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In RAN1#92, the following single working assumption was made regarding functions of WUS in NB-IoT and new synchronization signal in eMTC:
Working assumption
	on NB-IoT WUS:
· For UE operating WUS, UE is allowed to relax RRM measurements, at least for low mobility UEs, to once every N DRX cycles, where N is FFS
· The RRM measurement relaxation is enabled/disabled by the network.
· WUS can still be enabled by the network when the RRM measurement relaxation is disabled.
· Note: This does not imply any change in the random access procedure / power control / CE level selection, nor relaxations in the requirements related to the random access procedure.
· WUS provides sync of up to the timing/frequency offset resulting from not synchronizing for N DRX cycles
· FFS for eDRX case
· FFS whether N depends on the length of PTW.
· For 164dB MCL, there is a WUS configuration that enables sync for at least a value of N>1 for at least the smallest DRX cycle.
· FFS for other DRX cycles and values of N
· FFS whether N is fixed, configurable, or depends on the DRX cycle

on eMTC WUS/sync:
· For eMTC, a new periodic synchronization signal is introduced.
· The new periodic sync signal is configurable (including OFF/ON configuration)
· FFS on the functionality/information provided by the synchronization signal, including 
· whether the additional synchronization signal can provide WUS-related information for a subset or a group of POs
· In case the additional synchronization signal provides WUS-related information, FFS whether there is an additional WUS/DTX signal, which may be separately configured.
· In case the additional synchronization signal does not provides WUS-related information, there is an additional WUS/DTX signal
· System information change notification
· FFS on location of the sync signal
· The new synchronization signal can be used also for non-WUS purposes (e.g. by UEs that need to synchronize after exiting PSM state)
· FFS whether the “new sync signal” can reuse the NB-IoT WUS sequence or a different sequence.




This paper discusses the remaining issues regarding other aspects about functions of WUS signal.
[bookmark: _Ref129681832]Remaining consideration on WUS operation
In RAN1#92, it was agreed as a working assumption that WUS provides sync of up to the timing/frequency offset resulting from not synchronizing for N DRX cycles, when RRM measurement relaxation is enabled/disabled by the network. The work in RAN2 and RAN4 has not identified any reason not to confirm the working assumption.
Proposal 1: Confirm the RAN1#92 working assumption on WUS functions for NB-IoT and eMTC.
It was agreed in RAN1#92bis that at least WUS/DTX is supported at least for paging for RRC_IDLE UEs. Based on the discussion in RAN1, WUS/GTS is not preferred considering the significant resource overhead. Also, consider the limited time, it is proposed that power saving signal is not supported for connected mode UE in Rel-15.
Proposal 2: WUS/GTS is not supported in Rel-15.
Proposal 3: Power saving signal in connected mode is not supported in Rel-15.
WUS operation when RRM measurements are not relaxed
When RRM measurement relaxation is not enabled, the WUS is used for the detection of whether the UE needs to do the processing/blind detection of Type1-CSS for the associated PO.
When RRM measurement relaxation is enabled, UE can determine whether measurements are needed based on the UE’s mobility determination. For high mobility UE, the RRM measurements will not be relaxed, and the procedure in Figure 1 can be used by the UE, in which RRM measurement and synchronization is based on the legacy signal on the anchor carrier.
[image: ]
Figure 1 UE processing procedure when RRM measurement relaxation is not applied.
WUS operation when RRM measurements are relaxed
For a low mobility UE, the operation of WUS is illustrated as following:
[image: ]
Figure 2 Illustration of WUS operation for low mobility UE when relaxed RRM measurement is enabled
When RRM measurement relaxation is enabled, and if UE decides that the RRM measurement relaxation is applied, as shown in Figure 2, for a low mobility UE, RRM measurement need only occur once in N DRX cycles. On one PO of every N DRX cycles, UE shall use the legacy synchronization signal for synchronization and cell confirmation. Also the RRM measurement shall be done based on the NRS in the anchor carrier before the PO. On the PO for RRM measurement, the UE always needs to receive the signals in the anchor carrier for synchronization and RRM measurement.
On the other (N-1) POs of every N DRX cycles, UE does not need to do cell confirmation and RRM measurement. According to the actual WUS duration that eNB transmits, UE may decide whether WUS is used for synchronization or not.
If the actual WUS transmission duration is long enough for the UE to do WUS detection and synchronization prior to coherent NPDCCH decoding, the UE can decide to use WUS for the paging detection and synchronization resulting from up to N DRX cycles. There is no need to receive any other additional signal in the anchor carrier prior to the WUS and the potential NPDCCH/NPDSCH for paging.
If the actual WUS transmission duration is not long enough to the UE for synchronization prior to coherent NPDCCH decoding, WUS cannot be used for synchronization and will only be used for wake-up detection. In this case, the procedure in Figure 3 is used, where legacy signal in the anchor carrier is used for synchronization for the frequency/time error resulting from up to N DRX cycles. 
[image: ]Figure 3 Illustration of UE procedure when legacy signals are used for synchronization on POs where RRM measurement is not needed
Observation 1: When RRM measurement relaxation is applied by a UE, the UE can decide whether WUS is used for synchronization prior to the reception of NPDCCH, according to the length of actual WUS duration that is transmitted by the eNB.
It is agreed that the configured maximum WUS duration is broadcast per NB-IoT carrier, and the actual transmitted WUS duration can be smaller than the configured maximum duration. Hence, besides the configured maximum WUS duration, it is necessary to configure a minimum WUS duration also. The actual transmitted WUS duration is expected to be always longer than the configured minimum WUS duration. UEs can determine whether WUS can be used for synchronization on this PO by assuming that the actual WUS is larger than the configured minimum WUS duration.
[image: ]
Figure 4 Illustration of configured minimum WUS duration
Proposal 4: In addition to the configured maximum WUS duration, the minimum WUS duration is also broadcast per NB-IoT carrier.
Conclusions
In this contribution, we further discuss the remaining aspects regarding the function of WUS signal. The following proposals are made.
Proposal 1: Confirm the RAN1#92 working assumption on WUS functions for NB-IoT and eMTC.
Proposal 2: WUS/GTS is not supported in Rel-15.
Proposal 3: Power saving signal in connected mode is not supported in Rel-15.
Proposal 4: In addition to the configured maximum WUS duration, the minimum WUS duration is also broadcast per NB-IoT carrier.

Observation 1: When RRM measurement relaxation is applied by a UE, the UE can decide whether WUS is used for synchronization prior to the reception of NPDCCH, according to the length of actual WUS duration that is transmitted by the eNB.
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