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1 Introduction

In RAN2#120 meeting, HARQ enhancement for IoT NTN was discussed. In this contribution, we further discuss open issues on HARQ enhancement for IoT NTN and provide our views.
2 Discussion 
In last RAN2 meetings, the impact of disabling HARQ feedback and UL HARQ mode B on DRX was discussed, and RAN2 has agreed to take Rel-17 NR NTN DRX solution as baseline for IoT NTN, e.g. for HARQ process with DL HARQ feedback disabled, the corresponding drx-RetransmissionTimer is not started, and for HARQ process in HARQ mode B, the corresponding drx-ULRetransmissionTimer is not started. For these HARQ processes, PDCCH monitoring for retransmission may rely on DRX Active Time due to other reasons. To achieve this, a simple way is to reuse Rel-17 NR NTN solution, i.e. for HARQ process with DL HARQ feedback disabled, the UE will not start the corresponding HARQ RTT Timer, and for HARQ process in HARQ mode B, the UE will not start the corresponding UL HARQ RTT Timer. However, for NB-IoT UEs with a single HARQ process, the expiry of (UL) HARQ RTT Timer would trigger the start of both drx-(UL)RetransmissionTimer and drx-InactivityTimer, and expiry of (UL) HARQ RTT Timer is the only triggering to start drx-InactivityTimer. Therefore, for NB-IoT UEs configured with a single HARQ process, the impact on drx-InactivityTimer should be considered. 
This issue was discussed in RAN2#120 meeting, and the following agreements were made. 
Agreements:

1. For NB-IoT NTN with single HARQ process when the HARQ feedback is disabled, the UE will start/restart drx-inactivity timer in the subframe containing the last repetition of the corresponding PDSCH reception plus 12 subframes.

2. RAN2 understands that something needs to be added to consider the processing time also for inactivity timer of HARQ mode B. Continue the discussion on the details in the next meeting

Based on above, a left open issue is for a NB-IoT UE with a single HARQ process, if the HARQ process is configured with HARQ mode B, when the UE starts drx-InactivityTimer after PUSCH transmission.

In RAN1 spec, UE behaviour of PDCCH monitoring after PUSCH transmission is specified as below.

	If a NB-IoT UE is configured with higher layer parameter twoHARQ-ProcessesConfig
-
and if the UE has a NPUSCH transmission ending in subframe n,

-
the UE is not required to receive transmissions in the Type B half-duplex guard periods as specified in [3]for FDD ; and

-
the UE is not expected to receive an NPDCCH with DCI format N0/N1 for the same HARQ process ID as the NPUSCH transmission in any subframe starting from subframe n+1 to subframe n+3 or in a NTN serving cell, in any downlink subframe that overlaps with uplink subframe n+1 to subframe n+Kmac+3;
else if the UE is not using higher layer parameter edt-Parameters or if the UE is using higher layer parameter edt-Parameters and 
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-
if the NB-IoT UE has a NPUSCH transmission ending in subframe n , the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 to subframe n+3 or in a NTN serving cell, in any downlink subframe that overlaps with uplink subframe n+1 to subframe n+Kmac+3. 

otherwise,

-
If the NB-IoT UE has a NPUSCH transmission for Msg3 ending in subframe [image: image3.png]


with transport block size
[image: image4.wmf]Msg3

TBS

 , whereas if 
[image: image5.wmf]Msg3,max

TBS

would have been selected the NPUSCH transmission would have ended in subframe n, the UE is not required to monitor NPDCCH in any subframe starting from subframe n'+1 to subframe n+3 or in a NTN serving cell, in any downlink subframe that overlaps with uplink subframe n'+1 to subframe n+Kmac+3. 


Based on RAN1 spec, after PUSCH transmission, a processing time of 3 subframes is defined, during which UE is not required to monitor PDCCH. For the start condition of drx-InactivityTimer, we think this processing time should be taken into account. Therefore, for a NB-IoT UE configured with a single HARQ process, if the HARQ process is configured with HARQ mode B, UE starts drx-InactivityTimer in the subframe containing the last repetition of the corresponding PUSCH transmission plus 3 subframes.
Observation 1 In RAN1 spec, after PUSCH transmission, a processing time of 3 subframes is defined, during which UE is not required to monitor PDCCH.
Proposal 1 For a NB-IoT UE configured with a single HARQ process, if the HARQ process is configured with HARQ mode B, UE starts drx-InactivityTimer in the subframe containing the last repetition of the corresponding PUSCH transmission plus 3 subframes.
In legacy for both NB-IoT and eMTC, multiple TBs can be scheduled with a single DCI. In this case, (UL) HARQ RTT Timers for all HARQ processes corresponding to the scheduled TBs are started simultaneously and have the same timer length, causing drx-(UL)RetransmissionTimers for all these HARQ processes to be stared simultaneously as well. The (UL) HARQ RTT Timer value is defined in MAC spec as below.

	For BL UEs and UEs in enhanced coverage, when multiple TBs are scheduled by PDCCH and HARQ-ACK bundling is not configured, the HARQ RTT Timer corresponds to 7 + m * N subframes plus DLoffset, where N is the used PUCCH repetition factor and m is the number of scheduled TBs as indicated in PDCCH, where only valid (configured) UL subframes as configured by upper layers in fdd-UplinkSubframeBitmapBR are counted for m * N.

For BL UEs and UEs in enhanced coverage, when multiple TBs are scheduled by PDCCH and HARQ-ACK bundling is configured the HARQ RTT Timer corresponds to 7 + M * N subframes plus DLoffset, where N is the used PUCCH repetition factor and M is the number of TB bundles as specified in clause 7.3 of TS 36.213 [2], where only valid (configured) UL subframes as configured by upper layers in fdd-UplinkSubframeBitmapBR are counted for M * N.

For NB-IoT, when single TB is scheduled by PDCCH or when multiple TBs are scheduled for the interleaved case when HARQ-ACK bundling is configured the HARQ RTT Timer is set to k+3+N subframes plus RTToffset + deltaPDCCH, where k is the interval between the last subframe of the downlink transmission and the first subframe of the associated HARQ feedback transmission and N is the transmission duration in subframes of the associated HARQ feedback, and deltaPDCCH is the interval starting from the subframe following the last subframe of the associated HARQ feedback transmission plus 3 subframes plus RTToffset to the first subframe of the next PDCCH occasion.

For NB-IoT, when multiple TBs are scheduled by PDCCH for the non-interleaved case or for the interleaved case when HARQ-ACK bundling is not configured, the HARQ RTT Timer is set to k+2*N+1 subframes plus RTToffset + deltaPDCCH where k is the interval between the last subframe of the downlink transmission and the first subframe of the first HARQ feedback transmission and N is the transmission duration in subframes of the associated HARQ feedback, and deltaPDCCH is the interval starting from the subframe following the last subframe of the last HARQ feedback transmission plus 1 subframe plus RTToffset to the first subframe of the next PDCCH occasion.

For NB-IoT, when multiple TBs are scheduled by PDCCH the UL HARQ RTT timer length is set to 1 subframe plus RTToffset + deltaPDCCH, where deltaPDCCH is the interval starting from the subframe following the last subframe of the PUSCH transmission plus 1 subframe plus RTToffset to the first subframe of the next PDCCH occasion.


In Rel-18, with the introduction of disabling HARQ feedback and UL HARQ mode B, RAN2 needs to discuss how to support multiple TB scheduling with a single DCI. In general, there are two options.
- Option 1: Allow those HARQ processes corresponding to the scheduled multiple TBs to be configured with different HARQ modes
- Option 2: Restrict that those HARQ processed corresponding to the scheduled multiple TBs are always configured with the same HARQ mode
For Option 1, HARQ RTT Timer length should be determined based on the number of scheduled TBs for which the corresponding HARQ process is configured with DL HARQ feedback enabled. In addition, for these HARQ processes corresponding to the scheduled TBs, DRX procedure are different for HARQ processes with DL HARQ feedback disabled and with DL HARQ feedback enabled. Compared to Option 1, Option 2 has less impact on spec, but it would bring some restriction on network implementation. Considering that option 1 also has large RAN1 impact, e.g. the HARQ-ACK feedback corresponding to a TB associated with a HARQ process configured with HARQ feedback disabled should not be considered to contribute to the HARQ-ACK bundling result, and it should be up to RAN1 to decide whether/how to support it, we think RAN2 may postpone the discussion on multiple TB scheduling until RAN1 makes conclusion.
Proposal 2 RAN2 postpones discussion on the multiple TB scheduling issue until RAN1 makes conclusion on how to support this feature.
3 Conclusion
Based on the discussion we make the following observation:

Observation 1 In RAN1 spec, after PUSCH transmission, a processing time of 3 subframes is defined, during which UE is not required to monitor PDCCH.
And we give the following proposals:
Proposal 1 For a NB-IoT UE configured with a single HARQ process, if the HARQ process is configured with HARQ mode B, UE starts drx-InactivityTimer in the subframe containing the last repetition of the corresponding PUSCH transmission plus 3 subframes.
Proposal 2 RAN2 postpones discussion on the multiple TB scheduling issue until RAN1 makes conclusion on how to support this feature.
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