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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].

This is a summary of the email discussion on [95bis#28][LTE/NB-IoT] 2 HARQ processes.
[95bis#28][LTE/NB-IoT] – 2 HARQ processes (Huawei)

-
To identify the issues to resolve and progress as far as possible
-
Intended outcome: Email discussion report to next meeting

 -
Deadline: Tuesday 01/11/2016

The deadline of this email discussion is Tuesday, 2016-11-01. 
2 Discussion
In this email discussion, the possible impacts on RAN2 to support 2 HARQ processes in NB-IoT are discussed. The following related issues will be addressed:
-
Impacts on MAC layer
-
Impacts on RLC layer

2.1 Impacts on MAC layer
In Rel-13 NB-IoT, only one HARQ process is supported for both DL and UL. For DL transmission, HARQ RTT Timer is started at the last subframe for UL feedback transmission. If the HARQ RTT Timer expires, drx-InactivityTimer and drx-RetransmissionTimer are started or restarted. If NPDCCH indicates a new DL transmission or retransmission, the drx-InactivityTimer, drx-RetransmissionTimer and onDurationTimer should be stopped. The DRX procedure for UL transmission is similar, i.e., the UL HARQ RTT Timer is started at the last subframe of NPUSCH transmission.
After 2 HARQ processes are introduced for NB-IoT, 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 separately.
Discussion point 1. Companies are invited to provide their views on whether HARQ RTT Timer / UL HARQ RTT Timer and drx-RetransmissionTimer / drx-ULRetransmissionTimer are configured per- HARQ process. Please justify your response.
(1.a) Yes, why
(1.b) No, why.
Table 1. Company's view on Discussion point 1
	Response 1
	Company's name and comments

	1.a. Yes, why
	Ericsson: We agree that the HARQ process specific timers should operate independently between different HARQ processes as in LTE.
· Huawei, HiSilicon: 
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, we think these DRX timers operate independently for each HARQ process.
· Qualcomm: Same view as Ericsson, Huawei and HiSilicon.
· Intel: Yes
· ZTE: Yes, since 2 HARQ processes belong to 'multiple-HARQ processes' which is essentially similar with legacy LTE (8 HARQ processes), it’s natural to configure these timers per HARQ process as legacy LTE

	1.b. No, why.
	· 


Discussion point 2. Companies are invited to provide their views on whether current start/stop conditions for HARQ RTT Timer / UL HARQ RTT Timer and drx-RetransmissionTimer / drx-ULRetransmissionTimer are the same as Rel-13 NB-IoT, and whether the UE behaviour is the same as Rel-13 NB-IoT. If “no”, please justify your response, as well as specify the start/stop conditions and/or the UE behaviour.
Table 2. Company’s view on Discussion point 2
	Company’s name
	Comments

	Ericsson
	· Yes, we agree that the start/stop conditions for the HARQ process specific timers and the UE behavior should remain the same as Rel-13 NB-IoT.

The values for drx-RetransmissionTimer and drx-ULRetransmissionTimer are 
 behavior explicitly in DRX-Config with quite large ranges. We assume they are OK for supporting two HARQ processes also.

However, the values for HARQ RTT Timer and UL HARQ RTT Timer are defined in the spec. (36.321, subchapter 7.7). These values may need to be updated in case the timing relations between NPDCCH/NPDSCH/NPUSCH are changed by RAN1 due to supporting of two HARQ processes.

	Huawei, HiSilicon
	· As indicated in Discussion point 1, the number of HARQ processes has no impact on these timers either. Different HARQ processes can use their individual HARQ RTT Timer / UL HARQ RTT Timer and drx-RetransmissionTimer / drx-ULRetransmissionTimer separately.
· Thus, we think current start/stop conditions for HARQ RTT Timer / UL HARQ RTT Timer and drx-RetransmissionTimer / drx-ULRetransmissionTimer are the same as Rel-13 NB-IoT, and the UE behaviour is the same as current Rel-13 NB-IoT.

	Qualcomm
	· HARQ related timer handling same as in Rel 13.

	Intel
	There is no need for any changes to the start/stop conditions of the timers as they are in Rel-13. However, depending on RAN 1 discussion on HARQ timing, HARQ RTT Timer/UL HARQ RTT Timers’ value may need to revisit.

	ZTE
	· Most of Rel-13 NB-IOT start/stop conditions for HARQ RTT Timer / UL HARQ RTT Timer and drx-RetransmissionTimer / drx-ULRetransmissionTimer can be remained, except for the following:
-if the PDCCH indicates a transmission (DL, UL) for a NB-IoT UE
    -stop drx-ULRetransmissionTimer
The above statement might mislead that drx-ULRetransmissionTimer will stop with the detection of PDCCH of either HARQ process. An example clarification could be as follows:

 -if the PDCCH indicates a transmission (DL, UL) for a NB-IoT UE
-stop drx-ULRetransmissionTimer for the corresponding HARQ process.



In Rel-13 NB-IoT, for DL transmission, if a UE receives a NPDCCH indicating a transmission, it is impossible for this UE to receive any other NPDCCH before the UL feedback transmission. Similarly, in UL transmission, a new scheduling NPDCCH can be only received by a UE after the previous transmission.
After 2 HARQ processes are supported for NB-IoT, there may be two NPDCCHs for the same UE without any NPDSCH/NPUSCH between them. If both onDurationTimer and drx-InactivityTimer are stopped after receiving a NPDCCH according to Rel-13 mechanism, the next NPDCCH will be missed. Thus, whether the current start / stop condition for onDurationTimer and drx-InactivityTimer is applicable needs to be discussed.
Discussion point 3. Companies are invited to provide their views on whether the current start/stop conditions for onDurationTimer and drx-InactivityTimer are the same as Rel-13 NB-IoT. Please justify your response. If “no”, please specify the start and/or stop conditions.
Table 3. Company's view on Discussion point 3
	Company’s name
	Comments

	Ericsson
	· RAN1 is still discussing the timing relations between NPDCCH/NPDSCH/NPUSCH as well as the possibility to use HARQ-ACK bundling and the outcome of this discussion will likely impact the connected mode DRX design in RAN2. 

If the two HARQ processes are always scheduled in the same NPDCCH subframe (either by using Aggregation Level 1 for the two DCIs or by introducing a new DCI format to schedule two HARQ processes in a single DCI) and HARQ-ACK bundling is used, then we may not need to introduce any changes and the behavior will be the same as in Rel-13.

However, if the two HARQ processes are scheduled in separate NPDCCH subframes or if HARQ-ACK bundling is not used, the required changes will be larger. For this case we see two potential solutions:

Solution 1: Similar to what Huawei proposed in R2-166327, that is, when a NPDCCH indicating new transmission is detected, UE should start the drx-InactivityTimer to be able to detect the potential second NPDCCH.

Solution 2: A new timer can be introduced to ensure that UE doesn’t miss the potential second NPDCCH when two HARQ processes are configured. This new timer should be started at the detection of NPDCCH indicating new transmission, and stopped at detection of the second NPDCCH or Z subframes before the NPDSCH, depending on which one comes first. (The variable Z is discussed in the RAN1 way forward R1-1611019).



	Huawei, HiSilicon
	· To avoid the above problem, one possible solution is that the drx-InactivityTimer is started/restarted when HARQ RTT Timer or UL HARQ RTT Timer expires, or when a NPDCCH indicating a new transmission is received.
· The stop condition for InactivityTimer and the start/stop condition for onDurationTimer are kept the same as Rel-13. 

	Qualcomm
	· Solution 1 is sufficient (if required any solution required).

	Intel
	OnDuration time provides eNB with the scheduling opportunities to send the first PDCCH. Whether there is another DL assignment/UL grant for the UE can be tracked by the drx-InactivityTimer typically. Hence there is no need to change the OnDuration behaviour (i.e. stop when a PDCCH indicates UL or DL transmission). 

We think there are 2 changes needed: 

· To allow the start/restart of the drxInactivityTimer after PDCCH indicates UL and DL transmission to allow for another HARQ process to be used (if it is not already in use).

· To start OnDurationTimer even if HARQ_RTT_Timer or UL_HARQ_RTT_Timer is running.

	ZTE
	For onDurationTimer
· The current start/stop condition of onDurationTimer could remain the same as Rel-13 NB-IOT.

For drx-InactivityTimer 
· To adapt to the 2-HARQ processes, and considering the possible further extension of HARQ process number in the future, a easy way for drx-InactivityTimer is to reuse the legacy LTE's method, i.e. as following: 
  if the PDCCH indicates a new transmission, start or restart drx-InactivityTimer.



2.2 Impacts on RLC layer
In Rel-13 NB-IoT with only one HARQ process, reception of RLC PDUs out of order due to multiple HARQ processes does not exist. Thus, detection of missing RLC PDUs using t-reordering is not supported. The values of corresponding timers (i.e. t-reordering) are set to 0, which means if a UE detects a missing RLC PDUs in its RLC buffer, a Status Report is triggered immediately.

If 2 HARQ processes are supported, t-reordering needs to be supported to avoid Status Report triggered by false detection of missing RLC PDU. 
Discussion point 4. Companies are invited to provide their views on whether t-reordering needs to be supported for 2 HARQ processes. Please justify your response.
(4.a) Yes, why
(4.b) No, why.
Table 4. Company's view on Discussion point 4
	Response 4
	Company's name and comments

	4.a. Yes, why
	· Ericsson: t-reordering should be supported due to the reason mentioned.
· Huawei, HiSilicon: 
In Rel-13 NB-IoT, since only one HARQ process is supported, out of order of RLC PDUs caused by multiple HARQ processes does not exist. Thus, missing RLC PDU detection using t-reordering is not supported.

In Rel-14, if 2 HARQ processes is supported, t-reordering should be supported to avoid Status Report wrongly triggered by false detection of missing RLC PDU.
· Qualcomm: Use t-reordering if 2-HARQ processes are supported.
· Intel: Yes, the t-reordering needs to be supported for 2-HARQ process
· ZTE: Yes, agree with HW’s initial views.

	4.b. No, why.
	· 


If the answer for Discussion point 4 is “Yes”, the transmission duration and the scheduling period of NB-IoT are much longer than legacy LTE. Naturally, the value range of t-reordering may need to be extended.
Discussion point 5. If the answer for Discussion point 4 is “Yes”, companies are invited to provide their views on whether the current value range of t-reordering needs to be extended. Please justify your response and state all the exact values.
Table 5. Company's view on Discussion point 5
	Company’s name
	Comments

	Ericsson
	· Too large value for the RLC t-reordering timer will introduce latency to the data delivery to upper layer while too small value might cause unnecessary RLC retransmissions.
The value of t-reordering is related to the HARQ re-transmission delay, the PDSCH transmission duration, and the number of HARQ re-transmission in the following way:

t-reordering >= (HARQ retransmission delay + PDSCH transmission duration) x #HARQ re-retransmissions
Our understanding is that the use of 2 HARQ processes is intended for UEs in good coverage, so the NPDCCH, NPDSCH and NPUSCH transmission times can all be assumed to be quite small (in the order of 1 ms). If we further assume that the number of HARQ re-transmissions is set to 4 and also account for the forward scheduling delay (~5ms) and the HARQ feedback delay (~13ms), a reasonable value for t-reordering timer is around 50-100ms. 

In LTE the t-reordering timer has a value range from 0 to 1600ms. Considering the argument above, this value range seems sufficient also for NB-IoT.

	Huawei, HiSilicon
	· 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}.
· The existing value range up to ms1600 may be enough. 

	Qualcomm
	· We don’t think protocol should limit when two HARQ processes can be used hence design should allow all coverage levels. For this reason t-reordering should be extended to allow usage in extended coverage. Furthermore propose t-ordering timer for NB-IoT be defined in PDCCH periods.

	Intel
	· We think the existing range is sufficient.

	ZTE
	· As HW mentioned, the current t-reordering of RLC has been extended to 1600ms in Rel-13, RAN2 can discuss whether this value can fulfill the requirement of 2 HARQ processes of Rel-14 NB-IOT.


2.3 Other issues

Companies are asked to describe any other issues related to 2 HARQ processes in NB-IoT that RAN2 should consider in the table below.
Note: we assume that UE capability reporting and the configuration of the feature can be discussed after RAN1’s decision on this part in the next meeting.
Table 6. Other issues that should be addressed
	Company name
	Comments

	Ericsson

	It’s our understanding that RAN1 is still discussing the timing relationships applicable to two HARQ processes, where one proposal is to tighten the Rel-13 timings and a second is to reuse the Rel-13 timings to the maximum extent possible. We see clear benefits with a wide chipset support for improving the throughput and are thus supporting the least stringent proposal, i.e. to reuse the Rel-13 timings. But we have then observed that a much simpler approach is to abandon the two HARQ processes in Rel-14 and instead further increase the TB sizes for NB-IoT. This will give similar, if not the same, benefits as introducing two HARQ processes based on the Rel-13 timings.



	Intel
	We acknowledge the understanding of Ericsson that RAN 1 is discussing the HARQ timing and on increasing the TBS size further. We are supportive of further discussing this in RAN 1.

	
	

	
	

	
	


3 Email discussion result
The following 6 companies participated in the email discussion: Ericsson, Huawei, HiSilicon, Qualcomm, Intel, ZTE. 

Section 3.1 provides a summary of the inputs provided for each discussion point and a set of recommendations based on these inputs.

3.1 Summary
3.1.1 Impacts on MAC layer
Discussion point 1: whether HARQ RTT Timer / UL HARQ RTT Timer and drx-RetransmissionTimer / drx-ULRetransmissionTimer are maintained for each HARQ process?

· All companies agree that HARQ RTT Timer / UL HARQ RTT Timer and drx-RetransmissionTimer / drx-ULRetransmissionTimer are maintained for each HARQ process.

Observation 1: HARQ RTT Timer / UL HARQ RTT Timer and drx-RetransmissionTimer / drx-ULRetransmissionTimer are maintained for each HARQ process.
Discussion point 2: Whether current start/stop conditions for HARQ RTT Timer / UL HARQ RTT Timer and drx-RetransmissionTimer / drx-ULRetransmissionTimer are the same as Rel-13 NB-IoT, and whether the UE behaviour is the same as Rel-13 NB-IoT?

· All companies agree that start/stop conditions for the HARQ process specific timers and the UE 
behaviors should remain the same as Rel-13 NB-IoT.
· 1 company thinks that the stop condition for drx-ULRetransmissionTimer should be clarified for the corresponding HARQ process.
We assume it is reasonable to make such clarification for drx-ULRetransmissionTimer. 
Proposal 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:
-if the PDCCH indicates a transmission (DL, UL) for a NB-IoT UE
-stop drx-ULRetransmissionTimer for the corresponding HARQ process.

Discussion point 3: Whether the current start/stop conditions for onDurationTimer and drx-InactivityTimer are the same as Rel-13 NB-IoT?

· All companies agree that the start/stop condition for onDurationTimer should remain the same as Rel-13 NB-IoT.
· Almost all companies agree that drx-InactivityTimer should be started/restarted when a NPDCCH indicate a new transmission (UL, DL). 
· 1 company also proposes that a new timer can be introduced to ensure that UE doesn’t miss the potential second NPDCCH. This new timer should be started at the detection of NPDCCH indicating new transmission, and stopped at detection of the second NPDCCH or Z subframes before the NPDSCH, depending on which one comes first.
Proposal 2: The start/stop conditions for onDurationTimer should remain the same as Rel-13 NB-IoT.
Proposal 3: 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. 
3.1.2 Impacts on RLC layer
Discussion point 4: Whether t-reordering needs to be supported for 2 HARQ processes?

· All companies agree that t-reordering should be supported for 2 HARQ processes. 
Proposal 4: The t-reordering should be supported for 2 HARQ processes.
Discussion point 5: Whether the current value range of t-reordering needs to be extended?

· Almost all companies agree that the current value range up to ms1600 is sufficient for Rel-14 NB-IoT.
· 1 company indicates that the t-reordering should be defined in PDCCH periods. 
We assume that there is no PDCCH period concept in RLC layer. Thus, it is not reasonable to use PDCCH period as the basic unit to define the timer length. 
Proposal 5: 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. 
3.1.3 Other issues
· 2 companies think that RAN1 is still discussing the timing relationships applicable to two HARQ processes. There may be an approach to abandon the 2 HARQ processes in Rel-14 and increase the TBS. 
We assume it is reasonable to wait for RAN1’s final decision. If 2 HARQ processes is not introduced in Rel-14 NB-IoT. The above proposals will be withdrawn.
Proposal 6: All the above proposals depend on RAN1’s final decision. If 2 HARQ processes is not introduced in Rel-14 NB-IoT. The above proposals will be withdrawn.
3.2 Recommendation
Below are the set of proposals made as a result of the email discussion:
Observation 1: HARQ RTT Timer / UL HARQ RTT Timer and drx-RetransmissionTimer / drx-ULRetransmissionTimer are maintained for each HARQ process.
Proposal 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:

-if the PDCCH indicates a transmission (DL, UL) for a NB-IoT UE
-stop drx-ULRetransmissionTimer for the corresponding HARQ process.

Proposal 2: The start/stop conditions for onDurationTimer should remain the same as Rel-13 NB-IoT.
Proposal 3: 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. 
Proposal 4: The t-reordering should be supported for 2 HARQ processes.
Proposal 5: 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. 
Proposal 6: All the above proposals depend on RAN1’s final decision. If 2 HARQ processes is not introduced in Rel-14 NB-IoT. The above proposals will be withdrawn.
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