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In RAN1#92bis, further agreements were made with respect to the wake-up signal (WUS) that can be efficiently decoded or detected prior to decoding the physical downlink control channel [1]:
Agreement
At least WUS/DTX is supported at least for paging for RRC_IDLE UEs
Agreement 
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.
Agreement
· [2] bits are used to indicate the scaling factors between maximum duration of WUS and Rmax associated with type 1 CSS
Agreement
· 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
Agreement
· 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
Agreement
· 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
In this contribution, we discuss the remaining issues for the WUS for idle mode paging, in the aspects of the signal design and the resource configuration etc., assuming RAN1 will prioritize the design for idle mode paging.
[bookmark: _Ref481055071]Discussion
UE group association to WUS
This issue has been discussed for the WUS in both eMTC and NB-IoT. For NB-IoT, it was agreed that at least in a UE’s DRX cycle, WUS supports at least being applied to all the UEs monitoring the signal associated to a PO in a NB-IoT carrier. Similar can be applied also for eMTC for all UEs associated to a PO within a narrowband. However in this case, even if the WUS indicates there is an MPDCCH for paging, a given UE may find the paging message on PDSCH does not contain its IMSI information. Thus, it can be considered to support a further option that a WUS applies to a sub-group of UEs associated to a PO within a narrowband, which is a smaller group of UEs. It will be beneficial to further reduce the unnecessary decoding of MPDCCH/PDSCH for a UE. The reply LS from RAN2 confirms from RAN2 perspective, it is feasible to configure the WUS to be applied to a group of UEs associated to one PO [2].
However, for the WUS associated to a sub-group of UEs, multiple WUS resources (time, frequency, or sequence) are needed for all the UEs associated to a PO within a narrowband. A WUS sent at a resource applies to a sub-group of UEs and different sub-groups have different resources. The number of WUS resources for all the UEs associated to a PO is preferred to be configurable depending on the system overhead, the extent of coverage enhancement, the number of POs in a frame, etc. Therefore, the number of sub-groups should be configurable by SIB. The UE can determine its sub-group ID by UE_ID according to a formula which is similar to the formula for determination of UEs associated to a PO in a narrowband:
Sub-group ID = floor(UE_ID/(N*Ns*Nn)) mod G, G is the configured number of sub-groups
Proposal 1: The number of UE sub-groups, which is equal to the number of WUS resources for all the UEs associated to a PO in a narrowband, is configurable by SIB.
Proposal 2: The UE sub-group ID is determined according to floor(UE_ID/(N*Ns*Nn)) mod G, G is the configured number of sub-groups.
The number of POs the WUS applies to
From UE perspective, one WUS informs UE whether to monitor the PO in a single DRX cycle. In eDRX, the default UE configuration is a one-to-one mapping between WUS and PO, and an optional 1-to-N mapping between WUS and PO is also supported. 
From eNB perspective, Figure 1 illustrates the WUS which applies to a single PO or multiple POs.

[bookmark: _Ref493595361]Figure 1 Illustration of number of POs the WUS applies to from eNB perspective (a) single (b) multiple.
When the WUS applies to multiple POs from eNB perspective, the multiple POs would associate to different UEs. As shown in Figure 1b, for the multiple POs option, a WUS indicates the existence of MPDCCH at one or more of the four POs for UE1~UE4. In this case, for example, if there is UE1’s MPDCCH at UE1’s PO, UE2~UE4 are also woken up to detect MPDCCH at their POs, whether or not they need to be paged. It causes false alarm and is not beneficial for the power consumption reduction of UE2~UE4. For this reason, it is not preferred.
Proposal 3: A WUS applies to a single PO from eNB perspective. 
The time location of a WUS
The configurable non-zero gap from the end of the configured maximum WUS duration to the associated PO is used to determine the time location of a WUS. Whether the gap is implicitly or explicitly configured has not yet been agreed, as well as which is the PO associated to a given WUS.
For one-to-one mapping between WUS and PO, the non-zero gap can be configured explicitly and apply for each PO. 
For 1-to-N mapping between WUS and PO within PTW in eDRX, N should be configurable by the eNB as agreed by RAN2 [3], but the definition of the associated PO is not agreed yet. The gap can be configured explicitly as long as the associated PO is defined. If the UE’s POs within the PTW are numbered with the PO index, the associated PO can be the PO with (PO index) mod N =0. And the following N-1 POs are mapped to the same WUS as the associated PO. The gap from the end of the configured maximum WUS duration to the following N-1 POs is determined based on the configured gap, PO index and DRX cycle. Figure 2 shows the configured non-zero gap between the WUS and the associated PO for 1-to-2 mapping.
If the UEs associated to a PO in a narrowband are divided into G sub-groups, there can be G configurations of the gap and the UE determines configuration for itself from its sub-group ID for TDM of the sub-groups.


[bookmark: _Ref505091675]Figure 2 Illustration of the configurable non-zero gap between the WUS and the associated PO with N=2 in eDRX
Proposal 4: The non-zero gap from the end of the configured maximum WUS duration to the associated PO is configured explicitly. For 1-to-N mapping between WUS and PO within PTW in eDRX, the associated PO can be the PO with (PO index) mod N =0.
The frequency location of a WUS
It was agreed in the simulation assumption [4] that the following bullet provides a common basis for simulation purposes, however the issue needs to be discussed:
The power saving signal applicable to a UE is sent on the same narrowband as the first subframe of the associated subsequent physical channel(s) for Paging
The WUS in eMTC can be transmitted within a predefined narrowband. If the narrowband for the WUS is associated with multiple MPDCCH narrowbands for paging, it results that UEs monitoring other narrowbands are false alarmed when there is UE’s paging in one narrowband. Alternatively, the narrowband for the WUS can be determined adopting the Rel-13 PNB determination method, i.e. the set of narrowbands which can be used for the WUS in the system is determined by the cell ID, and UE calculates its narrowband in the set according to its UE_ID. In this way, the determined WUS narrowband is the same as the first subframe of the associated MPDCCH. Frequency hopping of WUS can also be considered to increase the diversity.  
Proposal 5: The Rel-13 narrowband determination method for the first subframe of MPDCCH addressing paging is reused to determine the narrowband for the WUS.
Signal design
In NB-IoT, the WUS provides synchronization of up to the timing/frequency offset resulting from not synchronizing for N DRX cycles, and will naturally be a 1 PRB signal. Therefore, a compatible design can be considered between eMTC and NB-IoT WUS in order to reduce the specification work load, and benefit from commonality of implementation and testing effort at UE and eNB.
The sequence designed for NB-IoT in-band mode can also be reused in eMTC. We propose that the WUS signal in a subframe is generated as follows:





c(n) is a RE-level scrambling sequence and is generated similar to the symbol-level scrambling sequence of Rel-14 NPDCCH/NPDSCH. Specifically, c(n) is generated based on a binary sequence  as follows:

The binary sequence is a Gold sequence initialized at the start of each WUS subframe, and the initializing seed is:
· , if UE sub-grouping is not introduced
· , if UE sub-grouping is introduced
The initializing seed conveys the necessary information as follows:
· : conveys part of the cell ID
· : conveys the timing information of the starting subframe of the PO to prevent false alarm among POs
· : conveys the timing information of the WUS repetition so that WUS is time-varying from subframe to subframe
· : conveys the UE group ID and is used to differentiate UE groups, where  represents the total number of UE sub-groups corresponding to a PO, and the exact value of  is configured, assuming the maximum configured value is 8.
Furthermore, as described above, the necessary information can be conveyed through RE-level scrambling sequence and ZC root index. We do not see a strong need to use a variable phase shift  to convey information. And the cross-correlation properties of using the phase shift  to convey information is unclear. Thus we suggest in the agreement for in-band that θ = 0. 
Proposal 6: The sequence designed in NB-IoT for the WUS is reused in eMTC as the WUS with the option of being mapped to more PRBs in eMTC.
Within the narrowband, the PRB(s) for the WUS relate to the signal design. If the signal uses the same sequence designed for NB-IoT WUS, eNB can configure the number of PRBs used by the WUS. Thus the resources of the WUS applied to different sub-groups of UEs associated to a PO can be differentiated in the frequency domain. The PRB(s) used by a UE can be determined by a UE ID, e.g. the UE’s sub-group ID. If multiple PRBs are used for a WUS, the sequence can be repeated in the multiple PRBs, or other PRB(s) are blank to boost the power of the sequence in one PRB.
Proposal 7: Within the narrowband, eNB configures the number of PRBs used by the WUS and the PRB(s) used are determined by a UE ID, if eMTC WUS uses the same WUS sequence as NB-IoT.
Conclusion
This contribution discusses the wake-up signal prior to the MPDCCH to reduce UEs’ power consumption for idle mode paging. The proposals are as follows:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 1: The number of UE sub-groups, which is equal to the number of WUS resources for all the UEs associated to a PO in a narrowband, is configurable by SIB.
Proposal 2: The UE sub-group ID is determined according to floor(UE_ID/(N*Ns*Nn)) mod G, G is the configured number of sub-groups.
Proposal 3: A WUS applies to a single PO from eNB perspective. 
Proposal 4: The non-zero gap from the end of the configured maximum WUS duration to the associated PO is configured explicitly. For 1-to-N mapping between WUS and PO within PTW in eDRX, the associated PO can be the PO with (PO index) mod N =0.
Proposal 5: The Rel-13 narrowband determination method for the first subframe of MPDCCH addressing paging is reused to determine the narrowband for the WUS.
Proposal 6: The sequence designed in NB-IoT for the WUS is reused in eMTC as the WUS with the option of being mapped to more PRBs in eMTC.
Proposal 7: Within the narrowband, eNB configures the number of PRBs used by the WUS and the PRB(s) used are determined by a UE ID, if eMTC WUS uses the same WUS sequence as NB-IoT.
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