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1
Introduction
Many discussions and agreements regarding how to support paging for the Rel13 low complexity UE or/and UE in EC mode [2] [3] [4] have taken place. However there are still some open issues left for further consideration e.g. as captured in the chairman notes [4]:

 FFS: Think more about….
A non-LC UE capable of EC operation but in normal coverage on a cell that supports EC, monitors …
a) paging according to the new paging mechanism introduced for Rel-13 LC UEs and EC if the NW expects the UE to be in extended coverage, 
b) legacy paging if the NW expects the UE to be in normal coverage

Therefore in this paper, we would identify and address remaining issues regarding paging support for the UEs capable of EC operation.
2
Discussion
2.1
CE level information for paging procedure
RAN2 #91[4] agreed as a baseline that it is acceptable for a UE to receive paging based only on its current coverage level. However it would be desirable that the UE and eNB would have the synchronized CE Level information of UE in idle mode in order to optimize the radio resource utilization for the paging procedure. eNB can determine the UE CE level e.g. based on PRACH resource selection or based on the RSRP result in the Measurement report and the CE level information is then delivered by the eNB to the MME when RRC connection is released for storage for subsequent paging. In addition Non-LC UE (i.e. normal UE) supporting CE mechanisms support both paging mechanisms (i.e. legacy and REL13 paging) and it is not clear which mechanism shall be followed by the UE.
Observation 1: It is not clear which CE level eNB is using for paging transmission
Observation 2: Coverage enhancement level related information is provided from eNB to MME and the same could be easily provided to the UE

Proposal 1: eNB indicates Coverage enhancement level to be used for paging in the RRC Connection Release to the UE 



2.2
Paging for a non-LC UE capable of EC operation
For a non-LC UE capable of EC operation, how it should behave on a cell that supports EC for monitoring paging is FFS, RAN2 #91[4] :

FFS: Think more about….
A non-LC UE capable of EC operation but in normal coverage on a cell that supports EC, monitors …
a) paging according to the new paging mechanism introduced for Rel-13 LC UEs and EC if the NW expects the UE to be in extended coverage, 
b) legacy paging if the NW expects the UE to be in normal coverage
As per the existing agreements, 
· Extend the radio paging information container (MME => eNB) to provide information on whether the paging request is for a Rel-13 low complexity/enhanced coverage UE. (RAN2 #89bis [2])
· Coverage enhancement level related information and the corresponding cell ID is provided from eNB to MME (RAN2 #89bis [2])
· RAN2 agrees as a baseline that it is acceptable for a UE to receive paging based only on its current coverage level. Final confirmation of UE behaviour can be made once RAN4 have concluded whether a UE can make a reliable estimate of its current coverage level. (RAN2 #91[4])
· The Coverage Enhancement level information will be sent from the last serving eNB to the MME for storage within the S1AP Release Complete message. The coverage enhancement level will be included in an RRC container that MME will store to be further included in the Paging message towards the paged eNBs. (RAN3 #88 [5]) 
We have identified the following scenarios where the UE is changing the CE level in IDLE mode after the connection is released:
	Scenario 
	Coverage status in connected mode 
	Current coverage status 
	Information in S1 UE Context Release Complete message 
	The CE information stored in MME 
	The CE information in S1 paging message 
	UE behavior 
	eNB behavior 
	Note 

	1 
	EC 
	EC 
	CE level when UE leaves connected mode 
	CE level when UE leaves connected mode 
	CE level when UE leaves connected mode

Last visited Cell ID

UE paging capability 
	Detect paging according to new paging scheme and current CE level 
	Send paging according to new paging scheme and CE level in S1 paging message
	If NW and UE applies different CE level, there might be paging retransmissions if UE needs higher CE level than that applied by eNB

	2 
	EC 
	NC 
	CE level when UE leaves connected mode 
	CE level when UE leaves connected mode 
	CE level when UE leaves connected mode

Last visited Cell ID

UE paging capability 
	Alt1: Detect paging according to legacy paging scheme 
Or Detect paging according to new paging scheme
	Send paging according to new paging scheme and CE level in S1 paging message
	Alt1: UE will fail to receive paging message

Alt2: There will be resource waste due to unnecessary repetition of paging

	3 
	NC 
	EC 
	/ 
	/ 
	UE paging capability 
	Detect paging according to new paging scheme and current CE level
	Send paging according to legacy paging scheme
	There will be misalignment about the paging scheme between UE and NW, i.e. the UE may detect the M-PDCCH from the EC specific frequency region, but eNB may still send PDCCH from legacy CSS region. 

	4 
	NC 
	NC 
	/ 
	/
	UE paging capability 
	Detect paging according to legacy paging scheme
	Send paging according to legacy paging scheme
	 legacy normal paging procedure 


· Scenario 1: UE worked in EC mode during connected mode, and keep working in EC mode in idle mode. 

The paging scheme could be aligned between UE and NW, however there might be multiple paging re-attempts in case of the misalignment of CE level applied between UE and NW.
· Scenario 2: UE worked in EC mode during connected mode, but is working in NC mode in idle mode. 

There are two alternatives of UE’s behavior:
· Alt 1: if per existing RAN2 agreement, “it is acceptable for a UE to receive paging based only on its current coverage level. “, the UE applies current CE level, which means to apply the legacy paging scheme to check legacy PDCCH CSS.  However the eNB may apply new paging scheme based on CE level from S1 paging message, which will lead to unsuccessful paging reception.
· Alt2: The UE applies the new paging scheme as eNB does, i.e. to check the M-PDCCH from the EC specific frequency region. As UE is in NC mode, it does not need to decode all the M-PDCCH/PDSCH repetitions. With this alternative, the radio resource may be wasted due to unnecessary repetitions, but the reliable paging reception could be obtained.
· Scenario 3: UE worked in NC mode during connected mode, but is working in EC mode in idle mode.
eNB may assume UE working in NC mode and apply the legacy paging scheme because the S1 paging message may not include the CE level information. On the other hand, UE may perform new paging scheme based on its current CE situation. The mismatch of the paging scheme will lead to paging failure and paging retransmission attempt may be initiated from MME. According to paging attempt count and the paging radio capability, eNB may understand the UE is EC capable and may start the new LC/EC specific paging scheme.
It has been agreed in RAN2 that the UE does not inform the network about changes in coverage level in idle mode and hence the eNB cannot be certain about whether the UE is on normal coverage or enhanced coverage. Therefore it seems the misalignment could not be avoided, to ensure the robust paging reception, the eNB may apply new paging scheme always if S1 paging message indicates the EC capability by the paging radio capability contained.
· Scenario 4: (NC->NC): UE operates in NC mode in both connected mode and idle mode.

Both UE and eNB apply the legacy paging operation.
Observation 3: It is not clear which paging mechanism (legacy or REL13 CE paging) non-LC UE should follow in normal coverage 
Observation 4: It is not clear how the UE would determine whether the NW expects the UE to be in normal coverage or not

Proposal 2: eNB indicates paging mechanism (legacy or REL13 paging) to be used for non-LC UE in normal coverage
3
Conclusion
This contribution analyzed the opens issues to support the paging for the UE working in EC mode and based on the observations we propose the following:

Proposal 1: eNB indicates Coverage enhancement level to be used for paging in the RRC Connection Release to the UE 


Proposal 2: eNB indicates paging mechanism (legacy or REL13 paging) to be used for non-LC UE in normal coverage
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