3GPP TSG-RAN WG2 Meeting #94	R2- 164039
Nanjing, China, 23 - 27 May 2016
Agenda Item:	7.14.3.1
Source:	Ericsson
Title:	Connected mode DRX timers for NB-IoT
Document for:	Discussion, Decision

1 Introduction
This contribution discusses the value ranges needed for DRX timers in RRC connected state in NB-IoT.
At the RAN2#93bis meeting ([1]) the following was agreed with regards to DRX signalling:
· The drx-InactivityTimer should be started at the end of the transmission/re-transmission of each MAC PDU
· The “UL HARQ RTT Timer” is constant and started on the last subframe of the NPUSCH transmission and the “HARQ RTT Timer” is variable and started on the last subframe of the NPDSCH transmission
· The onDurationTimer, drx-InactivityTimer, drx-RetransmissionTimer and the HARQ RTT timer in NB-IoT should be extended, compared to eMTC/LTE
· drx-ULRetransmissionTimer in eMTC should be re-used in NB-IoT because of the asynchronous and adaptive UL HARQ process. While the values should be extended
· We use PDCCH period instead of PDCCH subframe as basic unit of corresponding DRX parameters, except for the DRX cycle
· We use table below as baseline for value ranges, but aim to have fewer start-offset-values and fewer on-duration-values

	Parameters
	Analysis
	LTE (not updated)
	NB-IoT 

	onDurationTimer
	[bookmark: OLE_LINK54][bookmark: OLE_LINK72][bookmark: OLE_LINK52][bookmark: OLE_LINK53][bookmark: OLE_LINK44][bookmark: OLE_LINK45]Using pp instead of psf directly
	[bookmark: OLE_LINK42][bookmark: OLE_LINK43]psf {1, 2, 3, 4, 5, 6, 8, 10, 20, 30, 40, 50, 60, 80, 100, 200}
	[bookmark: OLE_LINK55][bookmark: OLE_LINK56][bookmark: OLE_LINK57]pp {1, 2, 3, 4, 5, 6, 8, 10, 20, 30, 40, 50, 60, 80, 100, 200}

	drx-InactivityTimer
	[bookmark: OLE_LINK65][bookmark: OLE_LINK66]As analysized in proposal 3 and using pp instead of psf. Remove some big values
	psf {1, 2, 3, 4, 5, 6, 8, 10, 20, 30, 40, 50, 60, 80, 100, 200, 300, 500, 750, 1280, 1920, 2560}
	[bookmark: OLE_LINK50][bookmark: OLE_LINK51]pp {0, 1, 2, 3, 4, 5, 6, 8, 10}

	drx-RetransmissionTimer
	Using pp instead of psf directly
	psf {1, 2, 4, 6, 8, 16, 24, 33}
	[bookmark: OLE_LINK76][bookmark: OLE_LINK77][bookmark: OLE_LINK61][bookmark: OLE_LINK62][bookmark: OLE_LINK60][bookmark: OLE_LINK58][bookmark: OLE_LINK59]pp {0, 1, 2, 4, 6, 8, 16, 24, 33}

	HARQ RTT Timer
	Re-use eMTC
	8 subframes
	[bookmark: OLE_LINK67][bookmark: OLE_LINK68]Re-use: 8 subframes

	[bookmark: OLE_LINK118][bookmark: OLE_LINK73]longDRX-CycleStartOffset
	Using pp instead of sf directly
	sf10	INTEGER(0..9),
sf20	INTEGER(0..19),
sf32	INTEGER(0..31),
sf40	INTEGER(0..39),
sf64	INTEGER(0..63),
sf80	INTEGER(0..79),
sf128	INTEGER(0..127),
sf160	INTEGER(0..159),
sf256	INTEGER(0..255),
sf320	INTEGER(0..319),
sf512	INTEGER(0..511),
sf640	INTEGER(0..639),
sf1024	INTEGER(0..1023),
sf1280	INTEGER(0..1279),
sf2048	INTEGER(0..2047),
[bookmark: OLE_LINK74][bookmark: OLE_LINK75]sf2560	INTEGER(0..2559)
sf5120	  INTEGER(0..1),
sf10240  INTEGER(0..3)
	[bookmark: OLE_LINK139][bookmark: OLE_LINK171][bookmark: OLE_LINK170][bookmark: OLE_LINK134][bookmark: OLE_LINK133]pp 10	INTEGER(0..9),
pp 20	INTEGER(0..19),
pp 32	INTEGER(0..31),
pp 40	INTEGER(0..39),
pp 64	INTEGER(0..63),
pp 80	INTEGER(0..79),
pp 128	INTEGER(0..127),
pp 160	INTEGER(0..159),
pp 256	INTEGER(0..255),
pp 320	INTEGER(0..319),
pp 512	INTEGER(0..511),
pp 640	INTEGER(0..639),
pp1024	INTEGER(0..1023),
pp1280	INTEGER(0..1279),
pp2048	INTEGER(0..2047),
pp2560	INTEGER(0..2559)
pp5120	INTEGER(0..1),
pp10240  INTEGER(0..3)

	drx-ULRetransmissionTimer
	Same as drx-RetransmissionTimer
	none
	pp {0, 1, 2, 4, 6, 8, 16, 24, 33}

	UL HARQ RTT Timer
	Samilar to HARQ RTT Timer
	eMTC: 4 subframes
	4 subframes



2 [bookmark: _Ref178064866]Discussion
In our view the long DRX cycle should in NB-IoT primarily be used by the UE while waiting for a response to a previously sent/received request message, or while waiting for scheduling to continue for the UE in case of a system that is loaded and where the eNB does not currently have time to schedule the UE. This means that the duration of the long DRX cycle in NB-IoT in many cases should normally be measured in seconds.
In NB-IoT not all subframes can be used for scheduling the UE. The following formula gives the timer interval T at which a UE can be scheduled (the starting subframe of an NPDCCH):
T = Rmax*G, where T>=4, and:
· Rmax is the maximum repetition level (1, 2, 4, 8, 16, 32, 64, 128, 256, 512, 1024, 2048)
· G is a factor used for adjusting the interval between two PDCCH starting points (1.5, 2, 4, 8, 16, 32, 48, 64)
As can be seen from the formula, using any value of G except 1.5 and 48, the T value will be a power of 2, and using a G value of 1.5 or 48 will give a T value that is adjusted a half step from a power of 2. Because of this scheduling periodicity specified by T, the OnDuration periods for a UE should be aligned with T, and the length of the long DRX cycle should be a multiple of T.
Proposal 1: The OnDuration periods should be aligned with the scheduling interval in NB-IoT (T) and the length of the long DRX cycle should be a multiple of T.
This means that for the long DRX cycle we need to have two sets of values: values with a multiple of 2, and values that are shifted half a step from a multiple of 2. A reasonable minimum value of the long DRX cycle could be 256 ms, and it is suggested to use fewer long DRX cycle durations than in legacy LTE. Due to these observations we propose to use the following time durations for the long DRX cycle:
ENUMERATED { sf256, sf512, sf1024, sf1536, sf2048, sf3072, sf4096, sf4608, sf6144, sf7680, sf8192, sf9216, spare4, spare3, spare2, spare1}

Proposal 2: Use the following long DRX cycles:  sf256, sf512, sf1024, sf1536, sf2048, sf3072, sf4096, sf4608, sf6144, sf7680, sf8192, sf9216, spare4, spare3, spare2, spare1.
Since the number of UEs that will be in RRC connected mode at the same time is rather limited in NB-IoT, and since configuring many different DRX offsets results in unnecessary signalling , we propose to reduce the number of offsets that can be used for a given long DRX cycle duration. However, it is still necessary to provide sufficient configuration flexibility to allow UEs to be allocated to unique OnDuration time periods. We may for instance have some UEs that have a rather large T value (>256), and some that have a rather small T value, and ideally it should be possible to configure all these UEs on unique OnDuration periods that do not overlap with any other UE. For UEs with a large T value we may not need to use many OnDuration offsets, but for UEs with a small T value we need to have the flexibility to allocate the OnDuration at a specific position within the long DRX cycle.
As a reasonable trade-off between configuration overhead and configuration flexibility we believe that 8 bits should be used for the configuration of the OnDuration offset for any of the given long DRX cycles. This means for instance that for a long DRX cycle of 8192, only every 32 subframe will be valid as an OnDuration offset (8192 / 256).
[bookmark: _GoBack]Proposal 3: Use 8 bits for specifying the OnDuration offset for any of the different long DRX cycles.

The OnDurationTimer is measured in PDCCH periods (pp). For NB-IoT it is important that the UE will get a chance to be scheduled at the next OnDuration opportunity but it is also important to ensure that the UE is not wasting energy while waiting at an OnDuration period. This is important for UEs in poor coverage due to the long transmission times so for these a rather small pp should be used. However, for good coverage UEs scheduling flexibility is desired so some medium sized values should be present. A suggestion of suitable values is:
Proposal 4: Use the following OnDurationTimer values: pp{1, 2, 3, 4, 8, 16, 32, spare1}
For certain configurations there is a problem with SFN wrap-around at subframe 10240, where an OnDuration period continues over the SFN wrap-around. This may happen for instance if we use a long DRX cycle of  sf6144, then we will get:
· Valid OnDuration offset values would be (using 8 bits for the offset): n * 24, where n = 0 .. 255;
· Offset values n= 0 .. 170, gives two OnDuration periods that starts within subframe 10240;
· Offset value n = 172, gives an OnDuration period that starts at subframe 4128 and a subframe that would start in subframe 10272 if it was valid; but since the second subframe is not valid this OnDuration offset will only give one opportunity every 10.24 second for the UE to be awake in an OnDuration period.
· Offset values = 172 .. 255 gives the same problem as specified for offset 172;
Observation 1: When using some long DRX cycles there will be a subset of the OnDuration periods that will wrap-around at the end of the SFN period and which are not valid.
To avoid this problem the eNB may decide to not configure a UE with OnDuration offset values that causes SFN wrap around.
The drx-InactivityTimer is measured in PDCCH periods (pp). For NB-IoT this timer is primarily used while waiting for a subsequent transmission of the next TB or a possible retransmission of the most recent sent/received TB. In a low loaded system it is expected that the eNB should be able to schedule the UE at the next possible scheduling occasion, but in case there is other traffic in the same cell, it may mean that the eNB cannot schedule the UE immediately but has to delay the scheduling for a number of PDCCH periods. It is, however, not optimal to expect the UE to be awake for too long time because this will just waste battery and it is then probably better to wait until the next OnDuration for poor coverage UEs. For good coverage UEs scheduling flexibility is desired so some medium sized values should be present also here:
[bookmark: __DdeLink__1972_1048461236]Proposal 5: Use the following drx-InactivityTimer values: pp{1, 2, 3, 4, 8, 16, 32, spare1}
The purpose of the drx-RetransmissionTimer and the drx-UlRetransmissionTimer timers is to ensure that the UE is awake for some time to receive a subsequent re-transmission request. But since the UE will anyhow be awake due to the drx-InactivityTimer and this timer is started at the end of a HARQ procedure, it would seem that this usage is not really needed in NB-IoT, and therefore we propose that the default values of these timers should be set to 0.
[bookmark: __DdeLink__2762_1710717889]Proposal 6: The default value used for the drx-RetransmissionTimer and the drx-UlRetransmissionTimer is suggested to be set to 0.
The drx-InactivityTimer, drx-RetransmissionTimer, and the drx-UlRetransmissionTimer are specified to run for a certain number of PDCCH periods, but according to the DRX specification in the MAC standard, these timers may be started at a subframe that is not a starting subframe of a PDCCH period. It should therefore be clarified in the MAC standard that these timers should start at the beginning of the next PDCCH period.
[bookmark: __DdeLink__19065_1563140835]Proposal 7: The drx-InactivityTimer, drx-RetransmissionTimer, and the drx-UlRetransmissionTimer, should be started at the beginning of the next PDCCH period.
3 Conclusion
Observation 1: When using some long DRX cycles there will be a subset of the OnDuration periods that will wrap-around at the end of the SFN period and which are not valid.

Proposal 1: The OnDuration periods should be aligned with the scheduling interval in NB-IoT (T) and the length of the long DRX cycle should be a multiple of T.
Proposal 2: Use the following long DRX cycles: sf256, sf512, sf1024, sf1536, sf2048, sf3072, sf4096, sf4608, sf6144, sf7680, sf8192, sf9216, spare4, spare3, spare2, spare1.
Proposal 3: Use 8 bits for specifying the OnDuration offset for any of the different long DRX cycles.
Proposal 4: Use the following OnDurationTimer values: pp{1, 2, 3, 4, 8, 16, 32 spare1}.
[bookmark: __DdeLink__1972_10484612361]Proposal 5: Use the following drx-InactivityTimer values: pp{1, 2, 3, 4, 8, 16, 32 spare1}.
Proposal 6: The default value used for the drx-RetransmissionTimer and the drx-UlRetransmissionTimer is suggested to be set to 0.
Proposal 7: The drx-InactivityTimer, drx-RetransmissionTimer, and the drx-UlRetransmissionTimer, should be started at the beginning of the next PDCCH period.
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