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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
In RAN1#92bis we agreed the following:
· At least WUS/DTX is supported at least for paging for RRC_IDLE UEs

· 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.

· [2] bits are used to indicate the scaling factors between maximum duration of WUS and Rmax associated with type 1 CSS

· 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

· 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

· 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
This contribution discusses remaining issues in introducing Wake Up Signal (WUS).
2. Discussions
2.1 WUS Sequence
Several different types of WUS base sequence were proposed in RAN1#92bis namely, ZC [1], Gold sequence [2], M-sequence [3], [4].  Although RSS is introduced in Rel-15 efeMTC, it can be configured independently of WUS and hence, if RSS is not configured by the network, the UE may not be synchronized when it is detecting the WUS.  Since the WUS needs to operate independently of the RSS, the WUS needs to provide a synchronization function for the UE.  In order to reduce UE complexity, it is hence proposed to use the RSS sequence for WUS.
Proposal 1: WUS sequence reuses the sequence used in RSS.

In RAN1#92bis, a working assumption is made on the RSS bandwidth where it is set to 2 PRBs.  This bandwidth is selected as a balance between UE complexity and the duration of the RSS required in extended coverage. Since WUS can be used for synchronization (in the absence of RSS), the same complexity arguments apply for WUS as for RSS. Hence WUS should follow the bandwidth used for RSS.
Proposal 2: In the frequency domain the WUS for efeMTC occupies 2 PRBs.

It was agreed that the WUS would indicate the Cell ID.  It should be noted that the RSS also indicates the Cell ID.  If the WUS and RSS use different sequences, then the RSS/WUS sequences will need to be able to indicate at least 1008 states.  A simple approach is to reuse the RSS directly, that is the WUS and RSS use the same sequence for indication of Cell ID.  This may lead to UEs mistaking a WUS for an RSS or vice-versa, but this can be easily rectified by configuring the RSS and WUS in different frequency resources (i.e. different narrowbands).
Proposal 3: The RSS and WUS shares the same set of sequences for indication of Cell ID.

It was agreed in RAN1#92bis that WUS subframes are postponed when WUS collides with SIB1-BR. This is problematic if the WUS is used for synchronization (when RSS is not configured), since it requires the synchronization block in the UE to be reconfigured depending on whether any particular WUS location overlaps SIB1-BR or not. The reconfiguration involves (1) changing the expected starting time of the WUS at the UE receiver and (2) ignoring / postponing some subframes as a function of SIB1-BR transmission. This is contrary to the concept that the synchronization signal (in this case WUS providing synchronization) provides a regular heartbeat to the UE.
At RAN1#92bis, the above concerns about postponing WUS subframes were voiced moments after the agreement was made. Our preference is that this agreement is reverted in order to reduce complexity and to provide a common design between RSS and WUS.
Proposal 4: Revert the agreement that on postponement of WUS subframes.

2.2 WUS Search Space
In RAN1#92bis, we agreed that all the WUS candidates in a WUS search space start at the same time. To reduce the number of blind decoding attempts, we should keep the number of WUS candidates to a minimum.  Also the durations of these WUS candidates must be known to the UE, similar to the repetitions used for MPDCCH.  We proposed that there are not more than 3 WUS candidates in a WUS search space.
Proposal 5: The duration of each WUS candidate in a WUS search space is known to the UE.
Proposal 6: There are no more than 3 different WUS durations, including the maximum WUS duration, in a WUS search space.

A time gap TWUS-PO, between the end of the WUS search space and the start of the first associated PO is agreed as shown in Figure 1, where here RW-max is the maximum WUS duration. This time gap is for the UE to perform any necessary processes (e.g. start up the receiver, load working memory, warm up tracking loops) in order for it to start detecting the MPDCCH.  If the UE requires a time gap that is larger than that configured by the eNB, then it cannot support WUS in the cell.  We propose a minimum time gap of 20 ms.  Note that the eNB can configure a larger time gap.
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[bookmark: _Ref513045712]Figure 1: Time gap TWUS-PO between end of WUS search space and start of 1st PO

Proposal 7: The minimum time gap between the end of WUS search space and start of the 1st PO that can be configured is 20 ms. 

2.3 WUS & RSS
RAN1 has made an agreement on the introduction of RSS for eMTC with configurable periodicity of 160, 320, 640 and 1280 ms.  Although the RSS and WUS are independently configured, the presence of RSS is beneficial for the WUS.  The RSS will enable the UE to be in sync with the network prior to detecting the WUS.  The RSS is also beneficial for a UE using low power receiver for the detection of the WUS, for example the low power receiver may achieve coarse sync upon detection of WUS and the subsequent power on of the main receiver can benefit from further refinement of the sync with a RSS, prior to monitoring of the PO.
Observation 1: The UE operating WUS can benefit from the presence of RSS.

2.4 Subgrouping of UE
Subgrouping of UEs within a WUS such that only a subgroup of UEs will be woken up by the WUS for a PO would reduce the number of UEs having to wake up unnecessarily to detect for MPDCCH and decode PDSCH.  To support this feature the WUS need to indicate the UE Group ID in addition to the 504 different PCIDs.  Supporting just 2 groups would require the WUS sequence to indicate 1008 different states and hence using only the WUS sequence alone will limit the number of UE groups. 
Observation 2: To support 2 UE groups, the WUS sequence will need to support 1008 states (504 PCID × 2 UE groups).

If more than 2 UE groups are required, a different PRB or narrowband can be used. That is, UEs belonging to different group can monitor different frequency resources for the WUS.
Proposal 8: If subgrouping of UEs is supported, the UE Group ID is indicated using the frequency location of the WUS.

It is noted in [2] that the eNB may need to wake up UEs belonging to different groups and for SI update, the eNB needs to wake up all UEs. The eNB can use the RSS to indicate MIB/SIB update as proposed in [6], which is more efficient than having to transmit multiple WUS for multiple UE groups and for multiple POs.
Observation 3: Using RSS to indicate MIB/SIB update is more efficient than having to transmit multiple WUS for different UE groups and for different POs.

2.5 One WUS to Multiple PO in eDRX
It is agreed that for eDRX, a WUS can address more than one PO in a PTW.  RAN2 suggested that the number of POs that can be addressed by a WUS is configurable.  This is beneficial for power saving for the case where the network is not paging the UE for M POs since the UE does not need to wake up to monitor those M POs.  However, if only one of the M POs contains a paging message for a UE, this one WUS to multiple POs mapping would lead to the UE wasting power monitoring all M POs.  
Observation 4: A single WUS to multiple POs mapping leads to excessive power consumption since the UE would need to monitor multiple POs when this single WUS is detected.

[bookmark: _GoBack]Hence, instead of a single WUS indicating to the UE to monitor M POs, it would be beneficial if this single WUS indicates to the UE whether to monitor M WUS’s. That is the 1st WUS of a PTW tells the UE whether to monitor WUS for the second POs till the Mth POs in a PTW or not, as shown in Figure 2.  Here at time t0, the 1st WUS for a PTW acts as a 1st level WUS telling the UE to go to sleep for the next M=4 POs and hence no need to monitor for any WUS until the 5th PO at time t3, where the UE will wake up to monitor for WUS. The 1st WUS of a PTW at time t4 tells the UE to wake up for the PO at time t5 but continue to monitor for WUS for the rest of the POs in the PTW.  As suggested by RAN2, the value M is configurable.
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[bookmark: _Ref510783975]Figure 2: Two levels WUS
Proposal 9: For eDRX, the 1st WUS of a PTW indicates whether the UE should go to sleep for the next M POs or monitor the first PO in the PTW and WUS for the remaining POs in the PTW.

2.6 WUS Configurations

In NB-IoT, we have a working assumption where the WUS would provide synchronisation for N WUS cycles. That is if the UE fails to detect a WUS for N cycles, the UE will try to achieve synchronisation by other means (e.g. NPSS).  This method can also be used in efeMTC but for reliability purposes rather than synchronisation.  That is if the UE fails to detect a WUS for N cycles, the UE will monitor a PO.  Hence, if the eNB consistently fails to page the UE due to miss detection of the WUS, this is at least limited to at most N WUS cycles.  The value N can be configurable.
Proposal 10: The UE will monitor a PO if it does not detect a WUS for N consecutive WUS cycles.  The value N is configurable.

2.7 Diversity
In RAN1#92, we agreed to introduce subframe level transmit diversity for the WUS.  Further gains can be obtained to reduce the duration of WUS via frequency hopping.
Proposal 11: Introduce frequency hopping for WUS.

3.   Conclusion
In this contribution we discuss the remaining aspects in introducing WUS.  We observed the following:
Observation 1: The UE operating WUS can benefit from the presence of RSS.
Observation 2: To support 2 UE groups, the WUS sequence will need to support 1008 states (504 PCID × 2 UE groups).
Observation 3: Using RSS to indicate MIB/SIB update is more efficient than having to transmit multiple WUS for different UE groups and for different POs.
Observation 4: A single WUS to multiple POs mapping leads to excessive power consumption since the UE would need to monitor multiple POs when this single WUS is detected.

We therefore propose the following:
Proposal 1: WUS sequence reuses the sequence used in RSS.
Proposal 2: In the frequency domain the WUS for efeMTC occupies 2 PRBs.
Proposal 3: The RSS and WUS shares the same set of sequences for indication of Cell ID.
Proposal 4: Revert the agreement that on postponement of WUS subframes.
Proposal 5: The duration of each WUS candidate in a WUS search space is known to the UE.
Proposal 6: There are no more than 3 different WUS durations, including the maximum WUS duration, in a WUS search space.
Proposal 7: The minimum time gap between the end of WUS search space and start of the 1st PO that can be configured is 20 ms. 
Proposal 8: If subgrouping of UEs is supported, the UE Group ID is indicated using the frequency location of the WUS.
Proposal 9: For eDRX, the 1st WUS of a PTW indicates whether the UE should go to sleep for the next M POs or monitor the first PO in the PTW and WUS for the remaining POs in the PTW..
Proposal 10: The UE will monitor a PO if it does not detect a WUS for N consecutive WUS cycles.  The value N is configurable.
Proposal 11: Introduce frequency hopping for WUS.
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