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Introduction
In RAN1#103-e, the following agreements were achieved. 
	[bookmark: _Hlk56148125]Agreement in RAN1#103-e:
For a DL HARQ process with disabled HARQ feedback, the UE is not expected to receive another PDSCH or set of slot-aggregated PDSCH scheduled for the given HARQ process that starts until [X] after the end of the reception of the last PDSCH or slot-aggregated PDSCH for that HARQ process.
· FFS: value of X and units in which it is defined.
· FFS: Whether TB of the two PDSCHs needs to be different

Agreement in RAN1#103-e:
· Enhanced HARQ process ID indication is supported for DCI 0-2/1-2 and DCI 0-1/1-1 by at least one of following:
· Option 1: Slot index as the MSB
· Option 1-a: Slot index as the LSB 
· Option 2: Reusing one bit from other bit fields
· Option 3: Extending the HARQ process ID field up to 5 bits 
· FFS: DCI 0-0/1-0
· Note: 32 is taken as maximal supported HARQ processes number for both UL and DL
 
Agreement in RAN1#103-e:
HARQ codebook enhancement is supported as:
· For Type-2 HARQ codebook:
· Option-1: Reduce codebook size with:
· HARQ-ACK codebook only includes HARQ-ACK of PDSCH with feedback-enabled HARQ processes
· FFS: the details of C-DAI and T-DAI counting for DCI of PDSCH with feedback-enable/disabled HARQ processes
· FFS: at least DCI for SPS release/SPS PDSCH
· Option-2: No enhancement
· Other options are not precluded.
· For Type-1 HARQ codebook, further discuss is needed with down selection among following options:
· Option-1: No enhancement
· Option-2: Report NACK on disabled process
· Option-3: Reduce codebook size with criteria 
· FFS: Enhancements for Type-3 HARQ codebook


As a recommendation from the moderator in R1-2009695, the following discussions were encouraged.
· [Updated Proposal 4]: A LS to RAN2 with capturing following options is needed to resolve the issue related to MAC CE activation/deactivation command: Option 1: UE expects that at least one HARQ process for DL scheduling is configured for the scheduling of MAC-CE; Option 2: Up to gNB’s implementation for scheduling 
In this contribution, we will provide further discussion on 
· PDSCH/PUSCH scheduling restriction
· Enhanced HARQ process ID indication
· HARQ codebook enhancement 
· Restriction on HARQ feedback disabling

Discussion
PDSCH/PUSCH scheduling restriction
As pointed out in RAN2#112-e, PDSCH/PUSCH scheduling shall have some restrictions. Based on our understanding, the intention is to guarantee UEs to have sufficient processing procedure time with less spec impact. Related spec context is given below.
	[bookmark: _Toc11352135][bookmark: _Toc20318025][bookmark: _Toc27299923][bookmark: _Toc29673194][bookmark: _Toc29673335][bookmark: _Toc29674328][bookmark: _Toc36645558][bookmark: _Toc45810603][bookmark: _Toc52457813]3GPP TS 38.214 V16.3.0 (2020-09)
5.3	UE PDSCH processing procedure time
If the first uplink symbol of the PUCCH which carries the HARQ-ACK information, as defined by the assigned HARQ-ACK timing  and the PUCCH resource to be used and including the effect of the timing advance, starts no earlier than at symbol , where is defined as the next uplink symbol with its CP starting after after the end of the last symbol of the PDSCH carrying the TB being acknowledged, then the UE shall provide a valid HARQ-ACK message. 


In short, the minimum processing time of  is needed for Rel-16 NR UEs. To minimize spec impact considering possible implementation on the market, we then propose that.
[bookmark: _Toc61431345]Reuse  in Rel-16 NR for the value of X and units for the PDSCH scheduling restriction when HARQ-ACK is disabled.
Following the same intention, the TB of the two PDSCHs can be the same or can be different. No additional design shall be introduced if the intention is to accommodate the existing processing timeline.
[bookmark: _Toc61431346]Support a single value of X for PDSCH scheduling restriction that can be applied for the same or different PDSCHs. 

Enhanced HARQ process ID indication
The intention to introduce enhanced HARQ process ID indication is to increase the maximum HARQ process number up to 32. The agreement was made in RAN1#102-e with a consensus that this feature is up to UE capability.
	Agreement in RAN1#102-e
The extension of maximal HARQ process number can be considered with following assumptions:
· The maximal supported HARQ process number is up to 32.
· FFS: Support on the maximal HARQ process number is up to UE capability
· Minimizing the impacts on specification and scheduling


However, the RAN1 group did not come back to confirm this consensus. Based on this, we then propose that.
[bookmark: _Toc61431347]RAN1 shall confirm the support on the maximal HARQ process number is up to UE capability.
If HARQ >32 can be confirmed as an optional feature based on UE capability, then we may have a clear guideline to proceed. 
If only a few NTN UEs would support HARQ > 32, and we expect only VAST-type UE or vehicle-mounted UE would have this need, then using fallback DCI formats, i.e., DCI 0-0/1-0, to support HARQ >32 might be a waste of bit fields.
[bookmark: _Toc61431348]To support HARQ > 32, the use of fallback DCI formats, i.e., DCI 0-0/1-0, shall be justified with a reasonable need.
For non-fallback DCI formats, i.e., DCI 0-2/1-2 and DCI 0-1/1-1, as pointed out by companies, the following options were agreed to have a down-selection.
· Option 1: Slot index as the MSB
· Option 1-a: Slot index as the LSB 
· Option 2: Reusing one bit from other bit fields
· Option 3: Extending the HARQ process ID field up to 5 bits
For non-fallback DCI formats, the bit fields are configurable by RRC parameters, e.g., for DCI format 1_2, the bit field of HARQ process number is determined by RRC parameter harqProcessNumberSizeForDCI-Format1-2, as below.
	3GPP TS 38.212 V16.3.0 (2020-09)
7.3.1.2.3 Format 1_2
DCI format 1_2 is used for the scheduling of PDSCH in one cell.
The following information is transmitted by means of the DCI format 1_2 with CRC scrambled by C-RNTI or CSRNTI or MCS-C-RNTI:
[…]
HARQ process number – 0, 1, 2, 3 or 4 bits determined by higher layer parameter harq-ProcessNumberSizeForDCI-Format1-2
[…]


As shown, if the RRC parameter harq-ProcessNumberSizeForDCI-Format1-2 provides a value of 64, then the bit field of the HARQ process number in DCI format 1_2 will be extended to 5 bits.
[bookmark: _Toc61431349]At least for DCI format 1_2, Option 3: Extending the HARQ process ID field up to 5 bits shall be supported. 

HARQ codebook enhancement 
As agreed by companies, the existing HARQ codebooks at least for Type-1 and Type-2 are supported in Rel-17 NTN for HARQ-ACK multiplexing. 
By principle, the intention is having Type-1 and Type-2 is based on whether fixed feedback payload size is needed. Type-1 provides a fixed codebook size to make easy scheduling and processing. Type-2 provides a dynamic codebook size for the goal of doing multiplexing, i.e., to save UL resources.
[bookmark: _Toc61431343]In principle, the Type-1 HARQ-ACK codebook has a fixed codebook size and the Type-2 HARQ-ACK codebook has a dynamic codebook size.
If companies want to keep the same principle, then the Option-1 for Type-2 HARQ codebook is reasonable.
[bookmark: _Toc61431350]For Type-2 HARQ codebook, support Option-1: Reduce codebook size with HARQ-ACK codebook only includes HARQ-ACK of PDSCH with feedback-enabled HARQ processes
For Type-2 about the details of C-DAI and T-DAI, we prefer to add a new procedure for removing the disabled HARQ-ACK bits after the HARQ-ACK codebook is determined. This may reduce the most of spec changes. 
Specifically, if companies prefer not to touch the pseudo-code given in TS 38.213, then a possible enhancement shall use the output bits of the pseudo-code, e.g., using , , …,  as the input to further consider whether these bits are generated by the feedback enabled HARQ processes. Related spec context is given below.
	3GPP TS 38.213 V16.3.0 (2020-09)
A UE determines , , …,  HARQ-ACK information bits, for a total number of  HARQ-ACK information bits, of a HARQ-ACK codebook for transmission in a PUCCH according to the following pseudo-code. 


[bookmark: _Toc61431351]For the Type-2 HARQ codebook to support Option-1, a possible enhancement shall reuse the existing pseudo-code given in TS 38.213 by adding a new procedure at the end of the pseudo-code to further reduce its codebook size.

Restriction on HARQ feedback disabling
As pointed out by the moderator, an LS to RAN2 with capturing the following options is needed to resolve the issue related to MAC CE activation/deactivation command: Option 1: UE expects that at least one HARQ process for DL scheduling is configured for the scheduling of MAC-CE; Option 2: Up to gNB’s implementation for scheduling.
However, it is not clear how to handle if an unexpected error happens, e.g., if a UE receives a MAC-CE without HARQ-ACK protection, the UE shall ignore the MAC CE or ignore the scheduling DCI format. It might be helpful for RAN2 if a possible consequence for receiving a MAC CE without HARQ-ACK is also provided by RAN1 when the LS to RAN2 is ready. Based on this, we then propose that.
[bookmark: _Toc61431352]RAN1 shall discuss a possible consequence if a UE receives a MAC CE activation/deactivation command without HARQ-ACK protection. 

Conclusion
In this contribution, we have the following observations
Observation 1	In principle, the Type-1 HARQ-ACK codebook has a fixed codebook size and the Type-2 HARQ-ACK codebook has a dynamic codebook size.

Based on observations, the following proposals are made
Proposal 1	Reuse  in Rel-16 NR for the value of X and units for the PDSCH scheduling restriction when HARQ-ACK is disabled.
Proposal 2	Support a single value of X for PDSCH scheduling restriction that can be applied for the same or different PDSCHs.
Proposal 3	RAN1 shall confirm the support on the maximal HARQ process number is up to UE capability.
Proposal 4	To support HARQ > 32, the use of fallback DCI formats, i.e., DCI 0-0/1-0, shall be justified with a reasonable need.
Proposal 5	At least for DCI format 1_2, Option 3: Extending the HARQ process ID field up to 5 bits shall be supported.
Proposal 6	For Type-2 HARQ codebook, support Option-1: Reduce codebook size with HARQ-ACK codebook only includes HARQ-ACK of PDSCH with feedback-enabled HARQ processes
Proposal 7	For the Type-2 HARQ codebook to support Option-1, a possible enhancement shall reuse the existing pseudo-code given in TS 38.213 by adding a new procedure at the end of the pseudo-code to further reduce its codebook size.
Proposal 8	RAN1 shall discuss a possible consequence if a UE receives a MAC CE activation/deactivation command without HARQ-ACK protection.
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