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1. Introduction

 In the last RAN1 meeting, working assumption and agreements were made as follows [1]:

	Agreements:

· Working assumption: WUS/DTX is adopted for the power saving  signal for IDLE mode paging;

· The UE is configured with a transmission duration of WUS by higher layers

· The WUS signal may be decoded with or without relying on prior synchronization

· Whether the UE needs to acquire (further) synchronization using NPSS/NSSS to decode the NPDCCH following the WUS is FFS
· The power saving of using existing synchronization signal to achieve sync and using WUS for synchronization should be compared.
· For RAN#78 timeline, RAN4 can assume the UE is synchronized prior to the WUS
· After RAN#78, RAN1 and RAN4 will conduct additional work to allow the assumption that the UE is not synchronized prior to the WUS (with the same WUS signal design) for 144 dB MCL; and will study to allow the assumption that the UE is not synchronized prior to the WUS (with the same WUS signal design) for 154, 164 dB MCL
· Status of work on ‘Relaxed monitoring for cell reselection’ in RAN2/4 should be considered
Agreements:

· RAN1 assumes that introduction of WUS does not alter PO/PF definition

· At least in a UE’s DRX cycle:

· WUS supports at least being applied to all the UEs monitoring WUS associated to a PO in a NB-IoT carrier;

· FFS: eNB can configure WUS being applied to a group of more than one of the UEs associated to a PO in a NB-IoT carrier

Working assumption:

· 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)

Agreements: 

· At least in a UE’s DRX cycle, one WUS informs UE whether to monitor the PO in a single DRX cycle 

Agreements:

· WUS signal is at least cell-specific;

· FFS scrambling of WUS including time varying scrambling

Long ZC sequence based signal is considered as the starting point for WUS signal:
Agreement
· The [maximum] duration of WUS is configured per NB-IoT carrier 
· FFS: WUS actual transmission duration can be shorter than the configured maximum duration of WUS.
· Alt 1: The actual WUS duration is transmitted aligning to the start of the configured maximum duration of WUS.
· Alt 2: The actual WUS duration is transmitted aligning to the end of the configured maximum duration of WUS.
· 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
Agreement
· The network can enable or disable use of the WUS 
· How UE acquires information on WUS enabling/disabling is up to RAN2 decision
Agreement
· UE can assume all the REs for transmission of WUS in a given subframe use the same antenna port.
· The UE shall not assume the transmission of WUS in more than X consecutive subframes use same antenna port.

· FFS: value of X

Agreement
WUS sequence is based on ZC-sequence
· When designing WUS sequence, negative impact on legacy NSSS detection should be avoided.
Working assumption
· WUS sequence is a sequence mapping within one subframe as a basic unit and repeated/extended for multiple subframes to support larger coverage.

· Prioritizie to minimize impact on UE synchronization performance.
· FFS: detailed design on time-varying of the WUS signal


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. Information on wake up signal
When using wake up signal, further information can be carried on the wake up signal to enhance the UE’s power consumption efficiency. In this section, we consider information that can be conveyed by wake up signal to enhance the power saving efficiency.
Neighbor cell differentiation
To distinguish the wake up signal of the serving cell from the one of the neighbor cell, it is desired to convey cell ID information by the wake up signal. Major purpose of the cell ID information is to reduce the false alarm rate; prevent the undesired wake up due to the wake up signal from the neighbor cell. 
As we described in our companion paper, NSSS like sequence design can be considered for the wake up signal. In NB-IoT, NSSS sequence is used to convey cell ID information using 126 root indices of ZC sequence and 4 binary orthogonal sequences. Also, cyclic shift values for the NSSS sequence can convey more information in current NSSS design. Thus, it is straight forward that wake up signal with NSSS like design can afford to differentiate serving cell wake up signal from one of neighbor cell. Detail design of NSSS like wake up signal is discussed in our companion paper [2]. 
UE sub-grouping
According to the current specification, PO (paging occasion) of the UE is determined based on its UE ID and some configured parameters. In this method, group of UEs can share same PO. Thus some UEs might waste the power due to the other UE paging. Likewise, if the wake up signal has a time location with respect to the associated PO, it can be expected that group of UEs which share same PO can share same wake up signal location. To prevent unnecessary power consumption due to the other UE paging, UE sub-grouping of the wake up signal can be considered. For example, different sequences can be used in a wake up signal occasion to convey UE sub-group information.

On the other hand, multiple UEs which share same wake up signal occasion need to be wake up at once in some cases. For example, paging DCI can be used to inform the system information update message and every UE within a PO should be waked up. In this point of view, common wake up sequence can be used in addition to the UE sub-group specific wake up sequence. In this case, UE may require detecting more than one sequence candidates within the wake up signal location.
To represent UE sub-group information, it can be considered to share some parameters which can be used for indicating cell ID information; root index of ZC sequence, binary sequence, and/or cyclic shift value. As we described above, it can be seen that wake up signal can be design to convey UE sub-group information on top of the cell ID information when reusing NSSS sequence design criteria. 
PO differentiation
Likewise the legacy LTE system, number of POs per paging cycle across all UEs in the cell can be configured by eNB. Using this feature, eNB can control group of UEs separately and it may help to reduce the power consumption of UE. One of the major difference between legacy LTE and NB-IoT in terms of paging feature is repetition of NPDCCH. Although paging NPDCCH can be started on PO subframe, it spans multiple consecutive NB-IoT DL subframes to support enhanced coverage level. This means that one paging search space associated a PO can overlap with the other search space(s) which starts from other PO(s). Likewise, repetition would be required for wake up signal to support coverage extension, and subframes for the wake up signal associated a PO can overlap with other subframes for wake up signal for other UEs. To avoid a miss understanding of wake up signal for other UE, information of the wake up signal or associated PO could be conveyed on the wake up signal. 
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Figure 1 Example of overlapped problem in paging and WUS
Proposal 1: Wake up signal design should support differentiating maximum 504 cell IDs

· FFS how many combinations of UE sub-groups and cell IDs can be differentiated by wake up signal, if UE sub-grouping is supported.
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 2: 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.
Proposal 1: Wake up signal design should support differentiating maximum 504 cell IDs

· FFS how many combinations of UE sub-groups and cell IDs can be differentiated by wake up signal, if UE sub-grouping is supported.
Proposal 2: 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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