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Introduction
[bookmark: OLE_LINK84]Rel-16 work item on additional enhancements for NB-IoT was approved at RAN#80 and revised at RAN#81, RAN#82, RAN#83 and RAN#84 [1]. One of the objectives in the WID is scheduling enhancement by scheduling multiple transport blocks (TBs) via one single DCI:
Scheduling enhancement:
· Specify scheduling multiple DL/UL transport blocks with or without DCI for SC-PTM and unicast [RAN1, RAN2]
· Enhancement of SPS can be discussed.
In the previous RAN2 meetings, multiple TBs scheduling was discussed and the following agreements were made for both NB-IoT and eMTC [2]:
	RAN2#103bis agreements:
Working assumption: For MTCH in SC-PTM, configuration for multiple scheduling is transmitted in MCCH. Backwards compatibility is FFS.
SPS is not supported for NB-IoT in Release 16. Enhancements for “SR with SPS for BSR” can be considered.

RAN2#104 agreements:
RAN2 intends to support separate/shared SC-MTCH transmission.
Multiple TB scheduling is supported for UEs in connected mode. It is FFS if it is supported for EDT.
UEs in connected mode are configured with multiple TB scheduling via dedicated RRC signalling assuming that a new DCI format is introduced. This is pending RAN1 agreement.
UEs report capability to indicate support of multiple TB scheduling in connected mode.

RAN2#106 agreements:
Multi-TB scheduling for Msg4 during EDT (and MT-EDT) is not considered in Rel-16.
For multi-TB scheduling, when HARQ ack bundling is configured, HARQ RTT timer is not started until the last TB has been received.
FFS: For multi-TB scheduling for both LTE-M and NB-IoT, how to handle drx-InactivityTimer when HARQ Ack bundling is configured.
UE capability for multiple TB is indicated separately for CE Mode A and CE mode B.
UE capability for multiple TB is indicated separately for uplink and downlink.
Wait for RAN1 before further discussion on multiple TB support for SC-PTM.




In the last RAN2#106 meeting, it has been agreed to wait for RAN1 before further discussion on multiple TBs scheduling in SC-PTM. Thus, this document further discusses the impact on DRX timers in unicast due to support of multiple TBs scheduling for NB-IoT.
Discussion
[bookmark: OLE_LINK257][bookmark: OLE_LINK258][bookmark: OLE_LINK265][bookmark: OLE_LINK266][bookmark: OLE_LINK269][bookmark: OLE_LINK270][bookmark: OLE_LINK140][bookmark: OLE_LINK141][bookmark: OLE_LINK288][bookmark: OLE_LINK289][bookmark: OLE_LINK238][bookmark: OLE_LINK239][bookmark: OLE_LINK322][bookmark: OLE_LINK323][bookmark: OLE_LINK325][bookmark: OLE_LINK326][bookmark: OLE_LINK327][bookmark: OLE_LINK328][bookmark: OLE_LINK329][bookmark: OLE_LINK330][bookmark: OLE_LINK331][bookmark: OLE_LINK24][bookmark: OLE_LINK27]There were some agreements on design principle for multiple TBs scheduling in unicast for NB-IoT made by RAN1 [3]:
HARQ bundling:
Individual feedback for each HARQ process is supported. (RAN1#94bis)
FFS if HARQ bundling/multiplexing can be optionally supported. (RAN1#94bis)

TBs interleaving:


In case of non-interleaved transmission, for individual feedback of 2 TBs case, continuous uplink feedback starts, after the end of  DL subframe for FDD, where n is the ending subframe of last scheduled TB and  is down-selected from the following two choices: (RAN1#97)
· The same value as the one for legacy one TB case (i.e. reuse the existing specification without change)
· [bookmark: OLE_LINK5]New values are introduced which depends on the length of last TB and ACK/NACK resources
· Existing values can also be used

According to above RAN1 agreements, whether to support HARQ bundling and TBs interleaving for multiple TBs scheduling in NB-IoT is still FFS. Thus, it is proposed to wait for RAN1 further agreements before discussing RAN2 impacts on support of multiple TBs scheduling with HARQ bundling and TBs interleaving.
Proposal 1: Wait for RAN1 to conclude before discussing RAN2 impacts of supporting multiple TBs scheduling with HARQ bundling and TBs interleaving in NB-IoT.

The following analysis on multiple TBs scheduling is based on individual HARQ feedback and non-interleaving case. Based on the following RAN1 agreements [3], the basic procedure for multiple TBs scheduling in unicast for uplink and downlink can be shown in figure 1.
Maximum number of HARQ processes and TBs scheduled by one DCI:
Maximum UL HARQ process supported is 2. (RAN1#95)
Maximum DL HARQ process supported is 2. (RAN1#95)
For unicast, relationship 1 is supported: 1 HARQ process corresponds to 1 TB. (RAN1#96)
Relationship 2 (1 HARQ process corresponds up to 2 TBs) is not supported in Rel-16. (RAN1#96bis)

Gap between 2 TBs:
For UL/DL unicast, at least consecutive resource allocation in time is supported when multiple TBs are scheduled by one single DCI. 
· ‘consecutive resource allocation in time’ means no new scheduling gap between the end of previous TB and the start of the next TB
For unicast, scheduling gaps between TBs scheduled by one single DCI are not supported for relationship 1 (RAN1#96)
[image: ]
Figure 1. Multiple TBs scheduling for unicast in NB-IoT

The main RAN2 impact of multiple TBs scheduling is on the DRX procedure, i.e. the DRX timers:
· onDurationTimer 
· drx-InactivityTimer
· drx-(UL)RetransmissionTimer
· (UL) HARQ RTT Timer
Impact on onDurationTimer
onDurationTimer is used to control the periodic monitoring of NPDCCH. We do not see any impact on onDurationTimer to support multiple TBs scheduling.
Impact on drx-InactivityTimer
drx-InactivityTimer is started/restarted upon reception of NPDCCH indicating a new transmission. The timer is used to control the monitoring of subsequentNPDCCH. Thus, in legacy NB-IoT, for single HARQ process case (Rel-13), the timer is only started after the corresponding transmission/reception is finished as another NPDCCH can not come before. For two HARQ processes case (Rel-14), in addition to the start point in the single HARQ process, the timer is also started after reception of NPDCCH scheduling a new transmission since there may be another NPDCCH between the first NPDCCH and the corresponding scheduled transmission/reception.
In case of multiple TBs scheduling, considering that the maximum number HARQ processes and TBs scheduled by one DCI is 2, when the UE receives one DCI scheduling 2 TBs, it is not possible to receive another NPDCCH before corresponding transmsission/reception is finished. Thus, drx-InactivityTimer should work as in single HARQ process case, i.e., the timer is started when the (UL) HARQ RTT Timer expires.
Proposal 2: In multiple TBs scheduling in NB-IoT, drx-InactivityTimer is only (re-)started when the  (UL) HARQ RTT Timer expires.
Impact on drx-(UL)RetransmissionTimer
drx-(UL)RetransmissionTimer is used to control the UE to monitor NPDCCH for retransmission if (UL) HARQ RTT Timer expires. We do not see any impact on drx-(UL)RetransmissionTimer to support multiple TBs scheduling.
Impact on (UL) HARQ RTT Timer
(UL) HARQ RTT Timer is used to avoid the UE to monitor NPDCCH unnecessarily if there will not be NPDCCH. Thus, before discussing the start point and the length of (UL) HARQ RTT Timer, we think the earliest time point for scheduling the corresponding retransmission needs to be discussed. There is still no RAN1 agreement on the timing relationship between NPUSCH (TB in uplink transmission and feedback in downlink transmission) and the next NPDCCH occasion. We assume the same principles as in TS36.213 for two HARQ processes can be reused:
	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;



Note: Type B half-duplex guard period is 1 ms.
For downlink transmission:
Assuming the last subframe of the feedback on NPUSCH for the 1st TB and the 2nd TB are subframe m and n respectively, the earliest NPDCCH opportunity for the 2 TBs are shown as the following figure 2.

[image: ]
Figure 2. The earliest NPDCCH for retransmisison in downlink 
For the 1st TB, the earliest opportunity for the eNB to schedule retransmission is subframe max(n+2, m+4). Considering that the minimum duration of NB-IoT NPUSCH is 2ms, n+2 is always larger than or equal to m+4. Thus, the earliest opportunity for the eNB to schedule retransmission is subframe n+2.
For the 2nd TB, the earliest opportunity for the eNB to schedule retransmission is subframe n+4.
For uplink transmission:
Assuming the last subframe of the NPUSCH transmission for the 1st TB and the 2nd TB are subframe m and n respectively, the earliest NPDCCH opportunity for the 2 TBs are shown as the following figure 3.
[image: ]
Figure 3. The earliest NPDCCH for retransmission in uplink 
Similarly to downlink transmission:
For the 1st TB, the earliest opportunity for the eNB to schedule retransmission is subframe n+2.
For the 2nd TB, the earliest opportunity for the eNB to schedule retransmission is subframe n+4.
Observation 1. For both uplink and downlink transmission, assuming the last subframe containing NPUSCH transmission is subframe n, the earliest subframe for the eNB to schedule retransmission is
· n+2 for the 1st TB
· n+4 for the 2nd TB.

According to observation 1, (UL) HARQ RTT Timers for the 1st TB and 2nd TB have to expire before subframe n+2 and subframe n+4 respectively. In order to achieve this, three options can be considered:
Option 1: (UL) HARQ RTT Timers for different TBs start and expire separately
Option 2: (UL) HARQ RTT Timers for different TBs start together but expire separately
Option 3: (UL) HARQ RTT Timers for different TBs start and expire together
Taking the following current length of (UL) HARQ RTT Timer as a reference, the start point and timer length for the three options are discussed separately.
	For NB-IoT the HARQ RTT Timer is set to k+3+N+deltaPDCCH subframes, 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 from the last subframe of the associated HARQ feedback transmission plus 3 subframes to the first subframe of the next PDCCH occasion.

For NB-IoT, the UL HARQ RTT timer length is set to 3+deltaPDCCH subframes, where deltaPDCCH is the interval from the last subframe of the PUSCH transmission plus 4 subframes to the first subframe of the next PDCCH occasion.



Option 1: (UL) HARQ RTT Timers for different TBs start and expire separately
[image: ]
Figure 4. Option 1 (UL) HARQ RTT Timers for different TBs start and expire separately
As shown in figure 4, in Option 1, following the current behaviour on (UL) HARQ RTT Timer, (UL) HARQ RTT Timer for the corresponding HARQ process is started in the subframe containing the last repetition of the corresponding (PUSCH transmission) PDSCH reception. The timers expire according to observation 1. 

Option 2: (UL) HARQ RTT Timers for different TBs start together but expire separately
[image: ]
Figure 5. Option 2 (UL) HARQ RTT Timers for different TBs start together but expire separately
As shown in figure 5, in Option 2, (UL) HARQ RTT Timers for both TBs are started in the subframe containing the last repetition of the last (PUSCH transmission) PDSCH reception, i.e. the 2 TBs scheduled by one DCI are considered together. The timers expire according to observation 1. 

Option 3: (UL) HARQ RTT Timers for different TBs start and expire together
[image: ]
Figure 6. Option 3 (UL) HARQ RTT Timers for different TBs start and expire together
As shown in figure 6, in Option 3, (UL) HARQ RTT Timers for both TBs are started in the subframe containing the last repetition of the last (PUSCH transmission) PDSCH reception, i.e. the 2 TBs scheduled by one DCI are considered together. The timers expire together according to the earlier subframe in observation 1, i.e. subframe n+1 for the 1st TB. 

Options comparison
We compare above 3 options in the following table:
	
	Start of (UL) HARQ RTT timer
	Timer length

	Option 1
	(UL) HARQ RTT Timer for the corresponding HARQ process is started in the subframe containing the last repetition of the corresponding (PUSCH transmission) PDSCH reception
	HARQ RTT Timer #1 = M+k+2*N+1+delta
HARQ RTT Timer #2 = k+2*N+3+delta
UL HARQ RTT Timer #1 = N+1+delta
UL HARQ RTT Timer #2 = 3+delta

	Option 2
	(UL) HARQ RTT Timer for the corresponding HARQ process is started in the subframe containing the last repetition of the last (PUSCH transmission) PDSCH reception
	HARQ RTT Timer #1 = k+2*N+1+delta
HARQ RTT Timer #2 = k+2*N+3+delta
UL HARQ RTT Timer #1 = N+1+delta
UL HARQ RTT Timer #2 = 3+delta

	Option 3
	(UL) HARQ RTT Timer for the corresponding HARQ process is started in the subframe containing the last repetition of the last (PUSCH transmission) PDSCH reception
	HARQ RTT Timer #1/2 = k+2*N+1+delta
UL HARQ RTT Timer #1/2 = 1+delta

	Note
	Current length of HARQ RTT Timer: k+3+N+delta
Current length of UL HARQ RTT Timer: 3+delta
k: duration between the end of NPDSCH transmission and the start of NPUSCH feedback
N: duration of NPUSCH transmission for one TB (feedback in downlink and TB transmission for uplink)



[bookmark: _GoBack]In order to reduce the impact on specification, we think it is better to define only one timer length for UL HARQ RTT timer and HARQ RTT timer respectively. From this point of view, Option 3 is preferred. The only issue in Option 3 is that the NPDCCH monitoring duration for the 2nd TB after the corresponding (UL) HARQ RTT Timer expiry is a bit shorter than the 1st TB as the (UL) HARQ RTT Timer for the 2nd TB expires a bit earlier compared to Observation 1. However, considering that the gap is only 2ms, we do not see critical problem. Thus, Option 3 is proposed.
Proposal 3: [bookmark: OLE_LINK93][bookmark: OLE_LINK94][bookmark: OLE_LINK108][bookmark: OLE_LINK109](UL) HARQ RTT timers for both HARQ processes are started in the subframe containing the last repetition of the (PUSCH transmission) PDSCH reception of the last TB.
Proposal 4: [bookmark: OLE_LINK102][bookmark: OLE_LINK103]Timer length of HARQ RTT timer is set to k+2*N+1+delta.
Proposal 5: Timer length of UL HARQ RTT timer is set to 1+delta.
Conclusion
This paper focused on the DRX impact due to support of multiple TBs scheduling for unicast in NB-IoT. Corresponding observation and proposals are listed as below:
Observation 1. For both uplink and downlink transmission, assuming the last subframe containing NPUSCH transmission is subframe n, the earliest subframe for the eNB to schedule retransmission is
· n+2 for the 1st TB
· n+4 for the 2nd TB.

Proposal 1: Wait for RAN1 to conclude before discussing RAN2 impacts of supporting multiple TBs scheduling with HARQ bundling and TBs interleaving in NB-IoT.
Proposal 2: In multiple TBs scheduling in NB-IoT, drx-InactivityTimer is only (re-)started when the (UL) HARQ RTT Timer expires.
Proposal 3: (UL) HARQ RTT timers for both HARQ processes are started in the subframe containing the last repetition of the (PUSCH transmission) PDSCH reception of the last TB.
Proposal 4: Timer length of HARQ RTT timer is set to k+2*N+1+delta.
Proposal 5: Timer length of UL HARQ RTT timer is set to 1+delta.
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