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1. Introduction
For a number of meetings SA2 has discussed proposals for paging optimisation under agenda item TEI 13. An LS was sent to RAN3 to ask the guidance on how to limit both MME and radio interface paging load [1]. This paper is to respond the LS providing more scenarios for paging optimization and list the possible solutions for discussion.

2. Discussion
The aim of paging optimizations is given in the LS [1] as:

a.    to reduce the paging load on the radio interface, and

b.    to reduce processing load on MME from sending pages a to large number of eNBs. This is especially important for low-mobility or stationary devices, (e.g. a utility meter-reader that can be identified by subscription (eg. APN) information or smart phones that rarely move (e.g. identified by timestamps of past visited cells))

As stated in the SID [2], the paging optimization has already been captured as a potential enhancement for non-UE associated signalling for dense small cell deployment as:
	Secondly, each eNB needs a S1 interface to a MME, Non-UE associated signalling (e.g., paging etc) may increase in case of dense deployment of eNBs.  From the Core Network perspective, the MME may need to increase the paging capacity of the network in order to not impact paging performance for mobile-terminated normal user traffic, e.g. mobile-terminated VoLTE.


Observation 1: Paging optimization has already included in the further small cell enhancement SI.

The issue about paging in dense small cell deployment is discussed in [3]. A paging message will be sent to all eNBs in the TAL to page one terminal. The typical Macro eNodeBs /TA list planning is given in the Table 1.

	Table 1. eNodeB /TA List Planning References

	
	Average eNodeB in TA List 
	Maximum  eNodeB in TA List 

	South AISA 
	170
	213

	Middle EAST 
	292
	424

	India 
	74
	108

	EU 
	100~200 


Taking into account there could be 100 small cells in macro eNB, the number of small cells in TA list would be very large. In this case, the signalling load may exceed the processing capability of both the eNBs handling the small cells and the MME. When the paging exceeds the processing capability of the small cell node or core network, user experience will be affected, KPIs will deteriorate, and even the network may break down. And with the current EPS architecture, radio interface paging will be sent on all frequency bands which may cause inadequate radio paging capacity. It is therefore critical that paging optimizations are supported in the network. 
Another option would be to re-plan the TA and make them substantially smaller. If the intention is to keep the same number of cells in the TA, the number of TA will instead be multiplied by 100, resulting in smaller TA which will have a big impact on the UE power consumption in idle mode. 

The purpose of paging optimization in dense small deployment is aligned with the aim listed in the LS:
a. to reduce paging processing load in small cell and MME

b. to reduce paging load in the air interface in small cell

c. to reduce S1 paging load

Observation 2: The purpose of paging optimization in dense small cell deployment is aligned with the aim listed in the LS.

Based on above observations:
Proposal 1: Taking the dense small cell deployment as an important scenario for paging optimization.
Several solutions were discussed in SA2 without any conclusion:
1)  The MME provides the last known ECGI in the Page Request to suggest that the eNB limits paging in this particular cell;

2)  The MME sends the Page Request to the last used eNB with a request that the eNB then relays the page message via X2 interface to appropriate neighbour eNBs (e.g. those that are frequently used for handover);

3)   At S1 Release, based on connected mode information, the serving eNB provides current UE’s cell coverage information in terms of neighbouring eNBs to the MME, and the MME selects the eNBs to send Page Requests to.

4)  The eNB tells the MME to store the frequency bands supported by the UE. When paging, the MME sends this information to the eNB(s). The eNB(s) then only pages on frequencies that the UE supports.

All the above solutions need to be well investigated in RAN3 on pros and cons, and the impact on the specifications. There may be more solutions identified during the discussion. The TEI 13 has not been started in RAN3 and no specific agenda assigned for TEI 13 yet. Considering the situation, it could be better and more flexible to discuss the issue under the agenda of further small cell enhancement SI.

Proposal 2: Discussion the issue in the agenda of further small cell enhancement SI.

3. Conclusions
Based on the discussion, the observations and proposals are concluded as:

Observation 1: Paging optimization has already included in the further small cell enhancement SI.

Observation 2: The purpose of paging optimization in dense small cell deployment is aligned with the aim listed in the LS.

Proposal 1: Taking the dense small cell deployment as an important scenario for paging optimization.
Proposal 2: Discussion the issue in the agenda of the agenda of further small cell enhancement SI.

A corresponding draft reply LS is provided in [4].
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