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1   Introduction
In RAN3#NB-IoT Adhoc meeting, there was one LS R3-160135[1] sent to SA2 to ask:

RAN3 is wondering, if there are S1 protocol impacts due to carrying data and signalling over NAS, see CP NB IoT optimisation (former solution 2 TR 23.720)?

In the latest SA2 meeting, they replied in S2-161333 [2] with the following information:

To assist the MME in its NAS signalling message retransmission strategies, SA2 believe that the eNB could provide the UE’s coverage level to the MME during every S1 connection establishment (this is in similar to the existing paging-related provision of the UE’s coverage level at S1 connection release). This is documented in some SA2 CRs, although, as yet, not all procedures in TS 23.401 have been aligned to document this.
In this contribution, we analyses the RAN3 impact to provide Coverage Enhancement Level to the MME to assist the MME in NAS retransmission strategies, and provide the corresponding TPs to be captured into baseline CRs.

2   Discussion

In the agreed SA2 CR S2-161170[3], we can find the following text:

2. The NAS PDU sent in step 1 is relayed to the MME by the eNodeB using a S1-AP Initial UE message. 

To assist the MME in any NAS PDU retransmission strategies, the eNB indicates the UE’s Coverage Level to the MME.
Based on the input from the LS and the CR, it is needed to add the UE’s CEL in S1AP INITIAL UE MESSAGE for Control Plane CIoT EPS optimization.

Although the LS was triggered for Control Plane solution, the SA2 CR is also used for introduction of Control Plane soluion, as discussed in last meeting, it was agreed that the IE which will be agreed in UE CTXT Completed concerning Paging optimization (e.g. Cell List, CEL, ….) will included in the suspend procedure for User Plane solution. It means that the User Plane solution can also be used in coverage enhancement scenario. As pointed out in SA2 LS that this is documented in some SA2 CRs, although, as yet, not all procedures in TS 23.401 have been aligned to document this. We believe that the MME also needs the CEL for NAS retransmission strategies setting in User Plane solution, the CEL in S1AP: INITIAL UE MESSAGE message needs to be introduced for both Control Plane solution and User Plane solution.
Proposal 1: Introduce the UE’s CEL in INITIAL UE MESSAGE message for both Control Plane and User Plane solutions.

On the other hand, for user plane solution, after UE context suspension, the UE CONTEXT RESUME REQUEST message will be used over S1 interface instead of INITIAL UE MESSAGE message, it is also needed to capture the CEL into S1AP: UE CONTEXT RESUME REQUEST message.
Proposal 2: Introduce the UE’s CEL in UE CONTEXT RESUME REQUEST message for User Plane solution.
As the existing CEL used in PAGING message was defined as an OCTET STRING which includes the UEPagingCoverageInformation message as defined in 10.2.2 of TS 36.331. The information will just be received and stored in the MME then send to the eNB in Paging, the content of the RRC container is transparent to the MME.

When the eNB provides the UE’s CEL to the MME to assist the MME to adjust NAS retransmission strategies, the MME needs to know which coverage level the UE is in. It is preferred to define a new S1AP IE to carry the CEL information to the MME, instead of using a RRC container.

In [6], it is defined in Random Access procedure that for UEs in enhanced coverage, there is available set of PRACH resources/Preambles associated with each enhanced coverage level, and there are CE level 0, 1, 2 and 3, based on the text below, it can be understood that the UE’s coverage becomes worse when the CE level number increases.
	
if the UE is a BL UE or a UE in enhanced coverage:

-
set the PREAMBLE_TRANSMISSION_COUNTER_CE to 1;

-
if the RSRP threshold of CE level 3 is configured by upper layers in rsrp-ThresholdsPrachInfoList and the measured RSRP is less than the RSRP threshold of CE level 3 then:

-
the MAC entity considers to be in CE level 3;

-
else if the RSRP threshold of CE level 2 configured by upper layers in rsrp-ThresholdsPrachInfoList and the measured RSRP is less than the RSRP threshold of CE level 2 then:

-
the MAC entity considers to be in CE level 2;

-
else if the measured RSRP is less than the RSRP threshold of CE level 1 as configured by upper layers in rsrp-ThresholdsPrachInfoList  then:

-
the MAC entity considers to be in CE level 1;

-
else:

-
the MAC entity considers to be in CE level 0;

-
select the Random Access Preambles group, ra-ResponseWindowSize, mac-ContentionResolutionTimer and PRACH resource corresponding to the selected CE level;


Also in [7], the max number of CE Levels is defined as 4.

maxCE-Level-r13



INTEGER ::=
4
-- Maximum number of CE levels
Proposal 3: Define a S1AP IE to carry the CE Level information to the MME as:
9.2.1.xx 
CE Level

This IE provides CE Level of a CE capable UE.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	CE Level
	M
	
	ENUMERATED (CE level 0, CE level 1, CE level 2, CE level 3, …)
	This IE indicates the CE level (refers to TS 36.321) of a CE capable UE in the serving cell.


3   Conclusion
Based on the discussion in this paper, we believe it is needed to:

Proposal 1: Introduce the UE’s CEL in INITIAL UE MESSAGE message for both Control Plane and User Plane solutions.

Proposal 2: Introduce the UE’s CEL in UE CONTEXT RESUME REQUEST message for User Plane solution.
Proposal 3: Define a S1AP IE to carry the CE Level information to the MME.

Based on these, we also propose to:
· Capture the Text Proposal1 in section 5 into the stage3 baseline CR of Common impacts of NB-IoT solutions [4].
· Capture the Text Proposal2 in section 5 into the stage3 baseline CR of UE Context Resume function [5].
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5   Text Proposal

----------Text Proposal 1 to common impact CR[4] ----------
8.6.2.1
Initial UE Message
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Figure 8.6.2.1-1: Initial UE Message procedure

….skip the unchanged part….

If the MME Group ID IE is included in the INITIAL UE MESSAGE message this indicates that the message is a rerouted message and the MME shall, if supported, use the IE as described in TS 23.401 [11].

NOTE:
The first UL NAS message is always received in the RRC CONNECTION SETUP COMPLETE message.
If the RAT Type IE is included in the INITIAL UE MESSAGE message, the MME shall, if supported, use it as specified in TS 23.401 [11].[FFS]
If the CE Level IE is included in the INITIAL UE MESSAGE message, the MME shall, use it as specified in TS 23.401 [11].
-----------------Start of the Next Change-----------------
9.1.7.1
INITIAL UE MESSAGE

This message is sent by the eNB to transfer the initial layer 3 message to the MME over the S1 interface.

Direction: eNB ( MME
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.1.1
	
	YES
	ignore

	eNB UE S1AP ID
	M
	
	9.2.3.4
	
	YES
	reject

	NAS-PDU
	M
	
	9.2.3.5
	
	YES
	reject

	TAI
	M
	
	9.2.3.16
	Indicating the Tracking Area from which the UE has sent the NAS message.
	YES
	reject

	E-UTRAN CGI
	M
	
	9.2.1.38
	Indicating the E-UTRAN CGI from which the UE has sent the NAS message.
	YES
	ignore

	RRC Establishment Cause
	M
	
	9.2.1.3a
	
	YES
	Ignore

	S-TMSI
	O
	
	9.2.3.6
	
	YES
	reject

	CSG Id
	O
	
	9.2.1.62
	
	YES
	reject

	GUMMEI
	O
	
	9.2.3.9
	
	YES
	reject

	Cell Access Mode
	O
	
	9.2.1.74
	
	YES
	reject

	GW Transport Layer Address
	O
	
	Transport Layer Address 9.2.2.1
	Indicating GW Transport Layer Address if the GW is collocated with eNB.
	YES
	ignore

	Relay Node Indicator
	O
	
	9.2.1.79
	Indicating a relay node.
	YES
	reject

	GUMMEI Type
	O
	
	ENUMERATED (native, mapped, …)
	
	YES
	ignore

	Tunnel Information for BBF
	O
	
	Tunnel Information 9.2.2.3
	Indicating HeNB’s Local IP Address assigned by the broadband access provider, UDP port Number.
	YES
	ignore

	SIPTO L-GW Transport Layer Address
	O
	
	Transport Layer Address 9.2.2.1
	Indicating SIPTO L-GW Transport Layer Address if the SIPTO L-GW is collocated with eNB.
	YES
	ignore

	LHN ID
	O
	
	9.2.1.92
	
	YES
	ignore

	MME Group ID
	O
	
	9.2.3.44
	
	YES
	ignore

	RAT Type [FFS]
	O
	
	9.2.3.x
	
	YES
	ignore

	CE Level
	O
	
	9.2.1.xx
	
	YES
	ignore


-----------------Start of the Next Change-----------------
9.2.1.xx 
CE Level

This IE provides CE Level of a CE capable UE.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	CE Level
	M
	
	ENUMERATED (CE level 0, CE level 1, CE level 2, CE level 3, …)
	This IE indicates the CE level (refers to TS 36.321) of a CE capable UE in the serving cell.


---------- Text Proposal 2 to UE Context Resume CR[5] ----------
8.3.x2
UE Context Resume
8.3.x2.1
General

The purpose of the UE Context Resume procedure is to indicate to the MME that the UE has resumed the suspended RRC connection and to request the MME to resume the UE context, UE-associated logical S1-connection and the related bearer contexts in the EPC. 
8.3.x2.2
Successful Operation
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Figure 8.3.x2.2-1: UE Context Release procedure. Successful operation.

The eNB initiates the procedure by sending the UE CONTEXT RESUME REQUEST message to the MME. If the eNB is not able to admit all suspended E-RABs the eNB shall indicate this in the E-RABs Failed To Resume List IE.
Upon receipt of the UE CONTEXT RESUME REQUEST message the MME shall act as defined in TS 23.401 [11] and respond with the UE CONTEXT RESUME RESPONSE. If the MME is not able to admit all suspended E-RABs the MME shall indicate this in the E-RABs Failed To Resume List IE.
If the CE Level IE is included in the UE CONTEXT RESUME REQUEST message, the MME shall, use it as specified in TS 23.401 [11].
-----------------Start of the Next Change-----------------
9.1.4.x5
UE CONTEXT RESUME REQUEST
This message is sent by the eNB to request the MME to indicate that the suspended RRC connection has been resumed.
Direction: eNB ( MME
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.1.1
	
	YES
	reject

	MME UE S1AP ID
	M
	
	9.2.3.3
	
	YES
	reject

	eNB UE S1AP ID
	M
	
	9.2.3.4
	
	YES
	reject

	E-RAB Failed To Resume List
	
	0..1
	
	
	YES
	reject

	>E-RAB Failed To Resume Item IEs
	
	1 .. <maxnoofE-RABs>
	
	
	EACH
	reject

	>>E-RAB ID
	M
	
	9.2.1.2
	
	-
	

	>>Cause
	M
	
	9.2.1.3
	
	-
	

	CE Level
	O
	
	9.2.1.xx
	
	YES
	ignore


	Range bound
	Explanation

	maxnoofE-RABs
	Maximum no. of E-RAB allowed towards one UE, the maximum value is 256. 


-----------------Start of the Next Change-----------------
9.2.1.xx 
CE Level

This IE provides CE Level of a CE capable UE.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	CE Level
	M
	
	ENUMERATED (CE level 0, CE level 1, CE level 2, CE level 3, …)
	This IE indicates the CE level (refers to TS 36.321) of a CE capable UE in the serving cell.
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