


[bookmark: OLE_LINK26][bookmark: OLE_LINK25]3GPP TSG RAN WG1 #106bis-e		                 R1-2108973
e-Meeting, October 11th – 19th, 2021

Source:	vivo
Title:	Discussion on HARQ enhancements for NR-NTN
Agenda Item:	8.4.3
Document for:	Discussion and Decision
1. [bookmark: _Ref490222521][bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In RAN1#106 e-meeting, the following agreements on HARQ enhancement were achieved [1]:
	Agreement:
For enhancement on the HARQ process indication, extend the HARQ process ID field up to 5 bits for DCI 0-1/1-1 when the maximum supported HARQ processes number is configured as 32.
Agreement:
· For Type-1 HARQ codebook, if DCIs carrying the feedback-disabled and feedback-enabled HARQ processes are detected by UE, one of following options should be supported:
· Option-1: The UE will report NACK only for the feedback-disabled HARQ process regardless of decoding results of corresponding PDSCH
· Option-2: The UE will report NACK/ACK for the feedback-disabled HARQ process depending on the decoding results of corresponding PDSCH
· FFS: Other cases, e.g., if only DCI carrying feedback-disabled HARQ process is detected by UE
Agreement:
For enhancement on the HARQ process indication, one of following options for DCI 0-0/1-0 can be considered:
· Option 2: Reusing one bit from other bit field
· Option 4: No enhancement
Agreement:
For Type-1 HARQ codebook, if only DCI carrying feedback-disabled HARQ process is detected by UE, one of following options should be supported:
· Option-1: The UE’s behavior is same as the case if DCIs carrying the feedback-disabled and feedback-enabled HARQ processes are detected by UE
· Option-2: The UE should skip the codebook feedback at least when the feedback is carried by PUCCH
· FFS: the case that feedback is carried by PUSCH. 
Agreement: 
The maximum number of supported aggregation factor (i.e., pdsch-AggregationFactor) for DL PDSCH is [X]
· FFS: X = 8, 16 or 32
Agreement:
For the DCI of PDSCH with feedback-disabled HARQ processes, only one of following is supported for Type-2 codebook:
· Option-1: The C-DAI and T-DAI are the count of feedback-enabled processes, despite they are not incremented, and are taken into account by the UE for type 2 codebook generation.
· Option-2: The C-DAI and T-DAI are ignored by the UE regardless of the value for Type 2 codebook generation.


In this contribution, we provide some considerations on HARQ enhancement for HARQ process ID indication and disabling/enabling HARQ feedback in NR-NTN.
2. Discussion
2.1. Enhancement for HARQ process ID indication
According to the agreements of RAN1 #103 e-meeting, 32 is taken as the maximal supported HARQ processes number for both UL and DL. For non-fallback DCI, extend the HARQ process ID field up to 5 bits to indicate the extending HARQ process ID is agreed in previous meetings. 
For fallback DCI format 0-0/1-0, which is usually used during the initial access, e.g. to schedule the system information and paging, in order to avoid confusion and keep the backward compatibility, the straightforward way is that do not support 32 HARQ processes for DCI format 0-0/1-0. As mentioned by some companies in the last meeting, the fallback DCI can provide higher reliability which is important for the NTN scenarios, so the fallback DCI may be widely used in NTN. In our opinion, even if the fallback DCI only with maximum 16 HARQ processes is used, the disabling HARQ processes can still provide higher throughput than the legacy one. No need to extend all DCI formats to support the maximum HARQ processes number up to 32.  
Proposal 1: For DCI 0-0/1-0, do not support 32 HARQ processes.
2.2. Restriction on the HARQ feedback disabling
[bookmark: OLE_LINK1][bookmark: _Hlk78877933][bookmark: OLE_LINK6]In previous e-meetings, some issues about the potential misalignment between UE’s and gNB’s behavior due to the disabling HARQ feedback were discussed, such as 1) MAC signals timing, and 2) SPS activation/deactivation. Some solutions were also discussed, such as 1) UE expects that at least one HARQ process is configured with enabled HARQ feedback, and 2) UE expects that MAC-CEs are transmitted using HARQ processes with feedback enabled. In our opinion, the scheduling with a given HARQ process to enable or disable HARQ feedback to send MAC CE could be up to gNB’s implementation. Similarly, the scheduling with a given HARQ process to enable or disable HARQ feedback to send SPS activation could be up to gNB’s implementation. 
Considering the scheduling flexibility, some dynamic configuration schemes can be considered, such as using dynamic indication, e.g. DCI scrambled by some dedicated RNTIs to switch the enabling/disabling HARQ feedback configured by RRC for some HARQ processes. That is, some or all of the HARQ processes can be configured as disabled HARQ feedback, and can be dynamically switched to enable HARQ feedback if necessary. Thus, gNB can schedule the needed HARQ process with enabling or disabling HARQ feedback.
[bookmark: _Hlk83221657]Observation 1: The scheduling with a given HARQ process to enable/disable HARQ feedback to send MAC CE can be left to gNB’s implementation.
Observation 2: The scheduling with a given HARQ process to enable/disable HARQ feedback to send SPS activation can be left to gNB’s implementation.
Proposal 2: The functionality of enabling/disabling HARQ feedback per HARQ process can be semi-static configured and dynamically switched.
2.3. [bookmark: _Hlk83217282]HARQ-ACK codebook enhancement for disabling HARQ 
Due to the disabling/enabling HARQ feedback per HARQ process, the HARQ-ACK codebook scheme with disabled HARQ feedback should be clarified. 
For Type-1 HARQ-ACK codebook, a straightforward way is that UE does not change the HARQ-ACK determination scheme. There are two different situations for one HARQ-ACK reporting occasion. 
[bookmark: _Hlk61270633]One situation is that, within the [image: ]occasions, enabled HARQ processes or SPS PDSCH release are detected by the UEs. One simple approach is without change on the HARQ-ACK determination scheme and to also insert ACK or NACK depending on the decoding results of the PDSCHs in the positions corresponding to the PDSCHs associated with the disabled HARQ processes. In our understanding, one of the motivations of disabling HARQ feedback is to reduce the transmission latency and then enhance the system throughput, thus the ACK/NACK information is also helpful for the network to adjust the scheduling strategies, such as MCS and aggregation factor. Considering the agreement of scheduling restriction in the previous meetings,  “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 = T_proc,1 after the end of the reception of the last PDSCH or slot-aggregated PDSCH for that HARQ process.”, the X = T_proc,1 is enough for the UE to generate the HARQ-ACK information.
The other situation is that, within the [image: ] occasion, only disabled HARQ processes are detected by the UEs. There are two different cases in this situation. Case1 is that only disabled HARQ processes are transmitted. Case2 is that enabled HARQ processes or SPS release are transmitted by gNB but missed by UEs. For HARQ-ACK information feedback on PUCCH, the UE can omit the feedback even though the Type-1 HARQ-ACK codebook is generated to save the power and decrease the uplink interference power. For HARQ-ACK information feedback on PUSCH, in order to avoid confusion on Case 2 between UE and gNB, UE generates and reports the same Type-1 HARQ-ACK codebook as both enabled HARQ processes and disabled HARQ processes are detected.
[bookmark: _GoBack]Proposal 3: For Type-1 codebook, the UE still generates HARQ-ACK information with ACK or NACK for the feedback-disabled HARQ processes.
· When UE detects disabled HARQ processes only with HARQ-ACK information feedback on PUCCH, it will skip the HARQ-ACK information feedback.
[bookmark: _Hlk70341063]For Type-2 HARQ-ACK codebook, for minimum specification impact, DAI is not counted for a PDCCH which schedules the disabled HARQ process. In current specification, the value of T-DAI in a DCI format denotes the total number of {serving cell, PDCCH monitoring occasion}-pair(s) in which PDSCH reception(s) and SPS PDSCH release associated with the DCI formats up to the current PDCCH monitoring occasion, and the C-DAI in a DCI format denotes the accumulative number of {serving cell, PDCCH monitoring occasion}-pair(s) in which PDSCH reception(s) or SPS PDSCH release associated with the DCI formats up to the current serving cell and the current PDCCH monitoring occasion. Regardless of the disabled HARQ processes, DAI counts only PDSCH with enabled HARQ processes and SPS PDSCH release. Then the value of T-DAI in a DCI format denotes the total number of {serving cell, PDCCH monitoring occasion}-pair(s) in which PDSCH reception(s) with enabled HARQ and SPS PDSCH release associated with the DCI formats up to the current PDCCH monitoring occasion, and the value of C-DAI in a DCI format denotes the accumulative number of {serving cell, PDCCH monitoring occasion}-pair(s) in which PDSCH reception(s) with enabled HARQ or SPS PDSCH release associated with the DCI formats up to the current serving cell and the current PDCCH monitoring occasion, one example of (C-DAI, T-DAI) is shown in Figure 1. 

[bookmark: _Ref61271980]Figure 1 Example of (C-DAI, T-DAI) with disabled HARQ processes
Proposal 4: For Type-2 codebook, DAI counts only PDSCH with enabled HARQ processes and SPS PDSCH release.
· The value of T-DAI in a DCI format denotes the total number of {serving cell, PDCCH monitoring occasion}-pair(s) in which PDSCH reception(s) with enabled HARQ and SPS PDSCH release associated with the DCI formats up to the current PDCCH monitoring occasion.
· The value of C-DAI in a DCI format denotes the accumulative number of {serving cell, PDCCH monitoring occasion}-pair(s) in which PDSCH reception(s) with enabled HARQ or SPS PDSCH release associated with the DCI formats up to the current serving cell and current PDCCH monitoring occasion.
For Type-3 HARQ-ACK codebook, which is introduced for unlicensed spectrum to report the HARQ-ACK information of all the configured HARQ processes for each report occasions, NTN is not a typical application scenario. It will cause large unnecessary redundancy for HARQ-ACK feedback if many HARQ processes are configured with disabled HARQ feedback. A straightforward way is that UE does not feedback the disabled HARQ processes to reduce the size of HARQ-ACK codebook, so UE only needs to feedback HARQ-ACK information in the type-3 HARQ-ACK codebook for all enabled HARQ processes in one shot. 
Proposal 5: For Type-3 HARQ-ACK codebook, if applied in NTN, HARQ-ACK codebook only includes HARQ-ACK of all the enabled HARQ processes in one shot.
3. Conclusion
In this contribution, we provide our views on HARQ enhancement for NR-NTN with the following observations and proposals:
Observation 1: The scheduling with a given HARQ process to enable/disable HARQ feedback to send MAC CE can be left to gNB’s implementation.
Observation 2: The scheduling with a given HARQ process to enable/disable HARQ feedback to send SPS activation can be left to gNB’s implementation.
Proposal 1: For DCI 0-0/1-0, do not support 32 HARQ processes.
Proposal 2: The functionality of enabling/disabling HARQ feedback per HARQ process can be semi-static configured and dynamically switched.
Proposal 3: For Type-1 codebook, the UE still generates HARQ-ACK information with ACK or NACK for the feedback-disabled HARQ processes.
· When UE detects disabled HARQ processes only with HARQ-ACK information feedback on PUCCH, it will skip the HARQ-ACK information feedback.
Proposal 4: For Type-2 codebook, DAI counts only PDSCH with enabled HARQ processes and SPS PDSCH release.
· The value of T-DAI in a DCI format denotes the total number of {serving cell, PDCCH monitoring occasion}-pair(s) in which PDSCH reception(s) with enabled HARQ and SPS PDSCH release associated with the DCI formats up to the current PDCCH monitoring occasion.
· The value of C-DAI in a DCI format denotes the accumulative number of {serving cell, PDCCH monitoring occasion}-pair(s) in which PDSCH reception(s) with enabled HARQ or SPS PDSCH release associated with the DCI formats up to the current serving cell and current PDCCH monitoring occasion.
Proposal 5: For Type-3 HARQ-ACK codebook, if applied in NTN, HARQ-ACK codebook only includes HARQ-ACK of all the enabled HARQ processes in one shot.
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