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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 and larger TBS 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: 

[image: image1.emf]stop onDuration Timer stop Inactivity Timer and Retransmission Timer

onDuration Timer

Inactivity Timer 

HARQ RTT Timer 

Retransmission Timer 

PDCCH PDSCH PUSCH


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.
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 impact on these timers. Different HARQ processes use their ownHARQ RTT Timer / UL HARQ RTT Timer and drx-RetransmissionTimer / drx-ULRetransmissionTimer separately.
Observation 1:  The support of 2 HARQ processes will not impact the HARQ RTT Timer and UL HARQ RTT Timer in NB-IoT.
Observation 2:  The support of 2 HARQ processes will not impact drx-RetransmissionTimer and drx-ULRetransmissionTimer in NB-IoT.
In Rel-13 NB-IoT, only one HARQ process is supported in both downlink and uplink transmission. For downlink transmission, only one HARQ process means that if a UE receives a NPDCCHs indicating a transmission, this UE will not receive any other NPDDCH before the uplink feedback transmission. Similarly, for uplink transmission, a new scheduling NPDCCH can only be received by a UE after the end of 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
Receptionof a NPDCCH indicating a transmission

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

	
	stop
	MAC CE
	MAC CE
Reception of a NPDCCH indicating a transmission


According to Table 1, 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 successive 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, twopossible 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
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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, drx-InactivityTimer is started/restarted only when a NPDCCH indicates a new transmission is received, which is same as in legacy LTE and eMTC. Considering that the transmission duration in NB-IoT is much longer than in legacy LTE and eMTC, to make this solution workable, drx-InactivityTimer needs to be long enough to cover 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 also started/restarted when a NPDCCH indicating a new transmission is received. In this option, drx-InactivityTimer only needs to cover the time until the next scheduling. Thus, large power consumption after the last transmission can be avoided.
In both options, the onDurationTimer is not impacted.
Observation 3:  The support of 2 HARQ processes will not impact 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 expires, drx-InactivityTimer is also started/restarted if a NPDCCH indicates a new transmission is received.
As per the above description, the DRX mechanism for 2 HARQ processes is different from the DRX mechanism for a single HARQ process. If the DRX mechanism is define commonly for 1 HARQ and 2 HARQ, The common DRX mechanism needs to support 2 HARQ process and compatible for 1 HARQ process. For UEs using a single HARQ process, following the Common DRX mechanism (i.e. support of 2 HARQ processes) to monitor PDCCH, unnecessary power consumption will be introduced. For example, these UEs will carry on monitor PDCCH after one grant for a potential second grant, which will never be provided. Thus, it is proposed to define the DRX mechanisms for single HARQ process and 2 HARQ processes independently.
Proposal 2:  The DRX mechanisms are defined independently for single HARQ process and 2 HARQ processes.
2.2 Impacts on RLC layer
In Rel-13 NB-IoT, since only one HARQ process is supported, out of order reception of RLC PDUs due to multiple HARQ processes does not exist. Thus, detection of missing RLC PDU using t-reordering is not supported. The values of the corresponding timers (i.e. t-reordering) is set to 0, which means if a UE detects a missing RLC PDU in its RLC buffer, a Status Report is triggered immediately.
If 2 HARQ processes is supported, t-reordering should be supported to avoid the Status Report to be triggered by false detection of missing RLC PDU. 
Proposal 3:  To support 2 HARQ processes, t-reordering is supported.

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. The value of t-reordering should be decided according to HARQ retransmission latency, transmission duration and the maximum retransmission times. The features of 2 HARQ processes and larger TBS are used for UEs in good coverage to increase their peak data rate, which means the repetition number for both NPDCCH and NPDSCH/NPUSCH of these UEs will be quite low. Thus, it is proposed to reuse the value range of t-reordering of legacy LTE to NB-IoT.
Proposal 4:  Reuse the value range of legacy LTE for t-reordering in NB-IoT: {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}.

2.3 Capability and Category Report
The support of larger TBS means a new UE category will be introduced. 

Since 2 HARQ also used to improve the data rate and to avoid too many combination options, it is proposed that one new NB-IoT UE category is introduced for the support of both 2 HARQ processes and larger TBS.
Proposal 5:  A new NB-IoT UE category is introduced for the support of both 2 HARQ processes and larger TBS.

To support larger TBS, new DCI or TBS table might be needed. For 2 HARQ processes, as discussed in the previous sections, the DRX timers and the RLC configurations might be different from single HARQ process. Thus, the support of 2 HARQ processes and larger TBS should be reported to the eNB.

Generally the eNB has the UE category after reception of MSG5. This is too late for eNB to scheduling MSG5 in which user data will be included in case CP solution is used. 

As analysed in [2], for a UE using the CIoT user plane optimisation, the eNB can get the information of the low power class UE after MSG3 by fetching the UE context. For a UE using the CIoT control plane optimisation, the eNB can get the information after MSG3 from the MME with solution 15[2].Thus, an early indication is not needed in MSG3.
Proposal 6:  An early indication in MSG3 to indicate the new category is not needed.
If a UE supports 2 HARQ processes and larger TBS, it should be up to the eNB to decide whether these two features are used , e.g. according to the UE’s coverage level and the amount of the data in the buffers. The decision and corresponding configurations should be indicated to UEs by signaling
RRC Connection setup for both CP solution and UP solution.
Proposal 7:  The eNB configures the use of 2 HARQ processes and larger TBS by RRC connection Setup for both CP solution and UP solution. .
Proposal 8:  The eNB configures the use of 2 HARQ processes and larger TBS by RRC connection reconfiguration for UP solution. 
3 Conclusion

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

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

Observation 6:  The support of 2 HARQ processes will not impact the onDurationTimer in NB-IoT.
Proposal 9:  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 10:  The DRX mechanisms are defined for single HARQ process and 2 HARQ processes separately.
Proposal 11:  To support 2 HARQ processes, t-reordering is supported.

Proposal 12:  Reuse the value range of legacy LTE for t-reordering in NB-IoT: {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}.
Proposal 13:  A new NB-IoT UE category is introduced to indicate the support of both 2 HARQ processes and larger TBS.

Proposal 14:  An early indication in MSG3 to indicate the new category is not needed.
Proposal 15:  The eNB configures the use of 2 HARQ processes and larger TBS by RRC connection Setup for both CP solution and UP solution. 

Proposal 16:  The eNB configures the use of 2 HARQ processes and larger TBS by RRC connection reconfiguration for UP solution. 
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