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1 Introduction

RAN2 discussed connected mode DRX during the RAN2 NB-IoT ad-hoc meeting in January 2016. Three contributions [1][2][3] related to the “Active Time” in the UE were discussed all with the intention to adapt the legacy/eMTC connected mode DRX operations to NB-IoT and reduce the NB-IoT UE power consumption. As no agreements could be made it was decided [4] that an email discussion would be held until the RAN2#93 meeting. 
In this report, we provide the summary of the email discussion below:
[NBAH#06][NBIOT/DRX] DRX dormancy (Ericsson)

Intended outcome: For the proposals to the NBIOT adhoc on how to keep the active time low, pave the way for making decision, by clarifying operation, the benefits and the drawbacks for the options 

The deadline of the email discussion is Wednesday, 2016-02-03, 23:59 Pacific Time.

2 Discussion

The intended outcome of the email discussion is:

· to address the “Active Time” for NB-IoT to be captured later in TS 36.321 and 
· for the proposals [1][2][3] to the NB-IoT ad-hoc on how to keep the “Active Time” low:
· pave the way for making decisions at RAN2#93
· clarifying the connected mode DRX operation for NB-IoT
· discuss the benefits and the drawbacks of the options presented during the RAN2 NB-IoT ad-hoc
Companies are expected to provide their views based on the questions provided in the sections below.
2.1 Connected mode DRX legacy/eMTC procedure 

With reference to the MAC specification (36.321) the modeling of the “Active Time” for the UE is done by using timers, i.e. when any of the DRX related timers run the UE is in “Active Time” and mandated to receive the PDCCH (NB-PDCCH for NB-IoT). In the current version of the specification only synchronous UL HARQ is supported so there is no legacy specification for how to handle asynchronous UL HARQ but this is currently being discussed as part of a RAN2/eMTC email discussion, see [5]. 

Reference [1] describes in Figure 1-3 how NB-IoT connected mode DRX would work in a few scenarios applying the legacy/eMTC timers and an assumed solution for asynchronous UL HARQ by re-using the legacy DL HARQ concept. 

Question 1. 
Please state if your understanding of applying the legacy connected mode DRX mechanisms is in-line with what is described in [1] in Figure 1-3 (including the supporting text).  
If you have a different understanding of the connected mode DRX mechanisms please describe them. 
Question 2. 
If you believe that the legacy/eMTC timers could be re-used as is please explain your view on how the values could be set for NB-IoT to be able to handle the large variable transmission durations for different transport block sizes
 that will be present in NB-IoT to achieve low UE power consumption.    
Companies are welcome to provide their comments in the table below.
Table.1 Company views on “Connected mode DRX legacy/eMTC procedure”
	Company
	Connected mode DRX legacy/eMTC procedure

	LG
	Question

1
	Figure 1 – HARQ RTT Timer should be running when SRB/DRB is received.

Figure 3 – We can confirm that UL HARQ RTT Timer and UL drx-RetransmissionTimer would be used for asynchronous UL HARQ even though we haven’t decided yet.

	
	Question

2
	We think legacy timers + UL HARQ RTT Timer and UL drx-RetransmissionTimer can be reused. As in the legacy, drx-InactivityTimer is configured by considering new transmission opportunities. HARQ RTT Timer and drx-retransmissionTimer are configured by considering retransmission opportunities. 

For NB-IOT, considering the number of repetition transmission/reception, we assume quite long value of drx-InactivityTimer would be configured. 

	Huawei
	Question

1
	Yes, we think Figure 1~3 show the legacy connected mode DRX mechanisms.

	
	Question

2
	In NB-IoT, a single process HARQ is used. In each direction, a new transmission only can be sent after the previous transmission is successful. The timers used for DRX in connected mode in LTE are designed for multiple processes HARQ, thus we believe these timers can be simplified or removed, e.g. the retransmission timers.

	Ericsson
	Question

1
	Our understanding of applying the legacy connected mode DRX mechanisms is in-line with what is described in [1] in Figure 1-3.

LG is correct that the HARQ RTT Timer is running in Figure 1 as specified in 36.321 but as the transmission of the SRB/DRB was successful in that example (a HARQ ACK is sent as indicated) the running of this timer does not matter as it does not affect the “Active Time” in the UE.

	
	Question

2
	We think that the legacy timers could potentially be re-used as also stated in [1]. However, we see a problem in how to set/configure the drx-InactivityTimer value if the legacy start/stop criterion is re-used. It is in our view not possible to find a good value that can cope with all possible scenarios that might happen during connected mode due to for example that the transmission time will vary extensively in NB-IoT related to transport block sizes, transmission direction and coverage level. Whatever value that is chosen (long or short) it will lead to non-optimal power consumption in the UE as the “Active Time” or the time in connected mode would increase. 

A long value is not good as the UE will get less DRX opportunities for example when waiting for new grants/assignments. The eNB needs to be able to time multiplex many UEs on the downlink to perform DL assignments (including paging/RAR), UL grants and NB-PDSCH.

A short value is not good either as there is a risk that the UE goes too quickly/often into DRX according to OnDuration even if the current HARQ process is not yet complete or if there is more data to be sent/received. This means that the total time in connected mode will increase leading to increased UE power consumption.

	CATT
	Question

1
	We are fine with Figure1~3

	
	Question

2
	We agree that the reusing of drxStartOffset, longDRX-Cycle and OnDurationTimer is surffcient for NB-IoT.

We see the need for enhancement to improve Ue power saving for NB-IoT applications. Even though only one HARQ process is used. The UE power saving is important for NB-IoT and sending the UE quickly to DRX sleep should be considered. 



	Sony
	Q2
	OK to re-use legacy timers, otherwise we need to design a completely new DRX mechanism, and we do not have enough time.

	Intel


	Question

1
	Figures 1-3 are ok

	
	Question

2
	We think that all the legacy timers can be reused for NBIOT and this will also include the new timers for asynchronous UL HARQ. In view that NBIOT traffic is typically one shot transmission, the NW can based it on the coverage level and the data volume information provided during the RRC Connection establishment to configure the appropriate DRX-configuration. For CP Solution 2, the DRX configuration can be provided during the RRC Connection Setup message while for UP Solution 18, it can be done during RRC Connection Resume (or RRC Connection Setup if we reuse the message) or via RRC Connection Reconfiguration message (if needed).

	NTT DOCOMO
	Question

1
	Figure1/2/3- In the legacy behavior, we think that HARQ RTT timer should be started when DCI is detected. 


if the PDCCH indicates a DL transmission or if a DL assignment has been configured for this subframe:

-
start the HARQ RTT Timer for the corresponding HARQ process;
-
stop the drx-RetransmissionTimer for the corresponding HARQ process.


	
	Question

2
	We think that the legacy timers can be utilized. However, we are not so sure whether we need to have longer value than those for eMTC since RAN1 is still discussing the TBS issue. 

	Samsung
	Question 2
	We think HARQ operation related timers (e.g. HARQ-RTT-Timer, drx-Retransmission Timer) can be simplified because only one HARQ process is supported per direction. Also, drx-Inactivity timer can be designed long enough to transmit or receive ACK successfully.

	BlackBerry
	Question

1
	We think figures 1-3 are ok

	
	Question

2
	If the timers are reused as per LTE it is likely that the drx-InactivityTimer will be configured quite long in order to take into account the need for repetitions at different coverage levels. In such a case we feel there is a need for optimisations in order to offset the negative battery impact such configurations would cause.

	ZTE
	Question

1
	Figure 2- HARQ RTT timer should start after UE receive NB-PDCCH but not after NB-PDSCH according to current MAC specification
Figure3- it is not in current specification but we also intend to agree these two timers can work like this way for UL HARQ. Again HARQ RTT timer should start after receiving NB-PDCCH

	
	Question

2
	We think legacy HARQ RTT timer and retransmission timer can be reused as it is in the specification. In NB-IoT UE’s traffic mode is quite simple and predictable. So by setting proper long DRX timer and on-duration timer, I guess there is no big problem for new transmission. We are also open to discuss whether there could be any optimization

	Sequans
	Question 1
	Agree that figures 1-3 describe legacy behavior (and its extension for asynchronous UL HARQ). HARQ RTT timer should be started also in figure 1 as stated by other companies.

	
	Question 2
	As a baseline the legacy timers could be reused. However we are open to discuss optimizations.


2.2 DRX scenarios after uplink grant 

After an uplink grant reception (and the transmission of the data on the NB-PUSCH), it is assumed that the UE always needs to be in “Active Time” for a short time before entering DRX according to drxStartOffset/longDRX-Cycle/OnDurationTimer. During this “Active Time” the UE will receive one of the following on the NB-PDCCH:

1. uplink grant for either:
a. a HARQ re-transmission or

b. a new transmission (application/signaling data if new UL data available in the UE and/or a BSR)
2. downlink assignment for a re-transmission (in case the eNB paused the finalization of an transmission due to for example not enough DL resources available or more important data being scheduled in the reverse direction)

3. downlink assignment for a new transmission of one of or any mix of the following (i.e. concatenated/multiplexed in the same assignment):

a. RLC STATUS PDU (in case the poll bit was set in previous uplink transmission or the eNB detected a missing PDU)
b. Application/signaling data
4. nothing received (could be due to for example congested NB-PDCCH or DL occupied by a long transmission to another UE)
Question 3. 
Do you agree that the UE needs to be in “Active Time” as described above and that the scenarios listed (1-4) need to be considered for connected mode DRX handling? If not, please explain why.
The intention of Q3 is to try to align on a common view of the existing scenarios that affects the connected mode DRX operations for NB-IoT. Companies are welcome to provide their comments in the table below.
Table.2 Company views on “DRX scenarios after uplink grant”
	Company
	DRX scenarios after uplink grant

	LG
	Question

3
	The intention of Question 3 is unclear. In Active Time, the UE monitors PDCCH in PDCCH-subframe for any purpose.

	Huawei
	Question

3
	For scenario 2, we think it is not the case according to the NB-IoT traffic model since the uplink data has no motivation to interrupt an ongoing downlink data transmission. The uplink data can wait until downlink re-transmission is completed at least for the current packet. Therefore we think the scenario 2 doesn’t need to support.

	Ericsson
	Question

3
	Agree, these are the main scenarios.


	CATT
	Question

3
	In our understanding, the intention of this question is to address the behavior during DRX Active time for NB-IoT UEs. Hence, above scenarios could be considered.

	Intel
	Question

3
	Currently the Active Time is defined in TS36.321 as follow:

-
onDurationTimer or drx-InactivityTimer or drx-RetransmissionTimer or mac-ContentionResolutionTimer (as described in subclause 5.1.5) is running; or
-
a Scheduling Request is sent on PUCCH and is pending (as described in subclause 5.4.4); or

-
an uplink grant for a pending HARQ retransmission can occur and there is data in the corresponding HARQ buffer; or

-
a PDCCH indicating a new transmission addressed to the C-RNTI of the MAC entity has not been received after successful reception of a Random Access Response for the preamble not selected by the MAC entity (as described in subclause 5.1.4).

We do not see a need to change this. For the 3rd bullet related to UL HARQ retransmission, it will be related to the DRX retransmission timer associated with the UL HARQ process for asynchronous HARQ.

	NTT DOCOMO
	Question

3
	We are not so sure the difference between 2 and 3. There may be possibility to receive PDCCH order.

	ZTE
	Question

3
	Yes we think all the listed 4 cases are possible

	Sequans
	Question 3
	We are not sure why we should have the initial assumption “UE always needs to be in “Active Time” for a short time before entering DRX”.

After UL transmission, active time is needed during “UL drx retransmission timer” (but UE could be in DRX during UL HARQ RTT if not prevented by other timer).

Regarding scenarios, we are not sure scenario 2 is expected for NB-IoT traffic pattern. However as long as UE is in active time, PDCCH could be used for any purpose


2.3 DRX scenarios after downlink assignment 

Similar to the UL grant reception, after a downlink assignment reception (and after transmitting the HARQ feedback on the NB-PUSCH
), it is assumed that the UE always needs to be in “Active Time” for a short time before entering DRX according to drxStartOffset/longDRX-Cycle/OnDurationTimer. During this “Active Time” the UE will receive one of the following on the NB-PDCCH:

1. downlink assignment for either:

a. a HARQ re-transmission (in case the HARQ feedback was a NACK) or
b. new data (application/signaling data if new DL data available in the eNB)
2. uplink grant for a re-transmission (in case the eNB paused the finalization of an earlier transmission due to for example not enough UL resources available or more important data being scheduled in the reverse direction)

3. uplink grant for a new transmission of one of or any mix of the following (i.e. concatenated/multiplexed in the same grant):

a. RLC STATUS PDU (in case the poll bit was set in the previous downlink transmission and the UL HARQ feedback was ACK)

b. BSR

c. Application/signaling data (if the eNB knows that more data is available in the UE) 

4. nothing received (could be due to for example congested NB-PDCCH or DL occupied by a long transmission to another UE)
Question 4. 
Do you agree that the UE needs to be in “Active Time” as described above and that the scenarios listed (1-4) need to be considered for connected mode DRX handling? If not, please explain why.

The intention of Q4 is to try to align on a common view of the existing scenarios that affects the connected mode DRX operations for NB-IoT. Companies are welcome to provide their comments in the table below.

Table.3 Company views on “DRX scenarios after downlink assignment”
	Company
	DRX scenarios after downlink assignment

	LG
	Question

4
	The intention of Question 4 is unclear. In Active Time, the UE monitors PDCCH in PDCCH-subframe for any purpose.

	Huawei
	Question

4
	For scenario 2, we think it is not the case according to the NB-IoT traffic model since the downlink data has no motivation to interrupt an ongoing uplink data transmission. Anyway the uplink data packet is very small.

	Ericsson
	Question

4
	Agree, these are the main scenarios.


	CATT
	Question

4
	scenario 1- 4 could be considered to address the behavior of NB-IoT UE in DRX active time.

	Intel
	Question

4
	Again, we do not see a need to change the existing conditions of Active time.

	NTT DOCOMO
	Question

4
	There may be possibility to receive PDCCH order.

	ZTE
	Question

4
	Yes we think all the listed 4 cases are possible

	Sequans
	Question 4
	Same view as for Question 3. UE is not necessarily required to be in active  time for a short time after HARQ feedback transmission on NB-PUSCH. UE is required to be in active time when “DL drx retransmission timer” runs.

This can be used for whatever purpose. We are not sure scenario 2 is expected for NB-IOT traffic pattern.


2.4 Preferred connected mode DRX operation for NB-IoT 
The following options have been discussed on the RAN2 NB-IoT ad-hoc meeting related to keeping the “Active Time” for NB-IoT UEs low to allow for more DRX opportunities after either an uplink grant or a downlink assignment was handled in the UE: 

1. no changes compared to legacy/eMTC
 (and re-use what will be decided for eMTC due to the change from synchronous to asynchronous HARQ for the UL)
2. introduce changes to the start/stop criterion of the drx-InactivityTimer and let the UE enter long
 DRX when it expires as proposed in [1]
3. introduce a stop of the drx-InactivityTimer in the UE when it detects the last PDU of a transmission (UL or DL) and enter long4 DRX upon the reception/transmission of the ACK as proposed in [2][3].
a. FFS how the ACK is realized.
4. another solution (please describe the mechanism)

Question 5. 
What is your preference among option 1-4 above for controlling the “Active Time” in the UE related to the uplink grant and downlink assignment scenarios present for NB-IoT and described in section 2.2-2.3? 
Please explain by discussing benefits of the selected option compared to the other options. 
Companies are welcome to provide their comments in the table below.

Table.4 Company views on “Preferred connected mode DRX operation for NB-IoT”
	Company
	Preferred connected mode DRX operation for NB-IoT

	LG
	Question

5
	Our preference is Option 3 on top of Option 1. 

The problem of Option 1 is that the UE stays in Active Time for a long time even after the last PDU transmission due to long drx-InactivityTimer. The Option 3 aims at minimizing this concern. 

We want to point out that even in the legacy, the UE doesn’t monitor the PDCCH even in Active Time if the half-duplex UE performs UL transmission. Therefore, it is not necessary to change start/stop condition of drx-InactivityTimer based on the UL data transmission behavior as proposed in Option 2.


	Huawei
	Question

5
	Our preference is Option 2. 
As explained in question 2, Option 1 should be simplified considering a single process HARQ. drx-RetransmissionTimer can be removed.
Compared with Option 3, Option 2 doesn’t require the UE to keep monitoring the PDCCH when the UE or eNB performs data transmission and can save power consumption in connected mode. And in Option 3, RLC status report will be sent after the last PDU transmission, the MAC layer needs to know this to avoid entering DRX too early, which introduces unnecessary communication between RLC and MAC.

	Ericsson
	Question

5
	Option 2 is preferred to be able to minimize the UE power consumption as it enables the setting of the drx-InactivityTimer to a low value. Thus, it mitigates the problem in legacy/eMTC (option 1) of determining and setting a value of the drx-InactivityTimer to handle big variations in the transmission times for NB-IoT. As the UE anyway needs to be awake for some time after a DL assignment and UL grant it is better that this time is always kept as short as possible. Option 2 takes into account all relevant scenarios that can happen during NB-IoT operations in connected mode (from 2.2-2.3).


By introducing the offset value the eNB could further reduce the UE power consumption due to a reduced “Active Time”. In most cases there is no need for the UE to be awake until at least one RTT after the NB-PUSCH transmission of either the HARQ feedback (in case of DL assignment) or the SRB/DRB data (in case of UL grant). Both option 1 and option 3 require the UE to start monitoring the NB-PDCCH just after the NB-PUSCH transmission if the drx-InactivityTimer is running. 

Option 3 is a good method to reduce the “Active Time” but it is limited to cover only one scenario per direction, i.e. when the UE detects a potential end of a transmission burst (in UL/DL). Since it relies on that the drx-InactivityTimer is set to a large value there is a risk that the UE in some scenarios get stuck for a longer time in “Active Time”. One example is if there is not enough scheduling resources and another case is if the UE misses the NB-PDCCH.

We believe that the eNB can detect the transmission burst ends and would in a more efficient way control the UE DRX opportunities compared to if the UE by itself enters “long DRX”. This is done by controlling the concatenation of BSRs, RLC STATUS PDUs and SRB/DRB data efficiently and the usage of the MAC CE to direct the UE to “long DRX”. This MAC DRX CE would normally not be sent stand-alone and instead be concatenated with the RLC STATUS and/or SRB/DRB data.

	CATT
	Question

5
	We think Option 3 is sufficient. There are many repetition transmissions for NB-IoT. The main issue we see is how to send the UE to sleep quickly after the last packet transmission. This could be solved with Option 3. How much additional gain resulted with option 2 compared to option 3 is not easy to quantify and depends on many parameters. 



	Sony
	Question

5
	Similar opinion to LG. In our understanding the completion of RLC SDU transmission or reception indicates the end of this portion of data. 

	Intel
	Question

5
	Our preference is Option 1. The network should be able to set the appropriate drx-InactivityTimer based on the UE coverage and data volume provided by the UE. Furthermore, the enhancements seem to assume no simultaneous UL and DL traffic which may result in mismatch in the DRX state or no power saving.

	NTT DOCOMO
	Question

5
	We think that Option1 can be baseline. 
For Option2, we think that even with the short value of drx-InactivityTimer, UE will be in active time due to drx-Retransmission anyway. Thus, we are not so sure of the need of the new bahaviour.

For Option3, we wonder if it may be hard to determine the actual “last data”. Also, NW may explicitly indicate UE to be in DRX state or IDLE state when the data ends. 

	Samsung
	Question

5
	We think Option 3 is sufficient for controlling the “Active Time” in the UE. NB-IoT devices require power saving and it can be realized by entering sleep mode as quickly as possible after the completion of packet transmission/ reception.

	BlackBerry
	Question

5
	We see benefits in option 3 on top of option 1, and support the transmission of an explicit indicator to the NW in the case of completion of the transmission of the last PDU (in case of an uplink transfer), to enable a synchronized transition to long DRX.


	ZTE
	Question5 
	Our preference is option 1. And we are open to do little enhancement based on current scheme.
For option3, we think it is bit tricky to bind the condition of last PDU and DRX operation because likely this interaction will involve RLC and even PDCP layer and it is also difficult to define what is last PDU from specification point of view. Because of similar reason it is also not testable.

	Sequans
	Question 5
	Option 1 could be the baseline.
We also see possible benefits with option 2 approach; however this depends on the traffic pattern.
Option 3 is useful if drx-InactivityTimer is set to a long value. However this also requires the UE to be in active time for instance during RTT phases, which should also be avoided. Moreover it is not clear how to identify the last PDU in DL.


3 Summary

The following seven (11) companies participated in the email discussion: LGE, Huawei, Ericsson, CATT, Sony, Intel, NTT Docomo, Samsung, BlackBerry, ZTE, and Sequans. 
Based on the comments provided, the following observations can be made:

(Q1) 
All companies agree that figures 1-3 in [1] are in-line with legacy parameters applied to NB-IoT with some companies pointing that the HARQ RTT Timer (in figure 1-2) should be started at detection of NB-PDCCH.

(Q2) 
6 companies (LG, Sony, Intel, NTT Docomo, ZTE, Sequans) think that the legacy timers could be re-used. 
2 of these companies tried to explain their view on how the values could be set: 

· LG: “assume quite long value of drx-InactivityTimer would be configured”

· Intel: “based it on the coverage level and the data volume information provided during the RRC Connection establishment”

7 companies (Huawei, Ericsson, CATT, Samsung, BlackBerry, ZTE, Sequans) expressed an openness for simplifications/optimizations in NB-IoT.
(Q3+Q4) 
6 companies (LG, Ericsson, CATT, Intel, NTT Docomo, ZTE) agree that all listed scenarios are valid.

2 companies (Huawei, Sequans) thought all except scenario 2 to be valid.
1 company (NTT Docomo) thinks we also have the (legacy) PDCCH order scenario.
1 company (Sequans) is not sure why the UE always should be in “Active Time” for a short time before entering “long DRX”.

(Q5) 
2 companies (Intel, NTT Docomo) prefer to keep legacy/eMTC as is without any changes.

2 companies (ZTE, Sequans) prefer to keep legacy/eMTC as is but are open for enhancements.

2 companies (Huawei, Ericsson) prefer to change the start/stop criterion and introduce an offset to the drx-InactivityTimer. 
4 companies (LG, Sony, Samsung, BlackBerry) prefer to introduce a stop of the drx-InactivityTimer based on detecting the last RLC PDU in a transmission.
1 company (CATT) thinks that stopping the drx-InactivityTimer is sufficient, but they see some problems in how to send the UE quickly to sleep.
3 companies (NTT Docomo,, ZTE, Sequans) see problems in how to determine the last data in the UE.

4 Conclusion

The companies that answered are very aligned in how the legacy connected mode DRX parameters would be applied to NB-IoT.

Approximately half (6) of the companies think that it is possible to re-use the legacy parameters. 
A majority of the companies are in favor of simplifications/optimizations of the DRX functionality.
Most companies are aligned with what scenarios that exists for connected mode DRX In NB-IoT. 

No aligned view exists among companies on what simplifications/optimizations that are needed on top of re-used legacy DRX to reduce UE power consumption.
Since there is a majority of the companies that are in favor of simplifications/optimizations of DRX we suggest that we should arrange an offline interactive discussion on RAN2#93 to see if option 2 or option 3 can be agreed or aligned.
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� The maximum transport block size is not yet defined for NB-IoT but it is assumed that sizes between a few bytes and some 800 bits will be supported. 


� On the RAN1 NB-IoT ad-hoc they decided that HARQ feedback is sent as UCI on the NB-PUSCH.


� This includes the RAN2#92 agreement that the drx-inactivityTimer is started after the last subframe of the M-PDCCH repetition.


� I.e. according to legacy parameters drxStartOffset/longDRX-Cycle/OnDurationTimer 
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