agreed PDCCH repetition framework (Option 2 + Case 1 + Alt3) supports both TDM and FDM multiplexing schemes. 

In this section, proposals related to PDCCH reliability enhancements are discussed.

Search space set association
To enable the use of Alt-3 – two SS sets associated with corresponding CORESETs – the search space sets that contain the linked PDCCH candidates in the respective CORESETs have to be explicitly signaled. It is agreed that RRC signaling is used to associate the two search space sets. However, to semi-persistently modify the association among the search space sets and to reduce the latency of the signaling, lower layer signaling can be used. If the feature is widely considered for the use in UE mobility scenarios, cell edge operation, etc., then MAC-CE could be additionally used for associating search space sets that contain the two PDCCH candidates.
Proposal 1: Search space set association signaling can be performed via MAC-CE in addition to RRC.

UE capability and blind decoding attempts for various decoding methods

For Option 2 + Case 1, any of the three decoding methods – selective decoding, soft-combining and hybrid decoding (selective decoding + soft-combining) – can be applied, based on the UE’s capability. The discussions in the last meeting listed the possible reporting of the decoding methods and/or blind decoding (BD) complexity associated with them. The following agreement was reached [2]:

Agreement
For number of BDs corresponding to two PDCCH candidates that are linked for PDCCH repetition, down-select one of the following options in RAN1 #104-bis-e
· Option 1: UE reports one or more numbers as required number of BDs for the two PDCCH candidates
· Candidate values: 2, X.
· Where X is a value larger than 2 and equal or less than 3 
· FFS: Whether a value between 1 and 2 should be added to the candidate values
· FFS: Other values
· Option 2: UE reports whether it supports soft-combining or not
· If soft-combining is supported, UE further reports one or more numbers as required number of BDs for the two PDCCH candidates
· Candidate values: 2, X. 
· Where X is a value larger than 2 and equal or less than 3 
· FFS: Whether a value between 1 and 2 should be added to the candidate values
· FFS: Other values
· Option 3: UE reports one or more decoding assumptions out of decoding assumptions 1-4
· Number of BDs for decoding assumptions 1: 
· Alt1: 2 BDs
· Alt2: A value between 1 and 2 BDs
· Number of BDs for decoding assumption 2: 2
· Number of BDs for decoding assumption 3: 2
· FFS: Other values
· Number of BDs for decoding assumption 4: 3
· FFS: Other values
· Option 4: Always 2 BDs are assumed irrespective of UE’s decoding assumption 
· Option 5: Always 3 BDs are assumed irrespective of UE’s decoding assumption 
· FFS: Network configuration based on the above UE capabilities for options 1-3
Note: Specification should not be designed in such a way that the UE is required to disclose it receiver implementation.

Reporting of soft-combining capability

In the case of Option 2 + Case 1, the definition of Option 2 mandates that the bit pattern of each PDCCH candidate is repeated which makes it suitable for soft-combining. Therefore, if Option 2 + Case 1 is the only non-SFN transmission method supported by the specification, the UE can use any decoding method, and the decoding method can be transparent to the gNB. However, if a transmission scheme that is not suitable for soft-combining is used, e.g., the gNB may choose to transmit the DCI on only one of the 2 PDCCH candidates, then the UE cannot use soft-combining for decoding. Hence, either the UE has to explicitly be indicated regarding the gNB’s selection or depending on UE’s decoding capabilities, gNB’s selection has to be enabled or disabled for the PDCCH transmissions. If a UE is capable of only soft-combining for a DCI repetition, the gNB has to adapt the PDCCH transmission method to Option 2, and no other option can be used. From the above discussion, the following conclusions can be made:

	PDCCH transmission scheme
	Is gNB selection possible? (i.e., the gNB may choose to transmit the PDCCH in only one of the PDCCH candidates)
	Can soft-combining at the UE be transparent to the gNB?

	Option 2 + Case 1 only
	Yes
	No: the gNB needs to know that the UE can perform selection decoding when only one of the PDCCHs comprises the DCI.

	
	No
	Yes: the UE may use any decoding method – selection, soft-combining, or hybrid – and the gNB does not need to know the decoding method.

	Option 2 + Case 1 and other transmission method
	Yes/No
	No: the gNB needs to know if the UE can perform selection decoding if the transmission method does not support soft-combining.



[bookmark: _GoBack]From the above table, it can be observed that soft-combining can be transparent to the gNB only when option 2 is the only transmission option available and the gNB selection is disabled. In our opinion, the use of option 2 + case 1 is enough for non-SFN scenarios and no other schemes are necessary. Even in this case, the enabling of gNB selection, which may be spec. transparent, requires that the gNB is aware of the UE’s soft-combining capability. Therefore, the following proposal is made.

Proposal 2: The UE’s capability of soft-combining when decoding DCI transmitted on multiple PDCCH candidates is reported.

Reporting of blind decoding complexity

The gNB should know the number of blind decoding attempts to be counted in the case of decoding PDCCH repetitions for the scheduling of the PDCCHs and overbooking purposes. Just reporting soft-combining capability may not determine the method used for decoding by the UE – for e.g., hybrid decoding also employs soft-combining. Therefore, a UE capability shall be introduced that indicates the number of blind decoding attempts for decoding a DCI associated with multiple PDCCH candidates. The UE reports a BD complexity value corresponding to the UE capability from one of the following values: {2,3}. 

Proposal 3: The UE reports the number of blind decoding attempts used for the decoding of a DCI transmitted on multiple PDCCH candidates, i.e., Option 2 of the agreement on the blind decoding complexity reporting is preferred.

Other aspects in linking of PDCCH candidates
PUCCH resource indication

The indication of the PUCCH resource for HARQ-ACK in the DCI when in a PUCCH resource set are more than 8 resources was discussed in the last meeting resulting in the following agreement [2]: 

Agreement
When DL DCI is transmitted via PDCCH repetition, for PUCCH resource determination for HARQ-Ack when the corresponding PUCCH resource set has a size larger than eight, starting CCE index and number of CCEs in the CORESET of one of the linked PDCCH candidates is applied. Down-select one of the following options in RAN1 #104-bis-e
· Option 1: The one with the lowest CORESET ID is applied 
· Option 2: The one with the lowest SS set ID is applied.

From the two options above, option 1 is preferred due to the following reasons:
· The lowest CORESET ID is used as a default in the case of QCL/beam assumptions. By using the lowest CORESET ID, there is a higher possibility that the CORESET with the default beam is used for the PUCCH resource determination.
· The CORESET with the lowest ID is used in the spec. mainly in the case of default beam for DL and also in the UL in certain cases (for PUCCH resources and PUSCH), while the lowest SS set ID does not have any such utility. Hence, the extension of the usage of the lowest CORESET ID for this purpose is recommended.

Proposal 4: When DCI is transmitted via PDCCH repetition, 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 CORESET ID are used.

PDCCH repetitions associated with different CORESETPoolIndex values

When the CORESETs in which the two PDCCH candidates associated with a single DCI are present belong to two different CORESETpoolIndex values, the PUCCH resource determination can be based on the lowest CORESETpoolIndex among the two PDCCH candidates instead of the lowest CORESET ID, thereby associating with the default TRP.

Proposal 5: 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 6: 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.
PUSCH reliability enhancements
In RAN1#104-e, the following agreements were reached with respect to PUSCH reliability enhancements [2]:

Agreement
For single-DCI based M-TRP PUSCH repetition schemes, up to two power control parameter sets (using SRI-PUSCH-PowerControl) can be applied when SRS resources from two SRS resource sets indicated in DCI format 0_1/0_2. 
· FFS1: Details on linking SRI fields to two power control parameters, 
· Alt. 1: Add second sri-PUSCH-MappingToAddModList, and select two SRI-PUSCH-PowerControl from two sri-PUSCH-MappingToAddModList
· Alt. 2: Add SRS resource set ID in SRI-PUSCH-PowerControl, and select SRI-PUSCH-PowerControl from sri-PUSCH-MappingToAddModList considering the SRS resource set ID
· Alt. 3: Let RAN2 handle this
· Alt.4: Add second sri-PUSCH-PathlossReferenceRS-Id/sri-P0-PUSCH-AlphaSetId/sri-PUSCH-ClosedLoopIndex in SRI-PUSCH-PowerControl.
· FFS2: Enhancements on open-loop power control parameter set indication
· FFS3: Consideration on srs-PowerControlAdjustmentStates
· FFS4: Impact of multi-TRP PUSCH repetition on PHR reporting
· FFS5: Enhancement on power control parameters per TRP when SRI(s) indication of two SRS resource sets is absent.

Agreement
For single DCI based M-TRP PUSCH repetition schemes, in codebook based PUSCH, 
· Support two SRI fields corresponding to two SRS resource sets are included in DCI formats 0_1/0_2.
· Each SRI field indicating SRI per TRP, where the SRI field based on Rel-15/16 framework
· Support dynamic switching between multi-TRP and single-TRP operation 
· FFS: Support dynamic switching the order of two TRPs

Agreement
Further study following aspects related to beam mapping and default behaviors for multi-TRP PUCCH/PUSCH schemes,  
· Whether enhancements needed on beam mapping in case of PUCCH/PUSCH dropping due to invalid UL symbols
· Whether frequency hopping is performed among the repetitions with the same beam
· Whether defining default beam for PUSCH is needed when PUSCH scheduled by DCI format 0_0 when two spatial relation info’s are configured for a PUCCH resource

Agreement
For single DCI based M-TRP PUSCH repetition schemes, in codebook based PUSCH,
· Two TPMI fields are indicated in DCI formats 0_1/0_2.
· The first TPMI field uses the Rel-15/16 TPMI field design (which includes TPMI index and the number of layers) of DCI format 0_1/0_2. The second TPMI field only containsindicates the second TPMI index. The same number of layers are applied as indicated in the first TPMI field.
· FFS: Details of second TPMI field interpretation including changes expected in Tables 7.3.1.1.2-2/2A/2B/3/3A/4/4A/5/5A in 38.212
· FFS: Interpreting TPMI fields when multi-TRP and single-TRP PUSCH repetition is applied.
· FFS: whether to support of PUSCH repetitions transmitting towards two TRPs sharing the same TPMI indicated by a TPMI field.
· FFS: The size of the second TPMI field can be equal to or smaller than the size of the first TPMI field

Agreement
For single DCI based M-TRP PUSCH repetition schemes, in non-codebook based PUSCH, 
· Support two SRI field(s) corresponding to two SRS resource sets are included in DCI formats 0_1/0_2.
· Each SRI field indicating SRI per TRP, where the first SRI field based on Rel-15/16 framework, 
· Support the same number of layers applied over repetitions
· FFS: details of second SRI field including the specification change for Table 7.3.1.1.2-28/29/30/31 in 38.212.
· Support dynamic switching between multi-TRP and single-TRP operation
· FFS: whether/how to use SRI field(s) and additional details of SRI field(s) interpretations
· FFS: Minimizing the DCI overhead for PUSCH repetition Type A as a result of number of layers being limited to 1 when more than one repetition is scheduled.
· FFS: Support dynamic switching the order of two TRPs
· Companies are encouraged to provide total payload size of the two SRI fields and scheduling restriction, if any.

In this section, PUSCH reliability enhancements are discussed.

PUSCH M-TRP sounding and SRI indication
The scheduling aspects of PUSCH for M-TRP with a single DCI were agreed until RAN1#103-e. The DCI indicates 2 TPMIs, 2 TPC commands and 2 SRIs for use in different PUSCH repetition instances. The sounding aspects need to be finalized next. In the previous meeting, a maximum of 2 SRS resource sets were agreed for codebook and non-codebook transmission schemes. The following additions in the specifications are required to support this feature:
· Activation/deactivation of multiple codebook/non-codebook SP-SRS resource sets for sounding.
· Association of SRI fields with the SRS resource sets.
For the activation/deactivation of multiple SP-SRS resource sets, the MAC-CE command for SP-SRS activation and deactivation can be updated to perform the same for multiple SRS resource sets.
Proposal 7: The MAC-CE command for SP-SRS activation/deactivation shall be updated to accommodate multiple SP-SRS resource sets.
As agreed in RAN1#104-e, the scheduling of the PUSCH via the DCI should support dynamic switching between single and multi-TRP. For this purpose, the SRIs indicated should be associated with varying SRS resource set transmission scenarios as follows:
· If multiple SRS resource sets with different time domain behaviours are enabled, then the choice of the SRS resource sets that the SRI indicates should be determined.
· If only one of the SRIs is enabled and the other is disabled, the SRS resource set associated with the SRI should be specified.
To account for the above scenarios of SRS sounding and dynamic single- and multi-TRP supporting SRI indication, an SRI association mechanism similar to Rel-15/16 should be specified – the SRI should be associated with the latest SRS resource set transmission. The time-domain behaviour of the latest SRS resource set transmitted is the one used for indication in the SRIs.
Proposal 8: Associate the SRI with the SRS resource sets with the same time-domain behaviour as the latest SRS transmission.
Conclusion
The following proposals are made from the discussions above.
Proposal 1: The search space set association signaling can be performed via MAC-CE in addition to RRC.
Proposal 2: The UE’s capability of soft-combining when decoding DCI transmitted on multiple PDCCH candidates is reported.

Proposal 3: The UE reports the number of blind decoding attempts used for the decoding of a DCI transmitted on multiple PDCCH candidates, i.e., Option 2 of the agreement on the blind decoding complexity reporting is preferred.

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

Proposal 5: When DL 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, starting CCE index and number of CCEs in the CORESET of the PDCCH candidate associated with the lowest CORESETpoolIndex is applied.

Proposal 6: When DL 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 7: The MAC-CE command for SP-SRS activation/deactivation shall be updated to accommodate multiple SP-SRS resource sets.
Proposal 8: Associate the SRI with the SRS resource sets with the same time-domain behaviour as the latest SRS transmission.
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