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Introduction
In RAN1#104-e, the following agreements were achieved. 
	Agreement in RAN1#105-e
For Type-2 HARQ codebook in NTN, 
· For the DCI of PDSCH with feedback-enabled HARQ processes, the C-DAI and T-DAI are the count of only feedback-enabled processes
· FFS: Whether DCI for SPS release and any other DCIs are included in counting of C-DAI and T-DAI


Based on the FFS in the above agreements, the following discussion was needed:
· for Type 2 HARQ codebook, whether DCI for SPS release is included in the counting of C-DAI and T-DAI
As suggestions in R1-2106269, the following discussions were encouraged:
· Issue-1: enhancement on the HARQ process indication for DCI 0-1/1-1/0-0/1-0
· Issue-2: HARQ codebook enhancements for Type-1 and Type-3 HARQ codebook

Discussion
HARQ codebook enhancement 
The intention for HARQ codebook (CB) enhancement is to support HARQ feedback disabling. Therefore, the goal for this enhancement shall be to minimize the spec impact rather than the CB overhead reduction. 
A simple option is to build a common understanding between NW and UE that if HARQ feedback is disabled for the HARQ process, then the MAC layer shall not instruct the PHY to generate ACK of the data in this TB. See below.
	R2-2106542 | Stage-3 running CR for TS 38.321 for Rel-17 NTN
1> if the HARQ process is associated with a transmission indicated with a Temporary C-RNTI and the Contention Resolution is not yet successful (see clause 5.1.5); or
1> if the HARQ process is associated with a transmission indicated with a MSGB-RNTI and the Random-Access procedure is not yet successfully completed (see clause 5.1.4a); or
1> if the HARQ process is equal to the broadcast process; or
1> if the timeAlignmentTimer, associated with the TAG containing the Serving Cell on which the HARQ feedback is to be transmitted, is stopped or expired; or:
1> if HARQ feedback is disabled for the HARQ process:
2> not instruct the physical layer to generate acknowledgement(s) of the data in this TB.


This option has been used in Rel-15 for an uncompleted RA procedure, a broadcast process, and a HARQ process with a TA timer being stopped or expired. It is reasonable to reuse this option to support HARQ feedback disabling.
[bookmark: _Toc79066278]If HARQ feedback is disabled for a HARQ process, NW and UE have a common understanding that the PHY layer does not generate acknowledgment of the data in this TB for the HARQ process.
For Type 2 HARQ CB, the remaining issue is whether DCI for SPS release and any other DCIs are included in the counting of C-DAI and T-DAI. Note that the SPS release will clear the configured DL assignment, Thus HARQ feedback is necessary for NW and UE to build a common understanding. 
[bookmark: _Toc79066285]If PDCCH contents indicate an SPS PDSCH release, UE shall clear the configured DL assignment for this Serving Cell, thus the associated HARQ feedback shall be mandatory.
Based on this principle, there are two options:
· Option 1: NW can disable HARQ feedback for SPS release, but UE still provides HARQ feedback 
· Option 2: NW cannot disable HARQ feedback for SPS release (less spec impact)
Option 1 may bring additional spec impacts in the MAC layer, for example, it will be unclear if PDCCH contents SPS PDSCH release and the associated HARQ feedback is allowed to be disabled. See below.
	3GPP TS 38.321 V16.5.0 | Clause 5.3.1 DL Assignment reception
2> if the NDI in the received HARQ information is 0:
3> if PDCCH contents indicate SPS deactivation:
4> clear the configured downlink assignment for this Serving Cell (if any);
4> if the timeAlignmentTimer, associated with the TAG containing the Serving Cell on which the HARQ
feedback is to be transmitted, is running:
5> indicate a positive acknowledgement for the SPS deactivation to the physical layer.


If the HARQ feedback can be disabled, UE behavior is undefined if the TA timer, associated with the TAG containing the Serving Cell on which the HARQ feedback is to be disabled, is running. Thus, Option 2 shall be considered.
[bookmark: _Toc79066279]UE expects an SPS PDSCH release is transmitted using HARQ processes with feedback enabled.
For Type-1 HARQ CB, the remaining issue is whether UE should not generate and send the codebook feedback if no DCI for a PDSCH with a feedback-enabled HARQ process in any slot associated with the HARQ CB is decoded.
In Rel-16 NR, UE can determine the size of Type-1 HARQ CB before any PDSCH receptions by calculating occasions for the candidate PDSCH receptions. See TS 38.213 below. 
 
	3GPP TS 38.213 V16.6.0 | Clause 9.1.2.1
For a serving cell 𝑐, an active DL BWP, and an active UL BWP, as described in clause 12, the UE determines a set of  occasions for candidate PDSCH receptions for which the UE can transmit corresponding HARQ-ACK
information in a PUCCH in slot .



For NTN, UE may send a CB feedback that contains only feedback disabled HARQ processes because of the HARQ disabling feature. However, in this case, both NW and UE shall have a common understanding that this CB contains only feedback-disabled HARQ processes. Thus, whether to send this feedback can be up to UE implementation. 
[bookmark: _Toc79066280]For Type-1 HARQ CB, it can be up to UE implementation whether UE sends the codebook feedback if no DCI for a PDSCH with feedback enabled HARQ processes in the HARQ CB is decoded.
For Type-3 HARQ CB, it is used to accommodate LBT in NR-U. It also supports licensed bands in NR, but considering the Type-1 and the Type-2 will be supported for Rel-17 NTN, there might be no use case for Type-3 HARQ CB. 
[bookmark: _Toc79066281]Deprioritize Type-3 HARQ CB enhancement for NTN in Rel-17, considering there might be no use case when Type-1 and Type-2 HARQ CBs can be supported in NTN. 

HARQ process indication 
The intention to enhance the HARQ process indication is to support more than 16 HARQ processes to prevent HARQ stalling and throughput loss.
As pointed out by R1-2106269, companies are encouraged to check the following proposal for future discussion.
[Initial Proposal 1-2]: 
Enhancement on the HARQ process indication is supported as:
· For DCI 0-1/1-1, one of the following is considered
· Option 2: Reusing one bit from other bit fields
· Option 3: Extending the HARQ process ID field up to 5 bits 
· For DCI 0-0/1-0, one of the following is considered
· Option 2: Reusing one bit from other bit fields
· Option 3: Extending the HARQ process ID field up to 5 bits
Also, the following concerns from companies can be found.
· Concern 1: Option-3 will be considered for DCI 0-2/1-2 since it is aligned with the design principle for DCI X-2 with configurable bit-field length. However, for other formats, a solution with keeping the unchanged size of the bit field is more suitable.
· Concern 2:  DCI 1_0 is used to schedule SIB1 which is expected to indicate the network information, e.g., TN/NTN.  If Option 2/3 is adopted then during the decoding of this DCI 1_0 scheduling SIB1, the UE will not yet know whether it is on a TN or an NTN.
· Concern 3: For fallback DCI, we think it is feasible to support up to 32 HARQ processes. Meanwhile, it is used in initial access, and thus, the bitfield size should be kept unchanged.
For concern 1, the intention to keep the unchanged size of DCI formats is to make less impact on the (3+1) DCI size budget. In Rel-16, a UE can monitor up to 3 different sizes of DCI formats scrambled by C-RNTI and 1 size of DCI format scrambled by the other RNTI. The DCI formats supported in Rel-16 are listed below.
· Fallback DCI format (0-0, 1-0) in a common search space
· Fallback DCI format (0-0, 1-0) in a UE-specific search space
· Non-fallback DCI format scheduling PUSCH transmission (0-1)
· Non-fallback DCI format scheduling PDSCH reception (1-1)
· DCI format scheduling PUSCH (0-2)
· DCI format scheduling PDSCH (1-2)
There are potentially up to 6 different DCI sizes, but the DCI size budget is 3. Therefore, the sizes of some of the DCI formats need to be aligned. In Rel-16, DCI alignment rules have been well defined, e.g., insert additional padding bits. On top of that, NW may configure a 5-bit HARQ process ID field for both DCI 0_1 and 1_1 to accommodate the RTT impact. In this case, the impact on the DCI size budget due to the change of the bit field size is further reduced. 
[bookmark: _Toc79066282]Support Option 3: Extending the HARQ process ID field up to 5 bits, considering it has nearly no impact on the DCI size budget, i.e., a UE can monitor up to (3+1) different sizes of DCI formats.  
For concern 2, the intention is to check whether support 32 HARQ processes is feasible during initial access. Note that DCI format 1-0 has no HARQ process number field to schedule SIB1. HARQ process number filed is only used for Msg3 retransmission and Msg4 when DCI format 0-0/1-0 are scrambled by TC-RNTI. See the table below.
Table 1: HARQ process number filed for initial access
	Message for initial access
	RNTI type
	HARQ process number field

	SIB1
	SI-RNTI
	No

	Msg2
	RA-RNTI
	No

	Msg3 PUSCH retransmissions
	TC-RNTI
	4 bits

	Msg4
	TC-RNTI
	4 bits

	MsgB
	MsgB-RNTI
	No 


Based on the table, it is unclear why the support of 32 HARQ processes is needed for the random-access procedure. There is no HARQ staling that needs more than 16 HARQ processes and even 16 HARQ processes are too many.
[bookmark: _Toc79066283]For Fallback DCI format (0-0, 1-0), no extension is needed, regarding no need to support more than 16 HARQ processes for initial access.
Also, the maximal HARQ process number up to UE capability shall be supported. UE is not expected to be configured more than 16 HARQ processes before entering the RRC_CONNECTED mode. See the agreement below.
	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


[bookmark: _Toc79066284]Support on the maximal HARQ process number is up to UE capability and configure via UE-specific RRC signaling.

Conclusion
In this contribution, we have the following observations
Observation 1	If PDCCH contents indicate an SPS PDSCH release, UE shall clear the configured DL assignment for this Serving Cell, thus the associated HARQ feedback shall be mandatory.

Based on observations, the following proposals are made
Proposal 1	If HARQ feedback is disabled for a HARQ process, NW and UE have a common understanding that the PHY layer does not generate acknowledgment of the data in this TB for the HARQ process.
Proposal 2	UE expects an SPS PDSCH release is transmitted using HARQ processes with feedback enabled.
Proposal 3	For Type-1 HARQ CB, it can be up to UE implementation whether UE sends the codebook feedback if no DCI for a PDSCH with feedback enabled HARQ processes in the HARQ CB is decoded.
Proposal 4	Deprioritize Type-3 HARQ CB enhancement for NTN in Rel-17, considering there might be no use case when Type-1 and Type-2 HARQ CBs can be supported in NTN.
Proposal 5	Support Option 3: Extending the HARQ process ID field up to 5 bits, considering it has nearly no impact on the DCI size budget, i.e., a UE can monitor up to (3+1) different sizes of DCI formats.
Proposal 6	For Fallback DCI format (0-0, 1-0), no extension is needed, regarding no need to support more than 16 HARQ processes for initial access.
Proposal 7	Support on the maximal HARQ process number is up to UE capability and configure via UE-specific RRC signaling.
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