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[bookmark: _Ref421460494]During RAN1 #92 meeting, the following agreement and working assumption were made [1] regarding the configuration and procedures for power saving signals for the improvement of power efficiency and latency reduction in feNB-IoT:
Agreement:
· 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

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

In this contribution, we discuss the configuration of the non-zero gap between the WUS and the associated PO, sub-grouping of UEs associated to a WUS and the options on assignment of WUS locations for sub-grouping of UEs. This contribution is based on revisions to our previous contribution [2].

Discussion
Non-zero gap between Wake-up signal duration and associated PO:
For the wake-up signal configuration, there was a discussion regarding whether the WUS should be configured to be sent at the start of the maximum configured duration or towards the end of its configured maximum duration in last meeting. Given the uncertainty of the start location if the WUS is aligned with the end of the configured maximum duration, this would negate a large percentage of the power savings for the UE, particularly if the WUS is designed to be read without using prior synchronization, especially for shorter DRX cycles to gain power savings. Thus, we would like to confirm the working assumption regarding the alignment of the wake-up signal towards the start of the configured maximum duration.
Proposal 1: 
· Confirm the working assumption that the WUS transmission relative to associated PO of subgroup of UEs is aligned to the start of the configured maximum duration of WUS.

In the previous meeting [1], there has been a discussion regarding the non-zero gap from the end of the configured maximum duration of the WUS until the start of the associated PO. It was left as FFS whether the non-zero gap is explicitly or implicitly derived. Let us consider the explicit option. In this case, the UE is provided with the explicit information regarding the start location of the WUS, the maximum duration of the WUS as well as the non-zero gap. The associated PO to this WUS will then be the one immediately following the gap. If the gap is not explicitly defined, and if this gap is too small for the UE to, for example switch from the low-power wake-up receiver to the main receiver, then the UE will not be able to use this capability adequately. On the other hand, if the gap is configured as too large, then it may cause other issues such as additional power consumption as the UE spends time in light sleep state to read the PO or additional latency in finally obtaining the PO or resource fragmentation. Of the two options, where the gap is too small vs. too large, however, not being in time to be able to receive the PO due to the gap being too small is a more serious issue and thus, it might be better for the non-zero gap to be explicitly defined, rather than implicitly derived by the UE. Having the gap explicitly defined allows the UE to determine the amount of time it has and by extension, the power saving states it ought to be in to be able to receive the NPDCCH and adapt accordingly, if necessary. If the non-zero gap is implicitly derived, there is also a possibility that it may change from one cycle to another depending on the maximum duration of the WUS. 
Proposal 2: 
· The non-zero gap from the end of the configured maximum duration of the WUS until the start of its associated PO should be explicitly defined to be within a minimum value.

Sub-group of UEs and resource allocation for 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. 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 1: 
· 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. Whether the resource allocation of WUS into sub-groups can be assigned based on separate resources in time domain, i.e. the WUS occasions are assigned over different subframes, is dependent on the number of UEs assigned for a WUS and the duration of the WUS required. In general, time-domain assignment of resources for WUS associated to separate sub-groups of UEs can consume a very high number of resources, essentially doubling the network resource use (assuming 2 sub-groups). Other methods such as using the same time-domain resource but different sequences might need to be used for sub-grouping options to reduce the overhead from WUS. Given that the use of WUS requires the use of valid DL subframes, the greater the number of WUS occasions, the more likely there will be fragmentation of the network resources and less scheduling flexibility for the eNB. 
Observation 2: 
· Sub-grouping of WUS UEs using separate time-domain resources may be difficult to accomplish due to the high network resource overhead involved. 

Conclusions
In this contribution, we discuss the configurations of WUS for feNB-IoT and have the following observations and proposals:
Observation 1: 
· Sub-grouping of WUS UEs is not very useful if the paging frequency is already very low < 1%.

Observation 2: 
· Sub-grouping of WUS UEs using separate time-domain resources may be difficult to accomplish due to the high network resource overhead involved. 

Proposal 1: 
· Confirm the working assumption that the WUS transmission relative to associated PO of subgroup of UEs is aligned to the start of the configured maximum duration of WUS.

Proposal 2: 
· The non-zero gap from the end of the configured maximum duration of the WUS until the start of its associated PO should be explicitly defined to be within a minimum value.
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