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7.1
1 Introduction
In the current MAC specification, there are some ambiguities in DRX feature of eMTC/NB-IoT UE, which may cause some inter-operability issues. In this paper, we try to clarify the UE behaviour of eMTC/NB-IoT during DRX mode.
2 Discussion
2.1 DRX timer counting for eMTC/NB-IoT UEs
In TS36.321, it is specified that MAC entity counts DRX related timers (e.g., onDurationTimer, drx-InactivityTimer, drx-RetransmissionTimer, etc.) based on PDCCH-subframe, i.e. MAC entity takes into account only the PDCCH-subframes for DRX timers counting (in this paper, we consider onDurationTimer as an example). The PDCCH-subframe and onDurationTimer are defined in subclause 3.1 and Annex C in TS36.321 as follows:
	3.1
Definitions

< omitted unrelated part >
onDurationTimer: 
 Specifies the number of consecutive PDCCH-subframe(s) at the beginning of a DRX Cycle.

…
PDCCH-subframe:

Refers to a subframe with PDCCH. For a MAC entity not configured with any TDD serving cell(s), this represents any subframe; …
…


	Annex C (informative):
Intended UE behaviour for DRX Timers

When a DRX timer is set to a value of X, and n denotes the subframe in which the related event is triggered according to the subclause 5.7, the intended behaviours of each DRX timer are presented in the Table C-1 below: 
Table C-1: Intended UE behaviour for DRX timers

DRX Timers

Intended UE behaviour 
([x, y] means including subframe x and y)
drx-InactivityTimer

The MAC entity monitors PDCCH in PDCCH-subframes during the subframes [n+1, n+m].

The MAC entity starts or restarts drxShortCycleTimer, and uses Short DRX Cycle in the subframe n+m+1, if configured.

drx-InactivityTimerSCPTM
The MAC entity monitors PDCCH in PDCCH-subframes during the subframes [n+1, n+m].

mac-ContentionResolutionTimer or mac-ContentionResolutionTimer for the corresponding enhanced coverage level, if it exists

The MAC entity monitors PDCCH in PDCCH-subframes during the subframes [n+1, n+X].

drx-RetransmissionTimer or drx-ULRetransmissionTimer
The MAC entity monitors PDCCH in PDCCH-subframes during the subframes [n, n+m-1].

onDurationTimer or onDurationTimerSCPTM
The MAC entity monitors PDCCH in PDCCH-subframes during the subframes [n, n+m-1].
drxShortCycleTimer

The MAC entity uses the Short DRX Cycle during the subframes [n, n+X-1].

The MAC entity starts to use the Long DRX Cycle in the subframe n+X.

HARQ RTT Timer

The MAC entity starts drx-RetransmissionTimer in the subframe n+X, if needed.

UL HARQ RTT Timer

The MAC entity starts drx-ULRetransmissionTimer in the subframe n+X, if needed.
NOTE:
For FDD, m is equal to X; for TDD, m is equal to the minimum number of subframes so that X PDCCH-subframes are included during the subframes [x, y].
NOTE:
A MAC entity configured with eIMTA monitors PDCCH in some subframe(s) in addition to PDCCH-subframes, as specified in subclause 5.7.



From the sentence highlighted in yellow, it can be understood that the MAC entity counts the number of consecutive subframes with PDCCH (i.e., the subframes in which the UE monitors PDCCH) for onDurationTimer counting, which is illustrated as Alt 1 in Figure 1.

On the other hand, from the sentences highlighted in green, it can also be understood that the MAC entity counts the number of consecutive subframes regardless whether the MAC entity monitors PDCCH in each subframe, which is illustrated as Alt 2 in Figure 1.
[image: image1.emf]Assumption:

onDurationTimer psf8

mpdcch-NumRepetition (rmax)  4

mpdcch-StartSF-UESS (G) 2

Subframe number 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 …

onDuration (8 consecutive subframes)

onDuration (8 consecutive PDCCH-subframes)

Alt 1:

Alt 2:

G * rmax

PDCCH subframe


Figure 1

Observation 1:
In the current MAC spec, there could be the following two interpretations on DRX timer counting in BL UE, UE in CE, and NB-IoT UE:

- Alt 1: count the number of consecutive subframes in which the MAC entity monitors PDCCH.

- Alt 2: count the number of consecutive subframes regardless whether the MAC entity monitors PDCCH.
We are concerned that if eNB and UE are implemented based on different understanding, there would be some inter-operability issues. E.g., in Figure 1, if eNB is implemented according to Alt 1 and UE is implemented according to Alt 2, the eNB expects that the UE monitors PDCCH in subframe #8, #9, #0, and #1 but the UE does not monitor PDCCH in those subframes. This will result in the failure of PDCCH transmission.
Observation 2:
There would be some inter-operability issues on DRX timer counting, which results in the failure of PDCCH transmission.
We think Alt 1 is straightforward since the DRX timers should represent where the UE shall monitor PDCCH during DRX mode. In addition, from the perspective of parameter setting in eNB, Alt 1 is more flexible. For example, if operator wants UE to monitor 8 consecutive PDCCH subframes during DRX mode, the operator just configures the onDurationTimer as “psf8” in Alt 1. In Alt 2, however, “psf12” should be configured while the value “psf12” is not defined in the RRC specification.

Based on the above discussion, we propose the followings:

Proposal 1:
RAN2 to confirm that Alt 1 is the common understanding, i.e., on DRX timer counting for BL UE, UE in CE, or NB-IoT UE, the MAC entity shall counts the number of consecutive subframes in which the UE monitors PDCCH.
Proposal 2:
Clarify the above understanding (Alt 1) in TS36.321.

2.2 Partial repetition of PDCCH candidates for eMTC UEs
It is either not clear if the BL UE and UE in CE is required to monitor the PDCCH candidates which are partially within the on Duration. Example scenario is illustrated in Figure 2.
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Figure 2
In Figure 2, there are the following candidates for PDCCH reception:

For 1 repetition:

Subframe 0, 1, 2, 3, 8, 9, 0, and 1

For 2 repetitions:

Subframe 0+1, 2+3, 8+9, and 0+1

For 4 repetitions:

Subframe 0+1+2+3, and 8+9+0+1
Obviously, the UE is not required to monitor the PDCCH candidates highlighted in purple since those are not within on duration. Also, we think the UE is not required to monitor the PDCCH candidate highlighted in aqua (i.e., the PDCCH candidate which is partially within on duration). However, this is not clearly described in the current specification. 
Proposal 3:
RAN2 to confirm that BL UE and UE in CE are not required to receive the PDCCH candidates that are not entirely transmitted within on duration.
Proposal 4:
Clarify the above understanding in TS36.321.

3
Summary and Proposal 

In this paper, we discussed the UE behaviour of eMTC/NB-IoT during DRX mode. Followings are the observations and proposals:
Observation 1:
In the current MAC spec, there could be the following two interpretations on DRX timer counting in BL UE, UE in CE, and NB-IoT UE:

- Alt 1: count the number of consecutive subframes in which the MAC entity monitors PDCCH.

- Alt 2: count the number of consecutive subframes regardless whether the MAC monitors PDCCH.

Observation 2:
There would be some inter-operability issues on DRX timer counting, which results in the failure of PDCCH transmission.

Proposal 1:
RAN2 to confirm that Alt 1 is the common understanding, i.e., on DRX timer counting for BL UE, UE in CE, or NB-IoT UE, the MAC entity shall counts the number of consecutive subframes in which the UE monitors PDCCH.

Proposal 2:
Clarify the above understanding (Alt 1) in TS36.321.

Proposal 3:
RAN2 to confirm that BL UE and UE in CE are not required to receive the PDCCH candidates that are not entirely transmitted within on duration.
Proposal 4:
Clarify the above understanding in TS36.321.

We prepared a CR in [1-3].
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