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Introduction
This document provides our view on the multi-PDSCH/PUSCH scheduling for extending NR up to 71 GHz. The work item description (WID) for extending NR up to 71 GHz is shown in [1].

Discussion on multi-PDSCH/PUSCH scheduling
Details on multi-PDSCH/PUSCH scheduling 
For details on multi-PDSCH/PUSCH scheduling by a DCI, we will discuss maximum gap between PDSCHs/PUSCHs, CBGTI, FDRA, and out-of-order handling in the following sub-subsections.

Maximum gap between PDSCHs/PUSCHs 
In RAN1#105-e, it was agreed that a row of TDRA table can indicate PDSCHs (or PUSCHs) that are allocated in consecutive or non-consecutive slots. 
	Agreement:
For TDRA in a DCI that can schedule multiple PDSCHs (or PUSCHs),
· A row of the TDRA table can indicate PDSCHs (or PUSCHs) that are in consecutive or non-consecutive slots.
· FFS: The maximum value of the gap between two consecutively scheduled PDSCHs or between two consecutively scheduled PUSCHs
· FFS: The maximum value of the gap between the first scheduled PDSCH and the last scheduled PDSCH or between the first scheduled PUSCH and the last scheduled PUSCH
· FFS: Details to introduce the gap between PDSCHs or between PUSCHs


In RAN1#106-e, it was further agreed that each PDSCH (or PUSCH) in the row of TDRA table is configured with {SLIV, mapping type, scheduling offset K0 (or K2)}. Our understanding of the motivation of above FFS points is to discuss to limit a duration of reception of multiple PDSCHs (or PUSCH). This is because all PDSCHs (or PUSCHs) scheduled by a DCI has the same MCS and the resource allocation. Therefore, they should be sent within the similar radio channel conditions, so that the gap between two consecutively scheduled PDSCHs (or between two consecutively scheduled PUSCHs) should not be large, i.e., it can be 1 or 2 slots. The number of gaps is also not required to be large, i.e., it can be 1 or 2. This simplifies UE implementation to support multiple PDSCHs or PUSCHs. Therefore, we propose the following 
Proposal 1: For TDRA in a DCI that can schedule multiple PDSCHs (or PUSCHs),
· The maximum value of the gap between two consecutively scheduled PDSCHs or between two consecutively scheduled PUSCHs is 2 slots,
· The maximum number of gaps is 2.

CBGTI
The CBG-based (re)transmission has the merit to re-schedule the part of TB when only the part of TB were not correctly decoded as an improvement of the radio efficiency. To have CBG-based (re)transmission for a DCI scheduling multiple PUSCHs requires the indication of which CBG on which TB. This makes DCI overhead increase much. Therefore, the following agreement was made in RAN1#105e for SCS of 120 kHz, where CBGTI is present when a single PUSCH is scheduled but not present when more than one PUSCHs are scheduled.


	Agreement:
· At least for 120 kHz SCS, for a DCI that can schedule multiple PUSCHs and is configured with the TDRA table containing at least one row with multiple SLIVs,
· If CBG-based (re)transmission is configured, CBGTI field is not present when more than one PUSCHs are scheduled, but is present when a single PUSCH is scheduled, as in Rel-16.
· FFS:
· For 480/960 kHz SCS, whether to apply the same behavior with 120 kHz SCS or not to support CBGTI field configuration in the DCI that can schedule multiple PUSCHs
· For a DCI that can schedule multiple PDSCHs and is configured with the TDRA table containing at least one row with multiple SLIVs, whether/how to configure CBGTI/CBGFI fields


For a unique solution, we think that the same behaviour with 120 kHz SCS in above agreement should be applied for SCSs of 480 kHz and 960 kHz. In addition, the same principle of multi-PUSCH scheduling can be applied to multi-PDSCH scheduling for all SCSs, i.e., CBGTI/CBGFI fields are not present if multiple PDSCHs are scheduled, but present if only one PDSCH is scheduled.
Proposal 2: For SCSs of 480 kHz and 960 kHz, for a DCI that can schedule multiple PUSCHs and is configured with the TDRA table containing at least one row with multiple SLIVs,
· If CBG-based (re)transmission is configured, CBGTI field is not present when more than one PUSCHs are scheduled, but is present when a single PUSCH is scheduled, as in Rel. 16.
Proposal 3: For SCSs of 120 kHz, 480 kHz, and 960 kHz, for a DCI that can schedule multiple PDSCHs and is configured with the TDRA table containing at least one row with multiple SLIVs,
· If CBG-based (re)transmission is configured, CBGTI/CBGFI fields are not present when more than one PDSCHs are scheduled, but are present when a single PUSCH is scheduled, as in Rel. 16.

FDRA 
For NR 52.6-71 GHz, the requirement for RF components is increased and our view is the main usage of FDRA assignment is continuous resource allocation, i.e., frequency resource allocation Type 1. For frequency resource allocation Type 1, to reduce the DCI overhead, a possible way is to change the minimum number of allocated RBs, but the DCI overhead reduction gain is limited. We don't think it is necessary to optimize frequency allocation type 0 because it would be less frequently used in 52.6-71GHz, and it would require more DCI overhead in general. 
Proposal 4: No need to have the optimization of FDRA size.

Out-of-order handling 
DCI-to-data out-of-order
For out-of-order handling, it has been agreed that a UE does not expect any of the scheduled PDSCHs (or PUSCHs) and the scheduling DCI to lead to out-of-order scheduling as shown in the following agreement. 
	Agreement:
For two multi-PDSCH (or two multi-PUSCH) scheduling DCIs, UE does not expect any of the scheduled PDSCHs (or PUSCHs) and the scheduling DCI to lead to out-of-order scheduling.
· FFS: whether to allow OOO scheduling for the following two cases:
· for the case of one multi-PDSCH (or multi-PUSCH) scheduling DCI and one single-PDSCH (or single-PUSCH) scheduling DCI, where multi-PDSCH (or multi-PUSCH) scheduling DCI schedules more than one PDSCH (or PUSCH)
· for the case where two multi-PDSCH (or multi-PUSCH) scheduling DCIs end in the same symbol but two multi-PDSCH (or multi-PUSCH) scheduling DCIs have overlapping spans, where the span is defined from the beginning of the first scheduled SLIV till the end of the last scheduled SLIV
· Note: The above FFS aspect applies only to multi-PDSCH and multi-PUSCH scheduling with single DCI


However, it is not concluded whether to allow out-of-order scheduling for the following two cases
· Case 1: One multi-PDSCH (or multi-PUSCH) scheduling DCI (i.e., named as mDCI) and one single-PDSCH (or single-PUSCH) scheduling DCI (i.e., named as sDCI), where mDCI schedules more than one PDSCH (or PUSCH). It is demonstrated in Fig. 1.
· Case 2: Two mDCIs end in the same symbol, but two mDCIs have overlapping spans. It is demonstrated in Fig. 2.
For Case 1, if mDCI and sDCI are treated by different priorities, such as sDCI has higher priority than mDCI, we see there is a merit for a higher priority of downlink data reception. In this manner, it is necessary to deal with a possible collision between PDSCH scheduled by a sDCI and PDSCH(s) scheduled by a mDCI, e.g., the overlapped symbols of PDSCH(s) scheduled by mDCI will be dropped. That implies there is no distinction between a handling of the collision and a handling of out-of-order scheduling (i.e., no overlapped PDSCH(s)). Therefore, we think it should be a separate UE feature. We are open to further discuss Case 1.
For Case 2, we believe it is a corner case and it is not essential use case. Therefore, we do not support out-of-order scheduling for Case 2. 


Fig. 1: Case 1 for a multi-PDSCH scheduling DCI (mDCI) and a single-PDSCH scheduling DCI (sDCI)



Fig. 2: Case 2 for 2 multi-PDSCH scheduling DCIs (i.e., mDCI#1 and mDCI#2) end in the same symbol

Proposal 5: For the case of one multi-PDSCH (or multi-PUSCH) scheduling DCI and one single-PDSCH (or single-PUSCH) scheduling DCI, support the single-PDSCH (or single-PUSCH) scheduling DCI having higher priority than the multi-PDSCH (or multi-PUSCH) scheduling DCI
· FFS on details of scheduling and out-of-order handling.
Proposal 6: For the case where two multi-PDSCH (or multi-PUSCH) scheduling DCIs end in the same symbol, but two multi-PDSCH (or multi-PUSCH) scheduling DCIs have overlapping spans, UE does not expect any of the scheduled PDSCHs (or PUSCHs) to lead to out-of-order scheduling.

PDSCH-to-HARQ-ACK out-of-order
In TS 38.214, it has been specified that “in a given scheduled cell, the UE is not expected to receive a first PDSCH in slot i, with the corresponding HARQ-ACK assigned to be transmitted in slot j, and a second PDSCH starting later than the first PDSCH with its corresponding HARQ-ACK assigned to be transmitted in a slot before slot j”. Therefore, we think this principle can be reused for multi-PDSCH scheduling case, i.e., for multi-PDSCH scheduling, UE does not expect any of the scheduled/SPS PDSCHs and the resource for the HARQ-ACK transmission lead to out-of-order scheduling.
Proposal 7: For multi-PDSCH scheduling, UE does not expect any of the scheduled/SPS PDSCHs and the resource for the HARQ-ACK transmission lead to out-of-order scheduling.

HARQ related
Different PUCCHs for different PDSCHs scheduled by a DCI 
For timing related to multi-PDSCH/PUSCH scheduling by a DCI, the following agreement was made in RAN1#104e.
	Agreement:
· For a DCI scheduling multiple PDSCHs, HARQ-ACK information corresponding to PDSCHs scheduled by the DCI is multiplexed with a single PUCCH in a slot that is determined based on K1,
· where K1 (indicated by the PDSCH-to-HARQ_feedback timing indicator field in the DCI or provided by dl-DataToUL-ACK if the PDSCH-to-HARQ_feedback timing indicator field is not present in the DCI) indicates the slot offset between the slot of the last PDSCH scheduled by the DCI and the slot carrying the HARQ-ACK information corresponding to the scheduled PDSCHs.
· It is noted that granularity of K1 can be separately discussed.
· FFS: If needed, further discuss whether or not HARQ-ACK information corresponding to different PDSCHs scheduled by the DCI can be carried by different PUCCH(s)


For the FFS point in above agreement, we think that it is necessary to clarify how to indicate multiple PUCCH timings/resources and DAI by a single DCI. In addition, in agenda item 8.13.2 (Multi-cell PDSCH scheduling via a single DCI in DSS AI), similar issues have been discussed, but the following conclusion was made in RAN1#105-e. As the remaining available meeting time is limited in Rel. 17, we do not support HARQ-ACK information corresponding to different PDSCHs scheduled by the DCI can be carried by different PUCCH(s). In future release, a more flexible function should be introduced, together with a consideration DSS.
	Conclusion:
Stop the RAN1 work on two-cell PDSCH scheduling via a single DCI for specification support in Rel-17 DSS
· Due to Rel-17 WID scope only focusing on two DL carriers within FR1, RAN1 did not study the potential benefits for more than 2 carriers for both UL and DL within FR1 and FR2.  
· It is up to RAN to decide whether or not the feature is studied/specified in Rel-18 with extension to more than 2 carriers for both UL and DL within FR1 and FR2.


In addition, the similar function with HARQ-ACK information corresponding to different PDSCHs scheduled by the DCI is carried by different PUCCH(s) can be achieved by multiple DCIs in current specifications using FG3-5b in TR 38.822 and it is configured by higher layer parameter pdcch-MonitoringAnyOccasionsWithSpanGap in TS 38.306 as shown in the following. Particularly, two DCIs are sent in a slot for a UE, where the earlier (the fist) DCI (from the two DCIs) schedules M<8 PDSCHs and the later (the 2nd) DCI schedules another N<8 PDSCHs, respectively, where the N PDSCHs are allocated after the M PDSCHs in time domain, i.e., the two DCIs do not create any out-of-order scheduling. In this manner, different PUCCHs can be used to meet the requirement of latency. Therefore, the gain of this function is just DCI overhead reduction. Therefore, we propose to reuse the function of FG3-5b.

TR 38.822
	3-5b: All PDCCH monitoring occasion can be any OFDM symbol(s) of a slot for Case 2 with a span gap
<skipped>
For the set of monitoring occasions which are within the same span:
•	Processing one unicast DCI scheduling DL and one unicast DCI scheduling UL per scheduled CC across this set of monitoring occasions for FDD
•	Processing one unicast DCI scheduling DL and two unicast DCI scheduling UL per scheduled CC across this set of monitoring occasions for TDD
•	Processing two unicast DCI scheduling DL and one unicast DCI scheduling UL per scheduled CC across this set of monitoring occasions for TDD
<skipped>



TS 38.306
	Definitions for parameters 
	Per 
	M 
	FDD
TDD
DIFF
	FR1-
FR2
DIFF

	pdcch-MonitoringAnyOccasionsWithSpanGap
Indicates whether the UE supports PDCCH search space monitoring occasions in any symbol of the slot with minimum time separation between two consecutive transmissions of PDCCH with span up to two OFDM symbols for two OFDM symbols or span up to three OFDM symbols for four and seven OFDM symbols. Value set1 indicates the supported value set (X,Y) is (7,3), value set2 indicates the supported value set (X,Y) is (4,3) and (7,3) and value set 3 indicates the supported value set (X,Y) is (2,2), (4,3) and (7,3).
	FS 
	No 
	N/A 
	N/A



Proposal 8: Not to support HARQ-ACK information corresponding to different PDSCHs scheduled by the DCI can be carried by different PUCCH(s) in Rel. 17.
Observation 1: Different PUCCHs for multi-PDSCH scheduling from a span can be achieved by multiple DCIs using the functionality of FG3-5b specified in TR 38.822. 

Time domain bundling for HARQ-ACK codebook generation 
We think that time domain bundling is beneficial for PUCCH overhead reduction due to reducing the HARQ-ACK codebook size, thus it can achieve a configurable balance between HARQ-ACK codebook size and retransmission efficiency depending on the application scenarios. In the following, we provide our views on the time domain bundling for Type-1 and Type-2 HARQ-ACK codebooks.
Time domain bundling for Type-1 HARQ-ACK codebook
In RAN1#106-bis-e, there are two possible options for time domain bundling for Type-1 HARQ-ACK codebook that has been proposed by Feature Lead (FL) [3] 
· Option 1: Time domain bundling is performed across all PDSCHs scheduled by a DCI and pruning procedure is based on the last SLIV
· Option 2: Time domain bundling is performed across subset of PDSCHs scheduled by a DCI, FFS for pruning procedure
For Option 1, HARQ-ACK feedback of multiple PDSCHs scheduled by a DCI can be generated into one bit (or two bits, if two codeword transmission is used), so that the Type-1 HARQ-ACK codebook generation mechanism as defined in Rel-16 can be reused. Particularly, HARQ-ACK for multiple PDSCHs can be generated in the same way as for PDSCH repetition in Rel-15/16, taking the last PDSCH slot as time reference. Therefore, Option 1 is a simple solution. 
On the other hand, Option 2 provides more flexibility, and it also includes the possibility of Option 1, where the subset of PDSCHs is configured as all PDSCHs scheduled by a DCI. This option needs to conclude how the subset of PDSCHs can be determined by either configuring the number of bundling groups or configuring the number of PDSCHs per bundling group. We think this is optimization and no need to be specified in Rel.17 as this is the last RAN1 meeting for Rel. 17. Therefore, we propose to take Option 1.
Proposal 9: For Type-1 HARQ-ACK codebook, time domain bundling is performed across all PDSCHs scheduled by a DCI based on the last SLIV. 

Time domain bundling for Type-2 HARQ-ACK codebook
For Type-2 HARQ-ACK codebook, it has been proposed two possible options for time domain bundling in [3] as follows 
· Option 1: Time domain bundling is performed across all PDSCHs scheduled by a DCI and corresponding HARQ-ACK bit belongs to the first sub-codebook.
· Option 2: Time domain bundling is performed across subset of PDSCHs scheduled by a DCI, FFS for how to determine the subset of scheduled PDSCHs
Similarly, we support the principle of Option 1 because it does not require more discussions on how to determine the subset of scheduled PDSCHs.
Proposal 10: For Type-2 HARQ-ACK codebook, time domain bundling is performed across all PDSCHs scheduled by a DCI and corresponding HARQ-ACK bits belong to the first sub-codebook. 


Conclusions
In this contribution, we made the following proposals and observations.
Proposals:
Proposal 1: For TDRA in a DCI that can schedule multiple PDSCHs (or PUSCHs),
· The maximum value of the gap between two consecutively scheduled PDSCHs or between two consecutively scheduled PUSCHs is 2 slots,
· The maximum number of gaps is 2.
Proposal 2: For SCSs of 480 kHz and 960 kHz, for a DCI that can schedule multiple PUSCHs and is configured with the TDRA table containing at least one row with multiple SLIVs,
· If CBG-based (re)transmission is configured, CBGTI field is not present when more than one PUSCHs are scheduled, but is present when a single PUSCH is scheduled, as in Rel. 16.
Proposal 3: For SCSs of 120 kHz, 480 kHz, and 960 kHz, for a DCI that can schedule multiple PDSCHs and is configured with the TDRA table containing at least one row with multiple SLIVs,
· If CBG-based (re)transmission is configured, CBGTI/CBGFI fields are not present when more than one PDSCHs are scheduled, but are present when a single PUSCH is scheduled, as in Rel. 16.
Proposal 4: No need to have the optimization of FDRA size.
Proposal 5: For the case of one multi-PDSCH (or multi-PUSCH) scheduling DCI and one single-PDSCH (or single-PUSCH) scheduling DCI, support the single-PDSCH (or single-PUSCH) scheduling DCI having higher priority than the multi-PDSCH (or multi-PUSCH) scheduling DCI
· FFS on details of scheduling and out-of-order handling.
Proposal 6: For the case where two multi-PDSCH (or multi-PUSCH) scheduling DCIs end in the same symbol, but two multi-PDSCH (or multi-PUSCH) scheduling DCIs have overlapping spans, UE does not expect any of the scheduled PDSCHs (or PUSCHs) to lead to out-of-order scheduling.
Proposal 7: For multi-PDSCH scheduling, UE does not expect any of the scheduled/SPS PDSCHs and the resource for the HARQ-ACK transmission lead to out-of-order scheduling.
Proposal 8: Not to support HARQ-ACK information corresponding to different PDSCHs scheduled by the DCI can be carried by different PUCCH(s) in Rel. 17.
Proposal 9: For Type-1 HARQ-ACK codebook, time domain bundling is performed across all PDSCHs scheduled by a DCI based on the last SLIV. 
Proposal 10: For Type-2 HARQ-ACK codebook, time domain bundling is performed across all PDSCHs scheduled by a DCI and corresponding HARQ-ACK bits belongs to the first sub-codebook. 


Observations:
Observation 1: Different PUCCHs for multi-PDSCH scheduling from a span can be achieved by multiple DCIs using the functionality of FG3-5b specified in TR 38.822.
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