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1 Introduction
RAN2 discussed wake-up signalling for NB-IoT and MTC during RAN2#101bis [1-8], and agreed:

Agreements:

· WUS is an optional UE capability signalled in the RRC RadioPagingInfo(-NB).

· WUS configuration info is broadcasted in IE RadioResourceConfigCommonSIB(-NB) in SIB2(-NB). 

· At least some configuration is also per-carrier configuration in SIB22.

· FFS if certain carriers can be enabled/disabled

· When the UE supports WUS and WUS configuration info is broadcasted, then WUS is used to indicate that the UE shall attempt to receive paging in that cell

· If UE detects WUS the UE shall monitor the following N PO(s) (N≥1), unless paged.

Working assumption:

· RAN2 assume paging operation in MME is not impacted.

RAN2 also agreed to have an email discussion to progress the open issues for WUS:
[101bis#22][MTC/NB-IoT R15] Progress open issues on WUS (Qualcomm)


Intention: To progress the discussion on MTC/NB-IoT WUS.


Intended outcome: Report to next meeting


Deadline:  Thursday 2018-05-03

RAN1 updated the RRC parameter lists for MTC [9, 10] and NB-IoT [11, 12], based on the latest RAN1 agreements:
	Parameter name in specification
(suggestions/examples)
	Description
	Value range
	Default value
	UE, Cell or CE level specific
	Comment

	ce-wus-maxDuration-config
	Scaling factor between maximum duration of WUS and Rmax associated with Type1-CSS for BL/CE UEs
	[2 bits]
	 
	Cell specific
	The network can enable or disable use of the WUS. How UE acquires information on WUS enabling/disabling is up to RAN2 decision.

	ce-wus-timeOffset-config
	Minimum time gap (in subframes) between the end of configured maximum WUS duration and the first associated PO for BL/CE UEs
	FFS [subframes]
	 
	[Cell specific]
	It is FFS whether this configuration requires an explicit parameter or is implicitly derived, in which case this parameter is not needed. Furthermore, RAN1 has yet to discuss whether the same or different values should be applied in the DRX and eDRX cases.

	ce-wus-numPOs-config
	The number of POs a given WUS for BL/CE UE applies to, in eDRX, from the UE perspective
	FFS
	1
	[Cell specific]
	 


	RAN2 ASN.1 name
(suggestions/examples)
	Description
	Value range
	Default value
	UE specific/Cell specific
	Comment

	alpha
	The maximum duration of WUS, expressed as a ratio of at least Rmax for Type 1-CSS.
	 
	 
	NB-IoT carrier specific
	Configured in SIB per NB-IoT carrier. 3 bits are used to indicate the scaling factors.

	timeOffset
	Minimum time gap between the end of configured maximum WUS duration and the first associated PO
	 
	 
	 
	An absolute number of subframes, with at least 10 valid subframes.It is FFS whether this configuration requires an explicit parameter or is implicitly derived, in which case this parameter is not needed. Furthermore, RAN1 has yet to discuss whether the same or different values should be applied in the DRX and eDRX cases.

	wus-NumPOs
	The number of POs a given WUS applies to, in eDRX, from the UE perspective
	 
	1
	 
	Default UE configuration is a one-to-one mapping. Optional UE configuration is 1-to-N mapping


Furthermore CR to 36.331 including preliminary WUS signalling was endorsed as a running CR for MTC [13] and NB-IoT [14]. The endorsed running CR to 36.300 also includes standalone corrections [15]. The running CR for 36.304 (MTC) that was endorsed does not include WUS details yet [16].
In this contribution the open issues for WUS are discussed further. 
2 RAN1 and RAN4 status
RAN1#92bis
Details of WUS configuration, the need for UE capability signalling, and UE grouping are still being discussed in RAN1: 
NB-IoT WUS:

· At least WUS/DTX is supported at least for paging for RRC_IDLE UEs.

· Confirm the following working assumption 

· WUS transmission relative to associated PO of subgroup of UEs is aligned to the start of the configured maximum duration of WUS.

· Note: the above applies to at least the case where the gap is large enough for scheduling UE

· Note: the above does not imply that subgroup of UEs is introduced and that subgroup is TDM

· 3 bits are used to indicate the scaling factors between maximum duration of WUS and Rmax associated with type 1 CSS.

· The gap between the end of configured maximum WUS duration and the first associated PO is equal or larger than the minimum value which is implicitly or explicitly configured and is an absolute number of subfames 
· There are at least 10 valid subframes between the end of configured maximum WUS duration and the first associated PO.
· FFS: whether to define UE capability for wake-up time 

· WUS is postponed in subframes that are not NB-IoT DL subframes and is not transmitted [FFS dropped/postponed] in the subframes that carries SIs other than SIB1.

· Note: “Postpone” means the corresponding subframes are not counted as configured maximum WUS transmission duration and actual WUS transmission duration.

· Note: This does not imply that the minimum gap between the end of actual WUS duration and the first associated PO is reduced
· WUS can be time-varying from subframe to subframe.
· Besides information on cell ID, WUS signal is designed based on the following information: 
· UE group ID (if introduced)

· time information of the starting subframe of the WUS or PO (Paging Occasion)
· FFS: (part of) the SFN information
· When generating power saving signal in a subframe where NRS is assumed to be transmitted, the power saving signal in the subframes shall be generated and mapped in the same way as in other valid subframes where NRS is not assumed to be transmitted;
· WUS is punctured in RE-level by NRSs.
· WUS signal in a subframe is as follows,
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where LZC = 131 for inband mode (FFS for SA and GB modes)

· FFS RE-level cover codes/RE-level scrambling sequence c(m) using 

· Hadamard codes

· Gold sequences

· M sequences

· FFS phase shift

· FFS detailed design for time-varying 

· 11 symbols for inband mode and 14 symbols for SA and GB modes

· Strive toward as much as possible commonality between SA/GB and inband
MTC:

· At least WUS/DTX is supported at least for paging for RRC_IDLE UEs

· Confirm Working assumption 

· WUS transmission relative to associated PO of subgroup of UEs is aligned to the start of the configured maximum duration of WUS.

· Note: the above applies to at least the case where the gap is large enough for scheduling UE

· Note: the above does not imply that subgroup of UEs is introduced and that subgroup is TDM.

· [2] bits are used to indicate the scaling factors between maximum duration of WUS and Rmax associated with type 1 CSS

· WUS can be time-varying from subframe to subframe.

· WUS signal is designed based on the following information

· [Full] Cell ID information

· UE group ID (if introduced)

· time information of the starting subframe of the WUS or PO (Paging Occasion)

· FFS: (part of) the SFN information

· WUS subframe is postponed 

· when colliding with SIB1-BR PRBs

· in non-BL/CE subframes.

· FFS: when colliding with the PRBs that carry SIs other than SIB1.

· Note: “Postpone” means the corresponding subframes are not counted as configured maximum WUS transmission duration and actual WUS transmission duration.

· Note: This does not imply that the minimum gap between the end of actual WUS duration and the first associated PO is reduced

· The gap between the end of configured maximum WUS duration and the first associated PO is equal or larger than the minimum value, which is implicitly or explicitly configured and is an absolute number of subframes

· Note: UE can assume CRS between the end of configured maximum WUS duration and the first associated PO

· Note: The gap should be large enough to warm up tracking loops.

· FFS: whether to define UE capability for wake-up time

RAN4#86bis

RAN4 discussed serving cell measurement relaxation for low mobility UE [17-19], and the minimum requirements for WUS reception [20] and agreed on a WF [21]:
Agreement on measurement relaxation:

· RAN4 confirms that it is feasible to relax the serving cell measurement for low-mobility UEs based on WUS.
· RAN4 shall study and identify the criteria to enable the serving cell measurement relaxation, according to the following principle
· Criteria of relaxed measurement on serving cell shall be more stringent than that of on neighbor cells.
Agreement on WUS reception:

· RAN4 shall define minimum requirement on WUS reception to avoid potential missing paging. 
· Interested companies are encouraged to provide input on how to define the requirements
3 Open issues
The report of the email discussion [22] identifies several open issues. 
The following open issues are discussed in this contribution:  

· WUS operation transparent to MME
· 1-to-N mapping of WUS to PO and mobility

· Wake Up Receiver (WUR) capability
· Disabling WUS per UE or for large DRX
· WUS reliability

WUS operation transparent to MME
WUS is a RAN feature which should be transparent to the MME, i.e. the paging operation in the MME is independent from the use of WUS in RAN: 
Proposal 1: WUS operation is transparent to the MME.

1-to-N mapping of WUS to PO and mobility

In case of mobility, i.e. the UE wakes up in a different cell, the UE should make an effort to still be reachable in the current PTW. When the UE wakes-up in a new cell, then the PTW of the new cell may already have started, due to the loose H-SFN synchronization. A simple approach is that the UE ignores the 1-to-N mapping when it wakes up in a new cell, i.e. the UE monitors all POs of the (remaining) PTW. Or to be somewhat more power efficient in case of mobility: 
Proposal 2: In eDRX, if the UE wakes-up in a new cell, and N > 1 is configured in the new cell, and the UE has missed the last WUS of the PTW, then the UE shall monitor the remaining POs of the PTW. 

Wake Up Receiver (WUR) capability

There have been some discussions in both RAN1 and RAN2 about a Wake Up Receiver (WUR) that is very energy efficient, but also wakes up very slowly, i.e. the UE would require a “long” time between WUS and the associated PO. The gap between WUS and the associated PO, among others, is also discussed in RAN1 in the context of the “RRC parameter list”, but in case there is a “long” time between WUS and associated PO, there is a potential impact on the MME (that is why we should also discuss this in RAN2). Due to the loose H-SFN synchronisation of 1-2 sec, we assume that the MME sends the Paging message to the eNB in advance of the start of the PTW in the order of a few seconds (see section 4.5.13.3.2 in 23.682):

It is assumed that eNodeBs and MMEs are able to use the same H-SFN value with accuracy in the order of legacy DRX cycle lengths, e.g. 1 to 2 seconds. There is no need for synchronization at SFN level.

In our view there is some margin to allow for a UE that wakes-up slowly, but the maximum wake-up time has to be limited, and there should be NW control to disable this slow wake-up time. To paint a possible solution: the UE could indicate WUR support in the UE-RadioPagingInfo-NB, and this capability could be conveyed in the Paging message from the MME to the eNB. In case the eNB has enabled this feature, there could be a dedicated gap configuration for WUR capable UEs in the SI, which would allow the WUR capable UE to wake up more slowly compared to other UEs supporting WUS. We would like to know other companies view on the need for WUR support in REL-15, and the maximum gap size that companies think is acceptable:

In our view this can be discussed for REL-15 provided that:

· WUS / WUR remains transparent to the MME

· eNB can disable WUR, i.e. WUR capable UE reverts to the legacy (short) gap between WUS and associated PO when the eNB has not enable WUR in the cell in SI. 

The maximum gap size should be below 1 second (or lower).
Proposal 3: Introduce WUR capability the UE-RadioPagingInfo-NB, and wur-Enabled flag in SIB2-NB, i.e. when UE indicated WUR support and WUR is enabled in the cell, the UE uses a WUR specific time offset (i.e. long offset up to 1 sec between WUS and associated PO). 
Disabling WUS per UE or for large DRX

There can be cases where it is desirable to disable WUS in a specific UE (e.g. a stationary UE in good coverage, or when paging that UE has proven to cause problems): 
1. UE monitors WUS only when all three conditions below are fulfilled, otherwise UE monitors xPDCCH:

a. UE has signalled wus-Support in RRC UE capability

b. eNB has signalled wus-Config in SIB2(-NB)
c. WUS operation is not disabled in the UE (default: enabled)

2. eNB can enable/disable WUS operation in UE:

a. MSG4 (e.g. RRCConnectionSetup(-NB) and RRCConnectionResume(-NB))
b. UE CONTEXT RELEASE COMPLETE message (e.g. new parameter in IE Cell Identifier and Coverage Enhancement Level)
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Figure 1: Dedicated WUS signalling.
When WUS has been disabled in MSG4 by the eNB, then the UE stores the “WUS status”, and when in Idle mode will not monitor WUS, until the eNB enables WUS again in MSG4, or during a new ATTACH. The UE thus stores the “WUS status”, which survives connected-idle mode transitions, similar as the dedicated cell re-selection priorities in LTE, but without a timer.
Proposal 4: eNB can enable/disable WUS operation in the UE in MSG4.

WUS reliability
RAN4 indicated to define minimum requirement on WUS reception to avoid potential missing paging [21]. Therefore there is no need for RAN2 to consider solution of missed WUS detection:
Proposal 5: RAN2 not to consider solutions for missed WUS detection.
4 Summary

RAN2 is kindly asked to discuss WUS: 

Proposal 1: WUS operation is transparent to the MME.

Proposal 2: In eDRX, if the UE wakes-up in a new cell, and N > 1 is configured in the new cell, and the UE has missed the last WUS of the PTW, then the UE shall monitor the remaining POs of the PTW. 

Proposal 3: Introduce WUR capability the UE-RadioPagingInfo-NB, and wur-Enabled flag in SIB2-NB, i.e. when UE indicated WUR support and WUR is enabled in the cell, the UE uses a WUR specific time offset (i.e. long offset up to 1 sec between WUS and associated PO). 
Proposal 4: eNB can enable/disable WUS operation in the UE in MSG4.

Proposal 5: RAN2 not to consider solutions for missed WUS detection.
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