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1
Introduction
In the last SA2 meeting, the Group Wake Up Signal was briefly discussed and an LS sent to RAN 2. 

The response LS from RAN 2 indicates that some system aspects of both R15 and R16 WUS may need to be considered: 

Question 2.
 Whether and how using the WUS may affect MME paging strategies.

RAN2’s reply:

In RAN2#102, it was agreed that in Rel-15 MME is not aware of WUS.

After discussion at RAN2#107, it was observed that if the MME is not aware that the UE is being paged using WUS, then the MME may have a wrong understanding on when the UE will actually be paged.

The above observation applies to both Rel-15 WUS and Rel-16 WUS.

This document raises some issues from some investigations into the R15 RAN2 specifications.
2
Discussion
2.1
Overall WUS Concept
The specification of WUS in R15 RAN TSs is not very informative about the overall WUS concept and it is believed that there is no overall description in any other (e.g. SA2) specification. Some specification extracts are copied into the end of this tdoc.
The author believes that the overall concept is to save battery power in the UE by:


a) getting the non-eDRX UE to only wake up and receive the broadcast Wake Up Signal that is sent once every X paging DRX cycles.

b) the Wake Up Signal indicating whether anyone in that group of UEs that wake up for that WUS broadcast are going to be paged, or, whether NONE of the UEs that wake up for that WUS broadcast are going to be paged.

c) if the WUS broadcast indicates that someone is going to be paged, then all the UEs that received that WUS broadcast receive the next few paging messages to see if it is them that are paged.

d) if none of the UEs are going to be paged, they can all go back to sleep until their next WUS occasion.

2.2 Observations

The following observations are deduced from the specification extracts copied at the end of this tdoc.
Observation 1: WUS is cell specific. 

Observation 2: for a CN operator that uses a MOCN shared RAN in some (e.g. rural) areas but does not used non-shared RAN in other (e.g. suburban and urban) areas, the UE’s TAI list may well contain (multiple vendors’ RAN equipment) and a mix of WUS-supporting and non-WUS supporting cells.

Observation 3: After the MME sends the S1 interface page to the eNB, the eNB cannot page the UE until AFTER the next WUS transmission. Hence the use of WUS slows down the time before paging can be sent on the radio interface compared to when WUS is not in use

Observation 4: the time duration between each Wake Up Signal is not easy for the author to deduce, but clearly, for the WUS concept to be effective, it should span multiple (perhaps 4?) DRX intervals. In NB-IoT, the DRX interval can be 5.12 seconds.

Observation 5: the MME’s paging retransmission timer is normally configured based on the DRX interval.

Observation 6: the MME’s paging retransmssion timer is likely to need to be extended for cells supporting WUS.

Observation 7: WUS does not have any UE subscription aspect, nor is any NAS signalling support readily visible in TS 24.301 v16.0.0. Hence the MME does not know which UEs are using WUS and which are not. Hence all paging retransmissions need to be slowed down if WUS is enabled anywhere in the Tracking Area.
Observation 8: The WUS concept requires that the paging traffic per cell is low. Thus it is very important that the MME does not “page in all cells in the Tracking Area List”. Instead, it is vital for the WUS concept that ALL the MMEs connected to that cell adopt the sub-paging area concept OPTION permitted (but neither mandated nor recommended) in the end of clause 5.3.4.3 of TS 23.401. 
TS 23.401 clause 5.3.4.3

· whether to apply sub-area based paging (e.g. first page in the last known ECGI or TA and retransmission in all registered TAs).
Observation 9: UEs that move eNBs will require paging in more than just the last used eNB. For the WUS-group concept it is vital that the highly mobile UEs are grouped separately to stationary and/or near-stationary UEs.

3
Summary

It is proposed that:
a) the overall WUS concept is documented at a high level in SA2 TS 23.401 so that impacts on MME paging timers and retransmission strategies, and other system features, can be identified.
b) aspects such as Subscription (to not use WUS) and UE WUS support indicators are considered by SA2.

c) for the R16 Group WUS concept, UE mobility is properly considered and solutions documented.

d) an appropriate LS is sent to RAN 2.
Annex: Specification Extracts

TS 36.300
10.1.4
Paging and C-plane establishment

/…./

NB-IoT UEs, BL UEs or UEs in enhanced coverage can use WUS, when configured in the cell, to reduce the power consumption related to paging monitoring. 
When WUS is used in idle mode, the following are applicable:

-
The WUS is used to indicate that the UE shall monitor MPDCCH or NPDCCH to receive paging in that cell;

-
For a UE not configured with extended DRX, the WUS is associated to one paging occasion (N = 1);

-
For a UE configured with extended DRX, the WUS can be associated to one or multiple paging occasion(s) (N ≥ 1) in a PTW;

-
If UE detects the WUS, the UE shall monitor the following N paging occasions unless it has received a paging message;

-
The paging operation in the MME is not aware of the use of the WUS in the eNB.

The timing between WUS and the paging occasion (PO) is illustrated in Figure 10.1.4-1. The UE can expect WUS repetitions during "Configured maximum WUS duration" but the actual WUS transmission can be shorter, e.g. for UE in good coverage. The UE does not monitor WUS during the non-zero "Gap".
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Figure 10.1.4-1: Illustration of WUS timing

For NB-IoT, UE in RRC_IDLE receives paging on the anchor carrier or on a non anchor carrier based on system information.
******* end of TS 36.300 extract ***

TS 36.304 v15.4.0 contains some extra information:
7.4
Paging with Wake Up Signal

When the UE supports WUS and WUS configuration is provided in system information, the UE shall monitor WUS using the WUS parameters provided in System Information. When DRX is used and the UE detects WUS the UE shall monitor the following PO. When extended DRX is used and the UE detects WUS the UE shall monitor the following numPOs POs or until a paging message including the UE's NAS identity is received, whichever is earlier. If the UE does not detect WUS the UE is not required to monitor the following PO(s). If the UE missed a WUS occasion (e.g. due to cell reselection), it monitors every PO until the start of next WUS or until the PTW ends, whichever is earlier.

-
numPOs = Number of consecutive Paging Occasions (PO) mapped to one WUS provided in system information where (numPOs≥1).
The WUS configuration, provided in system information, includes time-offset between end of WUS and start of the first PO of the numPOs POs UE is required to monitor. The timeoffset in subframes, used to calculate the start of a subframe g0 (see TS 36.213 [6]), is defined as follows:

-
for UE using DRX, it is the signalled timeoffsetDRX;

-
for UE using eDRX, it is the signalled timeoffset-eDRX-Short if timeoffset-eDRX-Long is not broadcasted;

-
for UE using eDRX, it is the value determined according to Table 7.4-1 if timeoffset-eDRX-Long is broadcasted

Table 7.4-1: Determination of GAP between end of WUS and associated PO

	
	timeoffset-eDRX-Long

	
	1000ms
	2000ms

	UE Reported wakeUpSignalMinGap-eDRX
	40ms or not reported
	timeoffset-eDRX-Short
	timeoffset-eDRX-Short

	
	240ms
	timeoffset-eDRX-Short
	timeoffset-eDRX-Short

	
	1000ms
	timeoffset-eDRX-Long
	timeoffset-eDRX-Long

	
	2000ms
	timeoffset-eDRX-Short
	timeoffset-eDRX-Long


The timeoffset is used to determine the actual subframe g0 as follows (taking into consideration resultant SFN and/or H-SFN wrap-around of this computation):

g0 = PO – timeoffset, where PO is the Paging Occasion subframe as defined in subclause 7.1

For UE using eDRX, the same timeoffset applies between the end of WUS and associated first PO of the numPOs POs for all the WUS occurrences for a PTW.

The timeoffset, g0, is used to calculate the start of the WUS as defined in TS 36.213 [6].
********** end 36.304 extract ********
From TS 36.331 v15.5.1
WUS-Config-NB
The IE WUS-Config-NB is used to specify the WUS configuration. For UEs supporting WUS, E-UTRAN uses WUS to indicate that the UE shall attempt to receive paging in that cell, see TS 36.304 [4].

WUS-Config-NB information element

-- ASN1START

WUS-Config-NB-r15 ::=


SEQUENCE {


maxDurationFactor-r15


WUS-MaxDurationFactor-NB-r15,

numPOs-r15





ENUMERATED {n1, n2, n4}

DEFAULT n1,



numDRX-CyclesRelaxed-r15


ENUMERATED {n1, n2, n4, n8},



timeOffsetDRX-r15



ENUMERATED {ms40, ms80, ms160, ms240},


timeOffset-eDRX-Short-r15

ENUMERATED {ms40, ms80, ms160, ms240},


timeOffset-eDRX-Long-r15

ENUMERATED {ms1000, ms2000}
OPTIONAL,
-- Need OP


...


}

WUS-ConfigPerCarrier-NB-r15 ::=
SEQUENCE {


maxDurationFactor-r15


WUS-MaxDurationFactor-NB-r15

}

WUS-MaxDurationFactor-NB-r15 ::= ENUMERATED {one128th, one64th, one32th, one16th,












oneEighth, oneQuarter, oneHalf}

-- ASN1STOP

	WUS-Config-NB field descriptions

	maxDurationFactor

Maximum WUS duration, expressed as a ratio of Rmax for Type 1-CSS. Value one128th means Rmax * 1/128, value one64th means Rmax * 1/64 and so on.
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 in TS 36.213 [23] considered by the UE is : maxDuration = Max (signalled value * Rmax, 1) where Rmax is the value of npdcch-NumRepetitionPaging for the carrier. 

	numDRX-CyclesRelaxed

Maximum number of consecutive DRX cycles during which the UE can use WUS for synchronisation and skip serving cell measurements, see TS 36.213 [23]. Value n1 corresponds to 1 DRX cycle, value n2 corresponds to 2 DRX cycles and so on. The actual duration during which the UE can skip serving cell measurements is: numDRX-CyclesRelaxed = Min (signaled value x Paging Cycle, 10.24s), where Paging Cycle:is the value of defaultPagingCycle field in SystemInformationBlockType2-NB.

	numPOs

Number of consecutive Paging Occasions (PO) mapped to one Wake Up Signal (WUS), applicable to UEs configured to use extended DRX, see TS 36.304 [4]. Value n1 corresponds to 1 PO and value n2 corresponds to 2 POs and so on.

	timeOffsetDRX

When DRX is used, non-zero gap from the end of the configured maximum WUS duration to the associated PO, see TS 36.304 [4], clause 7.4 and TS 36.211 [21]. In milliseconds. Value ms40 corresponds to 40ms, value ms80 corresponds to 80 ms and so on.

	timeOffset-eDRX-Short

When eDRX is used, the short non-zero gap from the end of the configured maximum WUS duration to the associated PO, see TS 36.304 [4], clause 7.4 and TS 36.211 [21]. In milliseconds. Value ms40 corresponds to 40ms, value ms80 corresponds to 80 ms and so on.

E-UTRAN configures timeOffset-eDRX-Short to a value longer than or equal to timeOffsetDRX.

	timeOffset-eDRX-Long

When eDRX is used, the long non-zero gap from the end of the configured maximum WUS duration to the associated PO, see TS 36.304 [4], clause 7.4 and TS 36.211 [21]. In milliseconds. Value ms1000 corresponds to 1000 ms, value ms2000 corresponds to 2000 ms.


******* end ***********
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