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1. INTRODUCTION
The work on the WID for Rel-17 eMIMO [1] kicked off in the RAN1 #102-e meeting. This AI studies the enhancements to physical channels other than PDSCH for multi-TRP operation as laid out in the WID:

	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 this contribution, we provide our views on the remaining open issues on PDCCH, PUCCH, and PUSCH enhancements. 
 
2. PDCCH
Rel-17 PDCCH design
For non-SFN scheme, Rel-17 PDCCH design is illustrated in Figure 1 based on the progress achieved so far. Two TRPs send repetitions of the same PDCCH with different beams. Each repetition is associated with one TCI to enhance the spatial diversity of the PDCCH transmission. The repetitions are in different CORESETs, and each CORESET has its own SS. This follows a similar design to Rel-16 where each CORESET and SS are configured with one TCI.
 
PUCCH resource determination
Based on this design, there is an issue with PUCCH resource determination. In Rel-16, the UE receives a DL DCI and the UE determines the PUCCH resources where it can send feedback. The PUCCH resource is indicated through the PUCCH resource index as  , where the PRI is explicitly given by the DCI. The starting CCE index, , and number of CCEs, , are determined based on the CORESET configuration where the PDCCH is sent. However, for Rel-17 enhancements, the PDCCH repetitions are received on two different CORESETs. Therefore, there is an ambiguity as to which CORESET should be used to determine  and :
 
	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.






[bookmark: _Ref67320801]Figure 1

The two options that are FFS are that the PUCCH resources should be determined either based on the CORESET or the SS set with the lowest ID. In either case, the lowest CORESET or SS has identity 0, and both are configured in the MIB. Either of proposed solutions seems suitable. However,  and  are configured at the CORESET level so it seems natural to define the default configuration based on the CORESET configuration. There was some discussion on whether the two linked SS sets could be associated with a single CORESET. In our view, based on the definition of Alt3, this case should not be possible because the linked SS sets each belong to their own CORESET with its own TCI. Therefore, we think the simpler solution is to support option 1.
 
Observation 1: Linked SS sets belong to different CORESETs.

Proposal 1: Support Option 1 for PUCCH resource determination (The one with the lowest CORESET ID is applied.)
 
Inter-slot repetition
	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.



	Intra-slot repetitions are agreed and it remains FFS whether inter-slot repetition should be supported. The drawback of inter-slot repetition is the added latency because the repetitions are sent with a time gap beyond the slot duration. This would be detrimental to URLLC applications which have stringent latency requirements. However, not all applications have the same delay tolerance so some applications could still meet the latency requirements even with inter-slot repetitions (e.g. traffic types other than URLLC). Furthermore, the inter-slot time separation can provide additional time diversity which can improve the reliability of the transmission, and reduce blocking probability since PDCCH candidates are available from two different slots. Therefore, the network should have the flexibility to use inter or intra-slot multiplexing to reliably deliver traffic to the UE.
 
Observation 2: Delay-tolerant applications can benefit from inter-slot repetitions.

Proposal 2: Support inter-slot PDCCH repetitions.

PDCCH repetition issues
	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.



Regarding Issue 2, when TCI field is not present in a DCI scheduling a PDSCH and the time offset is greater than timeDurationForQCL, the UE does not have an explicit indication of which TCI to use. Therefore, in Rel-16, there is a rule to determine the default beam for PDSCH. The UE assumes that the same beam used for PDCCH (where the DCI was sent) in the monitored SS of the CORESET to be re-used for PDSCH. However, with Rel-17 repetitions, the reference PDCCH is sent with two repetitions on two different TCIs. Therefore, there is an ambiguity as which of the two TCIs UE should assumes. 
A default beam rule could be defined such as: the default beam is the TCI of the PDCCH with the lowest CORESET ID. However, there are issues with this approach. For example, if the reception of the default PDCCH suffers because of  a poor beam quality, then the PDSCH may be similarly impacted. A better option is to default to the PDCCH with the TCI corresponding to the RS with the best measured beam quality. Based on previous measurement, the NW is aware of the RSRP measurement of the UE to either TRP.

Observation 3: If one of the PDCCH fails, then the PDSCH with the same PDCCH beam will fail. 

Proposal 3: When timeDurationForQCL is greater or equal to a threshold and the PDCCH does not contain a TCI indication, the UE determines the PDSCH beam according to the TCI field with the best associated RS signal quality.
 
Regarding Issue 4, the discussion so far on Rel-17 enhancements allows for multiple TCIs associated to the repetitions. It is assumed that the TCIs correspond to different TRPs because of the physical location of TRPs with respect to the UE. In the single TRP case, we think the same framework is applicable where multiple TCIs can be used on the repetitions and the TCIs originate from a single TRP. TDM enables the TRP and UE to switch transmission/reception spatial filters. This could be useful for example in FR2 where the UE is using multiple panels, and each panel could benefit from a different TCI due to the panel orientation.
 
Observation 4: Single TRP can send repetitions with multiple TCIs.

Proposal 4: Support reusing the same multi-TRP framework for single TRP. 

	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



	It’s agreed that the repetitions in different CORESETs are linked through their corresponding SS sets in the RRC configuration. It remains FFS whether MAC-CE can also be used to reconfigure the SS linkage. It’s not clear what is the use case for using MAC-CE. The linkage is configured so that there are linked PDCCH candidates available in case a UE needs an enhanced reliability from multi-TRPs. If the linkage is dynamically activated through MAC-CE, then the UE that requires multi-TRP suffers from additional latency while it waits for the linkage to be established. If the linkage doesn’t need to be changed frequently, then RRC reconfiguration is sufficient. 

Observation 5: Linked SS sets are configured in case a UE needs the enhanced reliability.
 
Proposal 5: Don’t support MAC-CE linking of SS sets.
 
Decoding assumptions and impact on BD
	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



	In Rel-16, the UE monitors a set of PDCCH candidates where monitoring implies decoding each PDCCH candidate. The BD complexity varies depending on the decoding assumption used and whether the PDCCH candidates are in the same slot/span. By default the UE monitors a maximum number of candidates per slot; however, if the UE indicates a capability to monitor PDCCH within a span, then the UE monitors a maximum number of candidates per span. 
In Rel-17, several decoding assumptions are possible at the UE side when receiving multiple PDCCH repetitions and the last meetings discussed categorizing the UE reception into 4 different assumptions.
· Assumption 1: UE only decodes the combined candidate without decoding individual PDCCH candidates.
· Assumption 2: UE decodes individual PDCCH candidates.
· Assumption 3: UE decodes the first PDCCH candidate and the combined candidate.
· Assumption 4: UE decodes each PDCCH candidate individually, and also decodes the combined candidate.

 The assumptions depend on whether each PDCCH repetition is decoded on its own or whether the PDCCH repetitions are soft combined and decoded. In the last meeting’s e-mail discussion, it was discussed that “the complexity associated with RE de-mapping / demodulation, 2 units are required, for decoding assumption 1, the number of BDs should be larger than 1”. We don’t think another number between 1 and 2 should be introduced to the specification, and it should be assumed that assumption 1 is equivalent to 2 BD. In this view, either assumption 1, 2, or 3 is supported with 2 BD attempts while assumption 4 is supported with 3 BD attempts. 
With respect to the considered option, we make the following observations. We think the NW should be aware of UE capability so the NW can adaptively configure resources depending on the overbooking or congestion on PDCCH resources. In option 4, 2 BDs are always assumed so the NW can configure the resources to support any assumption except 4. In option 5, 3 BDs are always assumed so either assumption is supported. However, option 4 and 5 do not take into account UE capability. In Option 2, the UE reports whether it supports soft combining or not. This is closely tied to the UE implementation and we agree that the specification should not be dependent on the UE implementation.
We think either option 1 or 3 is feasible. We have a slight preference for option 3. If only the BD number is reported, then the NW cannot differentiate between Assumption 1 and the other assumptions. In Assumption 1, two PDCCH candidates always need to be configured because the UE always does the combining whereas 1 or 2 can be configured for Assumption 2 or 3 because the UE can do separate decoding only if no second candidate is configured. 

Observation 6: NW can optimize PDCCH resource configuration if the UE reports its PDCCH decoding capability. 

Proposal 6: Support Option 3 with Alt.1 that is based on 2 BDs.
 
3. PUCCH AND PUSCH
PUCCH & PUSCH power control
In Rel-16, PUCCH is sent to a single TRP and configured with one spatial filter. Therefore, there only needs to be one set of power control parameters configured targeting the single serving TRP. For the Rel-17 PUCCH enhancements, the UE sends repetitions towards different TRPs. For each TRP, a different spatial filter is used. Therefore, the PUCCH is configured with a single set of power control parameters but the UE sends it to two different TRPs. There is an ambiguity as to how a UE applies power control towards each TRP:

	Further study following alternatives to support per TRP closed-loop power control for PUCCH , select  from the below options during the RAN1 #104-e-bis meeting.
· Option.1: A single TPC field (the existing TPC field) is used in DCI formats 1_1 / 1_2, and the TPC value applied for both PUCCH beams
· Option.2: A single TPC field (the existing TPC field) is used in DCI formats 1_1 / 1_2, and the TPC value applied for one of two PUCCH beams at a slot. The TPC value may be applied for the other PUCCH beam at an another slot.
· Option 3: A second TPC field (similar to the existing TPC field) is added in DCI formats 1_1 / 1_2.
· Option 4: A single TPC field is used in DCI formats 1_1 / 1_2, and indicates two TPC values applied to two PUCCH beams, respectively.
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, 
· [bookmark: _Hlk67996531]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.

Further study following alternatives to support per TRP closed-loop power control for PUSCH , select from the below options during the RAN1 #104-e-bis meeting.
· Option.1: A single TPC field (the existing TPC field) is used in DCI formats 0_1 / 0_2, and the TPC value applied for both PUSCH beams
· Option.2: A single TPC field (the existing TPC field) is used in DCI formats 0_1 / 0_2, and the TPC value applied for one of two PUSCH beams at a slot.
· Option 3: A second TPC field (similar to the existing TPC field) is added in DCI formats 0_1 / 0_2.
· Option 4: A single TPC field is used in DCI formats 0_1 / 0_2, and indicates two TPC values applied to two PUSCH beams, respectively.


 
For the Rel-17 uplink enhancements, a UE is indicated with two SRIs for the repetitions. Each SRI has its own power control parameter set that is applied to all transmission related to the SRI. Each power control parameter set is configured for a TRP with its own sets of open and closed loop parameters, and also a pathloss reference RS. It is FFS how the SRI fields are linked to the power control parameters. We prefer Alt. 1 since each SRI has its own SRI-PUSCH-PowerControl. Then adding a second sri-PUSCH-MappingToAddModList value enables direct linking without needing to make additional spec changes.
  
Proposal 7: Support Alt. 1 that is to add a second sri-PUSCH-MappingToAddModList, and select two SRI-PUSCH-PowerControl from two sri-PUSCH-MappingToAddModList

Since TRPs are located at different distances from the UE, they experience different pathloss values. Then, transmission towards each TRP should be adjusted with its own power control which includes a TPC per TRP. Amongst all the options, option 3 or 4 enable two different TPC values to be indicated for the repetitions. Option 4 loses some granularity since a single TPC field provides information for both power control loops. Therefore, we prefer option 3.

Proposal 8: Support Option 3 that is to add a second TPC field (similar to the existing TPC field) in DCI formats 1_1/1_2.
 
For PUSCH, for similar reasons to PUCCH, we support Option 3 for the closed loop parameters. 

Proposal 9: Support Option 3 that is to add a second TPC field (similar to the existing TPC field) in DCI formats 0_1 / 0_2.

Multi-TRP dynamic switching
	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
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



	It’s agreed that multi-TRP repetitions are supported in Rel-17 for single DCI PUSCH, and each repetition is mapped to a spatial filter corresponding to an SRI. Two SRIs are indicated in the DCI, and the mapping pattern is also indicated. The mapping determines the ordering of spatial filters. For example, SRI1 aims to TRP1 and SRI2 aims to TRP2. The pattern can indicate that repetitions alternate between TRPs as SRI1-SRI2. The ordering of TRPs is given by the order of SRIs. 
It’s FFS whether the ordering of TRPs can also be switched. For example, using the same SRI indication, SRI2-SRI1 is another pattern that reverses the ordering of TRPs. For more flexibility, dynamic switching should be supported to allow the NW to schedule the PUSCH repetitions in the best ordering. For example, if one TRP has an UL slot available while the other TRP has a DL slot, then switching the SRI ordering to match the TRP with the first available UL slot reduces latency. A UE may also need additional time to activate a panel for one of the SRIs so switching the ordering may give the UE sufficient time to perform beam switching. 
The second SRI field can be used to indicate the ordering, and to dynamically switch from single to multi-TRP. For example, reusing 2 bits, one bit indicates whether the repetitions start with the first or second SRI and a second bit indicates whether single or multi-TRP is used.

Observation 7: Switching the ordering of TRPs can reduce latency. 

Proposal 10: Support dynamic switching the order of the two TRPs. The second SRI indicates the ordering of TRPs and dynamic switching from single to multi-TRP.

Multi-TRP CG PUSCH configuration
In Rel-16, a PUSCH can only be configured with a single spatial filter which is applied to all repetitions. The enhancements to PUSCH for multi-TRP in Rel-17 enable repetitions to be sent with different spatial filters and different pattern of spatial filters are possible (e.g cyclical or sequential mapping). For the dynamic scheduling, it’s agreed to introduce an additional SRI field in the DCI. For CG, it was agreed that a single CG configuration can be used for multi-TRP reliability enhancement [2]:

	Support CG PUSCH transmission towards M-TRPs using a single CG configuration. 
· Use same beam mapping principals as dynamic grant PUSCH repetition scheme. 
· FFS: Required changes on CG parameters (ConfiguredGrantConfig) 
· The feature is UE optional



In Rel-16, the spatial relation for the ConfiguredGrantConfig is indicated in the rrc-ConfiguredUplinkGrant IE with the srs-ResourceIndicator. The CG is configured with a number of repetitions repK and the single spatial relation is used across repetition. Therefore, to support multi-TRP in Rel-17 with multiple beams, an enhancement is needed so that more than one spatial relation is associated to a single CG configuration. For CG configuration, a similar solution to dynamic scheduling can be used where an additional field is introduced for indicating a second spatial relation to use. When repetitions are enabled and the second field is present, then the UE may use repetitions with the same beam mapping principals as the dynamic grant PUSCH repetition scheme. 
Also, some enhancements for power control parameters for CG PUSCH transmission need to be considered. In Rel.-16 specifications, ConfiguredGrantConfig is set with one open loop parameter p0-PUSCH-Alpha and one closed loop parameter powerControlLoopToUse which provide required configuration information for power control. The UE can determine the power control parameter values based on the SRI-PUSCH-PowerControl configuration for each SRI. If the ConfiguredGrantConfig  is configured with multiple SRI, then the power control indices should map to the values configured to the SRI. Similarly, the UE determines the pathloss reference RS for the power control based on the SRI used on each repetition transmission. 

Observation 8: For CG PUSCH, each TRP requires its own SRI and power control parameters.
Proposal 11: ConfiguredGrantConfig is modified to include two srs-ResourceIndicator fields.

4. CONCLUSIONS
This contribution discussed the multi-TRP physical channel enhancements. Based on the presented discussion, we make the following observations and proposals:

Observation 1: Linked SS sets belong to different CORESETs.

Observation 2: Delay-tolerant applications can benefit from inter-slot repetitions.

Observation 3: If one of the PDCCH fails, then the PDSCH with the same PDCCH beam will fail.

Observation 4: Single TRP can send repetitions with multiple TCIs.

Observation 5: Linked SS sets are configured in case a UE needs the enhanced reliability.

Observation 6: NW can optimize PDCCH resource configuration if the UE reports its PDCCH decoding capability.  

Observation 7: Switching the ordering of TRPs can reduce latency.

Observation 8: For CG PUSCH, each TRP requires its own SRI and power control parameters.

Proposal 1: Support Option 1 for PUCCH resource determination (The one with the lowest CORESET ID is applied.)

Proposal 2: Support inter-slot PDCCH repetitions.

Proposal 3: When timeDurationForQCL is greater or equal to a threshold and the PDCCH does not contain a TCI indication, the UE determines the PDSCH beam according to the TCI field with the best associated RS signal quality.
 
Proposal 4: Support reusing the same multi-TRP framework for single TRP. 

Proposal 5: Don’t support MAC-CE linking of SS sets.
 
Proposal 6: Support Option 3 with Alt.1 that is based on 2 BDs.
   
Proposal 7: Support Alt. 1 that is to add a second sri-PUSCH-MappingToAddModList, and select two SRI-PUSCH-PowerControl from two sri-PUSCH-MappingToAddModList

Proposal 8: Support Option 3 that is to add a second TPC field (similar to the existing TPC field) in DCI formats 1_1/1_2.
 
Proposal 9: Support Option 3 that is to add a second TPC field (similar to the existing TPC field) in DCI formats 0_1 / 0_2.

Proposal 10: Support dynamic switching the order of the two TRPs. The second SRI indicates the ordering of TRPs and dynamic switching from single to multi-TRP.

Proposal 11: ConfiguredGrantConfig is modified to include two srs-ResourceIndicator fields.
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