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1
Introduction

Paging load at RAN may become an issue with increasing numbers of devices (especially low complexity MTC devices), further enhanced paging schemes (coverage extension) and others.

In Rel-12 the UE Radio Capability for Paging IE, a transparent container was introduced in TS 36.413 containing the RRC UERadioPagingInformation message. 
The overall strategy to follow in Rel-13 would be to continue considering additional information that could help the RAN to apply paging and certain paging schemes to specific UEs in specific areas only.

This paper discusses the current status of work performed in RAN1 (see incoming LS in R1-145454 [1]) and SA2 (see incoming LS in S2-150698 [2]).
2
Discussion

2.1
Rel-13 low complexitiy indication (LSin R1-145454 [1])
RAN1 made several agreements for Rel-13 paging enhancements for low complexity UE, namely concepts concerning coverage extension, and liaised them to several groups, asking explicitly feedback on the 3rd item

3.
For paging, from RAN1 perspective, the following are beneficial

· The eNB needs knowledge that the UE to be paged is a Rel-13 low-complexity UE and/or is a UE that is to be paged using CE.

· If possible, it is beneficial for eNB to have knowledge on the required amount of coverage enhancement during Paging message transmission.

On the first sub-bullet above the following observation can be made:
Observation 1 Providing knowledge about the UEs capabilities can be performed with the same method specified for Rel-12, i.e. providing respective (transparent) information to the MME within UE Radio Capability for Paging IE which stores this container and attach it to the S1 PAGING message. 

The second sub-bullet from the LS concerns information about the repetition scheme to be applied for coverage extension purpose. Indeed, it would be beneficial to not waste radio resources if the low complexity UE could be reached with less costly paging schemes. We regard this as a discussion to be led in RAN2.
Observation 2 It doesn’t seem that RAN3 would be affected by work performed on the Rel-13 Work Item on Further LTE Physical Layer Enhancements for MTC  as long as new Rel-13 information is provided in the same RRC UERadioPagingInformation message. (Actual signalling solution is pending RAN2 discussions.)
2.1
Rel-13 paging enhancement work as discussed in SA2 (LSin S2-150698 [2])
Restricting Paging to supported frequency bands

The first new item communicated in the SA2 LS concerns the approach to restrict paging to cells that operate in frequency bands supported by the UE, which seems to make sense and could be supported with low effort by including this information into the existing RRC UERadioPagingInformation message.
Observation 3 Restricting paging to cells operating at frequency bands supported by the UE makes sense and can be supported by including this information into the existing RRC container.

Reducing paging load at MME and RAN
Already today MME is allowed to apply paging strategies, e.g. issuing the first page towards the eNB from which the UE consumed radio resources last and extending the paging range in case no response from the UE was received.
This would work quite well if the UE has a rather active communication pattern so that the likelihood for paging the proper eNB is rather high. Communication patterns of “active” UE can be easily observed by the MME, which is not possible for rather “inactive” UEs with a rather unpredictable mobility pattern. Nevertheless, also for such “inactive” UEs, it may make sense to provide assistance information if paging towards the included list of cells is results in reduced paging load and actually reaches the UE with high likelihood already at the first page.

Introducing a list of “recommended cells”, like mentioned in the SA2 LS would be a means to reduce paging in RAN, as the eNB wouldn’t be requested to page all cells it supports but only the indicated ones.

The MME could benefit as well if the respective eNB IDs would be deduced from the list of “recommended cells” and made available to effectively send paging request to those eNBs only where the UE is likely to be reached.

Observation 4 Providing assistance information containing mobility pattern extracted from information available to the eNB (containing active and idle cell history information) may help to reduce signalling and processing effort for successfully paging UEs in both, the MME and RAN.
About the concept to relay Paging requests via X2, it needs to be noted that on the one hand side the MME wouldn’t have any information about neighbour relations between eNBs and on the other hand side eNBs would only be able to forward paging requests to its direct neighbours. 

Observation 5 As the MME wouldn’t have X2-connectivity information of eNBs, relaying paging via X2 wouldn’t work for scenarios without X2-connectivity.

3
Conclusion
We have discussed Rel-13 paging enhancements along RAN1 and SA2 topics and made the following observations:
Observation 1
Providing knowledge about the UEs capabilities can be performed with the same method specified for Rel-12, i.e. providing respective (transparent) information to the MME within UE Radio Capability for Paging IE which stores this container and attach it to the S1 PAGING message.
Observation 2
It doesn’t seem that RAN3 would be affected by work performed on the Rel-13 Work Item on Further LTE Physical Layer Enhancements for MTC  as long as new Rel-13 information is provided in the same RRC UERadioPagingInformation message. (Actual signalling solution is pending RAN2 discussions.)
Observation 3
Restricting paging to cells operating at frequency bands supported by the UE makes sense and can be supported by including this information into the existing RRC container.
Observation 4
Providing assistance information containing mobility pattern extracted from information available to the eNB (containing active and idle cell history information) may help to reduce signalling and processing effort for successfully paging UEs in both, the MME and RAN.
Observation 5
As the MME wouldn’t have X2-connectivity information of eNBs, relaying paging via X2 wouldn’t work for scenarios without X2-connectivity.


Proposal:
We propose to discuss the findings in our paper and liaise to SA2 and RAN1 accordingly. 
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