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Introduction

In this contribution, we will discuss the following remaining issues:

For DL multple TB scheduling with mixed HARQ feedback enabled/disabled configuration, the HARQ RTT timer length calculation issue. 

For DL multiple TB scheduling, the start of drx-InactivityTimer issue.
For UL multiple TB scheduling, the start of drx-InactivityTimer issue.
Discussion
DL Multiple TBs scheduling
Issue 1: For DL multple TB scheduling with mixed HARQ feedback enabled/disabled configuration, the HARQ RTT timer length calculation issue. 
According to specification, the length of HARQ RTT timer is dependent on the number of scheduled TBs and whether HARQ-ACK bundling is applied, and is different for eMTC and NB-IOT UEs:
	DL:
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.




In RAN1 #114 meeting, RAN1 has agreed on the HARQ timing for DL multiple-TBs scheduling:

	Agreement RAN1 #114(For DL)
For LTE-MTC/NB-IoT, for the multiple TBs scheduled by single DCI with only RRC bitmap-based solution configuration and with mixed HARQ feedback enabled/disabled scheduling
Without HARQ-ACK bundling

HARQ feedback is not reported for TB with HARQ feedback disabled configuration.
HARQ timing for TBs with HARQ feedback enabled configuration does not count the legacy HARQ-ACK resource/HARQ timing adopted for TBs with HARQ feedback disabled configuration. (Option 2e)

With HARQ-ACK bundling

Option 2f-b：ACK is reported for TB with HARQ feedback disabled configuration for HARQ-ACK bundling. No change to HARQ feedback timeline. (Option 2d)



So, according to RAN1 agreement, the downlink HARQ RTT timer length should be modified as follow:

	DL:
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 excluding the TBs whose associated HARQ process is configured with HARQ feedback disabled, 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+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 and N is the transmission duration in subframes of the associated HARQ feedback and m is the number of scheduled TBs as indicated in PDCCH excluding the TBs whose associated HARQ process is configured with HARQ feedback disabled, 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.




RAN2 to adopt above change for HARQ RTT timer. 
Issue 2: For DL multiple TB scheduling, the start of drx-InactivityTimer issue.
For NB-IOT, for multiple TBs scheduling, drx-InactivityTimer is not started after PDCCH indication of a new transmission, but started after HARQ RTT timer expiry instead:

	-
if the PDCCH indicates a new transmission (DL, UL or SL):

-
except for an NB-IoT UE configured with a single DL and UL HARQ process and when PDCCH indicates the transmission is not for multiple TBs:

-
start or restart drx-InactivityTimer.


	-
if NB-IoT:

-
if lower layers had indicated multiple TBs were scheduled for the associated expired HARQ RTT Timer:

-
start or restart drx-InactivityTimer when all HARQ RTT Timers have expired;




For single TB scheduling for NB-IOT, if 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 plus deltaPDCCH. For multiple TB scheduling, if all the HARQ processes are configured with HARQ feedback disabled, the NB-IOT UE should start/restart drx-inactivity timer in the subframe containing the last repetition of the NPDSCH corresponding to the last scheduled TB plus 12 subframes plus deltaPDCCH.
For multiple TB scheduling, if all the HARQ processes are configured with HARQ feedback disabled, the NB-IOT UE should start/restart drx-inactivity timer in the subframe containing the last repetition of the PDSCH corresponding to the last scheduled TB plus 12 subframes plus deltaPDCCH. 
However, if mixed HARQ feedback is configured, there are two options:

Option 1: starts drx-InactivityTimer in the subframe containing the last repetition of the PDSCH corresponding to the last scheduled TB plus 12 subframes plus deltaPDCCH.

Option 2: starts drx-InactivityTimer when all HARQ RTT Timers have expired as legacy.

For option 2, the HARQ RTT timer is started after the end of last scheduled TB, and the length is k+N+1+RTToffset + deltaPDCCH when ACK bundling is not configured, 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. K equals to 12ms+ time offset. The time offset is indicated in DCI with value {0,2,4,6}ms or {0, 8}ms. Thus, option 1 will start drx-InactivityTimer earlier than option 2, so has less delay. 

For multiple TB scheduling, if only one of the HARQ processes is configured with HARQ feedback disabled, the NB-IOT UE should start/restart drx-inactivity timer in the subframe containing the last repetition of the PDSCH corresponding to the last scheduled TB plus 12 subframes plus deltaPDCCH.

Uplink Multiple TBs scheduling

Issue 3: For UL multiple TB scheduling, the start of drx-InactivityTimer issue.
Similar to the discussion in DL,  for UL, we have the following proposal:

For multiple TB scheduling, if all the HARQ processes are configured with HARQ mode B, the NB-IOT UE should start/restart drx-inactivity timer in the subframe containing the last repetition of the PUSCH corresponding to the last scheduled TB plus 1 subframe plus deltaPDCCH. 
For multiple TB scheduling, if only one of the HARQ processes is configured with HARQ mode B, the NB-IOT UE should start/restart drx-inactivity timer in the subframe containing the last repetition of the PUSCH corresponding to the last scheduled TB plus 1 subframe plus deltaPDCCH. 
Conclusions  
Downlink:

HARQ RTT timer:
RAN2 to adopt the following change for HARQ RTT timer: 
	DL:
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 excluding the TBs whose associated HARQ process is configured with HARQ feedback disabled, 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+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 and N is the transmission duration in subframes of the associated HARQ feedback and m is the number of scheduled TBs as indicated in PDCCH excluding the TBs whose associated HARQ process is configured with HARQ feedback disabled, 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.




DRX inactivity timer:
For multiple TB scheduling, if all the HARQ processes are configured with HARQ feedback disabled, the NB-IOT UE should start/restart drx-inactivity timer in the subframe containing the last repetition of the PDSCH corresponding to the last scheduled TB plus 12 subframes plus deltaPDCCH. 
For multiple TB scheduling, if only one of the HARQ processes is configured with HARQ feedback disabled, the NB-IOT UE should start/restart drx-inactivity timer in the subframe containing the last repetition of the PDSCH corresponding to the last scheduled TB plus 12 subframes plus deltaPDCCH.

Uplink:

DRX inactivity timer:
For multiple TB scheduling, if all the HARQ processes are configured with HARQ mode B, the NB-IOT UE should start/restart drx-inactivity timer in the subframe containing the last repetition of the PUSCH corresponding to the last scheduled TB plus 1 subframe plus deltaPDCCH. 
For multiple TB scheduling, if only one of the HARQ processes is configured with HARQ mode B, the NB-IOT UE should start/restart drx-inactivity timer in the subframe containing the last repetition of the PUSCH corresponding to the last scheduled TB plus 1 subframe plus deltaPDCCH. 
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