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Introduction

In last RAN2 meeting, RAN2 made the following agreement regarding HARQ enhancement:
Agreements:

For eMTC NTN, it can be left to eNB’s implementation to configure either HARQ mode A or HARQ mode B for all HARQ process (or no HARQ mode) if mpdcch-UL-HARQ-ACK-FeedbackConfig is configured.

For NB-IoT NTN and eMTC NTN for CE Mode B, to configure/indicate enabling/disabling of HARQ feedback for downlink transmission:


•
Introduce an RRC bitmap with a value per HARQ process to indicate the HARQ feedback enabling/disabling for each HARQ process. (Similar to NR)


•
Introduce a single flag in RRC signaling to indicate whether DCI-based solution is enabled or not
HARQ feedback shall always be sent for DL SPS deactivation (i.e. regardless of HARQ feedback enabled/disabled).

For NB-IoT, UL HARQ mode configuration is based on RRC signalling (similar like NR NTN).

For a NB-IoT UE configured with a single HARQ process, if the HARQ process is configured with HARQ mode B, UE (re)starts drx-InactivityTimer in the subframe containing the last repetition of the corresponding PUSCH transmission plus 1 subframe plus deltaPDCCH.

HARQ mode B is not applicable for UL transmission using PUR. FFS whether HARQ mode can be configured for PUR.

In the case mpdcch-UL-HARQ-ACK-FeedbackConfig is configured, for a HARQ process configure with HARQ mode B, the corresponding drx-ULRetransmissionTimer is not started after the last repetition of the corresponding PUSCH transmission if an UL HARQ-ACK feedback has not been received on MPDCCH until the last repetition of the corresponding PUSCH transmission

For eMTC, UL HARQ mode configuration is based on RRC signalling (similar like NR NTN).

RAN2 confirms working assumption 2 in LS R2-2307016 (R1-2306245) is feasible.
In this contribution, we will discuss the remaining issues.
Discussion
Single TB scheduling
In RAN1 #110bis meeting, RAN1 made the following agreement for NB-IOT:
	Agreement（RAN1#110bis ）
For a DL HARQ process with disabled HARQ feedback in NB-IoT, UE is not required to monitor NPDCCH in a period of Y=12(ms) from the end of reception of the NPDSCH.


As RAN2 is not sure about the following two understandings regarding the above RAN1 agreement:

Understanding 1: For a DL HARQ process with disabled HARQ feedback in NB-IoT, UE is not required to monitor NPDCCH for the same HARQ process in a period of Y=12(ms) from the end of reception of the NPDSCH.

Understanding 2: For a DL HARQ process with disabled HARQ feedback in NB-IoT, UE is not required to monitor NPDCCH for all the HARQ processes in a period of Y=12(ms) from the end of reception of the NPDSCH.

Consequently, RAN2 only made the agreement for NB-IOT with single HARQ process for single TB scheduling case:
Agreements in RAN2#121bis-e:

RAN2#121’s agreement is revised to “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 plus deltaPDCCH” 

The left open issue is for the case of NB-IOT with two HARQ processes for single TB scheduling.

Regarding RAN2’s two understandings, RAN1 replied RAN2 as follow:

	RAN2’s question 3: For the above RAN1 agreement, which is the correct understanding?

Understanding 1: For a DL HARQ process with disabled HARQ feedback in NB-IoT, UE is not required to monitor NPDCCH for the same HARQ process in a period of Y=12(ms) from the end of reception of the NPDSCH.

Understanding 2: For a DL HARQ process with disabled HARQ feedback in NB-IoT, UE is not required to monitor NPDCCH for all the HARQ processes in a period of Y=12(ms) from the end of reception of the NPDSCH.

RAN1 response: 

Understanding 2 is the correct understanding.




Some companies then understands that UE will not monitor NPDCCH before the end of reception of the NPDSCH + 12ms + deltaPDCCH. However, this is not true. As we know, the scheduling in NB-IOT is cross-subframe scheduling. The gap between NPDCCH and the scheduled NPDSCH can be ranged from 0ms~1024ms determined by Idelay. Therefore, in Rel-14, when two HARQ process were introduced, UE needs to keep monitoring NPDCCH until 2ms before the start of NPDSCH transmission:

	TS36.213:
For a NPDCCH UE-specific search space, if a NB-IoT UE is configured with higher layer parameter twoHARQ-ProcessesConfig or npdsch-MultiTB-Config
-
and if the NB-IoT UE detects NPDCCH with DCI Format N1 ending in subframe n, and if a NPDSCH transmission starts from n+k, 

-
if the corresponding NPDCCH with DCI format N1 with CRC scrambled by C-RNTI schedules two transport blocks as determined by the Number of scheduled TB for Unicast field if present, the UE is not required to monitor an NPDCCH candidate in any subframe starting from subframe n+1 to subframe n+k-1; 

-
otherwise, the UE is not required to monitor an NPDCCH candidate in any subframe starting from subframe n+k-2 to subframe n+k-1;




Similar to DL, for UL, RAN1 spec has the same restriction:

	TS36.213:

For a NPDCCH UE-specific search space, if a NB-IoT UE is configured with higher layer parameter twoHARQ-ProcessesConfig or npusch-MultiTB-Config and if the NB-IoT UE detects NPDCCH with DCI Format N0 ending in subframe n, and if the corresponding NPUSCH format 1 transmission starts from n+k or in a NTN serving cell, from an uplink subframe which, after accounting for uplink transmission timing, overlaps with downlink subframe n+k,
-
if the corresponding NPDCCH with DCI format N0 with CRC scrambled by C-RNTI schedules two transport blocks as determined by the Number of scheduled TB for Unicast field if present, the UE is not required to monitor an NPDCCH candidate in any subframe starting from subframe n+1 to subframe n+k-1, otherwise the UE is not required to monitor an NPDCCH candidate in any subframe starting from subframe n+k-2 to subframe n+k-1; and

the UE does not expect to receive a DCI Format N0 before subframe n+k-2 for which the corresponding NPUSCH format 1 transmission ends later than subframe n+k+255 if the corresponding NPDCCH with DCI format N0 schedules one transport block. 

-
for TDD, and if the corresponding NPUSCH format1 transmission ends in subframe n+m, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+ k to subframe n+m-1.




This is the very reason why drx-inactivity timer starts after receiving DL/UL scheduling:
Observation 1: For NB-IOT with two HARQ processes, if single TB is scheduled in NPDCCH, according to current RAN1 spec, UE needs to keep monitoring NPDCCH until 2ms before the start of the corresponding NPDSCH/NPUSCH.
For NB-IOT with two HARQ processes, if single TB is scheduled in NPDCCH, the drx-inactivity timer should be started as legacy, i.e. when PDCCH indicates a new DL/UL transmission. 

For uplink, RAN1 made the following agreement:
	Agreement（RAN1#113 ）
For a NB-IoT UE operating with two HARQ processes, for an UL HARQ process with HARQ mode B, the minimum time between the end of NPUSCH transmission and the start of NPDCCH monitoring for the same HARQ process is 1 ms.

Note: this implies a RAN1 specification change in Rel-18.

For a NB-IoT UE operating with one HARQ process, for an UL HARQ process with HARQ mode B, the minimum time between the end of NPUSCH transmission and the start of NPDCCH monitoring is 1 ms.

Note: this implies a RAN1 specification change in Rel-18.

Agreement
Adopt the response below to RAN2’s question 1b: 

For an UL HARQ process with HARQ mode B for eMTC UEs, the minimum time between the end of PUSCH transmission and the start of MPDCCH monitoring for the same HARQ process is 1 ms for Type B half-duplex FDD operation, and there is no minimum time restriction between the end of PUSCH transmission and the start of MPDCCH monitoring for full-duplex FDD operation.




For NB-IOT with single HARQ process, if HARQ mode B is configured, similar to DL case, drx-InactivityTimer is started in the subframe containing the last repetition of the corresponding PUSCH transmission plus 1 subframe plus deltaPDCCH.

For single TB scheduling, for NB-IOT with single HARQ process, if HARQ mode B is configured,  drx-InactivityTimer is started in the subframe containing the last repetition of the corresponding PUSCH transmission plus 1 subframe plus deltaPDCCH. 
Multiple TBs scheduling
Downlink

HARQ RTT timer

Start of HARQ RTT timer:

According to the current spec, HARQ RTT timers for all the schedule TBs are started after the last repetition of the PDSCH corresponding to the last scheduled TB: 
	-
if the PDCCH indicates a DL transmission or if a DL assignment has been configured for this subframe:

-
if the UE is an NB-IoT UE, a BL UE or a UE in enhanced coverage:

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

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

-
else:

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




RAN1 has agreed to support mixed HARQ feedback configuration for multiple TB scheduling:

	Agreement

For LTE-MTC/NB-IoT, for the multiple TBs scheduled by single DCI with only RRC bitmap-based solution configuration, down select one of the options at RAN1#114.

Option 2: Support mixed HARQ feedback enabled/disabled configuration, and in case of mixed HARQ feedback enabled/disabled configuration,

Option 2a: HARQ feedback is always reported based on the decoding results of corresponding transmission for all scheduled TBs for both HARQ-ACK bundling and non-HARQ-ACK bundling cases.
Option 2c: HARQ feedback is reported or not for all scheduled TBs depending on the HARQ feedback enabled/disabled configuration of the TB with the lowest HARQ process number among scheduled TBs for both HARQ-ACK bundling and non-HARQ-ACK bundling cases.
Option 2d: HARQ feedback is reported for TB with HARQ feedback enabled configuration and ACK is reported for TB with HARQ feedback disabled configuration for both HARQ-ACK bundling and non-HARQ-ACK bundling cases.
Option 2e: HARQ feedback is reported for TB with HARQ feedback enabled configuration.
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.

With HARQ-ACK bundling

HARQ feedback is not reported for TB with HARQ feedback disabled configuration.

Mapping of TBs to bundles is done as per legacy (i.e., TS36.213 Table 7.3-1 for LTE-MTC) based on all scheduled TBs.

The TB with HARQ feedback disabled configuration does not count in the HARQ bundling (i.e., it is not part of the logical AND operation). If all TBs in a bundle have HARQ feedback disabled, the UE does not send HARQ-ACK corresponding to this TB bundle.

HARQ timing for bundles for which HARQ-ACK feedback is sent do not count the legacy HARQ-ACK resource/HARQ timing adopted for bundles for which HARQ-ACK feedback is not sent. 

Note: mixed HARQ feedback enabled/disabled configuration means among TBs scheduled by single DCI, some TBs are RRC configured as HARQ feedback enabled, and the other TBs are RRC configured as HARQ feedback disabled.




So, for mixed HARQ feedback enabled/disabled configuration, among the HARQ processes associated with the multiple TB scheduling, for the HARQ processes configured with HARQ feedback disabled, HARQ RTT timer should not be started.

For multiple TB scheduling, only for HARQ processes corresponding to the scheduled TBs are not configured with HARQ feedback disabled, the corresponding HARQ RTT timers are started in the subframe containing the last repetition of the PDSCH corresponding to the last scheduled TB. 
	-
if the PDCCH indicates a DL transmission or if a DL assignment has been configured for this subframe:

-
if the UE is an NB-IoT UE, a BL UE or a UE in enhanced coverage:

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

-
start the HARQ RTT Timers for all HARQ processes not configured with HARQ feedback disabled corresponding to the scheduled TBs in the subframe containing the last repetition of the PDSCH corresponding to the last scheduled TB;

-
else:

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




Length of HARQ RTT timer:
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 last RAN1 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. 
drx-InactivityTimer
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

UL HARQ RTT timer

Start of UL HARQ Timer

According to current specification:

	-
if the PDCCH indicates an UL transmission for an asynchronous HARQ process or if an UL grant has been configured for an asynchronous HARQ process for this subframe, or if the PDCCH indicates an UL transmission for an autonomous HARQ process or;

-
if the uplink grant is a configured grant for the MAC entity's AUL C-RNTI and if the corresponding PUSCH transmission has been performed in this subframe:

-
if mpdcch-UL-HARQ-ACK-FeedbackConfig is not configured:

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

-
start the UL HARQ RTT Timers for all scheduled HARQ processes in the subframe containing the last repetition of the PUSCH corresponding to the last scheduled TB;

-
else:

-
start the UL HARQ RTT Timer for the corresponding HARQ process in the subframe containing the last repetition of the corresponding PUSCH transmission;

-
stop the drx-ULRetransmissionTimer or drx-ULRetransmissionTimerShortTTI for the corresponding HARQ process;




The decision whether to support mixed configuration of HARQ mode for multiple TB scheduling is up to RAN2 to decide. If RAN2 decides to do so, among the HARQ processes associated with the multiple TB scheduling, for the HARQ processes configured with HARQ mode B, UL HARQ RTT timer should not be started.

RAN2 to support mixed configuration of HARQ mode for multiple TB scheduling. 
For multiple TB scheduling, only for HARQ processes corresponding to the scheduled TBs are not configured with HARQ mode B, the corresponding UL HARQ RTT timers are started in the subframe containing the last repetition of the PUSCH corresponding to the last scheduled TB.

UL HARQ Timer length 

For eMTC and NB-IOT, the UL HARQ RTT timer length is not dependent on the number of TBs scheduled and whether ACK bundling is configured or not:
	Except for NB-IoT and for HARQ processes scheduled using Short Processing Time and for short TTI, UL HARQ RTT Timer length is set to 4 subframes plus RTToffset for FDD and Frame Structure Type 3, and set to kULHARQRTT subframes plus RTToffset for TDD, where kULHARQRTT equals to the kPHICH value indicated in Table 9.1.2-1 of TS 36.213 [2] if the UE is not configured with upper layer parameter symPUSCH-UpPts for the serving cell, otherwise the kPHICH value is indicated in Table 9.1.2-3.

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.




Observation 2: UL HARQ Timer length is not impacted by mixed HARQ mode configuration for multiple TB scheduling. 

drx-InactivityTimer
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  

Single TB scheduling:

Observation 1: For NB-IOT with two HARQ processes, if single TB is scheduled in NPDCCH, according to current RAN1 spec, UE needs to keep monitoring NPDCCH until 2ms before the start of the corresponding NPDSCH/NPUSCH.
For NB-IOT with two HARQ processes, if single TB is scheduled in NPDCCH, the drx-inactivity timer should be started as legacy, i.e. when PDCCH indicates a new DL/UL transmission. 

For single TB scheduling, for NB-IOT with single HARQ process, if HARQ mode B is configured,  drx-InactivityTimer is started in the subframe containing the last repetition of the corresponding PUSCH transmission plus 1 subframe plus deltaPDCCH. 
Multiple TB scheduling:

DL:

HARQ RTT timer:
For multiple TB scheduling, only for HARQ processes corresponding to the scheduled TBs are not configured with HARQ feedback disabled, the corresponding HARQ RTT timers are started in the subframe containing the last repetition of the PDSCH corresponding to the last scheduled TB. 
	-
if the PDCCH indicates a DL transmission or if a DL assignment has been configured for this subframe:

-
if the UE is an NB-IoT UE, a BL UE or a UE in enhanced coverage:

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

-
start the HARQ RTT Timers for all HARQ processes not configured with HARQ feedback disabled corresponding to the scheduled TBs in the subframe containing the last repetition of the PDSCH corresponding to the last scheduled TB;

-
else:

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




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:

UL HARQ RTT timer:

RAN2 to support mixed configuration of HARQ mode for multiple TB scheduling. 
For multiple TB scheduling, only for HARQ processes corresponding to the scheduled TBs are not configured with HARQ mode B, the corresponding UL HARQ RTT timers are started in the subframe containing the last repetition of the PUSCH corresponding to the last scheduled TB.

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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