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1 Introduction

In RAN1#87 meeting, RAN1 agreed that support beam sweeping for paging in multi-beam operation. In multi-beam scenarios, in order to reach the UE paged, the paging message should be delivered via beam sweeping and the paging load is significant, especially in high frequency deployment, e.g. 64 beams. So companies propose various methods to reduce the overhead of the paging. E.g. response-driven paging in [1], index based paging in [2], localization based paging in [3] and paging for connected UE in [4].
In this paper, we aim to reduce the paging load due to beam sweeping for some special UE, e.g. IOT device, and for all UEs with shorter UE identity in paging message.
2 Discussion

2.1reduce the paging load via reducing the paging area
In 5G network, there are a lot of equipment is static or move in limited area, e.g. IOT equipment. So there is no need to paging the UE in the TA list due to its location is only related to one cell. If the network knows the UE’s location in a cell level, then the paging message of this UE can be delivered in one cell, the load will reduce a lot.

If the UE is IOT device and it is static, so when the UE registered to the network, the UE report the cell identity or gNB id where it camps to the CN network for saving with UE MM context. When the UE is paged, the CN network will deliver paging message including the cell identity or gNB id to the related gNB. The gNB will deliver the paging message only in the cells indicated by the CN network.
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Proposal 1: for some special UE, e,g, static IOT device, the UE report the cell identity or gNB id where it camps to the CN network for saving with UE MM context.

Proposal 2: the CN network includes the cell identity or gNB id information to the target gNB and the gNB will deliver the paging message only in the cells indicated by the CN network.

2.2 reduce paging load via interleaved paging delivery
In 5G network, the number of IOT device will be huge and some of them are delay insensitive, e.g. electricity meter or water meter. The paging for this kind of device is not so urgent and it can be received by the UE in a relatively long period of time compared to other UE device.
Due to the beam sweeping in 5G, the paging load is significant. So the paging message can be delivered in one PO via several beams, not all the beams, e.g. the even beam index in the first PO and the odd beam index in the second PO in the below figure. The UE will monitor the paging in each PO. With it, the paging load will be reduced.
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Of course, if the UE can endure longer paging delay, the paging window in which the beam sweeping make a round, can defined longer. E.g. displayed in the below figure.

The paging beam sweeping will occupy k POs and the beam for the PO will be decide by the beam index mod k= i, i is the PO index in one paging window.
If the K is bigger, the paging load will be reduced more. 
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The UE will monitor the paging in each PO if the UE does not know the interleaved paging mode. Otherwise, the UE can take the interleaved paging mode and current beam index into account and decide which PO to monitor in one paging window. If so, it is beneficial for the UE power saving.
Proposal 3: the interleaved paging mode is supported at least for paging delay insensitive device.

Proposal 4: the interleaved paging mode parameters are broadcast in RMSI for UE power saving purpose.

2.3 reduce paging load via short UE specific identity 
Currently, the UE ID identify for paged UE in paging message is S-TMSI, the length of which is 40 bit. The S-TMSI is part of GUTI in LTE and it is unique within MME group.
One MME will cover several TAs depends on the network planning and if the one UE identity which is unique in one TA scope, then the UE identity will be shorter a lot than the S-TMSI. The TA list is UE specific and will update or allocated with attach procedure or TAU procedure, so with the same procedure, the new UE identity unique in one TA can be allocated by the CN and configured to the UE.

If the paging message uses the new UE identity, the paging load will be reduced compared with the S-TMSI used in the paging message.
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Proposal 5: the new UE identity unique with one TA is supported and used it to identify the paged UE in paging message due to paging load concern in multi-beam operation.
Proposal 6: the new UE identity unique with one TA is configured by the CN via attach procedure or TAU procedure together TA list configuration.
3 Conclusions:

In this contribution, we discuss how to reduce the paging load due to beam sweeping for some special UE, e.g. IOT device, and for all UEs with shorter UE identity in paging message.
Proposal 1: for some special UE, e,g, static IOT device, the UE report the cell identity or gNB id where it camps to the CN network for saving with UE MM context.

Proposal 2: the CN network includes the cell identity or gNB id information to the target gNB and the gNB will deliver the paging message only in the cells indicated by the CN network.

Proposal 3: the interleaved paging mode is supported at least for paging delay insensitive device.

Proposal 4: the interleaved paging mode parameters are broadcast in RMSI for UE power saving purpose.

Proposal 5: the new UE identity unique with one TA is supported and used it to identify the paged UE in paging message due to paging load concern in multi-beam operation.

Proposal 6: the new UE identity unique with one TA is configured by the CN via attach procedure or TAU procedure together TA list configuration.
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