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1 Introduction
In [2], RAN1 discusses that the new low complexity category UEs will need some consideration from eNB for paging due to things like reduced peak rate and single antenna operation. The response from S2 [1] gives two basic solutions.
	Solution using NAS procedures:

1.
The UE includes RAN related paging information e.g. the low complexity UE Category in EMM message (e.g. within the UE Network Capability IE) sent to the MME. Note, UE Network Capability IE is sent in ATTACH or TRACKING AREA UPDATE request by the UE to the MME.

2.
The MME stores the information in the MME MM context for the UE which is passed between MMEs at mobility procedures.

3.
When MT data towards an ECM_IDLE UE requires it to be paged, then the MME extracts the RAN related paging information from the MME MM context for the UE (e.g. within the UE Network Capability IE) and includes it in the S1 Paging message to the eNB as a new optional IE.

Solutions using S1 interface procedures:

Option 1 (Handling is similar, but a bit different, to UE Radio Capability IE on S1)

1.
The eNB constructs the RAN related paging information by processing the UE Radio Capability, and at the same time as uploading the UE Radio Capabilities to the MME for storage, the eNB uploads the RAN related paging information in an IE separate from the UE Radio Capabilities. This allows the MME to be kept unaware of the content of the RAN related paging information.

2.
The MME stores the received RAN related paging information in a new IE of the MME MM context for the UE, which is passed between MMEs at mobility procedures. (It is expected that this requires a CT 4 specification to be updated) 

3.
When MT data towards an ECM_IDLE UE requires it to be paged, the MME includes the RAN related paging information (retrieved from the new IE of the MME MM context for the UE) unchanged into the S1 Paging message to the eNB

Option 2 

1.
At every ECM_CONNECTED to ECM_IDLE transition, as part of S1 release procedures, the eNB processes the UE Radio Capability and provides the RAN related paging information to the MME

2-3.
Same as option 1


In this contribution, we analyze the two solutions and provide our recommendations.
2 Discussion

With respect to the questions in the LS, RAN1 and RAN2 have been asked to confirm the following:

	D.
Some companies asked whether it was decided that the functionality is indeed required.


In Rel-12 LC-MTC WI, RAN1 has extensively discussed the need for the eNB transmitter to be provided with paging capability of the UE, and concluded that it is beneficial [3]. Several discussion papers [4] [5] have shown that this can significantly improve the paging capacity in the case that Cat-0 UE is served with other UE categories in the same eNB [4] [5]. Note that Cat-0 UE requires additional resources (e.g. PRB or transmit power) to have the same paging coverage with that for other UE categories due to the reduced Rx antenna port. 
Thus, RAN2 should provide a solution to send paging capability to the eNB, as requested by RAN1.
Proposal 1: RAN2 agrees to provide a solution to provide LC-MTC paging capability to the eNB.
2.1 A Look at the Options
The two main solution options as per the SA2 LS [1] can be summarized as follows:

1. Solution using NAS procedures in which the UE includes the paging capability in the ATTACH or TRACKING AREA UPDATE message.

2. Solution using S1 Interface in which the eNB processes the UE radio capability and parses out the paging capability and passes it in an S1 Interface message.

In both solutions when the MME receives the paging capability whether in a NAS message or in an S1 message, it stores it in the MME MM context, and when it comes time to page the UE the MME includes the paging capability in the S1 Paging message. 

It is clear that the MME does not need to be aware of the actual content of the paging capability so it only needs to be a transparent container from the MMEs perspective. Once received, the MME only needs to send it to whichever eNBs in which the UE needs to be paged.
To figure out which solution is best we should look at the issues around each option 
2.2 Using NAS Procedures
The issues with the use of NAS procedures were raised with comments A and B in the S2 LS [1].  
	A.
The RAN related paging information needs to be small in size

B.
The NAS solution would require RAN/AS related information to be passed in EMM messages, require CT1 specifications to be updated each time additional information in the UE Radio Paging information is to be added, and was therefore not preferred by some UE vendors


Based on the discussions and agreements so far in RAN2 we believe that all that is needed is a simplified paging capability that will support future extensions. For Rel-12, a single value of paging capability is needed to indicate restriction due to single Rx antenna. In Release 13 or later, when additional features are added, additional paging capabilities can be defined.

With this understanding, point A is of small concern since a 2 bit field could be defined that would be forward compatible for 4 different paging capabilities, and likewise 3 and 4 bits could allow 8 or 16 respectively.

Observation 1: The LC MTC Paging Capabilities can be supported by adding a small size Paging Capability field (in 36.306), which can allow the adding of additional paging capabilities in future releases while maintaining transparency in the MME. 
As for point B, the main concern is that when we make future improvements, the CT1 specifications would need to be updated each time even though the actual value of the parameter is transparent to the MME. However if we use the RAN3 principles for the use of transparent containers (for example, similar to containers used for inter-RAT handover), we could define a paging capability in 36.306 like we define other capabilities. This field could be referenced in the CT1 specifications and thus be transparent to future changes. This transparent field can simply be an IE that is 2-4 bits in size, with a reference in the CT1 specifications to 36.306 for the description of the field which is the way that capability signaling in 36.331 is done. Point B is therefore a non-issue.
Observation 2: The Paging Capability field can be captured as transparent field in CT1 specifications. CT1 specification can refer to 36.306 specification for release specific updates.

2.3 Using S1 Procedures
The only issue raised in the S2 LS [1] on the S1 procedures is:
	C.
Whether option 1 or 2 (of the solutions using S1AP procedures) is most suitable may depend on what the RAN related paging information includes, e.g. if it is only the UE Category then option 1 may be preferred whereas if it includes additional information collected while the UE is in RRC connected mode, then option 2 may be preferred.


Given the discussions/decisions in Rel-12, we need only UE category level information for paging, thus Option 1 is a preferable solution. Also, if needed in the future, Option 2 could be added later with minimal impact. 
2.4 Comparison of solutions

One of the major differences between NAS solution and S1 solution is in their degree of forward compatibility. 
If the eNB is parsing the UE capabilities for the paging capabilities and building a paging capability container to send to the MME, it can only build a container of its release. There is no issue in Release 12 due to the decision to allow the Release 12 low category UE to only camp on cells with support for the capability. But what happens in Release 13 or later?

We should anticipate that in future releases additional capabilities may be defined which may add additional paging capabilities/restrictions. For example, reduced bandwidth was dropped from the LC MTC work for Rel-12, but may return in Rel-13 or later [6] and if it does may need a paging capability. 
Consider a case where a Rel-13 LC UE camps on a Rel-12 eNB, perhaps a reduced bandwidth UE camps on a 1.4MHz BW Rel-12 eNB. Using S1AP procedures, the eNB would build the Rel-12 paging capability and pass it to the MME. If the UE then roams to a Rel-13 eNB that supports Rel-13 paging, when the S1 Paging message is sent from the MME it will contain only the Rel-12 paging capability and the Rel-13 eNB might not be able to page the UE. If the paging capability was sent using NAS procedures to the MME, the Rel-13 eNB would have received the Rel-13 paging capability. Similarly, if the UE mobility causes a handover between a Rel-12 MME and Rel-13 MME, a Rel-13 LC-UE using NAS solution could update its paging capability, if needed, during the TAU procedure.

We note that this is just one example of possible future capabilities that may affect paging, none of which can be absolutely known at this time.

Observation 3: The NAS based solution allows forward compatibility by supporting mobility scenarios between Rel-12 and future releases.
This scenario could be solved with S1 solution by restrictions like limiting Rel-13 LC UEs to camp on only Rel-13 eNBs, but imposing such limitations would be unnecessary with the NAS procedures. 
The NAS based solution will allow the future possibility of a UE from a later release to camp on an earlier release eNB, and similarly support UE mobility between a MME with a later release and an MME with an earlier release. We think it is important to plan for forward compatibility, and thus propose to adopt the NAS based solution.
Proposal 2:RAN2 and RAN3 agree to NAS based solution to convey paging capability to the MME.
As seen from Observations 1 and 2, a simple way to support NAS based solution would be to define a transparent container in CT1 specification to indicate the paging capability of the LC MTC device.
Proposal 3: RAN2 agrees to define a Paging Capability field in 36.306. This field can be defined with a single value (e.g. single Rx Antenna) for Rel-12 and reserved values for future use.
Proposal 4: RAN2 and RAN3 agree to send LS to CT1 to include a transparent field for Paging Capability (with reference to 36.306) in CT1 specifications.
3 Conclusion

Given the above discussion RAN2 and RAN3 should discuss and also agree to the following proposals:

Proposal 1: RAN2 agrees to provide a solution to provide LC-MTC paging capability to the eNB.
Proposal 2:RAN2 and RAN3 agree to NAS based solution to convey paging capability to the MME.

Proposal 3: RAN2 agrees to define a Paging Capability field in 36.306. This field can be defined with a single value (e.g. single Rx Antenna) for Rel-12 and reserved values for future use.
Proposal 4: RAN2 and RAN3 agree to send LS to CT1 to include transparent field for Paging Capability (with reference to 36.306) in CT1 specifications.
Additionally, both solutions require the Paging Capability to be added in the S1 paging message from MME to the eNB.
Proposal 5: RAN3 agrees to common part of both solutions, namely adding Paging Capability to the S1 Paging message.

Proposal 6: RAN2 and RAN3 agree to send a LS to SA2 on the above agreements.
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