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1 Introduction

At RAN2#109-e meeting the following agreements and FFS were noted [1]; 

	Agreements:

· For NB-IoT, RAN2 agree signaling changes proposed in Table 5 as the baseline.
· For NB-IoT, RAN2 assume the changes proposed in Table 7, 8 and 9 as the baseline for signalling group WUS information.
· For NB-IoT, RAN2 use the changes proposed in Table 10 as the baseline.
· For eMTC, RAN2 agree to use the changes proposed in Table 12 as the baseline.
· For eMTC, RAN2 assume the changes proposed in Table 15, 16 and 17 as the baseline for signalling group WUS information.





	Agreements:

· For eMTC and NB-IoT support the same paging probability range and granularity.
· No special handling of WUS resource overlap is specified and UE use the WUS resource corresponding to its gap capability
· Update stage 2 to explain group WUS in more detail using text proposed in R2-2000639 as starting point.
· From RAN2 point of view paging escalation does not need to be mandated

Working assumption: 
· For NB-IoT, if only one R16 WUS resource is configured and no Release 15 WUS resource is configured then R16 WUS resource is always in primary location
· Support of Release 16 WUS is independent to support of Release 15 WUS
· Define WUS group selection based on the formula defined in R2-2001472

FFS:
· Code points for paging probability thresholds.
· Mechanism to minimize false wake-up 






In this contribution, we discuss some aspects related to “mechanism to minimize false wake-up” taking into acount UEs that are moving between different cells, causing paging escalation from the MME.
2 Discussion
[bookmark: _Hlk510094111]Wake-up signal (WUS) grouping is introduced in Rel 16 for both NB-IoT and eMTC UEs to reduce the number of false UE wake-ups and thereby its associated energy cost. While the existing WUS grouping reduces the cost for UEs within a certain cell, the WUS grouping functionality is not optimal for scenarios where the UEs move between cells. A UE that moves around within a tracking area and receive lots of paging can destroy WUS benefits for all the WUS UEs in the same tracking area. 

The issue is elaborated in the following example. Assume there are several UEs and each UE is located in a different cell but all cells serving these UEs belong to the same tracking area. Assume also these UEs have a certain paging probability and therefore they have been assigned to monitor the channel for the same WUS group 1. The UE located in cell#1 is typically paged by the network in its last connected cell, in this case cell#1. If the UE moves (during idle mode) to cell#2, the first paging attempt in the last connected cell (cell#1) will fail since the network is not aware of the UE movement. The network will then perform paging escalation by also paging the UE in the neighbor cell(s). In this example, cell#2, cell#3, and cell #7. These cells will transmit a wake up signal to the UEs belonging to WUS group 1. The problem is all UEs belonging to WUS group 1 in those multiple cells will be falsely woken up, resulting in extra energy cost for those UEs.
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Figure 1: UE group paging and paging escalation mechanism



In Rel 15, this is solved by the MME including “last used cell ID” in the S1 paging to all eNBs (so that the eNB knows that it is not the last used eNB) and the UEs are modified so that they do not use WUS in any cell other than the last used cell [2,3 ]. However, this solution would limit the benefit of WUS for UEs that are moving between cells, preventing the use of WUS in case of paging escalation as the MME will page the UE in surrounding neighbor cells.


In Rel 16 where WUS grouping (GWUS) has been introduced, the following is proposed in [4] to address WUS grouping and UE mobility. 
· Option 1: The same solution for Rel-15 WUS can be reused, i.e., both WUS and GWUS are used in the last used cell only. When the UE reselects to another cell, it monitors legacy paging even when WUS/GWUS are configured in the new cell.
· Option 2: A default WUS group can be used to wake up the mobile UE, i.e. when the UE reselects to another cell, it monitors a default WUS group. 
· Option 2a: The default WUS group for the UE with the highest or without paging probability is used for the mobile UE also.
· Option 2b: A separate default WUS group is used for the mobile UE.
In the analysis it is argued that compared with Option 1, the only benefit of Option 2 is that the mobile UE can also benefit from WUS. Further, the document discusses that for these types of mobile UE, which are typically in good coverage, the benefit from WUS is rather limited. 

Observation 1: It has been proposed as a single solution for both Rel-15 WUS and Rel-16 GWUS, that both WUS and GWUS are used in the last used cell only.

In [5], it is proposed that mobile UEs monitor another WUS sequence after cell change. For example it is proposed to have one WUS UE group to be set aside for this purpose (i.e. among all WUS resources for a given WUS gap).

Observation 2: The possibility of using another mechanism for handling UEs that are moving between cells has been proposed.

Based on the open issue from the last meeting, and as observed in Observation 2, there is a need to introduce some sort of mechanism for handling the risk of unnecessary false wake-up of UEs that are not moving between cells.

From the reasoning it becomes clear that there is a need to distinguish idle mode UEs that are moving between cells from those idle mode UEs that remain stationary or remain in the same cell.

Observation 3: Moving UEs need to be treated separately from stationary UEs, in order to reduce false wake-up. 

We propose to include an additional WUS grouping to support mobility as well as to reduce false wake-up of UEs that have not been moving between different cells. The mechanism is elaborated as follows and illustrated in Figure 2. Assume the UE is originally in cell#1 and it has been assigned to WUS group 1. Once the UE moves to a new cell and the network cannot find the UE in the last known cell, the MME will initiate paging the UE in the neighbor cell(s) and indicate the UE belongs to the mobility group (e.g. UE group TEMP). Once the neighbor cell(s) receives that indication, it starts to page the UE in the UE group TEMP. Unlike the previous case as described in Figure 1, Here UE group 1 in cell #2, #3, #7 remains “sleeping”. Hence, there is no false-wake-up.
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Figure 2: Paging escalation mechanism with temporary group WUS


As shown above, it would be beneficial to re-group the UEs that have made a cell reselection or moved to another cell, after being released to Idle, to a temporary WUS group. This group is only used for UEs that are mobile.  Through this, all UEs that are configured to use a Wake-up signal would use this temporary WUS group as long as they are doing cell reselection. Once they are paged and having been connected, they go back and use the legacy WUS group while remaining in the cell they were released to.

Proposal 1: UEs that are moving between cells are grouped in a temporary WUS group as long as such UEs are camping on a cell that is different from the cell that released them into Idle.

Proposal 2: Once the UE can be paged, the UE changes its WUS group from the temporary WUS group to the previous WUS group (e.g. the group based on paging probability).

From WUS configuration in system information, the UE would have information on the possibility to temporarily change the current WUS group to a temporary WUS group, and further into which WUS resource and WUS sequence the UE needs to listen for WUS. 

Proposal 3: eNB provides additional WUS configuration  so that the UE can identify which temporary WUS group is to be used when performing cell reselection between cells.
3 Conclusions
In this contribution, the following observations and proposals are made:

Observation 1: It  has been proposed as a single solution for both Rel-15 WUS and Rel-16 GWUS, that both WUS and GWUS are used in the last used cell only.
[bookmark: _GoBack]
Observation 2: The possibility of using another mechanism for handling UEs that are moving between cells are proposed.

Observation 3: Moving UEs needs to be separated from stationary UEs, in order to reduce false wake-up. 

Proposal 1: UEs that are moving between cells are group in a temporary WUS group as long as the UEs are camping on a cell that is different from the cell that it was released into Idle.

Proposal 2: Once the UE can be paged, the UE changes its WUS group from temporary WUS group to the previous WUS group (e.g. the group based on paging probability).

Proposal 3: eNB provides additional WUS configuration  so that the UE can identify which temporay WUS group to be used when performing cell reselection between cells.
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