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1. Introduction 
In RAN2#123bis, following agreements were made.

Agreements:

1. For NB-IoT UEs configured with two HARQ processes and at least one of them is configured with HARQ feedback disabled, RAN2 does not change the operation on drx-InactivityTimer for single-TB scheduling case.

2. For a HARQ process configured as HARQ feedback disabled by RRC and further reversed to HARQ feedback enabled by DCI, UE behaviour on DRX follows the case when HARQ feedback is disabled. 

3. For multiple UL TBs scheduling, it is up to network implementation to configure multiple TBs using HARQ processes in the same or different HARQ modes. Start time for UL HARQ RTT timer for mode A will not change

4. For multiple TB scheduling with the same HARQ feedback enabled/disabled configuration (by RRC/DCI), HARQ RTT Timer for HARQ process with HARQ feedback enabled is calculated as legacy (can further check in offline 308)

5. For multiple TB scheduling with mixed HARQ feedback enabled/disabled configuration (by RRC), if HARQ-ACK bundling is configured, HARQ RTT Timer for HARQ process with HARQ feedback enabled is calculated as legacy.

6. HARQ mode configuration is not applicable for PUR in IoT NTN

7. For NB-IoT UE configured with two HARQ processes and at least one of them is configured with HARQ mode B, RAN2 does no change to the operation on drx-InactivityTimer for single TB scheduling case.

8. For eMTC over NTN with HARQ process configured with HARQ mode B, there is no need to change drx-InactivityTimer operation.

9. For NB-IoT, for a HARQ process configured as HARQ feedback enabled by RRC and further reversed to HARQ feedback disabled by DCI, UE behaviour on DRX follows the case when HARQ feedback is disabled (e.g., not start the corresponding DL HARQ RTT Timer for this HARQ process, and for NB-IoT NTN with single HARQ processes, start drx-InactivityTimer in the subframe containing the last repetition of the PDSCH plus 12 subframes plus deltaPDCCH).

10. For multiple TB scheduling with the same HARQ feedback enabled configuration at least by RRC, HARQ RTT Timer for HARQ process with HARQ feedback enabled is calculated as legacy.

11. In Rel-18 IoT NTN, if a NB-IoT UE receives a PDCCH indicating the transmission for multiple DL TBs, UE stops drx-InactivityTimer as legacy, regardless of the enabling/disabling HARQ feedback configuration for each of the multiple scheduled TB.

12. For UL multiple TB scheduling, UE only starts the UL HARQ RTT Timer for the HARQ process(es) with HARQ mode A.

13. In Rel-18 IoT NTN, if a NB-IoT UE receives a PDCCH indicating the transmission for UL multiple TBs, UE stops drx-InactivityTimer as legacy, regardless of the HARQ mode configuration for each of the multiple scheduled TB.

14. HARQ feedback enabled/disabled and HARQ mode configuration related to SPS are already perfectly captured by the NOTE in stage-2 running CR (no further spec changes are needed)

In this document we provide the details on open issues specially related to multi-TB case.

2. Discussion 

The downlinkHARQ-FeedbackDisabled is not configured
If downlinkHARQ-FeedbackDisabled is not configured, the by default the UE assumes HARQ feedback is enabled. The HARQ RTT timer is uses as if HARQ feedback is enabled. However, if DCI-based direct indication is configured to UE, then DRX and HARQ timers should follow the DCI indication. For example, this case should be equivalent to HARQ feedback enabled by RRC and DCI based overridden solution configured.

Proposal 1 If downlinkHARQ-FeedbackDisabled is not configured and DCI based direct indication is configured, DRX/HARQ timers follow the same behavior as in the case of HARQ feedback enabled by RRC bitmap and DCI based overridden configured.

Start of DRX inactivity timer for single HARQ process UE

When RRC bitmap configures the HARQ feedback is disabled, and when later DCI enables the HARQ feedback, it is agreed that UE does not start HARQ RTT timer. For single HARQ process NB-IoT UE, the start of the DRX inactivity timer needs to be specified. Currently it is specified as the DRX inactivity timer starts at last repetition of the corresponding PDSCH reception + 12 subframes + deltaPDCCH. However, this would mean UE would have to monitor PDCCH and again switch back to UL mode to transmit the HARQ feedback that was enabled by DCI.
	-
if the HARQ feedback is disabled by downlinkHARQ-FeedbackDisabled for the corresponding HARQ process and further reversed to enabled by lower layers:

-
if a NB-IoT UE is configured with a single DL and UL HARQ process:

-
start or restart drx-InactivityTimer in the subframe containing the last repetition of the corresponding HARQ feedback transmission + 1 subframe + deltaPDCCH, where deltaPDCCH is the interval starting from the subframe containing the last repetition of the corresponding PDSCH reception plus 12 subframes to the first subframe of the next PDCCH occasion.




Therefore, it may be simple if the DRX inactivity timer is started at the end of the corresponding HARQ feedback transmission.

Proposal 2 if the HARQ feedback is disabled by downlinkHARQ-FeedbackDisabled for the corresponding HARQ process and further reversed to enabled by lower layers, a NB-IoT UE is configured with a single HARQ process starts or restarts drx-InactivityTimer in the subframe containing the last repetition of the corresponding HARQ feedback transmission + 1 subframe + deltaPDCCH.
Multi-TB scheduling 
Current HARQ and DRX timer operation for NB-IoT with RRC-based and DCI-based HARQ feedback enable/disable process in multi-TB case is shown in Figure 1.
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Figure 1 NB-IoT DRX operation when multi-TB is scheduled.
As shown in figure 1, there is no issue when DCI-based solution is enabled as there will be no HARQ mixed mode operation. However, when DCI-based overridden solution is not enabled/configured by the network, there are some issues to fix.
If only one TB is scheduled with HARQ feedback enabled, then the HARQ RTT timer length is still corresponding to 2 TBs. This could lead to unnecessary longer RTT timer as the number of repetitions for HARQ ACK transmission in NB-IoT could be large. The simple option is to replace “2” by a variable “m” and define that “m” is the number of TBs scheduled with HARQ feedback enabled.
	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+m*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, m is the number of scheduled TBs with HARQ feedback enabled as indicated in PDCCH 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.




In our view, similar change is also needed for the eMTC.

	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 with HARQ feedback enabled as indicated in PDCCH, where only valid (configured) UL subframes as configured by upper layers in fdd-UplinkSubframeBitmapBR are counted for m * N.


Proposal 3 For NB-IoT HARQ RTT timer calculation, replace “2” by a variable “m” and define that “m” is the number of scheduled TBs with HARQ feedback enabled.

Proposal 4 For eMTC HARQ RTT timer calculation, clarify that “m” is the number of scheduled TBs with HARQ feedback enabled.

If the TB that has HARQ feedback disabled is scheduled at the last, then start time of the RTT timer is unnecessary long as the number of repetitions for PDSCH in NB-IoT can be large. Therefore, the start of HARQ RTT timer should be the last scheduled TB with HARQ feedback enabled.
	-
else if the HARQ feedback is enabled for the corresponding HARQ process:

-
if lower layers have indicated scheduling of transmission of multiple TBs:

-
start the HARQ RTT Timers for all HARQ processes which the HARQ feedback are enabled corresponding to the scheduled TBs in the subframe containing the last repetition of the PDSCH corresponding to the last scheduled TB with HARQ feedback enabled;

-
else:

-
start the HARQ RTT Timer for the corresponding HARQ process in the subframe containing the last repetition of the corresponding PDSCH reception;


In our view, this is applicable to eMTC as well.

Proposal 5 For NB-IoT and eMTC, clarify that the start of HARQ RTT timer should be the last scheduled TB with HARQ feedback enabled.

3. Conclusion

Following proposals are made:
Proposal 1
If downlinkHARQ-FeedbackDisabled is not configured and DCI based direct indication is configured, DRX/HARQ timers follow the same behavior as in the case of HARQ feedback enabled by RRC bitmap and DCI based overridden configured.
Proposal 2
if the HARQ feedback is disabled by downlinkHARQ-FeedbackDisabled for the corresponding HARQ process and further reversed to enabled by lower layers, a NB-IoT UE is configured with a single HARQ process starts or restarts drx-InactivityTimer in the subframe containing the last repetition of the corresponding HARQ feedback transmission + 1 subframe + deltaPDCCH.
Proposal 3
For NB-IoT HARQ RTT timer calculation, replace “2” by a variable “m” and define that “m” is the number of scheduled TBs with HARQ feedback enabled.
Proposal 4
For eMTC HARQ RTT timer calculation, clarify that “m” is the number of scheduled TBs with HARQ feedback enabled.
Proposal 5
For NB-IoT and eMTC, clarify that the start of HARQ RTT timer should be the last scheduled TB with HARQ feedback enabled.
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