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1 Introduction
In RAN#86, a new work item named “Further enhancements on MIMO for NR” was agreed. As described in the SID [1], channels other than PDSCH can benefit from multi-TRP transmission (as well as multi-panel reception). One objective to work is to extend specification support for enhancement on multi-TRP deployment, targeting both FR1 and FR2, which includes:
· 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
The following agreements were made for M-TRP PDCCH enhancement in RAN1 #106 e-Meeting [2]:
Agreement

If a PDSCH is scheduled by a DCI in PDCCH candidates (the first PDCCH candidate associated with a first CORESET and the second PDCCH candidate associated with a second CORESET) that are linked for repetition:

· Confirm the WA: The UE expects the same configuration for the first and second CORESETs wrt presence of TCI field in DCI.
Agreement
Among the two Alts in RAN1 #104b-e agreement on PDSCH mapping Type B, support Alt1 (The candidate that starts later in time).

Agreement

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

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.

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

Agreement 
SS set configured by recoverySearchSpaceId cannot be linked to another SS set for PDCCH repetition.

Agreement 
For AP-CSI-RS scheduled by two PDCCH candidates that are linked for repetition, the UE does not expect that the AP-CSI-RS is transmitted before the first symbol of the PDCCH candidate that starts later in time.

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

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

Agreement
Support PDCCH repetition for Type3 CSS.

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.

Conclusion

There is no consensus in RAN1 to support inter-slot PDCCH repetition in Rel. 17.

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
The following agreements or conclusions were made for M-TRP PUSCH and PUCCH enhancement in RAN1 #106 e-Meeting [2]:
Agreement
When DCI schedules a retransmission of CG-PUSCH for type 1 CG or type 2 CG (DCI with CRC scrambled with CS-RNTI and NDI=1) while the CG configuration is RRC-configured with two fields of power control parameters, apply the same procedure as DCI activation for CG type 2 agreed before, i.e.,

· The first (legacy) RRC-configured fields ‘p0-PUSCH-Alpha’ and ‘powerControlLoopToUse’ are associated with the first SRS resource set.

· The second (new) RRC-configured fields ‘p0-PUSCH-Alpha’ and ‘powerControlLoopToUse’ are associated with the second SRS resource set.

· Applying the first, second, or both first and second RRC-configured fields ‘p0-PUSCH-Alpha’ and ‘powerControlLoopToUse’ is determined from the new DCI field (for dynamic switching) of the activating DCI similar to the case of DG-PUSCH.
Agreement
When fallback DCI (DCI format 0_0) activates a type 2 CG or schedules a retransmission of a type 1 or type 2 CG, and the CG configuration is RRC-configured with 2 sets of power control parameters (two ‘p0-PUSCH-Alpha’ and ‘powerControlLoopToUse’):

· The UE uses the first set of values for power control (first RRC-configured ‘p0-PUSCH-Alpha’ and ‘powerControlLoopToUse’).

Agreement
When a DCI that includes the new 2-bits DCI field for dynamic switching activates a type 2 CG or schedules a retransmission of a type 1 or type 2 CG, and the CG configuration is RRC-configured with only one set of power control parameters (one ‘p0-PUSCH-Alpha’ and ‘powerControlLoopToUse’):

· The UE expects the new DCI field for dynamic switching is set to “00”, and all PUSCH repetitions are associated with the first SRS resource set.

Agreement
For the new field in DCI for dynamic switching, 

· For Codepoint “11”, the 1st SRI/TPMI field associate with the 1st SRS resource set while the 2nd SRI/TPMI field associate with the 2nd SRS resource set. i.e.,  

	Codepoint
	SRS resource set(s)
	SRI (for both CB and NCB)/TPMI (CB only) field(s)

	11
	m-TRP mode with (TRP2,TRP1 order)

1st SRI/TPMI field: 1st  SRS resource set

2nd SRI/TPMI field: 2nd SRS resource set
	Both 1st and 2nd SRI/TPMI fields


· For Codepoint “11”, the first repetition in time is associated with the second SRS resource set, and the remaining repetitions follow the configured mapping pattern (cyclic or sequential).

· For Codepoint “10”, the first repetition in time is associated with the first SRS resource set, and the remaining repetitions follow the configured mapping pattern (cyclic or sequential).

Agreement
For PHR reporting related to M-TRP PUSCH repetition, support Option 4 as UE optional capability for a UE that supports mTRP PUSCH, 

· Option 4: Calculate two PHRs (at least corresponding to the CC that applies m-TRP PUSCH repetitions), each associated with a first PUSCH occasion to each TRP, and report two PHRs.

Agreement
For SP-CSI report on mTRP PUSCH repetition Type A and B activated by a DCI, support the use of a similar mechanism to A-CSI multiplexing on M-TRP PUSCH without a TB, which includes the following,

· When SP-CSI multiplexed on m-TRP PUSCH, SP-CSI multiplexed on the two repetitions associated with the two TRPs, and the number of repetitions is always assumed to be 2, regardless of the value indicated.

· For mTRP PUSCH repetition Type A, or for the first PUSCH after activation for PUSCH repetition Type B, reuse similar conditions to support SP-CSI multiplexing on m-TRP PUSCH as defined in A-CSI multiplexing on M-TRP PUSCH, i.e., 

· The UE is expected to follow the above operation for transmitting SP-CSI on two PUSCH repetitions only if 

· For the first PUSCH after activation for PUSCH repetition Type B, the first and second nominal repetitions are expected to be the same as the first and second actual repetitions, respectively (no segmentation). 

· For PUSCH repetition Type A and B, UCIs other than the SP-CSI are not multiplexed on any of the two PUSCH repetitions.

· When the UE does not follow the above operation, UE transmits SP-CSI only on the first PUSCH repetition similar to Rel. 15/16.

· For subsequent PUSCHs after activation (without corresponding PDCCH) for PUSCH repetition Type B, use the following criteria, 

· If the first / second nominal repetition is not the same as the first / second actual repetition, the first / second nominal repetition is dropped

· If one of the first or second nominal repetitions is not dropped, SP-CSI is multiplexed on that repetition

· Else (the first and second nominal repetitions are the same as the first and second actual repetitions) 

· If UCIs other than the SP-CSI are not multiplexed on any of the two PUSCH repetitions, SP-CSI is multiplexed on both repetitions.

· Otherwise, UE transmits SP-CSI only on the first PUSCH repetition similar to Rel. 15/16 (and the second repetition is dropped)

Agreement
For indicating per-TRP OLPC set in DCI format 0_1/0_2, if no SRI field presents in the DCI, 

· Use the existing field (1 or 2 bits) for OLPC set indication and the second p0-PUSCH-SetList-r16. 

· if value of the field equals to ‘0’ or ‘00’, the UE determine two values of P0 for two TRPs (one P0 value for each TRP) from the first and the second default P0 values.

· Note: per TRP default P0 values to be decided in separate discussion (alt.1, alt.2, alt.3 in default power control parameter sets).  

· if value of the field equals to ‘1’ or ‘01’, the UE determine two values of P0 for two TRPs (one P0 value for each TRP) from the first value in the first P0-PUSCH-Set-r16_list and the first value in the second P0-PUSCH-Set-r16_list.

· if value of the field equals to ‘10’ or ‘11’, the UE determine two values of P0 for two TRPs (one P0 value for each TRP) from the second value in the first P0-PUSCH-Set-r16_list and the second value in the second P0-PUSCH-Set-r16_list. 

Agreement
For per-TRP closed-loop power control, when the indicated PUCCH transmission in DCI format 1_0 (fallback DCI) is associated with two “closedLoopIndex” values for multi-TRP PUCCH transmission schemes, the single TPC field (the existing TPC field) is applied to both closed loop indices for the scheduled PUCCH. 

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

Agreement
For RV mapping of type 1 or type 2 CG based multi-TRP PUSCH repetition, support, 

· the configured RV sequence (via “repK-RV”) is applied separately for PUSCH repetitions corresponding to the first TRP and the second TRP with a an RV offset for the starting RV corresponding to the second TRP (similar to the case of dynamic multi-TRP PUSCH repetition).

· if startingFromRV0 set to ‘on’, support that the initial transmission of a transport block may start at:

· the first RV0 transmission occasion of any TRP if the configured RV sequence is {0 2 3 1},

· any of the transmission occasions of the K repetitions that are associated with RV = 0 if the configured RV sequence is {0 3 0 3}, (same as Rel-15/16).

· any of the transmission occasions of the K repetitions if the configured RV sequence is {0,0,0,0}, except the last transmission occasion when K≥8. (same as Rel-15/16).   

· if startingFromRV0 set to ‘off’, the initial transmission of a transport block may only start at the first transmission occasion of the K repetitions (same as Rel-15/16).

Agreement
For option 4, support the following: 

When PHR MAC-CE is reported in slot n, for a CC that is configured with mTRP PUSCH repetition, PHR value(s) are determined as, 

· The first PHR value is reported same as Rel. 15/16.

· If the first PHR value is actual PHR (based on Rel. 15/16) corresponding to a repetition among mTRP PUSCH repetitions associated with a given TRP, the second PHR value, select Alt. 1A or Alt. 2A 

· Alt.1A: Is always actual. When there are more than one repetitions associated with the other TRP, the second PHR is calculated considering on the following repetition, 

· If there are repetition(s) towards the other TRP which transmit after the repetition used to calculate first PHR, the UE select the earliest repetition among them.

· Otherwise, the UE select the latest repetition which transmitted before the repetition used to calculate first PHR.  

· Alt.2A: Is actual only when a repetition associated with the other TRP is transmitted in slot n. Otherwise, it is virtual.

· If there are multiple repetitions associated with the other TRP in slot n, the earliest one in slot n is selected.

· If the first PHR value is actual PHR (based on Rel. 15/16) but not corresponding to a repetition among mTRP PUSCH repetitions (corresponds to sTRP PUSCH), select Alt. 1B or Alt. 2B

· Alt1B: a second PHR value is reported as virtual PHR.

· Alt2B: a second PHR is not reported

· If the first PHR value is virtual, select Alt. 1C or Alt. 2C

· Alt1C: a second PHR value is reported as virtual PHR.

· Alt2C: a second PHR is not reported

· When second PHR is virtual, it is calculated based on a set of default power control parameters defined for the other TRP (that is not associated with the first PHR)

· Note: the above is applicable to both single entry and multi-entry PHR reports

Agreement
For the grouping of PUCCH resources in Rel-17 multi-TRP PUCCH repetition schemes,

· Support MAC-CE activating two spatial relation info’s (for FR2) for a group of PUCCH resources in a CC. 
· Support MAC-CE activating two sets of power control parameters (for FR1) for a group of PUCCH resources in a CC. 
· When the PUCCH resource is indicated with two spatial relation info’s or two sets of power control parameters (via a MAC-CE that activating two spatial relation info’s or a MAC-CE that activating two sets of power control parameters for a group of PUCCH resources, respectively), the other PUCCH resources in the group also get updated to have the same two spatial relation info’s or two sets of power control parameters.

· When the PUCCH resource is indicated with one spatial relation info or one set of power control parameters (via a MAC-CE that activating single spatial relation info or a MAC-CE that activating single set of power control parameters for a group of PUCCH resources, respectively), then the other PUCCH resources in the group also get updated to have the same spatial relation info or the same set of power control parameters.

· The signalling details are up to RAN2 to decide.

· Note: Impacts coming from coverage enhancement work item on associating PUCCH resource with repetition factor can be discussed separately

Agreement
For single-DCI based M-TRP PUSCH repetition schemes, when one SRS resource per SRS resource set is configured (i.e., when two SRI fields are absent in DCI formats 0_1 / 0_2), per TRP default P0, alpha, PL-RS, and closed loop index is defined by,  

· If the UE is provided enablePL-RS-UpdateForPUSCH-SRS, the first set of values {the first value in P0-AlphaSet, the PL-RS corresponding to the first sri-PUSCH-PowerControl associated with the first SRS resource set and closed-loop index l = 0} is used for TRP1, and the second set of values {the second value in P0-AlphaSet, the PL-RS corresponding to the first sri-PUSCH-PowerControl associated with the second SRS resource set and closed-loop index l = 1 if  twoPUSCH-PC-AdjustmentStates is configured, l=0 otherwise} is used for TRP2.

· Otherwise, the first set of values {the first value in P0-AlphaSet, the PL-RS with PUSCH-PathlossReferenceRS-Id=0 and closed-loop index l = 0} can be used for TRP1, and the second set of values {the second value in P0-AlphaSet, the PL-RS with PUSCH-PathlossReferenceRS-Id = 1 and closed-loop index l = 1 if twoPUSCH-PC-AdjustmentStates is configured, l=0 otherwise } can be used for TRP2.

· Note: How to design the signaling link sri-PUSCH-PowerControl with two SRS resource sets is up to RAN2.

Agreement
For option 4, support the following: 

· When PHR MAC-CE is reported in slot n, for a CC that is configured with mTRP PUSCH repetition, second PHR value is determined as, 

· If the first PHR value is actual PHR (based on Rel. 15/16) corresponding to a repetition among mTRP PUSCH repetitions associated with a given TRP, the second PHR value, select Alt. 2A 

· Alt.2A: Is actual only when a repetition associated with the other TRP is transmitted in slot n. Otherwise, it is virtual.

· If there are multiple repetitions associated with the other TRP in slot n, the earliest one in slot n is selected.

· If the first PHR value is actual PHR (based on Rel. 15/16) but not corresponding to a repetition among mTRP PUSCH repetitions (corresponds to sTRP PUSCH), select Alt. 1B 

· Alt1B: a second PHR value is reported as virtual PHR.

· If the first PHR value is virtual, select Alt. 1C 

· Alt1C: a second PHR value is reported as virtual PHR.

· Note: It was agreed that when second PHR is virtual, it is calculated based on a set of default power control parameters defined for the other TRP (that is not associated with the first PHR)

· Note: It was agreed that the above is applicable to both single entry and multi-entry PHR reports

Agreement 
For per-TRP closed-loop power control, 

· When the second TPC field is configured and the indicated PUCCH transmission in DCI formats 1_1/1_2  (or PUSCH transmission in DCI formats 0_1/0_2) is associated with one “closedLoopIndex” value for single TRP transmission, the other TPC field associated with the other “closedLoopIndex” value is unused. 

· Note1: Each TPC field is for each closed-loop index value respectively (i.e., 1st /2nd TPC fields correspond to “closedLoopIndex” value = 0 and 1, respectively).

· Note2: When the other TPC field associated with the other “closedLoopIndex” value is unused, the unused TPC field is not applied for any legacy procedures of calculating sum of TPC command values.

Agreement 
For mTRP PUCCH (or PUSCH) repetitions schemes, 

· When the second TPC field is configured and the indicated PUCCH transmission in DCI formats 1_1/1_2 (or PUSCH transmission in DCI formats 0_1/0_2) is associated with the same “closedLoopIndex” value for mutli-TRP tranmission, the other TPC field associated with the other “closedLoopIndex” value is unused. 

· Note: When the other TPC field associated with the other “closedLoopIndex” value is unused, the unused TPC field is not applied for any legacy procedures of calculating sum of TPC command values.

Agreement
On the number of SRS resource configured in the two SRS resource sets, select one of the following alternatives, 

· 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 this contribution, we compare and analyze different candidates for PDCCH/PUCCH/PUSCH enhancement. Based on the analysis, we provide our proposals. 
2 Discussion on PDCCH enhancement with multiple TRP

2.1 Discussion on Option 2 + Case 1
Based on agreement in RAN1 #104 e-Meeting, Alt.3 (two SS sets associated with corresponding CORESETs) is supported for PDCCH reliability enhancements with non-SFN schemes and Option 2 + Case 1. For option 2, encoding/rate matching is based on one repetition, and the same coded bits are repeated for the other repetition. For case 1, two (or more) PDCCH candidates are explicitly linked together. Based on this framework and new agreement in RAN1 #106 e-Meeting as shown in section 1, we make further discussion on the design for enhanced PDCCH with repeat transmission.
2.1.1 BD counting schemes for two linked PDCCH candidates
For the complexity associated with Polar decoding, 4 kinds of assumptions on decoding behavior are proposed for blind detection corresponding two PDCCH candidates linked for PDCCH reception. Based on discussion in RAN1 #104bis e-meeting, it was agreed that UE reports one [or more] number(s) as required number of BDs for the two PDCCH candidates, where candidate value can be 2, 3. To guarantee same understanding on decoding complexity and correct configuration of candidate number for each search space set, the counting scheme should be aligned between gNB and UE. Since UE has actual information on its capability and decoding algorithm, it can report candidate value for BD number corresponding two linked PDCCH candidates, where the candidate value can be agreed value 2, 3 and additional value if introduced. Since there is no PDCCH loading information and accurate channel quality information at UE side during capability reporting on BD number, gNB can adjust desirable BD number based on instant information and determine configuration parameters for search space set based this desirable BD number. Then, gNB configures this desirable BD number to UE for aligning BD counting scheme. For example, when UE reports a larger value, e.g. 3, gNB can configure a smaller value, e.g. 2. For default value for BD counting number, it can be UE reported value or specific value, e.g. 2.
Proposal 1: Support gNB optionally configuring the BD number for two linked PDCCH candidates. 
2.1.2 PDSCH processing time in case of ePDCCH scheduling
For determining PDSCH processing time, d1,1 is introduced in specification to compensate PDCCH receiving time in case of PDSCH scheduled with short symbol length and time overlapping between PDCCH and PDSCH. In detail, it is defined based on PDSCH symbol length and overlapping symbol number of the scheduling PDCCH and the scheduled PDSCH. In RAN1 #106 e-meeting, the working assumption is made on how to determine d1,1 when a PDSCH with mapping Type B is scheduled by a DCI in PDCCH candidates that are linked for repetition. In detail, d1,1 for PDSCH processing time is determined by considering the PDCCH candidate that results in larger d1,1. For soft combining case, some companies suggest to introduce additional processing time on account of additional complexity. In our view, the processing time is related with blind detection complexity, which can be roughly estimated by maximum candidate number. Additional complexity from soft combining is considered during counting blind detection number. Thus, the motivation for introducing additional processing time is not so strong since the maximum candidate number is already limited in specification and thus maximum processing time is almost not increased. From another view, more effort and discussion are needed for determining the accurate value of additional processing time, which is related with actual realization algorithms. Moreover, the related standard impact is also very large since the impact may include the time related with PUSCH processing, PDSCH processing for mapping Type A and B, aperiodic CSI processing, DCI processing, etc. Therefore, we propose    
Proposal 2: Confirm the 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 by considering the PDCCH candidate that results in larger d1,1 value.
2.1.3 UE behavior when one of linked PDCCH candidates is dropped
In RAN1 #106 e-Meeting, option 1 is agreed for PDCCH repetition with two linked candidates when one of the linked candidates is dropped due to Rel.15/16 procedure. Specifically, option 1 is that UE still monitors the linked candidate that is not dropped and interprets the DCI based on Rel. 17 PDCCH rules (wrt reference PDCCH candidate). But it is still FFS for case 6, i.e. overlapping with reserved PRB(s) and OFDM symbol(s) indicated by DCI format 2_1 where UE may assume no transmission intended for the UE. For this case, we have the view that the first candidate is dropped on account of overlapping with reserved resource and the second candidate still can be monitored with interpreting the DCI based on Rel.17 PDCCH rule. Some companies think that candidates overlapping with reserved resource are indicated by DCI format 2_1 one slot later and UE may not drop a PDCCH that has already been processed/decoded. Based on our understanding, it is not useful to make blind detection for these overlapping candidates. And, UE behavior for the candidates overlapping with reserved resource is vague and related with realization scheme. Moreover, if UE decodes these candidates as usual, it may have impact on LLR computation for the linked candidates since LLR can be combined according to normal decoding procedure if soft combining can be supported. Based on above discussion, we prefer
Proposal 3: For case 6, UE also monitors linked candidate without dropping in case of one of candidate is dropped.  
As shown in the following text box, UE behavior is defined for monitoring candidates overlapping with RB indicated as unavailable by DCI format 2_0 in TS 38.213 section 10. There is such a case that one of linked candidates overlaps with RB indicated as unavailable by DCI format 2_0. We think this case is similar as case 1/2/3 from overlapping view but for unlicensed band. So we want to clarify whether the same UE behavior, i.e. option 1, can be used for this case as case 1/2/3.
Proposal 4: Clarify whether the behaviour of option 1 can be used for the case that one of linked candidates overlaps with RB indicated as unavailable by DCI format 2_0.  
2.1.4 QCL-TypeD prioritization across CORESETs
Three alternatives are agreed in RAN1 #106 e-meeting for down selection in RAN1 #106b e-meeting, which are proposed to determine two QCL-TypeD properties for multiple overlapping CORESETs for a UE supporting reception with two different beams. For Alt.1, we need to clarify UE capability on receiving two different beams. In our understanding, UE can support reception with two different beams but this does not imply any two different beams can be received simultaneously. For example, two Rx refined beam associated with same UE panel may not be received by UE simultaneously and only two Rx refined beam associated with different UE panels can be received by UE simultaneously. If this understanding is right, it may have problem for Alt.1 when two QCL-Type D identified by legacy priority order cannot be monitored simultaneously. For Alt.2, legacy priority is reused as much as possible. And, the two linked search space set can always be monitored simultaneously or not. It is realized by identifying step for second QCL-Type D based on linkage between two search space sets. For Alt.3, same priority is put for two linked search space sets but high priority is put for the linked search space set relative to the unlinked search space set if they have the same search space type, i.e. UE specific search space set or common search space set. For both Alt.2 and Alt.3, when the first selected QCL-TypeD is not associated with a linked search space set, we prefer to reuse Rel.15 procedure and do not support two identified QCL-TypeD from two search space sets without linkage on account of UE capability requirement. Based on above analysis and assumption, we support Alt.2 since it reuses Re.15/16 priority rule as much as possible and standard effort is relatively small. We also support Alt.3 since it provides high monitoring priority for linked search space sets and UE capability for monitoring two different beams can be exploited as much as possible. From another view, 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, it is agreed in RAN1 #106 e-meeting that whether the individual candidate is monitored or not is determined by a UE capability. That means only linked candidates are monitored when UE has a lower capability, e.g. UE reporting BD number for two linked candidates as 2. We can see high priority is given for linked candidates in overlapping case. Following this principle, we slightly prefer Alt.3 if down selection is made between Alt.2 and Alt.3. 
Proposal 5: Support either Alt.2 and Alt.3 to determine two QCL-TypeD properties for multiple overlapping CORESETs. We slightly prefer Alt.3 if following the principle from the agreement for UE monitoring behaviour in case of overlapping of linked candidates and individual candidates. 

2.1.5 PDCCH overbooking scheme
For overbooking in the PCell for USS with two linked SS sets in the same slot/span, it is agreed in RAN1 #106 e-meeting that selecting one alternative for Case 1 (2 BDs are counted for two linked candidates) and Case 2 (3 BDs are counted for two linked candidates) in RAN1 #106b e-meeting. For alternative 1, overbooking scheme is made based on each linked search space set. It can reuse priority rule defined in Rel.15/16 as much as possible for each search space set. But it will bring the issue how to determine counted candidate number for a candidate pair for each linked search space set. Thus, different schemes may be used when UE reports BD number for two linked candidates as number 2 and 3. Also, some restriction/optimization is required if one of two linked search space sets is selected for dropping to match PDCCH decoding procedure. Moreover, the performance is degraded if candidates from one of search space set are dropped. For alternative 2, overbooking scheme is made based on two linked search space sets. It has the advantage of unified scheme in case of UE reporting BD number as 2, 3 and low standard effort by extending priority rule defined in Rel.15/16 from search space set to search space set pair. From PDCCH transmission reliability view, it is better to overbook/allocate candidates from two linked search space sets as a union since they are jointly used for blind detection. If candidate allocation efficiency is optimized, smaller granularity, e.g. candidate pair, can be further considered. 
Proposal 6: Support Alt.2 as PDCCH overbooking scheme for both case 1 and case 2 on account that it is a simple and unified solution and can guarantee better transmission reliability.   
When candidate allocation is made based on alternative 1, UE will check whether there are enough candidate resources based on individual search space set. Here, required candidate resource number can be obtained by candidate counting scheme for each search space set, where the counting scheme may be related with UE decoding behaviour since the counting number for two linked candidates may be different. The dropping will be made for all candidates from individual search space set in case of not enough candidate resources. To match PDCCH decoding procedure and provide similar dropping priority for two linked candidates to guarantee PDCCH transmission reliability, some restriction are needed for the configuration of linked search space sets. For blind detection with soft combining for linked candidate pair, UE will first make demodulation, LLR computation and decode the first candidate then make demodulation, LLR combination and decode the combined candidate. Thus, it will be not reasonable to allocate candidate with higher priority for the search space set corresponding to the second candidate. From this view, UE does not expect the search space set corresponding the first candidate of linked candidates to be configured with larger search space set ID. Furthermore, for optimization, linked search space sets can be configured with successive search space set ID. With the configuration of successive search space set ID, the second candidate can be made with high priority for candidate allocation relative to candidates from other search space sets without resource allocation. Thus, similar dropping priority is achieved for two linked candidates.
Proposal 7: Restrict the configuration of linked search space set as follows if Alt.1 is supported: 1. Larger search space set ID is not configured for the search space set corresponding the first candidate between two linked search space set; 2. Successive search space set ID is configured for linked search space sets.
2.1.6 Enhanced PDCCH monitored in common search space set 
In RAN1 #106 e-Meeting, it is agreed to study whether/how to support PDCCH repetition for Type0/0A/1/2 CSS. In principle, common PDCCH carrying common DCI is transmitted with multiple beams for all the UEs in the cell and PDCCH reliability can be improved if UE can combine multiple received PDCCH carried by different beams. On the other hand, similar PDCCH reliability is preferred for both common PDCCH and UE specific PDCCH, where enhanced PDCCH with repetition can be used for UE specific DCI transmission. Thus, we support enhanced PDCCH transmission with repetition for common PDCCH. Based on current specification, for CONNECTED state, if Type0/0A/2-CSS is SS#0, UE monitors the common search space on the PDCCH monitoring occasions determined based on the default association between monitoring occasion and SSB defined in section 13 of TS 38.213, where the SSB is the one QCL-ed to the CSI-RS/TRS in the TCI-state indicated for the CORESET#0 or is the one selected through the random access procedure with a PRACH transmission not initiated by a PDCCH order that triggers a non-contention based random access procedure. As one enhanced scheme, if two TCI states can be activated for CORESET #0, UE can determine two monitoring occasions for monitoring common PDCCH with repetition. Based on determined linked monitor occasions, UE can make combining for common PDCCH with repetition. As another enhanced scheme, two linked search space sets can be configured to monitor common PDCCH with repetition, which may be configured in PDCCH-Configcommon or PDCCH-Config. With enhanced PDCCH transmission for PDCCH monitored in common search space set, it can achieve similar good reliability for both common PDCCH and UE specific PDCCH.
Proposal 8: Support enhanced PDCCH with repetition transmission for Type0/0A/1/2 CSS.

In RAN 1#106 meeting, PDCCH repetition for Type3 CSS was agreed. From the agreement, we think it is appliable for both DCI format 2_x and for fallback DCI (DCI format 1_0 and DCI format 0_0). However, Group-common DCI formats (DCI formats 2_x) are not precluded for multi-TRP PDCCH reliability enhancements in RAN 1 #103 e-meeting, but there is no discussion on supporting PDCCH repetition for fallback DCI. Therefore, we want to make sure whether it is a consensus that a DCI format 1_0 could be transmitted repeatedly on two linked CSS. 

If repetition for DCI format 1_0 in CSS is supported, when map VRB from PRB for PDSCH scheduled by the DCI, there may be an issue on how to determine the value of [image: image2.png]N CORESET



, which is the lowest-numbered physical resource block in the control resource set where the corresponding DCI was received, since two different [image: image4.png]N CORESET



 may be determined. Therefore, we propose:
Proposal 9: Study method to determine the value of [image: image6.png]NCORESET
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 for mapping VRB to PRB of a PDSCH scheduled by a DCI format 1_0 repeatedly transmitted on two linked CSS.
In RAN1 #106 e-Meeting, it is agreed to study whether to support PDCCH order transmitted with PDCCH repetition with different beams triggering CFRA for Spcell. If the CRC of the DCI format 1_0 is scrambled by C-RNTI and the "Frequency domain resource assignment" field are of all ones, the DCI format 1_0 is for random access procedure initiated by a PDCCH order. PDCCH with repetition can be naturally supported for PDCCH order as that for UE specific PDCCH scheduling PDSCH with DCI format 1_0 since there is no difference from view of UE blind detection between DCI used for triggering CFRA procedure and DCI used for scheduling normal PDSCH transmission. With supporting PDCCH with repetition, the transmission reliability for PDCCH order can be improved. Thus, we propose:  
Proposal 10: Support PDCCH order transmitted with PDCCH repetition.
In Rel.15/16, only one beam/TCI state is used for PDCCH order. According to current specification, DM-RS for PDSCH scheduled with RA-RNTI has the same QCL property as DM-RS for PDCCH order. DM-RS for PDCCH including DCI 1_0 with RA-RNTI has the same QCL property as DM-RS for PDCCH order in case of CFRA for SpCell and has QCL property of the CORESET associated with the Type1-PDCCH CSS set for receiving PDCCH including DCI format 1_0 in case of CFRA for Scell. When two beams/TCI states can be used for PDCCH order, new schemes are required to determine QCL property for PDSCH scheduled with RA-RNTI and PDCCH including DCI format 1_0 with RA-RNTI. The determined scheme may be related with whether enhanced PDCCH with repetition can be used for DCI format 1_0 with RA-RNTI. If two TCI states can be supported for PDCCH including DCI format 1_0 with RA-RNTI, two TCI states associated with PDCCH order can be used for PDCCH including DCI format 1_0 with RA-RNTI and corresponding scheduled PDSCH. If only one TCI state is used for PDCCH including DCI format 1_0 with RA-RNTI, one of TCI states associated with PDCCH order can be used to determine QCL assumption for PDCCH including DCI format 1_0 with RNTI and corresponding scheduled PDSCH. The detail selection scheme can be further studied.
Proposal 11: Use one of TCI states associated with PDCCH order to determine QCL assumption for PDCCH including the DCI format 1_0 with RA-RNTI and corresponding scheduled PDSCH.
2.1.7 Meeting UE memory requirement for ePDCCH decoding
In RAN1 #106 e-Meeting, it is agreed to study whether/how to handle UE complexity/memory requirements for linked candidates. For PDCCH with repeat transmission, the required soft buffer size may increase on account of soft combining. Thus, the linked candidate number has impact on the required soft buffer size. During decoding, soft buffer for decoding PDCCH candidate transmitting earlier may not be emptied/reused until finishing blind detection based on soft combining operation with PDCCH candidate transmitting later. Thus, soft buffer occupation time is also increased, especially when it is large for time interval between two linked monitoring occasions. Furthermore, the soft buffer size may increase when there is overlapping for monitoring occasions or soft buffer occupation time between different linked monitoring occasion pairs. Thus some restriction may be required to make on search space set configuration, including candidate number, time interval between linked monitoring occasions and time interval between linked monitoring occasion pairs for different DCIs. 
For configuring candidate number for search space sets, it is desirable to guarantee the used/required soft buffer size is no larger than the maximum buffer size in UE at any time unit. This means that the total equivalent candidate number for candidates taking up soft buffer from all search space sets on a time unit is required to be no larger than the supported equivalent maximum candidate number from soft buffer view. Here, equivalent candidate number is introduced with a weight coefficient for counting candidate with different aggregation level on account that soft buffer is used to store LLR and LLR size is related with aggregation level. To count total equivalent candidate number, life time of suffer buffer can be considered, where the soft buffer is taken up during the life time and is released after life time. They can be defined based on candidate or candidate pair with linkage between candidates. 
To support configuration restriction to meet UE memory requirement, some UE capability may be required to report. For example, the time interval from the ending symbol of the second linked candidate to the end of PDCCH decoding can be reported to derive soft buffer life time. The maximum equivalent candidate number can be reported to guarantee total candidate number at any time no larger than maximum equivalent candidate number. Also, the supported maximum time interval between linked monitoring occasions and time interval between linked monitoring occasion pairs can be also reported to restrict gNB’s configuration on linked search space sets or linked search space set pairs.    
Proposal 12: Support restriction of search space set configuration including linked candidate number, time interval between linked monitoring occasions and time interval between linked monitoring occasion pairs for different DCIs.

Proposal 13: Support UE capability reporting related with soft buffer size, for example, soft buffer life time, maximum candidate number, maximum time interval between linked monitoring occasions, etc. 
2.1.8 Timeline Issues

In RAN 1#106 meeting, it is agreed that PDCCH candidates that ends later in time among two linked PDCCH is used as a reference for many issues involving a timeline for/related to DCI decoding. Among these issues, CPU occupation duration for AP-CSI is one of them. In detail, an aperiodic CSI report occupies CPU(s) from the first symbol after the PDCCH candidate ending later for triggering the CSI report until the last symbol of the scheduled PUSCH carrying the report. Similar issue may exist for initial semi-persistent CSI report on PUSCH triggered by PDCCH. For normal PDCCH, CPU(s) are occupied from the first symbol after the PDCCH until the last symbol of the scheduled PUSCH carry the report based on current specification. For enhanced PDCCH with repetition, PDCCH candidate ending later can be used as reference PDCCH to determine occupation duration.  
Proposal 14: PDCCH candidate ending later in time can be used as reference to determine occupation duration for initial semi-persistent CSI report on PUSCH triggered by PDCCH.

2.2 Discussion on Option 3 + Case 2

Option 3 is agreed as an option for discussion of PDCCH enhancement in RAN1#102 e-meeting [3]. For option 3, separate DCIs that schedule the same PDSCH/PUSCH/RS/TB/etc. or result in the same outcome. For both Option 1 (no repetition: one encoding/rate matching for a PDCCH with two TCI states) and Option 2 (encoding/rate matching is based on one repetition, and the same coded bits are repeated for the other repetition), two sets of resources in the time domain (TDM) or in the frequency domain (FDM) with 2 TCI states need to be configured for the same DCI to be transmitted in K transmission instances. This is required to ensure that the UE knows how to decode the DCI in the joint K transmission instances without or with soft combining. The two TCI states for the two sets of resources (symbols for TDM or CCEs for FDM) as well the TCI repetition pattern are also fixed. This offers very little flexibility for the gNB to transmit DCI to the UE using these preconfigured resources. Compared with Option 1 and Option 2, Option 3 can offer more flexibility for the gNB. With Option 3, gNB transmitting separate DCIs to schedule the same PDSCH/PUSCH/RS, different DCI transmitting instances are independent at the transmission/ encoding level. It is preferred to have PDCCH transmission scheme such that the gNB can transmit the DCIs in the resources it wants, and with the number of times it wants, without pre-configuration of resources. Depending on the channel condition and the reliability requirement of the DCI, gNB may transmit the DCI once or multiple times. Each transmission can be sent in a valid PDCCH candidate in a configured CORESET with the corresponding TCI. UE decodes them independently as non-repeated DCIs as in R15. Different transmissions of the same DCI (or DCIs leading to the same outcome) may take place in different time or frequency resources without preconfigured association, as long as the UE can tell the multiple successfully decoded DCIs are the same, i.e. these transmissions are meant to serve the same purpose and does not act multiple times. Figure 1 gives examples of transmission of a DCI once or multiple times as FDM or TDM. In Fig. 1.b, two transmission (TX1 and TX2) are sent as FDM in different CORSETs. In Fig. 1.c, two transmission (TX2 and TX3) are transmitted as TDM in the same CORESET 2 in different time, and 1 transmission (TX1) is transmitted in another CORSET1. 
Proposal 15: Support Option 3, i.e. separate DCIs that schedule the same PDSCH/PUSCH/RS/TB/etc or result in the same outcome.

Proposal 16: For Option 3, each DCI is transmitted independently as a R15 PDCCH candidate in valid CORESET with the corresponding TCI.


[image: image7]
Figure 1. Flexible repeated transmission of DCI: (a) single transmission, (b) 2 transmissions in different CORESETs as FDM, (c) 3 transmissions as same or different CORESETs as TDM.
For case 2, two or more candidates are not explicitly linked together. UE does not know the linking before decoding. It is very useful for multiple chance transmission, where separate DCI is transmitted with different TCI states and schedules the same PDSCH/PUSCH/RS/TB/etc. Diversity gain can be achieved by multiple chance transmission with different TCI state. Also, gNB can flexibly schedule PDCCH transmission from one or multiple TRPs. Because different transmissions are independent, it is important that the UE recognizes the same DCIs (or DCIs with the same purpose) if received multiple times. This is necessary for the UE to act on the DCI only once instead of multiple times, and take action at the correct time. If these DCIs can only be sent at the same time, such as FDM in Figure 1.b, there is no ambiguity of timing. DCI sequence number can be added to identify the DCIs received at the same time. At a given time, if the UE received multiple DCIs, those DCIs with the same sequence number are the duplicates, and UE can safely keep only one of them and discard the rest. The effective timing relation of the DCI is the same as in R16. 

Proposal 17: Use sequence number to identify the DCIs serving the same purpose. 

If these DCIs are can be sent at the different time, such as TDM in Figure 1.c, it is also necessary that the UE can identify the correct timing to act on the DCI, if it receives any one or more of the transmitted DCIs. Suppose the gNB sends N DCIs at different time and wants the corresponding action to take place at a certain time. Because there is no guarantee which DCI is received successfully, the gNB needs to allow sufficient time for the UE to decode the last DCI and have sufficient time to act on it, while not causing the UE to act prematurely if it receives a DCI sent earlier. To resolve the timing ambiguity, each transmitted DCI can include an indicator indicating the time from the last symbol of its transmission to the last symbol of the last DCI transmitted, effectively signaling the timing offset with respect to the last DCI sent. The timing from the last DCI transmitted and the action triggered by the DCI can follow the timing relationship of R16. This way even if the last DCI is not received by the UE, by receiving any of the previously sent DCI, the UE can still derive the time the last DCI is sent and the time it needs to take the proper action. Combining DCI sequence number and timing offset can resolve ambiguity in both time and multiple received DCIs for multiple DCIs sent at different time. 

Proposal 18: If multiple DCIs serving the same purpose can be sent out at different time, introduce in each DCI a timing offset to the time the last DCI is sent to avoid timing ambiguity. 

3 Discussion on PUCCH enhancement with multiple TRP

3.1 Frequency hopping 

According to the RAN1 #104b e-meeting agreement, one of the three following options will be decided for inter-slot frequency hopping for PUCCH Scheme 1.

	Agreement
When inter-slot frequency hopping is configured with Scheme 1, decide one from the below options in RAN1#105-e meeting,  

· Option 1

· If sequential mapping pattern is configured, frequency hopping is performed on slot level (as in Rel-15).

· If cyclical mapping pattern is configured, frequency hopping is performed among the repetitions with the same beam. 

· Option 2: 

· gNB always configures sequential mapping pattern and frequency hopping is performed on slot level. (no spec impact)

· Option 3:

· Frequency hopping is performed on slot level as in Rel-15 (no spec impact). 


Since both of cyclical mapping pattern and sequential mapping pattern are supported in the agreement of RAN1 #104B-e, Option 2 is not a good option considering that only sequential mapping pattern can be configured. Because PUCCH Scheme 1 is transmitted to multiple TRPs, there are multiple links for transmitting the PUCCH resource with repetition while there is only one link for transmitting the PUCCH repetition in R15/R16. In order to make sure that PUCCH in each link can obtain frequency diversity, the frequency hopping should be performed among the repetitions with the same beam if cyclical mapping pattern is configured. Besides, since PUCCH Scheme 3 has been agreed to be supported, if inter-sub-slot frequency hopping is used, the inter-sub-slot frequency hopping for PUCCH Scheme 3 should also be performed per link to obtain the frequency diversity of all links between UE and multiple TRPs too. Therefore, we propose that:
Proposal 19: Support Option 1 when inter-slot frequency hopping is configured with PUCCH Scheme 1.

Proposal 20: Support Option 1 when inter-sub-slot frequency hopping is configured with PUCCH Scheme 3.
3.2 Default beam and default power control parameter set 

The default beam and default pathloss reference RS are specified for PUCCH resources in R16. However, it only supports single TRP PUCCH in R16. And up to two spatial relation information and up to two power control parameter sets can be activated or configured for a PUCCH resource in S-DCI based multiple TRPs in R17 to increase the reliability and robustness. In order to reduce the overhead, default beam and default power control parameter set composed of a P0 value, a pathloss reference RS and a closed loop index should also be supported for PUCCH in multiple TRPs. Two default beams and two default power control sets should be supported for PUCCH repetition in S-DCI based multiple TRPs. Not only a PUCCH resource with repetition can be transmitted to one TRP of two TRPs, but it can also be transmitted to two TRPs. A PUCCH resource can be indicated to be transmitted to one or two TRPs by the number of spatial relation information activated for it by a MAC CE. However, in default beam mode, there is no MAC CE activating spatial relation information for a PUCCH resource. Therefore, how to determine up to two default beams and up to two default power control parameter sets should be studied first to support default beam and default power control parameter set in multiple TRPs, and how to indicate with which default beam and default power control parameter set a PUCCH resource is associated should be further studied if two default beams and two default power control parameter sets are determined. Based on the analysis, we propose that:

Proposal 21: Support up to two default beams and two default power control parameter sets for PUCCH in multiple TRPs.

Proposal 22: Study how to determine up to two default beams and up to two default power control parameter sets, and further study how to indicate with which default beam(s) and default power control parameter set(s) a PUCCH is associated.
4 Discussion on PUSCH enhancement with multiple TRP

4.1 Number of SRS resources in two SRS resource sets 

On the number of SRS resources configured in the two SRS resource sets, we support Alt3, that is different number of SRS resources could be configured for different SRS resource sets for both CB and NCB based m-TRP PUSCH repetition. And the first SRS resource set can have the smaller, same or larger number of SRS resources than the second SRS resources set. Alt 3 is the most flexible configuration and is compatible with what had agreed in Rel-17. When the number of SRS resources in different SRS resource sets is different, there is an FFS point on interpretation of “SRI field is present or not present”. We think whether SRI field is present or not present is interpreted per SRI field when two SRS resource sets are configured to a UE. For each SRI field, whether it is present or not present is based on the number of SRS resources in the corresponding SRS resource set as in Rel-15/16, where the corresponding SRS resource set is determined by the new introduced 2-bit field for dynamic switching between S-TRP and M-TRP PUSCH transmission. 

Proposal 23: Support Alt3 and whether SRI field is present or not could be interpreted per SRI field.
4.2 Frequency hopping 

Similar to frequency hopping in PUCCH, considering there are multiple links between a UE and gNB for a PUSCH transmission with repetition, inter-slot frequency hopping and inter-repetition frequency hopping for R17 PUSCH repetition should be performed per link to obtain the frequency diversity of all links between UE and multiple TRPs. Each link between UE and gNB is represented by a beam, therefore, we propose that:

Proposal 24: Perform frequency hopping among the PUSCH repetitions with the same beam.

4.3 PT-RS enhancement

In RAN 1#106 meeting, there is a working assumption on actual number of PT-RS ports for non-codebook based multi-TRP PUSCH repetition. We propose to confirm this working assumption that 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. 
Proposal 25: Confirm the working assumption that 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.

When map a PUSCH transmission to resource elements, the corresponding resource elements associated PT-RS are not used for PUSCH transmission as specified in TS 38.211. Then when the actual number of PT-RS port indicated for different TRPs is different, no matter a PUSCH is transmitted to which TRP, the available resource elements of PUSCH repetition transmission should be determined based on the maximum number of PT-RS port. Then for PUSCH repetition to a TRP indicated with one-port PT-RS, some REs may be unused. To avoid resource waste, power boosting of one-port PT-RS transmission could be considered to achieve a better phase tracking performance. 

Proposal 26: Study power boosting for one-port PT-RS transmission if different number of PT-RS port for different TRPs is indicated.

For single DCI based M-TRP PUSCH Type B repetition schemes with maxRank = 2, it has been agreed MSB and LSB separately indicating the association between PT-RS port and DMRS port for two TRPs. But it is still unclear a PT-RS port is associated with which DMRS for a PUSCH transmission occasion. That is when a UE transmit a PUSCH repetition according to an SRS resource set, it is unclear whether PT-RS-DMRS association indicated by MSB or indicated by LSB will apply for the PUSCH repetition. 
Besides, a new 2-bit field in DCI for dynamically switching PUSCH transmission between S-TRP and M-TRP is introduced. For single DCI based M-TRP PUSCH Type B repetition schemes with maxRank = 2, each bit of PT-RS-DMRS association field in DCI is used for indicating the association between PT-RS port and DMRS port for each TRP. But for PUSCH type B transmission to S-TRP, whether the corresponding bit is used or two-bit PT-RS-DMRS association field in DCI is used as in Rel-15/16 for indicating the association between PT-RS port and DMRS port for the single TRP needs to be clarified.

If the indicated actual number of PT-RS port for different TRPs is different, then for different bit of PT-RS-DMRS association field in DCI, the interpretation should be according to different table defined in TS 38.212. Specifically, for a TRP associated with one-port PT-RS transmission, the corresponding bit is interpreted according to Table 7.3.1.1.2-25. And for a TRP associated with two-port PT-RS transmission, the corresponding bit is interpreted according to Table 7.3.1.1.2-26.
Table 7.3.1.1.2-25: PT-RS-DMRS association for UL PT-RS port 0

	Value
	DMRS port

	0
	1st scheduled DMRS port

	1
	2nd scheduled DMRS port

	2
	3rd scheduled DMRS port

	3
	4th scheduled DMRS port


Table 7.3.1.1.2-26: PT-RS-DMRS association for UL PT-RS ports 0 and 1
	Value of MSB
	DMRS port
	
	Value of LSB
	DMRS port

	0
	1st DMRS port which shares PT-RS port 0
	
	0
	1st DMRS port which shares PT-RS port 1

	1
	2nd DMRS port which shares PT-RS port 0
	
	1
	2nd DMRS port which shares PT-RS port 1


Therefore, we propose:

Proposal 27: Define an association between PT-RS-DMRS association indicated by MSB or LSB and a PUSCH transmission occasion according to the 1st or the 2nd SRS resource set.

Proposal 28: Clarify the interpretation of PT-RS-DMRS association for PUSCH Type B transmission to S-TRP.

Proposal 29: When the actual number of PT-RS port is different for different TRPs, the MSB and LSB should be interpreted according to different tables defined in TS 38.212.
4.4 Default beam and default pathloss reference RS
Similar with PUCCH resource, default beam and default pathloss reference RS are supported for PUSCH in R16. However, it only supports single TRP PUSCH transmission. As agreed in R17, up to two SRS resource sets can be configured for PUSCH transmission where each SRS resource set is associated with one TRP. And the beam of PUSCH is determined by its associated SRS resource(s). In order to reduce the overhead, default beam and default pathloss reference RS should be supported for SRS resource set in multiple TRPs. In this case, default beam and default pathloss reference RS are also supported for PUSCH transmission since the default beam and the default pathloss reference RS of a PUSCH transmission are determined by the associated SRS resource set. Two SRS resource sets can be configured for PUSCH, thus two default beams and default pathloss reference RSs are needed for the two SRS resource sets, and further study on how to determine two default beams and two default pathloss reference RSs is required. It’s agreed that a new two bits filed is introduced to indicate with which SRS resource set(s) a PUSCH is associated, therefore, the default beam and default pathloss reference RS of a PUSCH is determined according to the new filed. Therefore, we proposal that:
Proposal 30: Support two default beams and two default pathloss reference RSs for two SRS resource sets configured for PUSCH and further study how to determine two default beams and two default pathloss reference RSs.

Proposal 31: The default beam and default pathloss reference RS of a PUSCH is determined according to the new field which indicates with which SRS resource set(s) the PUSCH is associated.

4.5 Configured grant PUSCH enhancement

For a type 2 CG initial transmission and for CG retransmission, applying the first, second, or both first and second power control parameter field is signaled by the new DCI field for dynamic switching in the activating DCI similar to the case of DG-PUSCH. But for type 1 CG initial transmission, there is no discussion on how to indicate which SRS resource set will be used when two SRS resource sets are configured to a UE. We propose to introduce the new field in the “rrc-ConfiguredUplinkGrant” for type 1 based M-TRP PUSCH transmission to indicate a type 1 PUSCH transmission apply which one or both first and second power control parameter fields to achieve a unified solution.

Proposal 32: Introduce a new field for dynamic switching in the “rrc-ConfiguredUplinkGrant”.
5 Conclusions
As a summary, we have the following proposals on PDCCH, PUCCH and PUSCH enhancements with multi-TRP:
Proposal 1: Support gNB optionally configuring the BD number for two linked PDCCH candidates. 
Proposal 2: Confirm the 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 by considering the PDCCH candidate that results in larger d1,1 value.

Proposal 3: It is applicable for case 6 that UE still monitors linked candidate without dropping in case of one of candidate is dropped.  
Proposal 4: Clarify whether the same behaviour, option 1, can be used for the case that one of linked candidates overlaps with RB indicated as unavailable by DCI format 2_0.  
Proposal 5: Support both Alt.2 and Alt.3 to determine two QCL-TypeD properties for multiple overlapping CORESETs. Slightly prefer Alt.3 if following principle from agreement for UE monitoring behaviour in case of overlapping of linked candidates and individual candidates. 

Proposal 6: Prefer Alt.2 as PDCCH overbooking scheme for both case 1 and case 2 on account that it is a simple and unified solution and can guarantee better transmission reliability.   
Proposal 7: Make restriction for configuration of linked search space set if Alt.1 is supported: 1. Larger search space set ID is not expected to be configured for the search space set corresponding the first candidate between two linked search space set; 2. Successive search space set ID configured for linked search space sets.
Proposal 8: Support enhanced PDCCH with repetition transmission for Type0/0A/1/2 CSS.

Proposal 9: Study method to determine the value of [image: image9.png]NCORESET
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 for mapping VRB to PRB of a PDSCH scheduled by a DCI format 1_0 repeatedly transmitted on two linked CSS.
Proposal 10: Support PDCCH order transmitted with PDCCH repetition
Proposal 11: One of TCI states associated with PDCCH order can be selected to determine QCL assumption for PDCCH including the DCI format 1_0 with RA-RNTI and corresponding scheduled PDSCH

Proposal 12: Support restriction of search space set configuration including linked candidate number, time interval between linked monitoring occasions and time interval between linked monitoring occasion pairs for different DCIs.

Proposal 13: Support UE capability reporting related with soft buffer size, for example, soft buffer life time, maximum candidate number, maximum time interval between linked monitoring occasions, etc. 
Proposal 14: PDCCH candidate ending later in time can be used as reference to determine occupation duration for initial semi-persistent CSI report on PUSCH triggered by PDCCH.

Proposal 15: Support Option 3, i.e. separate DCIs that schedule the same PDSCH/PUSCH/RS/TB/etc or result in the same outcome.

Proposal 16: For Option 3, each DCI is transmitted independently as a R15 PDCCH candidate in valid CORESET with the corresponding TCI.

Proposal 17: Use sequence number to identify the DCIs serving the same purpose. 

Proposal 18: If multiple DCIs serving the same purpose can be sent out at different time, introduce in each DCI a timing offset to the time the last DCI is sent to avoid timing ambiguity. 

Proposal 19: Support Option 1 when inter-slot frequency hopping is configured with PUCCH Scheme 1.

Proposal 20: Support Option 1 when inter-sub-slot frequency hopping is supported to be configured with PUCCH Scheme 3.
Proposal 21: Support up to two default beams and two default power control parameter sets for PUCCH in multiple TRPs.

Proposal 22: Study how to determine up to two default beams and up to two default power control parameter sets, and further study how to indicate with which default beam(s) and default power control parameter set(s) a PUCCH is associated.
Proposal 23: Support Alt3 and whether SRI field is present or not could be interpreted per SRI field.
Proposal 24: Perform frequency hopping among the PUSCH repetitions with the same beam.

Proposal 25: Support to confirm the working assumption that 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.

Proposal 26: Study power boosting for one-port PT-RS transmission if different number of PT-RS port for different TRPs is indicated.

Proposal 27: Define an association between PT-RS-DMRS association indicated by MSB or indicated by LSB and a PUSCH transmission occasion according to the 1st SRS resource set or according to the 2nd SRS resource set.

Proposal 28: Clarify the interpretation of PT-RS-DMRS association for PUSCH Type B transmission to S-TRP.

Proposal 29: When actual number of PT-RS port is different for different TRPs, the MSB and LSB should be interpreted according to different tables defined in TS 38.212.
Proposal 30: Support two default beams and two default pathloss reference RSs for two SRS resource sets configured for PUSCH and further study how to determine two default beams and two default pathloss reference RSs.

Proposal 31: The default beam and default pathloss reference RS of a PUSCH is determined according to the new field which indicates with which SRS resource set(s) the PUSCH is associated.

Proposal 32: Introduce the new field for dynamic switching in the “rrc-ConfiguredUplinkGrant”.
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TS 38.213 Section 10


If a UE is provided availableRB-SetPerCell-r16, the UE is not required to monitor PDCCH candidates that overlap with any RB from RB sets that are indicated as unavailable for receptions by DCI format 2_0 as described in Clause 11.1.1.
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