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1. Introduction
According to the incoming LS from RAN2 R2-142935/R3-141544:
	RAN2 has agreed to introduce a new UE category termed as category 0. RAN2 has discussed the handling of category 0 UEs during handovers and concluded that it is beneficial for a source eNB to avoid initiating a handover of a category 0 UE towards an eNB that does not comprehend the meaning of category 0 UEs.

RAN2 would like to ask RAN3 to investigate if there are any RAN WG3 means to ensure this.


In this contribution, we analyses what is the issue, provide 4 possible solutions and propose to select solution 3 as the way to avoid initiating handover of Cat.0 UE towards a neighbour cell that is set as “Category0 not allowed”.
2. Discussion 
The legacy eNB, which cannot comprehend the meaning of Cat.0 UEs, should not be selected as the target. Besides this, considering of the other eNBs which can comprehend Cat.0, it can set some of its cells as “Category0 allowed”, some as “Category0 not allowed”.

Note: “Category0 allowed” means category 0 UEs are allowed to access the cell.
During Handover, the source eNB selects the target cell for the UE, not only the target eNB, hence it is needed for RAN3 to avoid initiating handover of Cat.0 UE towards a neighbour cell that is set as “Category0 not allowed”, instead of only avoid handover towards an eNB that does not comprehend the meaning of Cat.0 UEs.
Proposal 1:RAN3 solution needs to avoid initiating handover of Cat.0 UE towards a neighbour cell that is set as “Category0 not allowed”. And in order to ensure this during handover, a source eNB needs to know whether the neighbour cell is “Category0 allowed” or not.
There are several ways to know whether the neighbour cell is “Category0 allowed” or not:

(1) Solution1: OAM configuration
OAM configuration solution can satisfy the legacy eNB case, but it is not flexible enough for other eNBs which can comprehend Cat.0, because they may change the setting of their cells between “Category0 allowed” and “Category0 not allowed”. OAM is not able to update these changes to the neighbours in time. 
Observation1: OAM solution can satisfy the legacy eNB case, but it is not flexible to update the change of cell setting “Category0 allowed” or “Category0 not allowed” to the neighbour eNBs
(2) Solution2: exchange cell setting of “Category0 allowed” or not during X2 setup/eNB configuration update procedure
The eNBs can inform their cell setting of “Category0 allowed” or not to the neighbours via X2 setup procedure, and if the setting changes, they will inform the latest setting of cells by eNB configuration update procedure. The specification change is to add “Category0 allowed” in Served Cell Information IE. After receiving this, the eNBs will avoid initiating S1/X2 Handover towards the neighbour cells which is set as “Category0 not allowed”. 
But if the X2 interface is absent, this solution is not able to avoid the eNB sending S1 HO of the Cat.0 UEs towards the “Category0 not allowed” cells. 

Observation2: exchange the cell setting of “Category0 allowed” or not during X2 setup/eNB configuration update procedure is an efficient solution with less signalling exchange between eNBs. But it is not able to avoid the eNB sending S1 HO of the Cat.0 UEs towards the “Category0 not allowed” neighbour cells in case the X2 interface is absent.
(3) Solution3: exchange Cat.0 UE related information during X2 and S1 Handover procedures
An eNB can also get the information via Handover procedure, that means a source eNB will initiate a Cat.0 UE HO towards a neighbour cell, and get the neighbour cell’s setting according to the response message. If the neighbour cell is set as “Category0 not allowed”, the source eNB will avoid initiating Cat.0 UE HO towards it.
During X2 Handover procedure, it will be needed to:

· add Cat.0 UE indication in X2AP: HANDOVER REQUEST message, to inform target eNB that this is a Handover for a Cat.0 UE

· add Cat.0 UE indication in X2AP: HANDOVER REQUEST ACKNOWLEDGE message, to inform source eNB that the target eNB can comprehend the meaning of Cat.0 UEs, and the target cell is set as  “Category0 allowed”.
· add new cause value “Not allowed UE type”, it will be used in HANDOVER PREPARATION FAILURE message, to inform source eNB that the target eNB can comprehend the meaning of Cat.0 UEs, but the target cell is set as “Category0 not allowed”.
During S1 Handover procedure, it will be needed to:

· add Cat.0 UE indication in Source eNB to Target eNB Transparent Container IE, to inform target eNB that this is a Handover for a Cat.0 UE
· add Cat.0 UE indication in Target eNB to Source eNB Transparent Container IE, to inform source eNB that the target eNB can comprehend the meaning of Cat.0 UEs, and the target cell is set as  “Category0 allowed”.
· add new cause value “Not allowed UE type”, included in HANDOVER FAILURE and HANDOVER PREPARATION FAILURE message, to inform source eNB that the target cell is set as “Category0 not allowed”.
Note:

· UE Type IE is also needed to be introduced in [2] for paging issue, therefore the impact to S1AP spec is limited for this procedure.

· in case the target eNB is a legacy eNB, the source eNB may needs to trigger Handover Cancel procedure after receiving the S1AP/X2AP: HANDOVER REQUEST ACKNOWLEDGE message without Cat.0 UE indication.
· in order to know if the neighbour cells are changed from “Category0 not allowed” to “Category0 allowed”, the source eNB may need to send S1/X2HO of Cat.0 UEs to these cells after some period.
Observation3: exchange the Cat.0 UE related information during Handover procedures, can avoid initiating handover of Cat.0 UE towards a neighbour cell that is set as “Category0 not allowed”.
(4) Solution4: enhanced MME controlled solution
In solution3 S1 HO procedure, if the target eNB is an “Category0 not allowed eNB”, which means the target eNB is a legacy eNB or an eNB that can comprehend the meaning of Cat.0 UEs but all cells are set as“Category0 not allowed”, the source eNB can only get the information after get the target eNB’s response.
During S1 setup and eNB configuration update procedures, the eNB can inform eNB setting of “Category0 allowed eNB” to the MME, and then the MME can use it to reject S1 Handover for Cat.0 UE towards “Category0 not allowed eNB” directly. 
Besides the changes in solution3 S1 HO procedure, it is also needed to:
· add “Category0 allowed eNB” in S1 SETUP REQUEST message, to inform the MME if the eNB provides cells to serve Cat.0 UEs. 

· add “Category0 allowed eNB” in S1AP:eNB CONFIGURATION UPDATE message, to update the eNB’s setting to the MME.

Meanwhile, when the MME is able to know if the eNB is a “Category0 allowed eNB” or not, the MME can avoid sending paging message of the Cat.0 UEs towards the “Category0 not allowed eNB”, it can future reduce the S1 signalling load.

This enhanced MME controlled solution, not only avoid the S1 HO related signalling between MME and target eNB, but also support Cat.0 UE paging optimization to reduce the Paging signalling load over S1 interface.
Observation4: enhanced MME controlled solution is the enhancement of solution3, when the MME is able to know if the eNB is “Category0 allowed eNB” or not, the MME can reject the related S1 HOs directly. And the MME can avoid sending PAGING message of Cat.0 UEs to the “Category0 not allowed eNB”.
Comparing of these 4 solutions, solution1 is a simple solution, but not flexible to update the changed cells’ setting of “Category0 allowed” or not to the neighbour eNBs. Solution 2 is more flexible than solution 1, and more efficient then solution 3, but it is not able to avoid the eNB sending S1 HO of the Cat.0 UEs towards the “Category0 not allowed” neighbour cells in case the X2 interface is absent. Solution4 is an enhancement, it can reduce S1 HO signalling, and after introduction of it, paging optimization for Cat.0 UEs could also be supported.
3. Conclusion
In this contribution, we analyzes RAN2 LS and found it is needed to avoid initiating handover of Cat.0 UE towards a neighbour cell that is set as “Category0 not allowed”, instead of only avoid HO towards an eNB that does not comprehend the meaning of Cat.0 UEs as requested by RAN2.
In order to ensure this, a source eNB needs to know the neighbour cells’ setting of “Category0 allowed” or not. 4 solutions are discussed and compared.

It is proposed to:
· exchange the cell setting of “Category0 allowed” or not during X2 setup/eNB configuration update procedure, to avoid initiating handover of Cat.0 UE towards a neighbour cell that is set as “Category0 not allowed”.
· exchange UE Category0 indication in S1 Handover related procedure, and new cause value “Not allowed UE type”, to avoid initiating S1 handover of Cat.0 UE towards a neighbour cell that is set as “Category0 not allowed” in case the X2 interface is absent 
Related spec impact:

· add Category0 allowed IE in Served Cell Information IE in TS36.423

· add UE Type IE in Source eNB to Target eNB Transparent Container IE and Target eNB to Source eNB Transparent Container IE, add new cause value “Not allowed UE type” in TS36.413
The related CRs are implemented in R3-141635[3] to 36.423. And because the UE Type IE is also needed in [2], the R3-141634 [4] to 36.413 is implemented on the top of [2].  Draft Reply LS to RAN2 in R3-141633[5].
It is also proposed to further consider solution4 as an enhancement.
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