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Introduction
[bookmark: _Hlk75330915][bookmark: _Hlk510705081]The work item on supporting NR from 52.6 GHz to 71 GHz was approved at RAN#90-e (see a later revision in [1]). Before that 3GPP carried out a study on required changes to NR using existing DL/UL waveform to support operation between 52.6 GHz and 71GHz [2]. This contribution deals with the remaining issues enhancements for multi-PDSCH/PUSCH scheduling and HARQ support with a single DCI. 
[bookmark: _Hlk79049376]Multi-PxSCH scheduling
[bookmark: _Hlk79048467]During RAN1#108e [3], agreement was reached on the OOO scheduling:

	Agreement
· The case where two multi-PDSCH (or multi-PUSCH) scheduling DCIs end in the same symbol but two multi-PDSCH (or multi-PUSCH) scheduling have overlapping spans, where the span is defined from the beginning of the first scheduled SLIV till the end of the last scheduled SLIV, is considered as out-of-order scheduling and is not expected by UE.
· This applies also when one of two DCIs is single-PDSCH (or single-PUSCH) scheduling DCI, including the case that one DCI schedules multi-slot PDSCH (or PUSCH repetition type A or B).
· Note: This doesn’t apply when each of two DCIs schedules multi-slot PDSCH (or PUSCH repetition type A or B) as in Rel-15/Rel-16
· Note: This doesn’t apply when each of the two DCIs schedules single PDSCH (or single PUSCH) as in Rel-15/Rel-16
· Note: It is separately discussed whether the scheduled SLIV is based on configured SLIV or valid SLIV.


  
Whether the scheduled SLIV means valid SLIV or configured SLIV in the context of OOO scheduling or other previous agreements has been widely discussed during previous RAN1 meetings. There remain couple of open items: 
· Case 5 (OOO issue): For out-of-order scheduling, is the rule for OOO scheduling determined based on configured SLIVs or valid SLIVs?
· Case 6 (NN-K1 issue): For a first DCI scheduling multiple PDSCHs and providing an inapplicable value of k1 in its PDSCH-to-HARQ_feedback timing indicator field, to multiplex the corresponding HARQ-ACK information in a PUCCH or PUSCH in a slot indicated by the PDSCH-to-HARQ_feedback timing indicator filed in a second DCI, only the [valid] PDSCHs scheduled by the first DCI are considered for definition of the corresponding timeline requirements.

During RAN1#108e, it was observed in FL summary [4] that most companies prefer a common solution for Case 5 and Case 6. 

For both OOO scheduling determination and NN-K1 timeline requirements use of valid SLIV can be justified as these limitations are based on actual UE processing limitations. It supports also more flexible scheduling than use of configured SLIVs. On other hand, use of configured SLIV can be justified as a simple choice that is well suited for finalising specs and aligned with type-1 codebook determination. A concern was raised on valid SLIV that as this is related to UE processing timeline, also other timeline related aspects, e.g. the minimum delays between PDCCH and PDSCH or PUSCH, should be based on valid SLIVs. However, we see that this discussion can be limited to OOO issue only, without need to revisit other timeline aspects. Another concern is related to type-1 HARQ-ACK codebook determination and especially to a case where
· Type-1 codebook and time domain HARQ-ACK bundling are configured,
· UE receives two multi-PDSCH DCIs,
· the last scheduled SLIVs are overlapping and invalid,
· other scheduled PDSCHs are valid and don’t have overlapping span.
When the OOO issue is determined based on valid SLIVs, UE can be scheduled with these multi-PDSCH DCIs. However, the HARQ-ACK bit position within type-1 codebook is determined based on the last SLIVs, and HARQ-ACK bit positions are not determined for both multi-PDSCH DCIs. This is illustrated in Figure 1, based on figure in [4]. 
[image: ]
Figure 1. Considered multi-PDSCH scheduling example.

There are at keast three potential ways to solve such error case: 
· Type-1 codebook determination is modified to support such case. This is clearly undesirable given the existing complexity of type-1 codebook and late phase of specification finalization. 
· The situation is simply left as error case that is avoided by gNB implementation. It was noted in RAN1#108e [4] that in this situation the use of valid SLIV does not provide any additional scheduling flexibility over the configured SLIV, but the observation is limited to specific situations like this.
· OOO is determined based on configured SLIVs, in which case the problematic scheduling would be OOO. However, the use of configured SLIVs would reduce scheduling flexibility in other cases. 

In any case, both options can provide functional solution without need for further optimisations e.g. on type-1 HARQ-ACK codebook determination. Hence, for the sake of progress, both options are acceptable for us. However, based on the discussion above, we prefer that determination of OOO scheduling and NN-K1 timeline requirements are based on valid SLIVs, without further modification on type-1 codebook determination. Corresponding text proposals are attached to the appendix  

[bookmark: _Hlk101430532]Proposal 1: Determination of OOO scheduling and NN-K1 timeline requirements are based on the valid SLIVs, without further modification on type-1 codebook determination. Adopt TP#1~#3 in the Appendix. 
Remaining items on HARQ-ACK feedback
In this section, we address couple of items remaining open on the HARQ-ACK feedback.
HARQ-ACK time domain bundling with type-2 HARQ-ACK codebook
In the case of type-2 HARQ-ACK codebook, it was discussed in RAN1#108e whether it is the PDSCHs that corresponding to the configured SLIVs or to the valid SLIVs that are allocated to the transport block groups (or HARQ bundling groups). Working assumption based on the configured SLIVs was made:
	Working assumption
The TP#1 below for TS 38.213 section 9.1.3.1 is endorsed.
· TP#1 (Construction of bundling group based on “configured” SLIVs)
	If a UE is provided numberOfHARQ-BundlingGroups and is not provided harq-ACK-SpatialBundlingPUCCH for a serving cell , the UE generates HARQ-ACK information over transport block groups (TBGs) for PDSCH receptions where, for a maximum number of  PDSCH receptions scheduled by a DCI format on the serving cell, a maximum number of TBGs  is provided by numberOfHARQ-BundlingGroups. If the UE detects a DCI format scheduling  PDSCH receptions on the serving cell , the UE generates  HARQ-ACK information bits for first TBs and, if applicable, generates  HARQ-ACK information bits for second TBs in the  PDSCH receptions as described in clause 9.1.1 by setting  and . For a TBG with at least one PDSCH not overlapping with an UL symbol indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated, if provided, the UE assumes that a PDSCH in the TBG is correctly received if the PDSCH overlaps with an UL symbol indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated. For a TBG that includes only PDSCH(s) overlapping with UL symbol(s) indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated, if provided, NACK is generated for the TBG.


.


We see that the use of configured SLIVs provides slightly simpler implementation while we do not expect any tangible benefit from the use of valid SLIVs. Hence we prefer the simpler option of configured SLIVs and propose that the working assumption is confirmed.  
Proposal 2: Working assumption on the construction of .type-2 codebook transport block groups is confirmed.
HARQ-ACK time domain bundling with type-1 HARQ-ACK codebook
It was noted that current type-1 codebook determination in TS38.213 does not support PDSCH repetitions scheduled by DCI format 1_2 when time domain bundling of HARQ-ACK is configured: codebook may occasionally lack a proper bit location for the repeated PDSCH. As both HARQ-ACK time domain bundling and PDSCH repetition are likely used in coverage limited situations, they may also be used simultaneously. Hence we see that it makes sense to support the combination of HARQ-ACK bundling and PDSCH repetition. 
The identified change modifies the conditions when a candidate PDSCH occasion is removed due to overlapping with semi-static UL symbol. In [4], three different conditions were proposed: 
· A simple way, presented as TP#G in [4] and copied to the appendix for convenience, is that the corresponding TDRA row is removed when all SLIVs of the TDRA row are overlapping with semi-static UL symbol AND the last SLIV of the TDRA row repeated over  slots overlaps with UL symbol in each of the repeated slots. In other words, each TDRA row is inspected from the viewpoints multi-PDSCH scheduling and PDSCH repetition. This means that some of multi-PDSCH TDRA rows that could be removed are not removed.  
· Two optimisations for the conditions were also discussed in RAN1#108e: that the condition of the last SLIV of the TDRA row repeated over  slots overlapping with UL symbol in each of the repeated slots is inspected only when the TDRA row is configured for DCI 1_2, or if the TDRA row includes only single SLIV.
It is not clear how frequently the simplest option results in unnecessarily large type-1 codebook and further optimisations provide actual benefits. Hence, we see that a simple modification such as TP#G is sufficient. 
Proposal 3: Type-1 codebook determination is modified to support PDSCH repetitions also when the HARQ-ACK time domain bundling is configured. Adopt the TP#4 in Appendix. 
DMRS bundling for same TB in FR2-2 with 120 kHz SCS
The following conclusion was reached in RAN1#107bis-e.
Conclusion 
DMRS bundling across multiple PUSCHs scheduled by a single DCI is not supported for NR operation in FR2-2 in Rel-17.
· Note: applicability of DMRS bundling FG developed in CovEnh WI for same TB to FR2-2 with 120 kHz SCS can be further discussed.

We think that FR2-2 would benefit from the DMRS bundling feature developed in Rel-17. The feature is not restricted to specific frequency range, and it would improve UL coverage also in FR2-2 scenario. 
The issue was discussed also in RAN01#108-e. Based on the discussion vast majority of companies have common understanding on the following: 
· DMRS bundling feature developed in CovEnh WI for the same TB can be supported in FR2-2 with 120 kHz SCS.
· That feature does not involve specification impact other than that of UE feature/capability signalling.

Based on that we make the following proposal. 

Proposal 4: DMRS bundling feature developed in CovEnh WI for the same TB is supported in FR2-2 with 120 kHz SCS.
Conclusion
In this contribution we have discussed the PDSCH/PUSCH enhancements to support operation between 52.6 GHz and 71 GHz. Based on the discussion we make the following proposals:
Proposal 1: Determination of OOO scheduling and NN-K1 timeline requirements are based on the valid SLIVs, without further modification on type-1 codebook determination. Adopt TP#1~#3 in the Appendix. 
Proposal 2: Working assumption on the construction of .type-2 codebook transport block groups is confirmed.
Proposal 3: Type-1 codebook determination is modified to support PDSCH repetitions also when the HARQ-ACK time domain bundling is configured. Adopt the TP#4 in Appendix. 
Proposal 4: DMRS bundling feature developed in CovEnh WI for the same TB is supported in FR2-2 with 120 kHz SCS.
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Appendix – text proposals

TP#1: Text proposal for OOO scheduling determination for PDSCH based on the valid SLIVs 

------------------------------------------Start of TP for TS 38.214 Clause 5.1.2.1 ----------------------------------------------
5.1.2.1	Resource allocation in time domain 
=============================== Unchanged Text Omitted ===================================
If a UE is configured with pdsch-TimeDomainAllocationListForMultiPDSCH-r17 in which one or more rows contain multiple SLIVs for PDSCH on a DL BWP of a serving cell, the UE does not apply pdsch-AggregationFactor in PDSCH-config, if configured, to DCI format 1_1 on the DL BWP of the serving cell.
If a UE is configured with pdsch-TimeDomainAllocationListForMultiPDSCH-r17 in which one or more rows contain multiple SLIVs for PDSCH on a DL BWP of a serving cell, when any two DL DCIs end in the same symbol and at least one of the DCIs schedules multiple PDSCHs, the UE does not expect that the scheduled PDSCH(s) by the two DCIs  have overlapping spans, where the span associated with a DCI is defined from the beginning of the first scheduled PDSCH not overlapping with an UL symbol indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated, if provided, or up to till the end of the last scheduled PDSCH not overlapping with an UL symbol indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated, if provided.
----------------------------------------------------------------End of TP-------------------------------------------------------------------

TP#2: Text proposal for OOO scheduling determination for PUSCH based on the valid SLIVs 

------------------------------------------Start of TP for TS 38.214 Clause 5.1.2.1 ----------------------------------------------
6.1.2.1	Resource allocation in time domain 
=============================== Unchanged Text Omitted ===================================
If a UE is configured with pusch-TimeDomainAllocationListForMultiPUSCH-r17 in which one or more rows contain multiple SLIVs for PUSCH on a UL BWP of a serving cell, the UE does not apply pusch-AggregationFactor, if configured, to DCI format 0_1 on the UL BWP of the serving cell and the UE does not expect to be configured with numberOfRepetitions in pusch-TimeDomainAllocationListForMultiPUSCH-r17.
If a UE is configured with pusch-TimeDomainAllocationListForMultiPUSCH-r17 in which one or more rows contain multiple SLIVs for PUSCH on a UL BWP of a serving cell, when any two UL DCIs end in the same symbol and at least one of the DCIs scheduling multiple PUSCHs, the UE does not expect that the any scheduled multiple PUSCHs have overlapping spans, where the span associated with a DCI is defined from the beginning of the first scheduled PUSCH not overlapping with a DL symbol indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated if provided, or a symbol of an SS/PBCH block with index provided by ssb-PositionsInBurst till the end of the last scheduled PUSCH not overlapping with a DL symbol indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated if provided, or a symbol of an SS/PBCH block with index provided by ssb-PositionsInBurst.
----------------------------------------------------------------End of TP-------------------------------------------------------------------


TP#3: Text proposal for NN-K1 timeline requirements for PUSCH based on the valid SLIVs 

----------------------------------------------Start of TP for TS 38.213 Clause 9.1.3 --------------------------------------------------
[bookmark: _Ref497329141][bookmark: _Toc12021472][bookmark: _Toc20311584][bookmark: _Toc26719409][bookmark: _Toc29894842][bookmark: _Toc29899141][bookmark: _Toc29899559][bookmark: _Toc29917296][bookmark: _Toc36498170][bookmark: _Toc45699196][bookmark: _Toc92093838]9.1.3	Type-2 HARQ-ACK codebook determination 
=============================== Unchanged Text Omitted ===================================
If a UE receives a first DCI format that the UE detects in a first PDCCH monitoring occasion and includes a PDSCH-to-HARQ_feedback timing indicator field providing an inapplicable value from dl-DataToUL-ACK-r16, 
-	if the UE detects a second DCI format, the UE multiplexes the corresponding HARQ-ACK information in a PUCCH or PUSCH transmission in a slot that is indicated by a value of a PDSCH-to-HARQ_feedback timing indicator field in the second DCI format, where
-	if the UE is not provided pdsch-HARQ-ACK-Codebook-r16, the UE detects the second DCI format in any PDCCH monitoring occasion after the first one, and where the slot indicated by the value of the PDSCH-to-HARQ_feedback timing indicator field in the second DCI format is no later than a slot for HARQ-ACK information in response to a SPS PDSCH reception, if any, received after the first PDSCH of the PDSCH(s) scheduled by the first DCI format and not overlapping with an UL symbol indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated, if provided
-	if the UE is provided pdsch-HARQ-ACK-Codebook-r16, the UE detects the second DCI format in any PDCCH monitoring occasion after the first one, and the second DCI format indicates a HARQ-ACK information report for a same PDSCH group index as indicated by the first DCI format as described in clause 9.1.3.3, and where the slot indicated by the value of the PDSCH-to-HARQ_feedback timing indicator field in the second DCI format is no later than a slot for HARQ-ACK information in response to a SPS PDSCH reception, if any, received after the first PDSCH of the PDSCH(s) scheduled by the first DCI format and not overlapping with an UL symbol indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated, if provided. 
-	if the UE is provided pdsch-HARQ-ACK-Codebook-r16, the UE receives the second DCI format later than the slot for HARQ-ACK information in response to a SPS PDSCH reception received after the first PDSCH of the PDSCH(s) scheduled by the first DCI format and not overlapping with an UL symbol indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated, if provided, and the second DCI format indicates a HARQ-ACK information report for a same PDSCH group index as indicated by the first DCI format as described in clause 9.1.3.3.
-	if the UE is provided pdsch-HARQ-ACK-OneShotFeedback, the first DCI format does not have associated HARQ-ACK information without scheduling a PDSCH reception or TCI state update, the UE detects the second DCI format in any PDCCH monitoring occasion after the first one, and the second DCI format includes a One-shot HARQ-ACK request field with value 1, the UE includes the HARQ-ACK information in a Type-3 HARQ-ACK codebook, as described in clause 9.1.4, and where the slot indicated by the value of the PDSCH-to-HARQ_feedback timing indicator field in the second DCI format is no later than a slot for HARQ-ACK information in response to a SPS PDSCH reception, if any, received after the first PDSCH of the PDSCH(s) scheduled by the first DCI format and not overlapping with an UL symbol indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated, if provided.
-	if the UE is provided pdsch-HARQ-ACK-OneShotFeedback-r16, the first DCI format does not have associated HARQ-ACK information without scheduling a PDSCH reception or TCI state update, and the UE receives the second DCI format later than the slot for HARQ-ACK information in response to a SPS PDSCH reception received after the first PDSCH of the PDSCH(s) scheduled by the first DCI format and not overlapping with an UL symbol indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated, if provided, and the second DCI format includes a One-shot HARQ-ACK request field with value 1, the UE includes the HARQ-ACK information in a Type-3 HARQ-ACK codebook, as described in clause 9.1.4.
-	otherwise, the UE does not multiplex the corresponding HARQ-ACK information in a PUCCH or PUSCH transmission.  
----------------------------------------------------------------End of TP-------------------------------------------------------------------


TP#4: TP#G from [4] for type-1 codebook supporting PDSCH repetitions also with HARQ-ACK time domain bundling

------------------------------------------Start of TP#G for TS 38.213 Clause 9.1.2.1 ----------------------------------------------
9.1.2.1	Type-1 HARQ-ACK codebook in physical uplink control channel
=============================== Unchanged Text Omitted ===================================
while 
if the UE is not provided enableTimeDomainHARQ-Bundling and is provided tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated and, for each slot from slot  to slot , at least one symbol of the PDSCH time resource derived by row  is configured as UL where  is the k-th slot timing value in set , where  is a DL slot with a smallest index among DL slots overlapping with UL slot , or subslotLengthForPUCCH is provided for the HARQ-ACK codebook and the end of the PDSCH time resource for row  is not within any UL slot , or if HARQ-ACK information for PDSCH time resource derived by row  in slot  cannot be provided in slot 
;
elseif the UE is provided enableTimeDomainHARQ-Bundling and tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated and, for each slot , at least one symbol of the PDSCH time resource derived by row  of set  is configured as UL, where  = 0,1,…,, , and  is the cardinality of  and for each slot from  to slot , at least one symbol of the PDSCH time resource derived by row  of set R is configured as UL
;
;
else
; 
end if
end while
------------------------------------------------------------End of TP#G------------------------------------------------------------
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