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1 Introduction
In RAN#73, an additional objective of work item on “Enhancements of NB-IoT” was agreed [1]:
Power consumption and latency reduction

· Support in DL and UL for 2 HARQ processes and larger maximum TBS [RAN1, RAN2, RAN4].

In this contribution, the possible impacts on RAN2 to support 2 HARQ processes in NB-IoT are discussed.

2 Discussion
2.1 Impacts on MAC layer
In Rel-13 NB-IoT, only one HARQ process for both downlink and uplink is supported. The DRX procedures in connected mode with only one HARQ process for downlink and uplink transmissions are illustrated as the following Figure 1 and Figure 2 respectively: 
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Figure 1. DRX procedure for downlink transmission in Rel-13 NB-IoT
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Figure 2. DRX procedure for uplink transmission in Rel-13 NB-IoT
As shown in Figure 1, for downlink transmission, HARQ RTT Timer is started at the last subframe for uplink feedback transmission. If the HARQ RTT Timer expires, both drx-InactivityTimer, drx-RetransmissionTimer are started or restarted. If the NPDCCH indicates a downlink new transmission or retransmission is received, the drx-InactivityTimer, drx-RetransmissionTimer and onDurationTimer should be stopped. 
The DRX procedure of uplink transmission in Figure 2 is similar to downlink transmission, the only difference is that the UL HARQ RTT Timer is started at the last subframe of NPUSCH transmission.
Observation 1:  According to the description of current specification TS36.321, HARQ RTT Timer / UL HARQ RTT Timer and drx-RetransmissionTimer / drx-ULRetransmissionTimer are maintained for each HARQ process. Thus, the number of HARQ processes has no impacts on these timers either. Different HARQ processes can use their individual HARQ RTT Timer / UL HARQ RTT Timer and drx-RetransmissionTimer / drx-ULRetransmissionTimer seperately.Support 2 HARQ processes will not impact the HARQ RTT Timer and UL HARQ RTT Timer in NB-IoT.
Observation 2:  Support 2 HARQ processes will not impact the drx-RetransmissionTimer and drx-ULRetransmissionTimer in NB-IoT.
In Rel-13 NB-IoT, only one HARQ process is supported for both downlink and uplink transmission. For downlink transmission, only one HARQ process means that if a UE receives a NPDCCHs indicates a transmission, it is impossible for this UE to receive any other NPDDCH before the uplink feedback transmission. Similarly, in uplink transmission, a new scheduling NPDCCH can be only received by a UE after the previous transmission. 
Thus, in Rel-13 NB-IoT, the start/restart and the stop points of onDurationTimer and drx-InactivityTimer have been changed compared to legacy LTE as the following Table 1:
Table 1. start/restart and stop of onDurationTimer and drx-InactivityTimer in Rel-13 NB-IoT
	
	Legacy LTE
	NB-IoT Rel-13

	onDurationTimer
	start
	Boundary of DRX cycle
	Boundary of DRX cycle

	
	stop
	MAC CE
	MAC CE
Receiving a NPDCCH indicates a transmission

	drx-InactivityTimer
	start/
restart
	Receiving a PDCCH indicates a new transmission
	HARQ RTT Timer or UL HARQ RTT Timer expires

	
	stop
	MAC CE
	MAC CE
Receiving a NPDCCH indicates a transmission


According to Table 1, the onDurationTimer is started at the boundary of each DRX cycle to control UEs to monitor NPDCCH periodically. The number of HARQ processes has no impact on the start of onDurationTimer.

However, if 2 HARQ processes are supported in NB-IoT, there may be two different consecutive NPDCCHs for the same UE without any NPDSCH/NPUSH between them. According to Table 1, after receiving the first NPDCCH, both onDurationTimer and drx-InactivityTimer will be stopped. In this case, the next NPDCCH will be missed. To avoid this, the possible solutions are provided in the following Figure 3 and Figure 4 for downlink transmission and uplink transmission respectively.
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Figure 3. Solutions for support 2 HARQ processes in downlink transmission of NB-IoT

[image: image4.emf]H1

H1

H1

stop

onDuration Timer

Inactivity Timer 

UL HARQ RTT Timer 

PDCCH PUSCH

H2

H2

restart

H2

H1

H1

H2

H2

start

restart

start

restart restart

restart

restart

Option 1

LTE/eMTC-like solution

Option 2

LTE/eMTC + NB-IoT solution


Figure 4. Solutions for support 2 HARQ processes in uplink transmission of NB-IoT
As shown in Figure 3 and Figure 4, 2 options are provided according to the start/restart point of drx-InactivityTimer:
· Option 1 (LTE/eMTC like solution): In this option, the drx-InactivityTimer is started/restarted only when a NPDCCH indicates a new transmission is received, which is same as in legacy LTE and eMTC. Consider the transmission duration in NB-IoT is much longer than legacy LTE and eMTC, to make this solution workable, the drx-InactivityTimer needs to be long enough to cross the duration of transmission and possible retransmissions. In this case, if the NPDCCH indicates the last transmission, large unnecessary power consumption will be caused.
· Option 2 (LTE/eMTC + NB-IoT solution): In this option, similar to Rel-13 NB-IoT, the drx-InactivityTimer is started/restarted when HARQ RTT Timer or UL HARQ RTT Timer expire. Besides, the drx-InactivityTimer is started/restarted when a NPDCCH indicates a new transmission is received also. In this option, drx-InactivityTimer only needs to cover the next scheduling. Thus, large power consumption after the last transmission can be avoided.
In both options, the onDurationTimer is not impacted.
Observation 3:  Support 2 HARQ processes will not impact the onDurationTimer in NB-IoT.
Proposal 1:  To support 2 HARQ processes, besides being started/restarted when the HARQ RTT Timer or UL HARQ RTT Timer expire, the drx-InactivityTimer is also started/restarted if a NPDCCH indicates a new transmission is received.
2.2 Impacts on RLC layer
In Rel-13 NB-IoT, since only one HARQ process is supported, disorder of RLC PDUs caused by multiple HARQ processes does not exist. Thus, missing RLC PDU detection using t-reordering is not supported because the disorder of RLC PDUs is only caused by NACK-TO-ACK error in HARQ process. The values of corresponding timers (i.e. t-reordering and t-StatusProhibit) are set to be 0, which means if a UE detects the disorder of RLC PDUs in its RLC buffer, a Status Report is triggered immediately.
If 2 HARQ processes is supported, t-reordering should be supported to avoid Status Report wrongly triggered by false detection of missing RLC PDU. 
Proposal 2:  To support 2 HARQ processes, t-reordering is supported.

The transmission duration and the scheduling period of NB-IoT is much longer than legacy LTE. Thus, the value range of t-reordering should be extended and a simple way to extend it is using PDCCH period as the basic unit instead of ms. In legacy LTE, the possible values of t-reordering are enumerated as {ms0, ms5, ms10, ms15, ms20, ms25, ms30, ms35, ms40, ms45, ms50, ms55, ms60, ms65, ms70, ms75, ms80, ms85, ms90, ms95, ms100, ms110, ms120, ms130, ms140, ms150, ms160, ms170, ms180, ms190, ms200, ms1600-v1310}. There are 32 different values, in which the value ms1600-v1310 is added for eMTC. Since the RLC buffer size for each direction is only 2kbytes, we assume the maximum value of t-reordering is 48pp (2kbytes/average TBS 340bits=48) and 16 different values are enough. Based on this analysis, we make the following proposal for the value range of t-reordering:
Proposal 3:  Using PDCCH period as the basic unit of t-reordering. The possible values of t-reordering are enumerated as {pp0, pp2, pp4, pp6, pp8, pp10, pp12, pp16, pp20, pp24, pp28, pp32, pp36, pp40, pp44, pp48}.

3 Conclusion

This paper focus on possible impacts on RAN2 to support 2 HARQ processes in NB-IoT. The corresponding observations and proposals are listed below. 
Observation 4:  Support 2 HARQ processes will not impact the HARQ RTT Timer and UL HARQ RTT Timer in NB-IoT.

Observation 5:  Support 2 HARQ processes will not impact the drx-RetransmissionTimer and drx-ULRetransmissionTimer in NB-IoT.

Observation 6:  Support 2 HARQ processes will not impact the onDurationTimer in NB-IoT.
Proposal 4:  To support 2 HARQ processes, besides being started/restarted when the HARQ RTT Timer or UL HARQ RTT Timer expire, the drx-InactivityTimer is also started/restarted if a NPDCCH indicates a new transmission is received.
Proposal 5:  To support 2 HARQ processes, t-reordering is supported.

Proposal 6:  Using PDCCH period as the basic unit of t-reordering. The possible values of t-reordering are enumerated as {pp0, pp2, pp4, pp6, pp8, pp10, pp12, pp16, pp20, pp24, pp28, pp32, pp36, pp40, pp44, pp48}.
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