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Introduction
[bookmark: _Ref421460494]In RAN1 #90bis meeting, the following working assumption was made [1] regarding the configuration and procedures for power saving signals for the improvement of power efficiency and latency reduction in feNB-IoT:
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)

In this contribution, we revisit this working assumption and discuss the configuration of WUS time location with respect to the associated PO(s) locations(s). This contribution is based on revisions to the previous contribution [2].

Timing association between WUS and PO
During the last meeting, RAN1 discussed the various configuration options, including the location of WUS with respect to the associated PO(s). For a given DRX cycle, RAN1 made the following agreement: 
“At least in a UE’s DRX cycle, one WUS informs UE whether to monitor the PO in a single DRX cycle”.
For the question of whether 1 WUS applies to multiple POs, RAN1 sent an LS to RAN2 to determine the feasibility of that option in last RAN1 meeting. Then the remaining issue related RAN1 is about the DRX cycles, where a WUS is associated with a single PO. The problem of actual location of the Wake-up signal and its calculation is a RAN2 issue, in this contribution we would like to point out some guidelines for the time duration between sending the Wake-up signal and waking up to monitor the NPDCCH to be taken into consideration. In the last contribution [2], we discussed that the UE should monitor the PO immediately following the WUS when the WUS monitoring occasion ends. 
As can be seen in Figure 1, the length of WUS and its number of repetitions depends on the coverage level for that specific cell. For a UE to be able to decode the NPDCCH, the UE must be fully synchronized to the network. If the WUS is selected such that the WUS can be decoded without using existing synchronization signals, the UE needs to ensure that after the WUS detection, it has enough timing accuracy in order to be able to read the NPDCCH. If this is not the case, then the duration between the WUS and NPDCCH should be long enough for the UE to correct its timing through downlink synchronization signals. 


[bookmark: _Ref498710362]Figure 1: Application of a WUS to a PO or PO(s) subsequent to a positive WUS.

Observation 1:
· The time duration between WUS reception and its associated PO should be long enough to enable the UE to gain downlink synchronization and channel estimation to be able to decode the NPDCCH, in cases where the timing estimation accuracy after the WUS detection is not sufficient for NPDCCH decoding.

In case the UE has a separate wake-up receiver that is optimized to read the WUS and maximize UE power savings, and its main receiver is powered down, then the offset must also be long enough to enable the UE to transition its main receiver to be able to receive the NPDCCH. This allows the UE to  maximize its power savings.

Observation 2:
· The time duration between WUS reception at the UE and its associated PO should be long enough to enable an optimized low-power wake-up receiver if possible and to power up the main receiver in time to monitor the NPDCCH in order to maximize UE power savings. 

Number of UEs associated to a single WUS
The power savings achieved by a UE are increased as the UE wakes up less often to monitor a Paging message not directed to itself. Thus, if we reduced the number of UEs monitoring the WUS compared to the ones supposed to be monitoring the PO, we can obtain greater power savings. This could be achieved by creating sub-groups of UEs. However the savings also depend on paging frequency as shown in [2]. In most scenarios of NB-IoT, the device may remain in WUS monitoring mode for a very long time before being paged, i.e. it may receive a message once every few hours. In that case, if the paging frequency itself is very small, we may not need to do sub-grouping of WUS UEs. 

Observation 3:
· Sub-grouping of WUS UEs is not very useful if the paging frequency is already very low < 1%.

For cases where paging frequency is high, it is beneficial to support sub-grouping of UEs. The following design options can be considered for the design of WUS associated to a sub-group of UEs. 
Option 1: UE-specific ID or Group-ID as payload following the WUS
In this solution, the WUS has a preamble followed by a payload which contains the UE-specific ID or the group ID. Specifying the UE identifier as payload would then save the considerable resource spent in sending the Paging message for the UE, but on the other hand would also increase the size of the WUS which would be larger compared to the size of the paging message and it would be hard to include multiple UE IDs as part of the WUS payload, which is currently the case for the WUS. 
Given that the size of UE identifier is 40 bits for the S-TMSI, or the 64-bits of the IMSI (in case the S-TMSI has become invalid for whatever reason), the network may not have enough resources to generate a WUS message containing one or more S-TMSIs for all the UEs that may need to be paged. In that case a compromise option could be assigning WUS group IDs to a group of UEs based on their UE_IDs (i.e. UE_ID mod Nw) where Nw is the size of the WUS group and is determined by the network and is smaller than the size of the group monitoring the POs.
Given the timeline for this WID and considering the required standardization efforts to support this solution, attaching a payload to the WUS preamble in NB-IoT may be difficult to achieve.
Option 2: Simultaneously sending multiple WUS signals for multiple groups within the same WUS occasion
In this solution, the WUS is a sequence with good correlation properties such as a ZC-sequence. The issues of how different groups of UEs would receive each sequence, whether in the same WUS opportunity or separate ones must be solved. If the WUS sequence is designed such that there can be multiple orthogonal sequences, then different sequences can be used to indicate wake-up or go-to-sleep of different sub-groups of UEs. Consider an example of two sub-group of UEs.  Each could be assigned a separate signal sequence for wake-up, e.g., WUSG1 and WUSG2, and also a Go-to-sleep (GTS) signal that would be the same for both. Then in this case, the UE would receive the following possibilities:
1. WUSG1 + GTS: If only the UEs in WUSG1 are being paged, then the eNB would  transmit a combination of WUSG1 and GTS during the WUS occasion and the UEs monitoring the WUS occasion would detect this signal and match it to their own group or to the GTS. If they belong to WUSG1, their match would be positive and they would wake up to monitor the NPDCCH. However, if they belong to WUSG2, they would obtain a positive correlation with GTS signal and would thus go back to sleep. 
2. WUSG2 + GTS: This would be handled similarly as above except UEs associated to WUSG2 would wake up and UEs associated to WUSG1 would continue to sleep.
3. GTS: In case there is no wake up for either of the groups, the eNB would only transmit the GTS signal.
4. WUSG1 + WUSG2: In case, both groups of UEs need to wake-up then both groups would receive their respective wake-up signals.
The benefit of this method is that the same resource would be re-used for multiple sub-groups to keep the overhead low, and the wake-up frequency would be reduced, thus improving power savings. The UE complexity would also not increase much, if the number of sub-groups is limited to be small, e.g. 2. However, the drawback is that the missed detection probability may increase due to the problem of separating the sequences out correctly as they are not completely orthogonal and also due to the power being split between 2 different signals rather than on only one signal.  
Option 3: Assigning different WUS sequences for different WUS group combinations within the same WUS occasion
In this case, the eNB would only transmit one signal at a time, but there would be more sequences for each combination. Thus, suppose the UEs monitoring a given PO were sub-divided into 2 groups as shown in the above option. Then, as 4 different combinations are possible, 4 different sequences would be sent as follows.
1. WUSG1: When the UEs receive this sequence, both sets of UEs would detect and know this is for WUSG1 group. Thus, only UEs belonging to WUSG1 would wake-up, while UEs belonging to WUSG2 would go back to sleep. However, both groups of UEs would correctly be able to decode the signal in order to obtain time/frequency synchronization.
2. WUSG2: Same as above, except here the UEs detect that the signal is for the WUSG2 UEs.
3. GTS: This signal would be transmitted when neither UE group needs to be woken up.
4. WUSG1G2: This signal would be transmitted when both UE groups need to be woken up.
The benefit of this approach is that the missed detection probability would not be impacted much compared to above option where transmit power needs to be split between two signals. In addition, the overhead can be kept low by reusing the resources for indication of different sub-groups.  Moreover, it provides more power savings through less frequent wake-ups. But the UE complexity would increase compared to no sub-grouping case, as it now has to perform 4 different hypotheses in order to know what it is supposed to do.
Option 4: Assigning different WUS resources for different WUS groups
In this solution, the UEs would be assigned different WUS resources altogether depending on their group. Though it is beneficial from UE power savings perspective as they only need to detect their own signals and less wake-ups are needed by sub-grouping of UEs, this would be a very expensive solution from the system resource perspective. 

Proposal 1:
· The support of sub-grouping of UEs for WUS should be considered depending on the traffic model for WUS. 
· If the traffic model supports high paging probability, consider the sub-grouping solutions proposed in this paper. 

Conclusions
[bookmark: _GoBack]In summary, we discussed the relationship between WUS reception and the corresponding PO and present our observations and proposal below:
Observation 1:
· The time duration between WUS reception and its associated PO should be long enough to enable the UE to gain downlink synchronization and channel estimation to be able to decode the NPDCCH, in cases where the timing estimation accuracy after the WUS detection is not sufficient for NPDCCH decoding.

Observation 2:
· The time duration between WUS reception at the UE and its associated PO should be long enough to enable an optimized low-power wake-up receiver if possible and to power up the main receiver in time to monitor the NPDCCH in order to maximize UE power savings. 

Observation 3:
· Sub-grouping of WUS UEs is not very useful if the paging frequency is already very low < 1%.

Proposal 1:
· The support of sub-grouping of UEs for WUS should be considered depending on the traffic model for WUS. 
· If the traffic model supports high paging probability, consider the sub-grouping solutions proposed in this paper. 
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