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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].

During the last RAN2#96 meeting, there were the following agreements for support 2 HARQ processes and larger TBS in NB-IoT [2]:

	· The start/stop conditions for the HARQ process specific timers (i.e., HARQ RTT Timer / UL HARQ RTT Timer and drx-RetransmissionTimer / drx-ULRetransmissionTimer) and the corresponding UE behaviors should remain the same as Rel-13 NB-IoT, except the following clarification: a) if the PDCCH indicates a transmission (DL, UL) for a NB-IoT UE b) stop drx-ULRetransmissionTimer for the corresponding HARQ process.

· The start/stop conditions for onDurationTimer should remain the same as Rel-13 NB-IoT.

· It is FFS if The drx-InactivityTimer should be also started/restarted when a NPDCCH indicates a new transmission (UL, DL). The stop condition for drx-InactivityTimer should remain the same as Rel-13 NB-IoT. 

· The t-reordering should be supported for 2 HARQ processes.

· The current value range of t-reordering up to ms1600 is sufficient for Rel-14 NB-IoT. There is no need to extend the value range.


Besides, during the last RAN1#87 meeting, there were the following related agreements also [3]:
	· There is a new NB-IoT UE category with max UL and max DL TBS of 2536 bits

· Introduce the {1 HARQ + 2536 bits UL/DL TBS} TBS tables in R1-1613508

· Introduce the {2 HARQ + [1352] bits DL TBS, [1800] bits UL TBS and no change to any Rel-13 specification for NPUSCH} 

·  After receiving one DL grant, Rel-14 UE is required to continue monitoring any NPDCCH search spaces containing candidates ending at least 2 ms (i.e., x1 ≥ 2 ms) before the start of the first NPDSCH. 

·  The gap between NPUSCH to any DL reception is ≥ 1ms. 

·  Reuse Rel-13 timing relationship and scheduling delay values for each of the 2 HARQ processes

·  HARQ process ID is indicated DL grant DCI with one bit

· Monitored only in USS

·  FFS TBS table details.

· Soft buffer size is FFS until next RAN1#88

· The support of 2 HARQ by UE is an optional capability, signalling is left to RAN2

· Inform RAN2 in an LS of the above agreements (Wuyiling, Huawei)


In this contribution, the remaining issues on RAN2 to support 2 HARQ processes and larger TBS in NB-IoT are further discussed.

2 Discussion
2.1 drx-InactivityTimer
In the last RAN2#96 meeting, the stop condition of drx-InactivityTimer of 2 HARQ processes mechanism has been agreed to remain the same as Rel-13 NB-IoT. However, whether the drx-InactivityTimer should be also started/restarted when a NPDCCH indicates a new transmission (UL, DL) is still FFS. 

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 the current agreements, after receiving the first NPDCCH, both onDurationTimer and drx-InactivityTimer will be stopped. In this case, if the drx-InactivityTimer won’t be started/ restarted, the next NPDCCH will be missed. To avoid this, it is proposed to start / restart the drx-InactivityTimer when a NPDDCH indicates a new transmission (UL, DL) is decoded successfully. 
Proposal 1:  To support 2 HARQ processes, the drx-InactivityTimer is also started / restarted when a NPDCCH indicates a new transmission (UL, DL) is decoded successfully.
As per the above description and the current agreements, the DRX mechanism for 2 HARQ processes is different from the DRX mechanism for 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 NPDCCH, unnecessary power consumption will be introduced. For example, these UEs will carry on monitor NPDCCH 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 RRC Configuration
According to the agreements of the last RAN1#87 meeting, there is a new NB-IoT UE category with larger TBS of 2536 bits, while the support of 2 HARQ processes by UE is an optional capability. The category and capability reporting should be implemented by RAN2. 
Generally the eNB has the UE category and capability after reception of MSG5. This is too late for eNB to scheduling MSG5 in which user data will be included in case the CP solution is used. 

For a UE using the CIoT user plane optimisation, the eNB can get the information of the low power class UE after MSG3 from the UE context in eNB. For a UE using the CIoT control plane optimisation, the eNB can also get the information after MSG3 from the MME [4], [5].Thus, an early indication is not needed in MSG3.
Proposal 3:  An early indication in MSG3 to indicate the new category and support of 2 HARQ processes is not needed.
To support 2 HARQ processes, according to the current agreements and the discussion in previous section, the DCI format, the DRX timers and the RLC configurations might be different from single HARQ process. If a UE supports 2 HARQ processes, it should be up to the eNB to decide whether 2 HARQ processes is used for scheduling this UE, 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 RRC signalling in RRCConnectionSetup, RRCConnectionResume and RRCConnectionReconfiguration messages for both the CP solution and UP solution. 
The corresponding ASN.1 modifications are proposed as follows:
RLC-Config-NB information element

-- ASN1START
RLC-Config-NB-r13 ::=
CHOICE
{

am





SEQUENCE {



ul-AM-RLC-r13



UL-AM-RLC-NB-r13,



dl-AM-RLC-r13



DL-AM-RLC-NB-r13


}, 


...
}

DL-AM-RLC-NB-r13 ::=

SEQUENCE {


enableStatusReportSN-Gap-r13
ENUMERATED {true}
OPTIONAL
}

RLC-Config-NB-v14xy ::=
SEQUENCE {


t-Reordering-r14


T-Reordering
OPTIONAL
-- Need OR

}

T-PollRetransmit-NB-r13 ::=
ENUMERATED {









ms250, 
ms500,
ms1000,
ms2000,
ms3000,
ms4000, 









ms6000, ms10000, ms15000, ms25000, ms40000, ms60000, 









ms90000, ms120000, ms180000, spare1}

-- ASN1STOP
MAC-MainConfig-NB information element
-- ASN1START
MAC-MainConfig-NB-r13 ::=

SEQUENCE {


ul-SCH-Config-r13



SEQUENCE {



periodicBSR-Timer-r13


PeriodicBSR-Timer-NB-r13

OPTIONAL,
-- Need ON


retxBSR-Timer-r13



RetxBSR-Timer-NB-r13

}
















OPTIONAL,
-- Need ON


drx-Config-r13





DRX-Config-NB-r13



OPTIONAL,
-- Need ON

timeAlignmentTimerDedicated-r13

TimeAlignmentTimer,

logicalChannelSR-Config-r13


CHOICE {



release







NULL,



setup







SEQUENCE {




logicalChannelSR-ProhibitTimer-r13
ENUMERATED { 














pp2, pp8, pp32, pp128, pp512, 














pp1024, pp2048, spare}



}


}
















OPTIONAL,
-- Need ON 


...,

[[
twoHARQ-r14




ENUMERATED {setup}
OPTIONAL
-- Need OR


]]

}

PeriodicBSR-Timer-NB-r13 ::=

ENUMERATED {










pp2, pp4, pp8, pp16, pp64, pp128, infinity, spare}
RetxBSR-Timer-NB-r13 ::=


ENUMERATED {










pp4, pp16, pp64, pp128, pp256, pp512, infinity, spare}
DRX-Config-NB-r13 ::=



CHOICE {


release







NULL,


setup







SEQUENCE {


onDurationTimer-r13




ENUMERATED {












pp1, pp2, pp3, pp4, pp8, pp16, pp32, spare},


drx-InactivityTimer-r13



ENUMERATED {












pp0, pp1, pp2, pp3, pp4, pp8, pp16, pp32}, 



drx-RetransmissionTimer-r13


ENUMERATED {












pp0, pp1, pp2, pp4, pp6, pp8, pp16, pp24,













pp33, spare7, spare6, spare5, 













spare4, spare3, spare2, spare1},


drx-Cycle-r13





ENUMERATED {













sf256, sf512, sf1024, sf1536, sf2048, sf3072, 













sf4096, sf4608, sf6144, sf7680, sf8192, sf9216, 













spare4, spare3, spare2, spare1},


drx-StartOffset-r13




INTEGER (0..255),



drx-ULRetransmissionTimer-r13

ENUMERATED {












pp0, pp1, pp2, pp4, pp6, pp8, pp16, pp24,













pp33, pp40, pp64, pp80, pp96,












pp112, pp128, pp160, pp320}


}
}

-- ASN1STOP
Proposal 4:  The eNB configures the use of 2 HARQ processes by RRCConnectionSetup and RRCConnectionResume messages for both the CP solution and the UP solution.
Proposal 5:  The eNB configures the use of 2 HARQ processes by RRCConnection Reconfiguration message for the UP solution.
To support larger TBS, RAN1 has agreed to reuse the existing DCI format and to use reserved values in the TBS tables. The eNB can decide to signal larger TBS in the DCI based on UE capability; there is no need for specific RRC configuration.
Proposal 6:  There is no need for RRC configuration to enable the use of larger TBS.
3 Conclusion

This paper focus on the remaining issues on RAN2 to support 2 HARQ processes and larger TBS in NB-IoT. The corresponding proposals are listed below. 
Proposal 7:  To support 2 HARQ processes, the drx-InactivityTimer is also started / restarted when a NPDCCH indicates a new transmission (UL, DL) is decoded successfully.
Proposal 8:  The DRX mechanisms are defined independently for single HARQ process and 2 HARQ processes.
Proposal 9:  An early indication in MSG3 to indicate the new category and support of 2 HARQ processes is not needed.
Proposal 10:  The eNB configures the use of 2 HARQ processes by RRCConnectionSetup and RRCConnectionResume messages for both the CP solution and the UP solution.

Proposal 11:  The eNB configures the use of 2 HARQ processes by RRCConnection Reconfiguration message for the UP solution.
Proposal 12:  There is no need for RRC configuration to enable the use of larger TBS.
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