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Abstract of the contribution: In this contribution, we highlight a case where paging failures will occur for coverage enhancement (CE) capable UEs after 2G/3G - > 4G idle-mode mobility. We propose that SA2 consider this issue. We also provide solutions to solve this issue.
1. 	Introduction
In this contribution, we highlight a case where paging failures will occur for CE-capable UEs (both Cat M and non-Cat M) after 2G/3G - > 4G idle-mode mobility. We propose that SA2 consider this issue and make proposals for solving this issue.

2.	Background
Cat-M devices and "UEs in Coverage Enhancement (CE)" mode (these are Cat-M UEs in CE mode and non-Cat-M UEs in CE mode) monitor for P-RNTI for paging messages not in PDCCH but in MPDCCH channels which were defined in Rel-13 (see TS. 36.300). The difference between PDCCH and MPDCCH is illustrated in the figure below.
Figure 1. Physical channel used for monitoring P-RNTI for paging by (a) legacy UEs (PDCCH) and (b) Cat-M and "UEs in CE mode" (MPDCCH)[image: ]


For eNB to send page message in MPDCCH and not in PDCCH for Cat-M devices and "UEs in CE", the MME must provide assistance information to the eNB. This assistance information is shown in next figure.
Figure 2. Additional information provided by MME to eNB during Paging request for Cat-M or "UEs in CE mode".[image: ]

The eNB provides the two key paging assistance information to the MME in two separate messages, as depicted in the figure below.[image: ]

Figure 3. Procedures used by eNB to provide information to MME about (a) UEs radio capability for paging (includes both UE category and CE-modes supported), or (b) just MPDCCH repetition index for "UEs in CE mode"
The two important observations seen from the figure above are the following:
-	UE Radio Capability for paging is provided along with UE Radio Capability information.
-	The assistance data for "UEs in CE" mode is provided during S1 Release command, only for UEs that performed cell access in CE mode.

If the MME does not have UE radio capability information it will also not have the "UE Radio Capability for Paging" information.
The following table provides an overview of UE behavior for random access (RA) procedure and for paging message monitoring for each UE category. 




Table 1. UE behaviour in RA procedure and Paging message monitoring
	UE category
	Support for CE mode
	The UE camps in:
	The UE performs RA procedure in:
	The UE monitors Paging message in:

	Cat.M
	Supported
(Mandatory)
	Enhanced coverage
	PRACH resource for CE mode
	Paging channel for CE mode

	
	
	Normal coverage
	
	

	Other than Cat.M
	Supported
(UE in CE)
	Enhanced coverage
	PRACH resource for CE mode
	Paging channel for CE mode

	
	
	Normal coverage
	PRACH resource for normal coverage mode 
(i.e., legacy PRACH resource)
	Paging channel for normal coverage mode
(i.e., legacy Paging channel)

	
	Not supported
	Normal
	PRACH resource for normal coverage mode 
(i.e., legacy PRACH resource)
	Paging channel for normal coverage mode
(i.e., legacy Paging channel)



One of the possible solutions is to include assistance data for “UEs in CE” in S1 Release command, i.e., figure 3(b). In this solution, however, the problem exists for the non-Cat-M supporting CE when the TAU is performed in CE but after that it goes to the IDLE to normal coverage. In that case, the MME includes CE level information in Paging message and the eNB would transmit Paging message in CE mode, but the UE cannot receive the Paging message since the UE monitors Paging channel for normal coverage mode. 
Observation 1: For successfully paging CE-Capable UE's, the MME must provide UE-radioPagingInfo-r12 (which includes both the UE category and CE-mode support) to the eNB during paging. 
On receiving this information, 
-	for a UE which is Cat-M, the eNB will page only using CE Paging resources.
- 	for a UE which is CE-capable but not Cat-M, the eNB may page first using in legacy resources (PDCCH->PDSCH), then use CE paging resources (MPDCCH->PDSCH) or page simultaneously in both legacy and CE paging resources.
Only providing the assistance data for CE capable UEs to the eNB, will not solve the problem since eNB does not know if the UE is Cat-M or not, i.e. whether the eNB should first try paging using PDCCH. Note that use of CE resources for paging is costly from power and resource perspective.

3. 	Problem Statement
When any UE moves in idle-mode from 2G/3G to 4G, the UE will perform TAU (ignore ISR, which is not deployed widely). The SGSN does not provide UE's radio capability to the MME. 
NOTE: 	The UE does not provide its "UE Radio Capability for Paging" information in 2G/3G, since this information is applicable only in 4G (and NB-IOT RAN).
As long as the UE remains idle, i.e does not setup DRBs (perform service request), the MME will not be able to get UE's Radio Capability for paging. 
NOTE: 	When a UE perform service request, the MME will not provide UE's Radio capability to the eNB, since the MME does not have this information. This will force the eNB to request UE for its radio capability and then provide this information to the MME.
Problem: When a CE-Capable UE moves in idle-mode from 2G/3G to 4G, pages to these UEs will fail until the UE performs MO data, since MME cannot provide "UE Radio Capability for Paging" information to the eNB during paging request.

Why is this problem not applicable to CE-capable UEs when they move from 2G/3G to 4G in connected mode? 
Section 18 in TS 36.300 states the following:
The eNB may acquire the UE capabilities after a Handover completion. The UE capabilities are then uploaded to the MME.
Hence, typically after handover, the eNB acquires UE capability information from the UE and provides this to the MME.
4.	Proposed Solution
If NW knows whether the CE-capable UE is Cat-M or not, eNB can decide in which channel the eNB should transmit Paging message. Therefore, a mechanism to obtain “UE Radio Capability for Paging” on first idle-mode TAU after RAT change is needed.
The following solutions are proposed for consideration for MME to obtain UE Radio capability for paging information from the eNB on "first idle-mode TAU after RAT change".
[image: ]

Figure 4. Solution Proposal #1.
In this proposal, the MME on "first idle-mode TAU after RAT change" (which the MME knows based on the mapped 4G-GUTI provided by the UE), the MME adds a new flag to S1 Release to inform the eNB to request for UE Radio capability including "UE Radio Capability for paging The eNB will request for UE radio capability and provide it to the MME using the existing UE Capability Info Indication. Subsequent to that the eNB releases the RRC and then sends S1 Release complete to the MME.
The MME performs this procedure ONLY if this is the "first idle-mode TAU after RAT change". This is because the eNB must have already provided the UE's radio capability for paging to the MME during this "first idle-mode TAU after RAT change".
The pros of this procedure is that there is no additional request message from MME. The cons is that the S1 release procedure is being modified. The MME may get a UE Capability Info indication instead of directly receiving the S1 Release Complete message.



[image: ]

Figure 5. Solution Proposal #2
This is a variation of the Solution #1. In this solution, the UE's Radio capability including UE capability for paging is provided to the MME in the S1 Release Complete message. The disadvantage of this solution is that the S1 Release Complete message is being modified to carry UE Radio capability. In Solution #1 existing S1AP message UE Capability Info indication message is used to carry the UE's Radio capability information.
.







Figure 6. Solution Proposal #3.[image: ]

In this proposal, the MME sends UE Radio Capability Match Request with new flag "Is the UE Cat M?". If the UE use CE RACH resources, the eNB will request the UE for capability. If the UE is a Cat-M UE, the eNB will respond in positive. In the following message, the eNB provides the UE Radio capability including UE Radio Capability for paging to the MME. If the UE is not Cat-M, the eNB will respond stating that the UE is not Cat-M.
The MME performs this procedure ONLY if this is the "first idle-mode TAU after RAT change". This is because the eNB must have already provided the UE's radio capability for paging to the MME during this "first idle-mode TAU after RAT change".
This solution modifies the UE Radio Capability Match procedure which was a procedure to be used only for SRVCC UEs.
The following table captures the pros and cons of the different solutions.
	Solution
	Highlight
	Pros
	Cons

	Solution #1
	MME requests for UE Radio capability piggybacked on S1 Release command. eNB provides UE capability using existing S1AP procedure. Then S1 Release
	· Only one additional message to the MME
	· Modifies the S1 Release request message to also request UE radio capability.

	Solution #2
	MME requests for UE Radio capability piggybacked on S1 Release command. eNB provides UE capability piggybacked on S1 Release Compelete
	· No additional signalling on S1 interface.
	· Same as Solution #1
· Modification of S1 Release complete (compared to Solution #1)

	Solution #3
	UE Capability Match Request procedure is modified and used by MME to request eNB to provide the UE's radio capability before S1 Release
	· Extends the existing procedure UE Radio Capability Match to get UE Radio Capability
	· Has additional signalling on S1AP (3 more messages)




Proposal is to accept solution 1 because it has the least impact to existing procedures, reuses the existing S1AP message to provide UE Radio Capability information including the UE Radio Capability for paging to the MME (compared to Solution #2) and has least additional signalling on the S1 interface (compared to Solution #3).
4.	Proposal
The problem of paging failure CE-capable UEs on idle-mode mobility from 2G/3G is a serious problem which needs a solution. If this problem is not solved, a CE-capable UEs will be un-reachable by the network for any MT events, until the UE performs a MO event.
[bookmark: _GoBack]CRs to TS 23.401 based on Solution 1 is proposed in S2-175973-5975.  
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