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Introduction
According to NR MIMO WID RP-193133, the following is the scope of work in this AI.
	· 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 features that should be considered to improve reliability for PUSCH and PUCCH channels using multi-TRP/multi-panel framework.
PDCCH

AL8 and AL16 ambiguity (case c2)

	Agreement RAN1#104b-e
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, and option 2 is supported
· Option 2: The one with the lowest SS set ID is applied.
· FFS: Support of Option 2 does not mean PDCCH repetition based on two linked search space set within one CORESET is supported

Agreement RAN1#107-e
To address the ambiguity issue between AL8 and AL16 candidates in the presence of PDCCH repetition:
· For two linked AL8 PDCCH candidates in a first and second SS sets and two linked AL16 candidates in a third and fourth SS sets, UE expects different starting CCEs in a CORESET for any of the linked AL8 candidates and any of the linked AL16 candidates if the CORESET spans one OFDM symbol (i.e., Case c1 is not expected by UE) and is non-interleaved
· If two PDCCH candidates with AL8 and AL16 have the same start CCE in a non-interleaved CORESET with one OFDM symbol: 
· When at least one of the AL8 or AL16 candidates is linked with other PDCCH candidate, and UE receives a DCI on any of the AL8 or AL16 candidates, a scheduled PDSCH by the DCI is rate matched around the AL16 candidate and any PDCCH candidate linked with any of the AL8 or AL16 candidates (i.e., rate matching in Cases a, b and c2 is around the union of candidates)
· When one of the AL8 candidate or the AL16 candidate is linked to another PDCCH candidate for PDCCH repetition (i.e., Cases a or b), interpretation of a detected DCI via any of the first or second PDCCH candidates is based on Rel. 17 PDCCH repetition rules (wrt reference PDCCH candidate).
· FFS (to be resolved in this meeting): Whether/how to resolve potentially ambiguity for PUCCH resource determination for Case c2



It is agreed that for PUCCH resource determination, a reference PDCCH candidate is chosen (from the two linked candidates). It is discussed during RAN1#107-e that due to ambiguity of detection between AL8 and AL16, it may lead to two potential reference PDCCH candidates each having a different starting CCE index. This creates ambiguity in PUCCH resource indication.
If a solution to this issue is not specified then it places a restriction on the gNB scheduler that AL8 and AL16 ambiguity never occurs or whenever it occurs, the linked PDCCH candidates start at the same CCE index. Given the fact that 1) a gNB scheduler has very few AL8 or AL16 candidates that it can choose from (compared to AL2 or AL4) and 2) alignment of starting CCE is driven by the hashing function and not really something that is controlled by the gNB, we think a scheduler restriction is not appropriate for this issue.  

Proposal-1: Specify a rule to resolve ambiguity in PUCCH resource selection in the case of two potential reference PDCCH candidates each having a different starting CCE index occurs due to AL8 and AL16 ambiguity
PUCCH
S-TRP PUCCH repetition for PUCCH formats 0, 2

In a previous 3GPP meeting, the following agreement has been made to support all PUCCH formats for M-TRP PUCCH scheme 1 and scheme 3. 

	104e Agreement
For M-TRP PUCCH scheme 1,  
· Support PUCCH formats 0 and 2 (in addition to agreed PUCCH formats 1,3,4)
104be Agreement
Confirm the following Working Assumption (with small correction of typo and clarification on UE capability):
· For beam mapping /power control parameter set mapping for PUCCH repetitions,
· For M-TRP PUCCH Scheme 1 in FR1, it is possible to configure either cyclic mapping or sequential mapping of power control parameter sets over PUCCH repetitions (similar to spatial relation info’s over PUCCH repetitions).
· For M-TRP PUCCH Scheme 3, reuse the same methods as Scheme 1 (by replacing slots with sub-slots) for beam mapping or power control resource parameter set mapping to sub-slots.
· The support of cyclic mapping can be optional UE feature for the cases when the number of repetitions is larger than 2.



To support M-TRP PUCCH repetition scheme 1 and scheme 3, the following specification is adopted in TS 38.213 clause 9.2.6. Comparing with Rel-16 TS 38.213 clause 9.2.6, the definition scope of parameter  is changed from PUCCH formats 1, 3, and 4 to all PUCCH formats as shown below in red. In other words, the legacy behaviour of S-TRP PUCCH repetition applicable only to formats 1, 3 and 4 may be changed. Thus, we think the intention and the consequence of this revision should be clarified. 
	[bookmark: _Toc92093855][bookmark: _Toc45699210][bookmark: _Toc36498183][bookmark: _Toc29917309][bookmark: _Toc29899572][bookmark: _Toc29899154][bookmark: _Toc29894855][bookmark: _Toc26719420][bookmark: _Toc20311595][bookmark: _Toc12021483]-----------------------------------Rel-17 TS 38.213 -----------------------------------
9.2.6	PUCCH repetition procedure
[bookmark: _Hlk86776043]A UE can be indicated to transmit a PUCCH over  slots using a PUCCH resource, where
-	if the PUCCH resource is indicated by a DCI format and includes PUCCH-nrofSlots,  is provided by PUCCH-nrofSlots
-	otherwise,  is provided by nrofSlots
 If the UE is provided subslotLengthForPUCCH, a slot for a PUCCH transmission with repetitions over  slots includes a number of symbols indicated by subslotLengthForPUCCH.
For , 
-	the UE repeats the PUCCH transmission with the UCI over  slots 
-	a PUCCH transmission in each of the  slots has a same number of consecutive symbols, as provided by nrofSymbols
-	a PUCCH transmission in each of the  slots has a same first symbol, as provided by startingSymbolIndex if subslotLengthForPUCCH is not provided; otherwise mod(startingSymbolIndex, subslotLengthForPUCCH)
< Unchanged text omitted >
When a PUCCH resource used for repetitions of a PUCCH transmission by a UE includes first and second spatial settings, or first and second sets of power control parameters, as described in [11, TS 38.321] and in clause 7.2.1, the UE
-	uses the first and second spatial settings, or the first and second sets of power control parameters, for first and second repetitions of the PUCCH transmission, respectively, when ,
-	alternates between the first and second spatial settings, or between the first and second sets of power control parameters, respectively, per  repetitions of the PUCCH transmission, where  if mappingPattern = 'cyclicMapping'; else, .
< Unchanged text omitted >



	[bookmark: _Toc90376697]-----------------------------------Rel-16 TS 38.213 -----------------------------------
9.2.6	PUCCH repetition procedure
For PUCCH formats 1, 3, or 4, a UE can be configured a number of slots, , for repetitions of a PUCCH transmission by respective nrofSlots. If a UE is provided a PUCCH-config that includes subslotLengthForPUCCH, the UE does not expect the PUCCH-config to include nrofSlots.
For , 
-	the UE repeats the PUCCH transmission with the UCI over  slots 
-	a PUCCH transmission in each of the  slots has a same number of consecutive symbols, as provided by nrofSymbols in PUCCH-format1, nrofSymbols in PUCCH-format3, or nrofSymbols in PUCCH-format4
-	a PUCCH transmission in each of the  slots has a same first symbol, as provided by startingSymbolIndex in PUCCH-format1, startingSymbolIndex in PUCCH-format3, or startingSymbolIndex in PUCCH-format4 
< Unchanged text omitted >



Proposal-2: Legacy PUCCH repetition (Rel-15/16) applicable to only formats 1, 3 and 4 appears to have been changed – this should be revised such that legacy behaviour is applicable to only formats 1, 3 and 4 but Rel-17 repetition behaviour is applicable to all formats

PUSCH
Non-consecutive Type A repetition
In TS 38.214 clause 6.1.2.1, the following is mentioned,
‘For PUSCH repetition Type A, in case K>1, the same symbol allocation is applied across the K consecutive slots and the PUSCH is limited to a single transmission layer.’.
And the following agreement has been made in previous 3GPP meeting,
	Agreement
For single DCI based M-TRP PUSCH reliability enhancement, support TDMed PUSCH repetition scheme(s) based on Rel-16 PUSCH repetition Type A and Type B.
· Further study PUSCH transmission without repetition as a potential candidate M-TRP PUSCH scheme



Since the M-TRP PUSCH repetition Type A is based on Rel-16, only consecutive slots are considered. However, for Rel-17 coverage enhancement, non-consecutive slots can be used for PUSCH repetition type A, where the counting is based on available slots. The related coverage enhancement UE feature groups, 30-2 and 30-2a, are under discussion. Thus, if a UE has Rel-17 coverage enhancement capability and needs to support M-TRP PUSCH repetition Type A, additional UE capability to support non-consecutive slot based M-TRP PUSCH repetition Type A is needed.
Therefore, we have the following proposal.
Proposal-3: If a UE has Rel-17 coverage enhancement capability and also supports M-TRP PUSCH repetition Type A, additional UE capability to support non-consecutive slot based M-TRP PUSCH repetition Type A should be supported, i.e., the repetition for M-TRP PUSCH repetition type A can be counted based on available slots.

Conclusions

PDCCH
Proposal-1: Specify a rule to resolve ambiguity in PUCCH resource selection in the case of two potential reference PDCCH candidates each having a different starting CCE index occurs due to AL8 and AL16 ambiguity
PUCCH 
Proposal-2: Legacy PUCCH repetition (Rel-15/16) applicable to only formats 1, 3 and 4 appears to have been changed – this should be revised such that legacy behaviour is applicable to only formats 1, 3 and 4 but Rel-17 repetition behaviour is applicable to all formats
PUSCH
Proposal-3: If a UE has Rel-17 coverage enhancement capability and also supports M-TRP PUSCH repetition Type A, additional UE capability to support non-consecutive slot based M-TRP PUSCH repetition Type A should be supported, i.e., the repetition for M-TRP PUSCH repetition type A can be counted based on available slots.
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