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Introduction
This is a summary of the email discussion on 2 HARQ processes for NB-IoT:
[96#52][LTE/eNB-IoT] 2 HARQ (Ericsson)
	control of 2 HARQ and larger TBS
	Intended outcome: Email discussion report
	Deadline: Thursday 26/01/2017

The deadline for the email discussion is Thursday 26/01/2017.

[bookmark: _Ref178064866]Background
In RAN1#87, RAN1 sent an LS [2] to RAN2 with the agreements related to 2 HARQ and increased maximum TBS. The agreements are copied below for convenience.
· 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

RAN2 also discussed the topic in RAN2#96 and reached the following agreements [1]:
· 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.

Discussion
The focus of this email discussion is connected mode DRX in NB-IoT and how to enable efficient support of 2 HARQ processes. The following open issues are discussed:
1. Start condition for drx-InactivityTimer
2. Handling of drx-InactivityTimer at re-transmissions
3. Start condition for onDurationTimer
4. Stop condition for drx-ULRetransmissionTimer
5. Differentiating between UEs using 1 and 2 HARQ processes
For each topic some background information is provided and then a question is raised.
Start condition for drx-InactivityTimer
Connected mode DRX in NB-IoT was originally designed for a single HARQ process and a UE will therefore stop monitoring PDCCH after a DL assignment/UL grant is received and not continue monitoring until the HARQ RTT Timer/HARQ UL RTT Timer for the corresponding HARQ process has expired. With two HARQ processes this means we must wait for the transmission for the first HARQ process to complete before the second HARQ process can be scheduled. To avoid this, it has been proposed to adopt similar behaviour as in LTE and (re-)start drx-InactivityTimer when a DL or UL transmission is indicated on PDCCH. In this way the UE will stay awake and continue to monitor PDCCH a while longer so that it can receive the DL assignment/UL grant for the second HARQ process.
Note the drx-InactivityTimer is not started immediately when the PDCCH is decoded, instead its start is delayed until the beginning of the next PDCCH period. This ensures the timer always starts at the beginning and expires at the end of a PDCCH period, like all other DRX timers in NB-IoT. This is due to the following note in TS 36.321 [3]:
NOTE:	The BL UE or the UE in enhanced coverage or NB-IoT UE executes the next specified action in the subframe following the last subframe of the configured MPDCCH or NPDCCH search space.
The two figures below show DL and UL data transmission in connected mode DRX with two HARQ processes (H1 & H2) and where the drx-InactivityTimer is (re-)started every time a DL assignment/UL grant is received on PDCCH. As agreed in RAN2#96, the start and stop conditions of the onDurationTimer and HARQ RTT Timer/HARQ UL RTT Timer remain the same as in Rel-13. Note for purpose of readability drx-RetransmissionTimer/drx-ULRetransmissionTimer is not shown in the figures.





Figure 1: DL data transmission in connected mode DRX



Figure 2: UL data transmission in connected mode DRX

The first discussion point is whether drx-InactivityTimer is always started when a DL or UL transmission is indicated on PDCCH or only when the first HARQ process is scheduled. In the first option the drx-InactivityTimer is started also when the second HARQ process is scheduled which is unnecessary since there are no additional HARQ processes to be scheduled, i.e. all HARQ are “busy” (see Figure 1 and 2 above). The second option is therefore more efficient but is also slightly more complex as it requires us to define and differentiate between “free” and “busy” HARQ processes in the MAC specification.
Discussion point 1: Companies are requested to indicate their preference among the options below. For the second option, please also explain how “free” and “busy” HARQ process should be defined.
a) The drx-InactivityTimer is started when a DL or UL transmission is indicated on PDCCH
b) The drx-InactivityTimer is started when a DL or UL transmission is indicated on PDCCH but only if both HARQ processes have not already been scheduled
Table 1. Company's view on Discussion point 1
	Company’s name
	Option
	Comments

	ZTE
	a)
	For simplicity and forward compatibility (potential future needs for more HARQ processes), we prefer the legacy way as LTE.


	Qualcomm
	a)
	With 2 HARQ processes the drx-InactivityTimer will be active as long as only one of the two HARQ process for either direction is busy; that is UE will continue to monitor NPDCCH until UE needs to receive NPDSCH or transmit NPUSCH. In other words the monitoring of NPDCCH can still happen. For simplicity option a) is acceptable. UE only need to operate with this behaviour if network configures 2-HARQ processes, otherwise it operates as in Release 13.


	CATT
	a)
	We agree that option b is more efficient but complex.


	Intel
	a)
	We think a) will be sufficient since it will be very difficult for the MAC or HARQ entity to know whether a HARQ process is in use since the HARQ buffer is never flushed.


	Huawei, HiSilicon:
	a
	We should reuse the legacy mechanism for multi-HARQ processes, which can keep it simpler.


	Ericsson
	b
	To save power the drx-InactivityTimer should only be started when needed, i.e if the other HARQ process is not “busy”. A HARQ process is considered “busy” from the time the DL assignment/UL grant is received until the HARQ RTT Timer/UL HARQ RTT Timer expires and it’s ready to receive another DL assignment/UL grant. This can e.g. be captured in the start condition for the drx-InactivityTimer:

-	if the other HARQ process is currently available for scheduling  (i.e.  it has no scheduled or ongoing transmission and the corresponding HARQ RTT Timer is not running):
-	start or restart the drx-InactivityTimer.
Another option is tie it to the HARQ process ID and only (re-)start drx-InactivityTimer when HARQ process #1 is scheduled but not when HARQ #2 is scheduled.


	LG
	a
	a) is sufficient.
In UL, b) cannot be applied. In UL, although a HARQ process has been scheduled, the UE needs to monitor the NPDCCH because successful UL tx can only be known by the NPDCCH due to asynchronous HARQ procedure.



Handling of drx-InactivityTimer at re-transmissions
The next discussion point concerns the handling of the drx-InactivityTimer at re-transmissions.
In Rel-13 the drx-InactivityTimer is stopped at re-transmissions and this could potentially cause problems for DL data transmission with 2 HARQ processes. For example, assume the DL transmission for the first HARQ process (H1) in Figure 1 fails and that a re-transmission is scheduled after the corresponding HARQ RTT Timer expires. Meanwhile the DL transmission for the second HARQ process (H2) succeeds and hence the drx-RetransmissionTimer is not started for this process. If the drx-InactivityTimer is stopped as in Rel-13 when the re-transmission for the first HARQ process is indicated on PDCCH (marked with “*” in the figure), it would not be possible to schedule a new DL transmission for the second HARQ process. For this reason we may want to consider changing the stop condition for the drx-InactivityTimer and allow it to continue to run at re-transmissions. Another alternative is to (re-)start the timer also for re-transmissions.
For UL data transmission the drx-ULRetransmissionTimer is always started (since the UE cannot know if the UL transmission was successful or not) and therefore the same type of problem does not arise. However, we may still want to allow the drx-InactivityTimer to continue run or re-start it also for UL re-transmissions to have a common behaviour in uplink and downlink. 
Note in LTE the drx-InactivityTimer is not started at re-transmissions but it is not stopped either, and therefore the problem described above for DL data transmissions does not occur in LTE.
Discussion point 2: Companies are requested to indicate their preference among the following options:
a) The drx-InactivityTimer is stopped when a DL/UL re-transmission is indicated on PDCCH (Rel-13 behaviour)
b) The drx-InactivityTimer continues to run (i.e. not stopped) when a DL/UL re-transmission is indicated on PDCCH (LTE behaviour)
c) The drx-InactivityTimer is re-started when a DL/UL re-transmission is indicated on PDCCH
Table 2. Company's view on Discussion point 2
	Company’s name
	Option
	Comments

	ZTE
	b)
	We have the similar comments on option a) as the above analysis. Option c) has additional complexity. So we prefer to use the stop conditions for drx-InactivityTimer in legacy LTE.


	Qualcomm
	b)
	Same behaviour as LTE is acceptable.


	CATT
	b)
	Prefer reuse LTE mechanism.

	Intel
	b)
	Like in legacy LTE behaviour, drx-InactivityTimer should continue to run and only restarted if there is a new transmission. 


	Huawei, HiSilicon:
	N/A
	We don’t think we need to differentiate the new transmission and the re-transmission.


	Ericsson
	c)
	We agree with Huawei. We believe the simplest solution is to re-start the drx-InactivityTimer also for re-transmissions, i.e. we use the same behaviour for both re-transmissions and new transmissions. 


	LG
	b)
	PDCCH for retransmission can be received due to drx-RetransmissionTime. We should avoid mixing up drx-InactivityTimer, which is mainly for new transmission, and drx-RetransmissionTimer.


Start condition for onDurationTimer
In RAN2#96 it was agreed to keep the Rel-13 start/stop condition for the onDurationTimer. In Rel-13 the onDurationTimer is only started if neither HARQ RTT Timer nor HARQ UL RTT Timer is running. However, the current procedure text for the start condition may need to be re-formulated to account for the fact that there are now multiple HARQ processes: 
-	If the Short DRX Cycle is used and [(SFN * 10) + subframe number] modulo (shortDRX-Cycle) = (drxStartOffset) modulo (shortDRX-Cycle); or
-	if the Long DRX Cycle is used and [(SFN * 10) + subframe number] modulo (longDRX-Cycle) = drxStartOffset:
-	if NB-IoT:
-	if neither HARQ RTT Timer nor UL HARQ RTT Timer is running for any DL or UL HARQ process, start onDurationTimer.
-	else:
-	start onDurationTimer.

Discussion point 3: Companies are requested to provide their view on the proposed change of the start condition for the onDurationTimer described above.
Table 3. Company's view on Discussion point 3
	Company’s name
	Comments

	ZTE
	We’re ok with the proposed change.

	Qualcomm
	Thinks better to just say:
-	if neither HARQ RTT Timer nor UL HARQ RTT Timer is running for any DL or UL HARQ process, start onDurationTimer.

	CATT
	Agree.


	Intel
	No strong view. We think that the existing text can be seen to refer to RTT timers of any HARQ process are not running.


	Huawei, HiSilicon:
	We are OK with the proposed change.

	Ericsson
	Agree with the proposed change.

	LG
	The current proposed text seems confusing having ‘neither A nor B’ and ‘any’ in one sentence. It may be misleading that onDuration starts only when no HARQ process is in use. The intended behaviour should be that onDuration starts if at least one HARQ process can be used.

Wouldn’t it be easy to understand saying that ‘if neither HARQ RTT Timer nor UL HARQ RTT Timer is runing for at least one of DL or UL HARQ processes, start onDurationTimer.’


Stop condition for the drx-ULRetransmissionTimer
In Rel-13 the drx-ULRetransmissionTimer is stopped whenever a DL or UL transmission is indicated on PDCCH.
-	if the PDCCH indicates a transmission (DL, UL) for a NB-IoT UE:
-	stop drx-InactivityTimer, drx-ULRetransmissionTimer and onDurationTimer.
In RAN2#96 it was agreed to modify the stop condition in the following way: “a) if the PDCCH indicates a transmission (DL, UL) for a NB-IoT UE b) stop drx-ULRetransmissionTimer for the corresponding HARQ process”. However, this agreement does not make sense for DL transmissions since in that case the corresponding HARQ process is a DL HARQ process which does not have a drx-ULRetransmissionTimer. It is therefore proposed to update the agreement to distinguish between UL and DL transmissions:
· if PDCCH indicates a UL transmission the drx-ULRetransmissionTimer is stopped for the corresponding HARQ process
· if PDCCH indicates a DL transmission the drx-ULRetransmissionTimer is stopped for all HARQ processes.
Note that the second part is consistent with Rel-13 behaviour where a DL transmission also stops the drx-ULRetransmissionTimer for the UL HARQ process. The new stop condition is proposed to be captured in the specification in the following way (note only changes related to the drx-ULRetransmissionTimer is shown below; the modified start/stop conditions of other timers might require additional changes):
…
-	monitor the PDCCH;
-	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:
-	start the HARQ RTT Timer for the corresponding HARQ process in the subframe containing the last repetition of the corresponding PDSCH reception;
-	else:
-	start the HARQ RTT Timer for the corresponding HARQ process;
-	stop the drx-RetransmissionTimer for the corresponding HARQ process.
-	if NB-IoT, stop the drx-ULRetransmissionTimer for all UL HARQ processes.
-	if the PDCCH indicates an UL transmission for an asynchronous HARQ process:
-	start the UL HARQ RTT Timer for the corresponding HARQ process in the subframe containing the last repetition of the corresponding PUSCH transmission;
-	except for NB-IoT, stop the drx-ULRetransmissionTimer for the corresponding HARQ process.
-	if the PDCCH indicates a new transmission (DL, UL or SL):
-	except for NB-IoT, start or restart drx-InactivityTimer.
-	if the PDCCH indicates a transmission (DL, UL) for a NB-IoT UE:
-	stop drx-InactivityTimer, drx-ULRetransmissionTimer and onDurationTimer.
…
Discussion point 4: Companies are requested to provide their view on the proposed stop condition for the drx-ULRetransmissionTimer described above.
Table 4. Company's view on Discussion point 4
	Company’s name
	Comments

	ZTE
	We’re ok with the proposed change.

	Qualcomm
	Proposed changes look ok.

	CATT
	Agree.


	Intel
	We are fine with the change as it aligns with Rel-13 behaviour.


	Huawei, HiSilicon:
	NO, see comments in Discussion point 2


	Ericsson
	Agree with the proposed change.

	LG
	The proposed change is fine.




Differentiating between UEs using 1 and 2 HARQ processes
The final discussion point concerns the UE configuration and how to distinguish between Rel-14 UEs using two HARQ processes and Rel-13/Rel-14 UEs using a single HARQ process. Although not agreed yet in RAN2, it seems most companies assume 2 HARQ processes is restricted to UEs in connected mode and is configured by the eNB via RRC signalling (using either RRCConnectionSetup/RRCConnectionResume or RRCConnectionReconfiguration) after the UE capabilities have been received.  (This configuration approach is also used for the Higher Data Rates feature in FeMTC which is similar). Since 2 HARQ processes is configured by the eNB we can use a formulation like “a UE configured with 2 DL or UL HARQ processes” in the MAC specification when a UE following the new DRX procedure should be distinguished from a UE using the legacy/Rel-13 procedure.
Discussion point 5: Companies are requested to confirm the understanding that the use of 2 HARQ is restricted to connected mode and configured via RRC signalling.
Table 5. Company's view on Discussion point 5
	Company’s name
	Comments

	ZTE
	We agree that the 2-HARQ processes would be configured by the eNB.

But considering that the new DRX procedure can work for both 1 or 2 HARQ process cases and for the specification simplicity, it seems unnecessary to differentiate “a UE configured with 2HARQ processes” and “a UE configured with only 1HARQ process” in MAC specification.

	Qualcomm
	Agree 2-HARQ processes configured by eNB.
We think NB-IoT UE supporting 2-HARQ processes can/should behave as in Release 13 when only 1 HARQ process is configured.


	CATT
	Agree that 2 HARQ is restricted to connected mode.
Agree that 2 HARQ is configured via RRC signalling, but the behaviour should be the same as Rel13.


	Intel
	We agree that the UE can only use after eNB knows whether UE supports 2 HARQ processes via UE capability in RRC Connected and the UE supporting 2 HARQ processes can only use it if configured by the eNB. 

MAC specification needs to be updated because there is a UE MAC behaviour difference on the restarting of the drxInactivityTimer between 1-HARQ process and 2-HARQ process, which will impact the UE power consumption.


	Huawei, HiSilicon:
	We agree 2-HARQ processes should be configured by eNB.

	Ericsson
	Yes, we agree with this understanding. To enable 2 HARQ processes and increased max TBS to be configured via RRC in connected mode we can e.g. add two new parameters to the IE physicalConfigDedicated-NB (see TS 36.331):

–	PhysicalConfigDedicated-NB
The IE PhysicalConfigDedicated-NB is used to specify the UE specific physical channel configuration.
PhysicalConfigDedicated-NB information element
-- ASN1START

PhysicalConfigDedicated-NB-r13 ::=	SEQUENCE {
	carrierConfigDedicated-r13			CarrierConfigDedicated-NB-r13		OPTIONAL,	-- Need ON
	npdcch-ConfigDedicated-r13			NPDCCH-ConfigDedicated-NB-r13		OPTIONAL,	-- Need ON
	npusch-ConfigDedicated-r13			NPUSCH-ConfigDedicated-NB-r13		OPTIONAL,	-- Need ON
	uplinkPowerControlDedicated-r13		UplinkPowerControlDedicated-NB-r13 	OPTIONAL,	-- Need ON
	...,
	[[	maxTBS-Config-r14			ENUMERATED {true}	OPTIONAL,	-- Need OR
		twoHARQ-ProcessesConfig-r14	ENUMERATED {true}	OPTIONAL	-- Need OR
	]]
}

-- ASN1STOP

	PhysicalConfigDedicated-NB field descriptions

	carrierConfigDedicated
Non-anchor carrier used for all unicast transmissions.

	maxTBS-Config
Activation of increased maximum PDSCH/PUSCH TBS of 2536bits, see TS 36.212 [22] and TS 36.213 [23].

	npdcch-ConfigDedicated
NPDCCH configuration.

	npusch-ConfigDedicated
UL unicast configuration.

	twoHARQ-ProcessesConfig
Activation of two HARQ processes, see TS 36.212 [22] and TS 36.213 [23].

	uplink-PowerControlDedicated
UL power control parameter





	LG
	We agree that the use of 2 HARQ is restricted to connected mode and configured via RRC signalling. 

From MAC point of view, DRX operation with 2 HARQ processes and 1 HARQ process (in Rel-13) is different, e.g., starting condition of drx-InactivityTimer. Thus, RAN2 need to discuss more whether in Rel-14, the DRX operation with 2 HARQ processes is applied to the UE with 1 HARQ process as well by considering the specification simplicity and battery saving.



Other issues
Discussion point 6: Please indicate any other issues related to the introduction of 2 HARQ processes and increased maximum TBS that you think should be addressed. 
Table 6. Company's view on Discussion point 6
	Company’s name
	Comments

	
	


	
	

	
	




Summary of email discussion
The following seven (7) companies participated in the email discussion: ZTE, Qualcomm, CATT, Intel, Huawei/HiSilicon, Ericsson, and LG. 
DP#1: Start condition for drx-InactivityTimer
All companies except one prefer to (re-)start the drx-InactivityTimer when a new DL or UL transmission is indicated on PDCCH. The other company suggests a more optimized approach where the timer is only (re-)started when the other HARQ process is available for scheduling (i.e. not “busy”). As there is lack of support for this optimization it is proposed to go with the basic approach.
[bookmark: _Toc473574556][bookmark: _Toc473574632][bookmark: _Toc473574651][bookmark: _Toc473574682][bookmark: _Toc473574785][bookmark: _Toc473575690][bookmark: _Toc473575752][bookmark: _Toc473881377]The drx-InactivityTimer is (re-)started when a new DL or UL transmission is indicated on PDCCH.
DP#2: Handling of drx-InactivityTimer at re-transmissions
5 companies suggest to allow the drx-InactivityTimer to continue to run (i.e. not stop it) when DL or UL re-transmission is indicated on PDCCH. 2 companies prefer to instead (re)-start the drx-InactivityTimer at re-transmissions.
[bookmark: _Toc473574557][bookmark: _Toc473574633][bookmark: _Toc473574652][bookmark: _Toc473574683][bookmark: _Toc473574786][bookmark: _Toc473575691][bookmark: _Toc473575753][bookmark: _Toc473881378]The drx-InactivityTimer is s not re-started but is allowed to continue to run (i.e. not stopped) when a DL or UL re-transmission is indicated on PDCCH.
DP#3: Start condition for onDurationTimer
[bookmark: _Toc473574558][bookmark: _Toc473574634][bookmark: _Toc473574653]All companies except two agree the start condition for the onDurationTimer should be re-formulated to account for the multiple HARQ processes. One company states no preference and one company prefers a different formulation of the start condition.
[bookmark: _Toc473574559][bookmark: _Toc473574635][bookmark: _Toc473574654][bookmark: _Toc473574684][bookmark: _Toc473574787][bookmark: _Toc473575692][bookmark: _Toc473575754][bookmark: _Toc473881379]The start condition for the onDurationTimer is updated in the following way: “if neither HARQ RTT Timer nor UL HARQ RTT Timer is running for any HARQ process, start onDurationTimer”.
DP#4: Stop condition for the drx-ULRetransmissionTimer
All companies except one agree to update the agreement from last meeting regarding the stop condition for the drx-ULRetransmissionTimer to distinguish between UL and DL transmissions. One company prefer to keep the previous agreement.
[bookmark: _Toc473574560][bookmark: _Toc473574636][bookmark: _Toc473574655][bookmark: _Toc473574685][bookmark: _Toc473574788][bookmark: _Toc473575693][bookmark: _Toc473575755][bookmark: _Toc473881380]The agreement from last meeting regarding the stop condition for the ULRetransmissionTimer is updated in the following way:

- 	if PDCCH indicates a UL transmission the drx-ULRetransmissionTimer is stopped for the corresponding HARQ process

- 	if PDCCH indicates a DL transmission the drx-ULRetransmissionTimer is stopped for all HARQ processes.
DP#5: Differentiating between UEs using 1 and 2 HARQ processes
All companies agree that the use 2 HARQ is restricted to connected mode and configured via RRC signalling. Although not discussed as part of the discussion point, it is assumed that the same applies for the increased maximum TBS.
[bookmark: _Toc473574562][bookmark: _Toc473574638][bookmark: _Toc473574656][bookmark: _Toc473574686][bookmark: _Toc473574789][bookmark: _Toc473575694][bookmark: _Toc473575756][bookmark: _Toc473881381]The use of 2 HARQ processes and increased maximum TBS are limited to connected mode and configured using RRC signalling.

Proposed way forward
Based on the outcome of the email discussion we propose the following:
Proposal 1	The drx-InactivityTimer is (re-)started when a new DL or UL transmission is indicated on PDCCH.
Proposal 2	The drx-InactivityTimer is s not re-started but is allowed to continue to run (i.e. not stopped) when a DL or UL re-transmission is indicated on PDCCH.
Proposal 3	The start condition for the onDurationTimer is updated in the following way: “if neither HARQ RTT Timer nor UL HARQ RTT Timer is running for any HARQ process, start onDurationTimer”.
Proposal 4	The agreement from last meeting regarding the stop condition for the ULRetransmissionTimer is updated in the following way:  

-  if PDCCH indicates a UL transmission the drx-ULRetransmissionTimer is stopped for the corresponding HARQ process  

-  if PDCCH indicates a DL transmission the drx-ULRetransmissionTimer is stopped for all HARQ processes.
Proposal 5	The use of 2 HARQ processes and increased maximum TBS are limited to connected mode and configured using RRC signalling.
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