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In RAN1#107 meeting, the RAN1 discussion on Rel-17 PDSCH/PUSCH enhancement for NR from 52.6GHz to 71GHz had been finished. After the meeting, the initial versions of physical layer specifications including 38.211, 38.212, 38.213, and 38.214 were distributed, discussed, updated and endorsed by email discussion.
There are still some remaining issues left. In this contribution, we provide our views on the remaining issues on PDSCH/PUSCH enhancement for NR operation from 52.6GHz to 71GHz.
Discussion
1.1 Handling of spatial bundling for multi-PDSCH scheduling
In the WID [1], enhancements for multi-PDSCH/PUSCH scheduling and HARQ support with a single DCI is supported, and it can reduce the control signaling overhead and PDCCH monitoring overhead. Although most issues have been specified, there is still some left issue to resolve, such as whether to allow spatial bundling and time bundling are simultaneously configured and how to settle the spatial bundling and time bundling operation when parameter harq-ACK-SpatialBundling and enableTimeDomainHARQ-Bundling both configured. Therefore, handling of spatial bundling for multi-PDSCH HARQ-ACK feedback is an open question to be discussed.

To simple this issue we think only one HARQ-ACK bundling function is applied for multiple PDSCH transmission for one serving cell for TB-based transmission and the UE is configured by maxNrofCodeWordsScheduledByDCI with reception of two transport blocks. And the following alternatives can be considered for the spec change:
Alt1: UE is not expected to be simultaneously configured with harq-ACK-SpatialBundling and enableTimeDomainHARQ-Bundling.
Alt2: If UE is simultaneously configured with harq-ACK-SpatialBundling and enableTimeDomainHARQ-Bundling parameters, only one function is applied and some predefined rule is defined for UE to determine which function is applied for HARQ-ACK bundling. Such as:
When harq-ACK-SpatialBundlingPUCCH is provided, the pseudo-code for spatial bundling operation is not applicable when both harq-ACK-SpatialBundlingPUCCH and enableTimeDomainHARQ-Bundling are provided for TB-based transmission. Or when both harq-ACK-SpatialBundlingPUCCH and enableTimeDomainHARQ-Bundling are provided and the UE is configured by maxNrofCodeWordsScheduledByDCI with reception of two transport blocks for at least one configured DL BWP of at least one serving cell, UE only do TB level harq-ACK-SpatialBundling for each PDSCH of the two codeword. 
Alt3: According to the configured maximum number of schedulable PDSCHs to determine which bundling method to use, and only one function is applied. For example, if the configured maximum number of schedulable PDSCHs is less than 4, then time bundling function is used for each transport block for UE configured by maxNrofCodeWordsScheduledByDCI with reception of two transport blocks and two transport blocks are receipted for each PDSCH. Otherwise, For a PDCCH monitoring occasion with DCI format scheduling PDSCH reception or SPS PDSCH release or indicating SCell dormancy in the active DL BWP of a serving cell, when a UE receives a PDSCH with one transport block or a SPS PDSCH release or indicating SCell dormancy and the value of maxNrofCodeWordsScheduledByDCI is 2, the HARQ-ACK information is associated with the first transport block and the UE generates HARQ-ACK information with value of ACK for the second transport block for time bundling. Otherwise, if the configured maximum number of schedulable PDSCHs is larger than 4, then only spatial bundling is used for each transport block for UE configured by maxNrofCodeWordsScheduledByDCI with reception of two transport blocks.
Proposal 1: 
· Handling of spatial bundling is an open question to be discussed for multiple-PDSCH transmission.
· Only one function is applied for harq-ACK-SpatialBundling and enableTimeDomainHARQ-Bundling.
1.2 DCI design for multiple PDSCH scheduling
For CBGTI and CBGFI fields with DCI design for multiple PDSCH scheduling transmission, the following agreement /working assumption was reached in the RAN1 #107e-meeting [2].
	Agreement
· For a DCI that can schedule multiple PDSCHs, CBGTI and CBGFI fields are not present in the DCI.
· UE does not expect to be configured with both of CBG operation and multi-PDSCH scheduling in the serving cell with a Type 1 codebook.
· Confirm the working assumption from RAN1#106bis-e with the following modification.
Working assumption: (RAN1#106bis-e)
· UE does not expect to be configured with both of CBG operation and multi-PDSCH scheduling in the same PUCCH cell group with a Type 2 codebook. 




But we found this agreement for CBGTI and CBGFI fields has not been captured in the Rel-17 38.212 specification. In fact, the same scheme has been used in the multiple PUSCH scheduling in Rel-16 NR-U. Therefore, CBGTI and CBGFI fields can refer to it and we propose the following TP#1 for 38.212 to fix this problem.
Proposal 2: Adopt TP#1 for the corresponding change in 38.212 for CBGTI and CBGFI fields with DCI design for multiple PDSCH scheduling.

< Start of text proposal #1 for 38.212 [3]>
============================== Beginning of text proposal1 ===================
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*** Unchanged text omitted ***

-	CBG transmission information (CBGTI) – 0 bit if higher layer parameter codeBlockGroupTransmission for PDSCH is not configured or if the number of scheduled PDSCH indicated by the Time domain resource assignment field is larger than 1; otherwise, 2, 4, 6, or 8 bits as defined in Clause 5.1.7 of [6, TS38.214], determined by the higher layer parameters maxCodeBlockGroupsPerTransportBlock and maxNrofCodeWordsScheduledByDCI for the PDSCH. 
-	CBG flushing out information (CBGFI) – 1 bit if higher layer parameter codeBlockGroupFlushIndicator is configured as "TRUE" and if the number of scheduled PDSCH indicated by the Time domain resource assignment field is 1, 0 bit otherwise. 
< End of text proposal #1>

1.3 HARQ enhancement
To reduce the HARQ-ACK codebook size, time domain bundling for multiple PDSCHs scheduling with a DCI is supported. The grouping number is provided by high layer and similar grouping way as CBG is reused. There is a left issue: the PDSCHs corresponding to [configured or valid] SLIVs in a TDRA row index indicated by multi-PDSCH scheduling DCI are allocated to the bundling groups. As discussed in last meeting, several companies gave the examples to clearly explain that grouping valid SLIVs can offer better re-transmission efficiency than grouping scheduled SLIVs. We share the same view with those companies, grouping valid SLIVs can avoid some unnecessary re-transmission and improve the transmission efficiency.
Proposal 3: The PDSCHs corresponding to valid SLIVs in a TDRA row index indicated by multi-PDSCH scheduling DCI are allocated to the bundling groups

1.4 Cross-slot scheduling and multiple-PXSCH scheduling
Cross-slot scheduling is introduced in Rel-16 power saving topic. Cross-slot scheduling can be indicated by DCI format 0_1 or DCI format 1_1, and it’s used to indicate minimum applicable scheduling offset. If a UE is configured with a TDRA table in which one or more rows contain multiple SLIVs for PDSCH or PUSCH, then the DCI format 0_1 or DCI format 1_1 can schedule multiple PDSCHs (or PUSCHs). At the same time, the DCI format 0_1 or DCI format 1_1 is used for cross-slot scheduling. If some K0 (K2) value(s) corresponding to the row index indicated by DCI in the TDRA table are smaller than the indicated minimum value but some are greater, how to handle the case? Should SLIVs of the smaller K0 (K2) be treated as invalid SLIVs?
Table 1: TDRA table with one or more rows contain multiple SLIVs for PDSCH
	index
	k0
	
	
	
	
	

	0
	2
	
	
	
	
	

	1
	2
	4
	
	
	
	

	2
	0
	1
	2
	3
	
	

	3
	0
	1
	2
	3
	4
	5


For example: Minimum applicable scheduling offset = 2

Proposal 4: Consider the impact of minimum applicable scheduling offset when multiple-PXSCH scheduling and cross-slot scheduling are enable simultaneously.

Conclusion
In this contribution, we share our views on PDSCH/PUSCH enhancement for supporting NR operation on frequencies from 52.6 GHz to 71 GHz, and the following proposals are made.

Proposal 1: 
· Handling of spatial bundling is an open question to be discussed for multiple-PDSCH transmission.
· Only one function is applied for harq-ACK-SpatialBundling and harq-ACK-TimeBundling.
Proposal 2: Adopt TP#1 for the corresponding change in 38.212 for CBGTI and CBGFI fields with DCI design for multiple PDSCH scheduling.
Proposal 3: The PDSCHs corresponding to valid SLIVs in a TDRA row index indicated by multi-PDSCH scheduling DCI are allocated to the bundling groups
Proposal 4: Consider the impact of minimum applicable scheduling offset when multiple-PXSCH scheduling and cross-slot scheduling are enable simultaneously.
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