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1. Introduction

This paper discusses the current Stage 2 requirements for CS Fallback and proposes to discuss and clarify some basic assumptions prior to developing a Stage 3 description for the SGs interface.
2. Observed issues with the Stage 2 descriptions (for various cases of Service Request) in TS 23.272

According to 23.272, the Service Request message shall be sent both for the Mobile Originated (MO) as well as the Mobile Terminated (MT) calls in CS Fallback (The MT call flow and the corresponding text is shown, in annex A, for information at the end of this document). In addition, it is also indicated that there shall be a “CS Fallback Indicator” in both cases. The first problem that we encounter with the usage of CS Fallback Indicator is related to the structure of the Service Request message, which according to the current version of 24.301 is specified as follows:
8.2.22
Service request

This message is sent by the UE to the network to request the establishment of a NAS signalling connection and of the radio and S1 bearers. Its structure does not follow the structure of a standard layer 3 message. See table 8.2.22.1.

Message type:
SERVICE REQUEST

Significance:

dual

Direction:


UE to network 

Table 8.2.22.1: SERVICE REQUEST message content

	IEI
	Information Element
	Type/Reference
	Presence
	Format
	Length

	
	Protocol discriminator
	Protocol discriminator

9.2
	M
	V
	1/2

	
	Security header type
	Security header type

9.3.1
	M
	V
	1/2

	
	KSI and sequence number
	KSI and sequence number

9.9.3.16
	M
	V
	1

	
	Message authentication code (short)
	Short MAC

9.9.3.22
	M
	V
	2


In comparison to the Service Request message, which was introduced for the Iu Mode in 24.008, we realize that the “Service Type IE” is no longer available in this new structure. Moreover, the message has been squeezed into four octets where the “Security Header Type”, which also serves the function of a “Message Type” here, is the only IE that is not yet fully used. 
9.3.1 Security header type
Bits 5 to 8 of the first octet of every EPS Mobility Management (EMM) message contain the Security header type IE. This IE includes control information related to the security protection of a NAS message. The total size of the Security header type IE is 4 bits.

The Security header type IE can take the values shown in Table 9.3.1.

Table 9.3.1: Security header type

	Security header type (octet 1)

	

	8
	7
	6
	5
	

	0
	0
	0
	0
	No security protection

	0
	0
	0
	1
	Security protected NAS message

	
	
	
	
	

	1
	1
	0
	0
	Security header for the SERVICE REQUEST message 

	
	
	
	
	

	1
	1
	0
	1
	These values are not used in this version of the protocol.

	To
	If received they shall be interpreted as ‘1100’. (NOTE)

	1
	1
	1
	1
	

	
	
	
	
	

	All other values are reserved.

	

	NOTE:
When bits 7 and 8 are set to '11', bits 5 and 6 can be used for future extensions of the SERVICE REQUEST message.


An EMM message received with the security header type encoded as 0000 shall be treated as not security protected NAS message. A protocol entity sending a not security protected EMM message shall encode the security header type as 0000.

As we can see in the “Note” section of the table above, it seems that there are some unused code-points available for future extension of the Service Request. The first question here is whether all the available (three) ones can/should be used? One approach could be that one code-point shall be used as CS fallback Indicator. However, taking this approach may lead to other situations where we encounter another problem. We can, for instance, consider a case where the MME has already sent out a paging message for CS Fallback for a UE in Idle Mode. If the UE, at the same time, initiates a MO CS voice call, for which CS Fallback is necessary, the MME will now assume that the Service Request is in response to its previous paging message. After the transition from E-UTRAN to GERAN/UTRAN, the UE will send the “CM Service Request” message as the Initial MS Message or the Initial Direct Transfer. This means that the MSC will receive the CM Service Request, either in Complete layer 3 Info or Initial UE Message (depending on the A or Iu interface), whereas the MSC is, indeed, expecting a Paging Response instead.
It is also worth noting that the stage 2 description of MT SMS over the SGs interface (section 8.2.4 in 23.272) calls for yet another indicator, the “SMS Indicator”, when the Service Request message is sent by the UE.
Having said all the above, CT1 needs to reach some agreements on how to proceed with the Service Request message.

**************************************** For Information *********************************
Annex A (From 23.272)

7.2
Mobile Terminating call in idle mode 
The procedure for Mobile Terminating Call in idle mode is illustrated in figure 7.2-1.
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Figure 7.2-1: Mobile Terminating Call in idle mode

NOTE 1:
Steps 7a and 7b need to be further investigated in CT1 considering aspects such as speed and complexity.
1.
G‑MSC receives IAM.

2.
G‑MSC retrieves routing information of the terminating UE by Send Routing Info procedures as specified in TS 23.018 [5].

3.
G‑MSC sends IAM to the MSC on the terminating side as specified in TS 23.018 [5].

4.
The MME receives a Page (IMSI, VLR TMSI, Location Information) message from the MSC over a SGs interface. If VLR TMSI is omitted, the IMSI is used instead of the TMSI as a paging address at the radio interface. If location information is reliably known by MME (i.e. MME stores the list of TAs), the MME shall page the UE in all the TAs. If the MME does not have a stored TA list for the UE, the MME should use the location information received from the MSC to page the UE.
5.
The MME sends a Paging (as specified in TS 23.401 [2], and CN Domain Indicator) message to each eNodeB. CN Domain Indicator indicates which domain (CS or PS) initiated the paging message, and in this case it must be set to "CS" by the MME.

6.
The radio resource part of the paging procedure takes place. The message contains CN Domain indicator.

7a.
UE sends Service Request (CS Fallback Indicator) to MME. Service Request message is encapsulated in RRC and S1‑AP messages. CS Fallback Indicator indicates MME to perform CS Fallback.

7b.
MME sends S1‑AP: Initial UE Context Setup (UE capabilities, CS Fallback Indicator) to indicate the eNB to move the UE to UTRAN/GERAN.
8a.
Target RAT has PS HO capability: Upon receipt of a Paging Request message for a circuit‑switched service the eNB sets up an RRC Connection with the UE and may optionally solicit a measurement report from the UE to determine the target cell to which PS handover will be performed. PS handover is then performed as specified in TS 23.401 [2].

8b.
Target RAT has no PS HO capability Upon receipt of a Paging Request message for a circuit‑switched service the UE sets up an RRC Connection with E‑UTRAN, the S1 connection is established to get the UE capabilities downloaded from the MME to the eNB and the RRC connection is released with a redirection info to change to CS capable RATs (RAT, frequency, cell info), optionally based on measurements. As an option the inter‑RAT system information might be provided by the eNB using the NACC procedure for GERAN.

8c.
If the UE obtains LA information of the new cell (e.g. based on the system information or redirection info) and the LA of the new cell is different from the one stored in the UE, it performs a Location Area Update.

8d.
The UE responds with a page response message to the MSC:

-
If Target RAT is UTRAN: the UE establishes an RRC connection and responds to the paging in an RRC Initial Direct Transfer message as specified in TS 25.331 [7]. CN Domain Indicator is set to "CS" in the Initial Direct Transfer message. When received at the RNC, the Paging Response message is sent in an RANAP Initial UE message to the MSC.

-
If Target RAT is GERAN: the UE establishes an RR connection using legacy procedures (i.e. UE requests and is assigned a dedicated channel where it sends a SABM containing a layer 3 Service Request message = PAGING RESPONSE to the BSS and the BSS responds by sending a UA). After the establishment of the main signalling link as described in TS 44.018 [4] the UE enters either Dual Transfer Mode or Dedicated Mode and the CS call establishment procedure completes. When received at the BSC, the Paging Response message is sent in a BSSAP COMPLETE LAYER 3 INFORMATION message to the MSC as specified in TS 48.008 [6].

NOTE 2:
Whether or not the page response requires a CSFB indicator needs to be considered by stage 3.

9a.
In case the MSC serving the 2G/3G cell is the same as the MSC that served the UE while camped on LTE, it shall stop the paging response timer and establish the CS connection.

9b.
Otherwise (if the MSC that receives the paging response is different from the MSC that sent the paging request), the MSC shall reject the page response message by releasing the Iu connection for UTRAN or the A/Gb connection for GERAN. The BSC/RNC in turn releases the RRC connection for UTRAN or the RR connection for GERAN. The RRC/RR release shall trigger the UE to perform a Location Area Update as follows:

-
If the target system operates in Network Mode of Operation (NMO) I the UE shall perform a combined RA/LA update, as defined in TS 23.060 [3]. 

-
If the target system operates in NMO II or III the UE performs a Location Area Update towards the MSC.


The Location Area Update triggers the Roaming Retry for CS Fallback procedure as defined in clause 7.5.
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