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In RAN2 #102 meeting [1], the agreements on WUS configuration are listed as follows:
	In Rel-15, MME is not aware of WUS.
Wait for RAN1 on the gap between WUS and start of PTW before deciding on the capability.
WUS enable/disable is per cell in NB-IoT.
Parameter N is cell specific – with possible values 1, 2, 4.
After cell reselection, UE monitors every PO till the next WUS or until PTW ends (whichever is first)
if eNB sends direct indication or paging for SI modification then WUS should be sent



Also in RAN1 #92bis [2] and RAN1#93 [3], the following related agreements were made.
	Agreements in RAN1#92bis
Agreement
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.
Agreements in RAN1#93
Agreement
The scaling factor between maximum duration of WUS and Rmax associated with type 1 CSS is selected from {1/128,1/64,1/32,1/16,1/8,1/4,1/2}.
Agreement
· WUS is dropped in subframes that carry SIB1-NB and other SIs.
· WUS is postponed in subframes that are not NB-IoT DL subframes and does not carry SIB1-NB.
· Note: this reverses the previous agreement of “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
Agreement
For UE capability:
· {Y1, Y2, …, YN}={40ms, 240ms, 1s, 2s} for eDRX.
· [bookmark: _Hlk514936897]The “minimum gap between WUS and associated PO” is fixed as 40ms for DRX.
Agreement
For eNB configuration:
· For DRX, a gap duration is configured with a value range of {40ms, 80ms, 160ms, 240ms}.
· For eDRX, a short gap is configured with a value range of {40ms, 80ms, 160ms, 240ms} and another longer gap can be optionally configured with a value range of {1s, 2s}.
· The short gap can be same or larger than the gap configured for DRX.
Agreement
· For eDRX, if a short gap (G1) and a longer gap (G2) are both configured, and the configured gap (G1 for Case 1 and G2 for Case2) is the same as “minimum gap between WUS and associated PO” reported by UE
	UE reported one capability of “minimum gap between WUS and associated PO”
	UE expects the WUS with G1
	UE expects the WUS with G2

	Case 1: {40ms or 240ms}
	Y
	N

	Case 2: {1s or 2s}
	N
	Y


· If the configured gap (G1 for Case 1 and G2 for Case2) is other than the UE reported capability of “minimum gap between WUS and associated PO”,
· Case A: if the configured gap is larger than the UE reported capability of “minimum gap between WUS and associated PO”, UE monitors WUS with the configured larger gap 
· UE could wait until the end of the configured gap to detect paging.
· Case B: if the configured gap is smaller than the UE reported capability of “minimum gap between WUS and associated PO”, UE does not monitor WUS with the configured long gap for eDRX and uses short gap to monitor WUS with the configured short gap.



While the detailed configurations are well-defined by RAN1, the corresponding UE behaviour about WUS monitoring is not yet clearly explained in RAN2 specification. In this paper, we further discuss the RAN2 details. We also provide a corresponding CR in [4].
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Coordination between eNB and UE
If WUS is configured and UE supports WUS, the eNB and UE should have the same view on whether WUS is transmitted and when to monitor WUS. Otherwise, UE may report WUS capability but not using it, and the WUS sent by eNB may simply wake up other UEs in the same group but are actually not paged.
Observation 1:	The eNB and UE should have the same view on whether WUS is transmitted and when UE starts to monitor WUS.
Timing configuration for WUS and PO
Like what we did for paging, RAN2 specification should specify the time (subframe) when UE starts to monitor the wake-up signal (WUS). According to RAN1 agreements on WUS configuration, this is determined by the following factors:
· Configured maximum WUS duration: the maximum duration for WUS transmission. 
· [bookmark: SIB1_downlinkBitmap]Subframes on which WUS is ‘postponed’: On anchor carrier, the NPSS/NSSS/NPBCH/SIB1-NB is transmitted periodically. Unless indicated by IE downlinkBitmap, any subframe except NPSS/NSSS/NPBCH/SIB1-NB subframe can be used for downlink transmission. The transmission of NPSS/NSSS/NPBCH/SIB1-NB and other SI may collide with WUS. As a part of collision handling, RAN1 agreed that WUS is postponed in subframes that are not NB-IoT DL subframes and does not carry SIB1-NB. These subframes are not counted as configured maximum WUS transmission duration, and thus will affect the actual starting point of WUS monitoring. Notice that WUS is simply dropped (i.e., not transmitted) in subframes that carry SIB1-NB and other SIs, and therefore these subframes do not affect the starting point of WUS.
· Gap between the end of configured maximum WUS duration and the start of first associated PO: The gap is needed for devices to perform WUS post processing and to prepare receiver’s hardware/software for NPDCCH decoding in the following PO. For DRX, the minimum gap is fixed as 40ms, and for eDRX UE can report its capability.
According to RAN1 agreements, WUS transmission is aligned to the start of the configured maximum duration of WUS. Therefore, WUS transmission should start at maximum duration of WUS plus the gap duration before the start of first associated PO. In addition, since non-DL subframes are not counted in maximum duration of WUS, the actual start of WUS is moved early to take into account these non-DL subframes. An example of WUS-PO timing relation is illustrated in the figure below.


Figure 1. WUS timing configuration
From above analysis, a UE finds the starting point considering the maximum WUS duration (TWUS_max), gap duration (Tgap), and number of subframes on which WUS is postponed (Tgap). In other words, the starting point of WUS, tWUS_start, is given by
tWUS_start = tPO_start - TWUS_max - Tgap- Tpostpone
Proposal 1:	A UE finds the starting point of WUS monitoring considering the maximum WUS duration (TWUS_max), gap duration (Tgap), and number of subframes on which WUS is postponed (Tpostpone). In other words, the starting point of WUS, tWUS_start, is given by
tWUS_start = tPO_start – TWUS_max - Tgap- Tpostpone
Since WUS is dropped on subframes with SIB1-NB and other SI, the number of subframes used for WUS transmission may be less than the configured maximum WUS duration. Therefore, it is eNB’s responsibility to configure a proper WUS duration so that even some WUS is dropped, there are enough subframes for WUS transmission (considering the repetition level), and the gap between the end of WUS transmission and the first associated PO is no less than the minimum gap.
Observation 2:	It is eNB’s responsibility to configure a proper WUS duration so that there are enough subframes for WUS transmission, and the gap between the end of WUS transmission and the associated PO satisfies the minimum gap requirement.
PO monitoring with too short gap in eDRX
According to RAN1 agreements, for DRX, the minimum gap between the end of WUS and the start of PO is fixed as 40ms. For eDRX, however, it is possible that the configured gap is smaller than the UE reported capability of “minimum gap between WUS and associated PO”. In this case, UE does not monitor WUS with the configured long gap for eDRX but monitors WUS with the configured short gap. Our interpretation to the related RAN1 agreements is as follows:
· For DRX, UE uses its main receiver to detect WUS and therefore is able to monitor subsequent PO with a gap as short as 40ms, when WUS is detected.
· For eDRX, some UEs have separate receiver for WUS, and the main receiver is turned on only when WUS is detected. Power consumption can be reduced at the cost of longer gap requirement. The UE reports its gap requirement capability considering the necessary interval to turn on its main receiver. However, even if the configured gap between WUS and PO is shorter than reported gap requirement, the UE should still be able monitor WUS and PO with configured short gap, using its main receiver.
When the configured gap is shorter than reported gap requirement, although the UE is able to monitor WUS, we suggest leaving actual WUS and PO monitoring behaviour for UE implementation (depending on its WUS receiver design). For example, the UE may: 
· Detect WUS and the monitor PO using configured short gap (i.e., follow RAN1 agreement). This is possible if the UE detects WUS in eDRX using the method for WUS detection in DRX, e.g., with its main receiver instead of the wake-up receiver (WUR).
· Detect WUS and monitor later POs with enough gap from WUS.
· Skip WUS detection and (by current mechanism) monitor each PO instead.
The WUS and PO monitoring behaviour in such cases should be determined by UE. However, if UE skips WUS monitoring, it should monitor each PO as if WUS is not configured.
Proposal 2:	If the configured gap between WUS and associated PO cannot satisfy the reported minimum gap requirement, the actual WUS and PO monitoring behaviour is up to UE implementation. If UE skips WUS monitoring, it should monitor each PO as if WUS is not configured.
Further enhancements can be introduced for such situation. Although UE can decide to skip WUS and monitor every PO, the skipped WUS not only occupies radio resources but also unnecessarily wakes up other UEs. If UE knows that it cannot monitor WUS with a too short gap (e.g. UE must use a separate receiver to monitor WUS), it would be better to allow such UE to include such a condition in its capability reporting. We suggest introducing UE capability report indicating whether UE monitors WUS in eDRX if the gap between WUS and PO is shorter than reported minimum gap requirement. In other words, UE can tell the network to send WUS in eDRX only if the gap is not shorter than reported minimum gap.
Proposal 3:	Introduce UE capability report indicating whether UE monitors WUS in eDRX if the gap between WUS and PO is shorter than reported minimum gap requirement.
Conclusion
We have the following observations:
Observation 1:	The eNB and UE should have the same view on whether WUS is transmitted and when UE starts to monitor WUS.
Observation 2:	It is eNB’s responsibility to configure a proper WUS duration so that there are enough subframes for WUS transmission, and the gap between the end of WUS transmission and the associated PO satisfies the minimum gap requirement.
It is proposed to discuss and decide on the following proposals:
Proposal 1:	A UE finds the starting point of WUS monitoring considering the maximum WUS duration (TWUS_max), gap duration (Tgap), and number of subframes on which WUS is postponed (Tpostpone). In other words, the starting point of WUS, tWUS_start, is given by
tWUS_start = tPO_start – TWUS_max - Tgap- Tpostpone
Proposal 2:	If the configured gap between WUS and associated PO cannot satisfy the reported minimum gap requirement, the actual WUS and PO monitoring behaviour is up to UE implementation. If UE skips WUS monitoring, it should monitor each PO as if WUS is not configured.
Proposal 3:	Introduce UE capability report indicating whether UE monitors WUS in eDRX if the gap between WUS and PO is shorter than reported minimum gap requirement.
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