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1. Introduction

 In previous RAN1 meetings, working assumption and agreements were made as follows [1]:

	RAN1#90bis Working assumptions:

· WUS/DTX is adopted for the power saving signal for IDLE mode paging
· At least in a UE’s DRX cycle, how the UE knows the WUS time location, is:

· A WUS has a time location which is configurable with respect to the associated PO(s) location(s)

RAN1#90bis agreements:
· The network can enable or disable use of the WUS 
· How UE acquires information on WUS enabling/disabling is up to RAN2 decision
· WUS sequence is based on ZC-sequence
· When designing WUS sequence, negative impact on legacy NSSS detection should be avoided.
RAN1#92 agreements:
· The maximum duration of WUS is configured in SIB per NB-IoT carrier as one value from a list. 
· WUS actual transmission duration can be shorter than the configured maximum duration of WUS.
· The list used for configuring maximum duration of WUS at least depends on Rmax associated type 1 CSS, and FFS the number and exact values of the scaling factors between maximum duration of WUS and Rmax associated type 1 CSS
· There is a non-zero gap from the end of configured maximum WUS duration to the associated PO

· FFS: exact value of non-zero-gap
· FFS if it is fixed in spec or configurable explicitly, or known implicitly from other configured parameters
· The maximum duration of WUS is configured in SIB per NB-IoT carrier as one value from a list. FFS if the list:

· depends on Rmax and if so the number of lists specified

· is a single list for all Rmax

Note: the Rmax refers to the one configured for paging

· The non-zero gap from the end of the configured maximum WUS duration to the associated PO is configurable

· FFS the minimum duration

· FFS the configuration is explicit or implicitly derived

· In eDRX, from the UE perspective, the default UE configuration is a one-to-one mapping between WUS and PO.

· In eDRX, from the UE perspective, an optional UE configuration is a 1-to-N mapping between WUS and PO.

Note: The WUS design and configuration for eDRX must allow the network to reach a UE within a PTW.

· Confirm the working assumption that the WUS sequence is a sequence mapping within one subframe as a basic unit and repeated/extended for multiple subframes to support larger coverage.

· WUS conveys the cell ID;
· FFS: UE group ID
· FFS how/whether to handle the case of false alarm resulting from detecting WUS corresponding to different POs/UE groups (if introduced)
RAN1#92 Working assumptions, confirmation depending on RAN4 feedback:

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

RAN1#92 Working assumptions:

· 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


In this contribution, we discuss and provide our view on the wake up signal functionalities for idle mod paging and power saving DCI for connected mode DRX.
2. RRM measurement relaxation
In the last meeting, supporting 1-to-N mapping between wake up signal and POs from UE perspective is agreed. With 1-to-N mapping configuration, wake up signal overhead could be reduced in network point of view. For example, if 1-to-N mapping between wake up signal and POs is configured, only 1/N times wake up signal transmission is required compare to the 1-to-1 mapping case. In another point of view, UE could save power consumption which is caused by wake up signal and PO monitoring. For example, UE may save the power consumption by skipping N-1 wake up signal occasions if it detects DTX in a previous wake up signal occasion. 
However, UE may still consume a lot of power, if it requires performing RRM measurement in every DRX cycles. Prior to performing RRM measurement UE should monitor synchronization signals, which may cause significant power consumption especially for UEs in extended coverage. According to the working assumption of the last meeting, RRM measurement requirement could be relaxed depends on the RAN4 decision. If the working assumption of the RRM measurement relaxation is confirmed, UE could skip synchronization procedure at some DRX cycles where it does not need to monitor both wake up signal and PO. Thus it seems beneficial to apply RRM measurement relaxation in eDRX case when 1-to-N mapping between wake up signal and POs is configured.
Observation 1: RRM measurement relaxation can be useful in eDRX case when 1-to-N mapping between wake up signal and PO is configured.

3. Connected mode DRX

In case of Idle mode paging, the wake up signal can bring the benefits in several aspects. On the other hand, connected mode DRX has different characteristic from the idle mode, and it may not be suitable for using the wake up signal. In case of the wake-up signal, power consumption of UE could be increased when the NPDCCH is transmitted frequently. If UE have to monitor and decode both wake-up signal and NPDCCH frequently, the power consumption efficiency can be decreased. In the worst case, UE which monitors wake-up signal could spend more power than the UE which does not support wake-up signal operation. Also, wake up signal between idle mod paging and connected mode DRX should be different to prevent unnecessary wake up. Simply, partitioning sequence candidate of the wake up signal can be considered. However, it may reduce the differentiation capability of cell ID and UE (sub-group) ID. In this point of view, using wake up signal based power saving mechanism in connected mode DRX is not desirable.
Alternatively, DCI based power saving mechanism can be considered for power saving of UE in connected mode DRX. For example, DCI can be used to indicate multiple USS whether to be monitored or not, or can be used to control DRX cycle of UE. For this purpose, the power saving DCI which shares same search space and has same format size with subsequent target NPDCCH can be considered. Also the power saving DCI can share same search space without increasing blind decoding complexity, by using different RNTI (e.g. WU-RNTI). With this design, UE monitors same search space as legacy procedure and it can check two different RNTI values. If UE succeeds in NPDCCH decoding with RNTI value for the power saving DCI, than UE will interpret the contents of DCI as indicating power consumption reduction mechanism. Thus it is possible to control power consumption reduction mechanism dynamically by the network. 

In terms of power saving efficiency, DCI based solution does not spend more power than the legacy UE operation. UE can achieve power saving efficiency by reducing NPDCCH monitoring compare to the legacy operation. In the worst case where even NPDCCH skipping does not occur during the connected mode DRX, power consumption of the UE which monitors power saving DCI is same as the one of the UE with legacy operation. Additionally, missing the power saving DCI does not impact on a missing probability of the NPDCCH. If the UE miss the power saving DCI, UE will monitor its search space continuously without skipping search spaces. In this case, although power consumption reduction cannot be achieved, UE can work same operation as Rel-14 UE. Thus, using the power saving DCI method in connected mode DRX is preferable.
Proposal 1: In case of connected mode DRX, the power saving DCI which shares same search space and same Format size with target DCI is used for power consumption efficiency
· The power saving DCI enables/disables monitoring of USS configured to a UE.
· The power saving DCI can be distinguished from paging DCI by applying different RNTI value. 
4. Conclusion
In this contribution, we discuss and provide our view on the wake up signal and power saving DCI for UE power consumption reduction. The proposals and observations are summarized as flows.
Observation 1: RRM measurement relaxation can be useful in eDRX case when 1-to-N mapping between wake up signal and PO is configured.

Proposal 1: In case of connected mode DRX, the power saving DCI which shares same search space and same Format size with target DCI is used for power consumption efficiency

· The power saving DCI enables/disables monitoring of USS configured to a UE.
· The power saving DCI can be distinguished from paging DCI by applying different RNTI value. 
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