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1   Introduction
In RAN1#79 meeting, RAN1 sent an LS (R1-145454 = R3-150008) [1] to RAN2, RAN3 and SA2 on Paging for MTC Rel-13. RAN1 asks SA2/RAN2/RAN3 to provide feedback on agreement #3, which was:

	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.


In SA2#107 meeting, SA2 send Reply LS (S2-150697 = R3-150344) [2] to RAN1, RAN2 and RAN3. SA2 discussed whether any CN assistance can be provided beyond what is already supported since rel.12 (i.e. the MME’s storage of “UE radio capability for paging” information). SA2 asked 5 questions:

	1. Is the eNB expected to determine the required amount of coverage enhancement techniques based only on static information (such as UE radio capability) or also dynamic information e.g. whether they are in good or bad coverage? 

2. Is there benefit to store the information about whether the UEs (in idle mode) are in good or bad coverage in CN, in order for some information to be later contained in paging message to eNB? 

3. Is it important that the CN ONLY sends S1 interface paging to the last used eNB (e.g. would the RAN be adversely impacted if other eNBs received the request paging indicating “coverage enhancement required”)?

4. Is there benefit to indicate to the eNB whether the page is an e.g. 1st page or 2nd, or last page from the MME for that UE?

5. Is there a benefit for the MME to potentially cancel paging when the UE has responded to the MME in order to avoid the other eNBs in the paging area to send further paging over the air? 


In RAN1#80 meeting, RAN1 send Reply LS (R1-150924 = R3-150503) [3] to SA2, RAN2 and RAN3, provided answers to the first two questions from SA2:

	Question 1: Is the eNB expected to determine the required amount of coverage enhancement techniques based only on static information (such as UE radio capability) or also dynamic information e.g. whether they are in good or bad coverage?

Answer: In order to determine the required amount of the coverage enhancement techniques, both the UE radio capability and information about the UE’s current coverage situation are required. 

The UE radio capability on whether it supports coverage enhancement techniques does not change. Note that a UE with coverage enhancement capability is not necessarily in extended coverage. 

The required amount of coverage enhancement can be practically stable for some users, but changing for some other users. RAN1 has not yet discussed granularity of coverage enhancements for paging transmissions. 
Question 2: Is there benefit to store the information about whether the UEs (in idle mode) are in good or bad coverage in CN, in order for some information to be later contained in paging message to eNB?

Answer: eNB needs to know the coverage situation of the UEs, i.e. in normal or extended coverage, for paging, but RAN1 does not have the view whether to store it in CN or not.


In RAN2# 89 meeting, this topic was not discussed due to limit of time. 

In RAN3#87 meeting, the topic was discussed and stated that the coverage enhancement change is Pending to RAN1/RAN2.
In this contribution, we provide our view on the RAN1 and SA2 LSs
2   Discussion

2.1   eNB knowledge of the Rel-13 low complexity UE for Paging
The benefit of knowing the UE is Rel-13 low complexity is that such a UE cannot receive more than 6 PRBs of the system bandwidth, and eNB needs to know to arrange its scheduling of the Paging message to match that. Otherwise, it would be typically rational to use many PRBs across the system bandwidth to increase frequency diversity in the transmissions. 
In Rel-12 low complexity MTC WI, RAN2/3 agreed the AS/S1 solution for the MME to know the single RX antenna capability of a UE (i.e. implied by the Category 0 indication). In the AS/S1 solution, a Rel-12 low complexity UE reports its Category in UE-RadioPagingInfo in the UE capability report, which will then be included in an inter node RRC message: UERadioPagingInformation and reported by eNB to MME over S1AP: UE CAPABILITY INFO INDICATION message. By this way, in case a Paging request from MME indicates that the Paging request concerns a Cat0 UE, the eNB could adjust the PCH transmission power level and/or the amount of user multiplexing appropriately to ensure that the UE could successfully decode the Paging message.

Here, we can enhance the Rel-12 AS/S1 solution for Rel-13 low complexity UEs. As the Rel-13 low complexity capability is static, this was clarified in [3] that “the UE radio capability on whether it supports coverage enhancement techniques does not change”. The enhancement is quite straightforward, i.e. addition of the Rel-13 low complexity indication into the existing inter node RRC message: UERadioPagingInformation. 

Conclusion 1: it is preferred to add the Rel-13 low complexity UE capability into the existing inter node RRC message: UERadioPagingInformation. This is pending on RAN2 decision.
2.2   eNB knowledge of the required amount of coverage enhancement for Paging
The benefit of knowing the required amount of coverage enhancement is that the eNB can then work out how many repetition transmissions are needed to ensure the Paging message can reach the UE with a certain BLER, otherwise a conservative eNB would probably have to assume the UE is at cell edge and use the maximum possible amount of repetitions – potentially very inefficient in resources usage if the UE is not at the cell edge, e.g. it is close to the cell centre.
There are several approaches to get the information about the required amount of coverage enhancement for paging of the UE, and it is pending on RAN2 discussion. 
· In case RAN2 decide to include the “required amount of coverage enhancement for paging of the UE” in the same inter node RRC message: UERadioPagingInformation, the eNB is able to provide/update the information to the MME via existing S1AP: UE CAPABILITY INFO INDICATION message

· In case RAN2 decide to not include the “required amount of coverage enhancement for paging of the UE” in the same inter node RRC message: UERadioPagingInformation, RAN3 has to add new IE in S1AP: UE CAPABILITY INFO INDICATION and PAGING messages to carry the information.
Conclusion2: it is also preferred to add the “required amount of coverage enhancement for paging of the UE” in the inter node RRC message: UERadioPagingInformation. This is pending on RAN2 decision.
2.3   Low cost MTC Paging optimization from SA2
In SA2 LS, there were 5 questions, RAN1 answered the first two of them, and the last three questions were regarded as out of RAN1 scope.
2.3.1   Question 3 from SA2
Question: Is it important that the CN ONLY sends S1 interface paging to the last used eNB (e.g. would the RAN be adversely impacted if other eNBs received the request paging indicating “coverage enhancement required”)?
It is assumed in RAN1 that ‘A UE requiring large coverage enhancement is assumed by RAN1 to be close to stationary, however mobility and external factors (including someone moving the device) may influence channel conditions and cell camping, so the UE would need to be able to react to such changes appropriately in order to avoid long service outage and avoid large system inefficiencies. [4]’.

That means the UE is stationary most of the time, but the infrequent movement may happen in some cases, then if the UE moves to the coverage of another eNB cell, it may not be enough for the CN to only send S1 interface paging to the last used eNB. If a UE change cell, it is very likely that a UE in the edge of one cell will connect at the edge of the neighbor cell. Therefore the coverage enhancement may be beneficial also for neighbor eNBs and it may be beneficial to be able to include this information to other eNBs.
Proposed answer: It may not be enough for the CN to only send S1 interface paging to the last used eNB. Although the UE is stationary most of the time, the infrequent movement may happen in some cases.  If a UE change cell, it is very likely that a UE in the edge of one cell will connect at the edge of the neighbor cell. Therefore the coverage enhancement may be beneficial also for neighbor eNBs and it may be beneficial to be able to include this information to other eNBs.
2.3.2   Question 4 from SA2
Question: Is there benefit to indicate to the eNB whether the page is an e.g. 1st page or 2nd, or last page from the MME for that UE?
In case the UE is working in coverage enhancement mode, the eNB will be able to know the required amount of coverage enhancement for Paging of the UE, then the eNB can work out how many repetition transmissions are needed to ensure the Paging message can reach the UE. And after introducing the coverage extension paging, the UE will probably receive the paging in the 1st page. Hence there is no need for the MME to indicate to the eNB about the 1st page or 2nd, or last page.
Proposed answer: based on the required amount of coverage enhancement for Paging of the UE, the eNB can work out how many repetition transmissions are needed to ensure the Paging message can reach the UE. There is no need for the MME to indicate to the eNB about the 1st page or 2nd, or last page.
2.3.3   Question 5 from SA2
Question: Is there a benefit for the MME to potentially cancel paging when the UE has responded to the MME in order to avoid the other eNBs in the paging area to send further paging over the air?

Once the MME receives the notification (e.g. Downlink data notification) from S/PGW, the MME will send S1 PAGING message to each eNodeB belonging to the tracking area(s) in which the UE is registered. Then the eNB(s) will page the UE over Uu interface. Upon reception of paging indication, the UE initiates the UE triggered Service Request procedure. After that, the MME will be able to know the UE has responded. All these procedures may take more than 1 second. On the other hand, the Paging in the other eNBs in the paging area probably has already been finished. There is no need for the MME to cancel paging when the UE has responded to the MME.

Proposed answer:  when the MME knows the UE has responded, the paging in the other eNBs in the paging area probably has already been finished, there is no need for the MME to potentially cancel paging.
3   Conclusion / Proposals
In this contribution, we analyses the questions asked by RAN1 and SA2:

· About RAN1 LS: 
Conclusion 1: it is preferred to add the Rel-13 low complexity UE capability into the existing inter node RRC message: UERadioPagingInformation. This is pending on RAN2 decision.
Conclusion2: it is also preferred to add the “required amount of coverage enhancement for paging of the UE” in the inter node RRC message: UERadioPagingInformation. This is pending on RAN2 decision.

· About the last 3 questions in SA2 LS: (first two were answered by RAN1)
Question 3: Is it important that the CN ONLY sends S1 interface paging to the last used eNB (e.g. would the RAN be adversely impacted if other eNBs received the request paging indicating “coverage enhancement required”)?
Proposed answer 3: It may not be enough for the CN to only send S1 interface paging to the last used eNB. Although the UE is stationary most of the time, the infrequent movement may happen in some cases.  If a UE change cell, it is very likely that a UE in the edge of one cell will connect at the edge of the neighbor cell. Therefore the coverage enhancement may be beneficial also for neighbor eNBs and it may be beneficial to be able to include this information to other eNBs.
Question 4: Is there benefit to indicate to the eNB whether the page is an e.g. 1st page or 2nd, or last page from the MME for that UE?
Proposed answer 4: based on the required amount of coverage enhancement for Paging of the UE, the eNB can work out how many repetition transmissions are needed to ensure the Paging message can reach the UE. There is no need for the MME to indicate to the eNB about the 1st page or 2nd, or last page.

Question 5: Is there a benefit for the MME to potentially cancel paging when the UE has responded to the MME in order to avoid the other eNBs in the paging area to send further paging over the air?

Proposed answer 5:  when the MME knows the UE has responded, the paging in the other eNBs in the paging area probably has already been finished, there is no need for the MME to potentially cancel paging.
It is proposed to agree the draft LS R3-150652[5] which captures the above conclusions and answers.
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