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1 Introduction
The LS from SA2 (S2-103205) confirmed the need to prioritise the subsequent UMTS (and GSM – but GSM is not within the scope of this discussion and not discussed in detail) access for a CSFB call.  
“SA2 concluded that it is necessary to prioritise the subsequent access over UMTS/GERAN for CSFB when Release with re-direction option is used and would like to kindly ask the RAN2/GERAN2 to consider how to ensure it.”

Mobile Originating CSFB calls can be handled as normal calls originating in the CS RAT in terms of ACB and cause values used for the subsequent originating access in the CS RAT.   When PS HO is used for CSFB, there is no subsequent connection establishment procedure over the CS RAT and there is no Connection request over UTMS to prioritise.  
Thus, it is only prioritisation of MPS Mobile terminating call that use Release with Re-direction from LTE that needs to be discussed further.   This document looks at the solutions available for mobile terminating calls when Release with re-direction option is used and discusses if any additional enhancements are needed.

2 Discussion

For CSFB with release with re-direction, the UE makes a subsequent access over UMTS from RRC Idle.  The UE receiving this terminating call could be a “normal” user.  There are two points to address here:

1) The default UMTS ACB prevents a “normal” UE from accessing the network.  This ACB should be bypassed to allow MPS terminating call user to connect to the network

2) Prioritisation of MPS terminating call over other normal calls.  This could be for the initial connection establishment phase or at the time of data bearer establishment.
Prioritisation at the data bearer establishment is expected as normal to be based on ARP.  The need for prioritisation of the initial access (i.e., the establishment of the RRC connection that is necessary for the data bearer establishment) depends on the Call admission control algorithms used in the network.  For example, it is possible for the network to work with a load level such that this initial establishment phase will always be successful.   Or it may use the RRC connection cause value to determine which calls establishments to reject or re-direct the UE to another RAT.  RNC may perform call admission control taking into account the type of data bearer that will be subsequently set up for the UE as determined from the cause value.  Or it may use ACB to limit the number of UEs attempting access.  Or a combination of these.

The solutions available today and need for possible enhancements are discussed first.  Possible solutions that could be considered if enhancements are felt necessary are also discussed.
2.1 Solutions used today

2.1.1 Non-CSFB UMTS access

2.1.1.1 UMTS CS terminating call handling
For a normal mobile terminating call over UMTS, the UE is paged over UMTS using either Type 1 or Type 2 Paging message; Type 1 is used when the UE is RRC Idle and type 2 when the UE is already RRC connected over UMTS.  

For a normal CS terminating call in RRC  Idle, the UE is paged using an UMTS RRC Type 1 Paging message.  This Paging message has a Cause value included.  When the UE makes an RRC connection request, the cause value used in the RRC connection request is the same as the cause value in Paging message (refer to Annex A. for details).  Note that there is really only one relevant cause value for voice calls – Terminating Conversational Call even though High priority Signalling could also be (ab)used.
2.1.1.2 Use of PPAC 
Rel-8 introduced PPAC.  PPAC provides mechanisms to selectively ignore the ACB parameters to prioritise terminating calls and location update traffic compared to originating calls.  For example: 
3>
if Paging Response Restriction Indication is set to "None":

4>
when sending a response to any PAGING TYPE 1 message, Paging message specified in [67] or CS SERVICE NOTIFICATION message specifed in [79], act as if no Access Class is barred in the IE "Access Class Barred List" as specified in [4].

 (Default is no access class barred is applied.)
This allows RNC to prioritise terminating calls over originating calls on UMTS side. It also allows a normal user to successfully respond to Paging messages regardless of the AC of the user and the ACB parameters thereby allowing prioritisation of the terminating MPS call towards a normal user. 
Prioritisation of the initial signalling for the MPS terminating calls (prior to bearer establishment) can be achieved by prioritising the Paging messages for MPS terminating calls over other Paging messages.  For cell/RNC overload, this will have to be done at the RNC which requires the MPS indication in the RANAP PAGING message (which is not standardised today).
Thus PPAC can be made handle both requirements for MPS – bypassing the ACB and also prioritisation of MPS terminating calls (with some limitations on RANAP and also as discussed below in section 2.2.1).

2.1.2 CSFB with redirection on the UMTS side

2.1.2.1 Specified Cause value handling for CSFB 

For terminating CSFB, the cause value to be used for RRC connection request is hard coded in CT1 specifications (as shown in Annex A) to the value Terminating Conversional call.

2.1.2.2 Use of PPAC for CSFB

When CSFB with release with redirection is used, PPAC allows bypassing the default UMTS ACB setting.  Prioritisation of the signalling for MPS terminating calls over UMTS can be done by having eNB prioritise the Paging messages for MPS terminating calls on LTE side (which requires an MPS indication in the S1-AP PAGING message) and RNC accepting all calls with cause value “Terminating conversational call”.  

Thus PPAC can be made to handles both requirements also for CSFB MPS – bypassing the ACB and also prioritisation of MPS terminating calls (with some limitations as discussed below in section 2.2.1).

2.1.3 Summary of solutions available today

Based on the above discussion, it seems PPAC can provide a solution for MPS including CSFB case.  The following observation can also be made:

Observation #1: PPAC is essential for MPS when ACB is applied.

However, these solutions have some limitations for CSFB as discussed below.
2.2 Discussion on additional enhancements
2.2.1 Limitations of existing solutions

While PPAC is essential when ACB is being applied, the solutions of today have some limitations and there are a few cases where additional mechanisms for CSFB may be useful.   These are primarily relevant when initial signalling (prior to bearer setup) should be prioritised and are listed below.
1) Non-availability of accurate UMTS cell load information in eNB: LTE eNB today only has very coarse information of the load in the neighbouring UMTS cell(s) (it is based on source eNB requesting UMTS cell load information) which makes it difficult for eNB to take optimal decisions on when to suppress non-MPS paging.  Further, even if the overlaid UMTS cells are not overloaded, it is possible that there is an overload on the RNC processing which is not visible to the eNB.
2) Need for accurate RRC cause values in RNC: Depending on deployment configuration as discussed above, the network might rely on using RRC connection reject/re-direction during temporary periods of high load before ACB is applied.  For these cases, the cause value in RRC connection request will need to be used by RNC and the cause value should be appropriate to allow this.  This is also particularly useful when RACH is not the bottleneck and network uses re-direction to other RATs for load distribution.
3) The distribution of this function between RNC and eNB creates some limitations: PPAC relies on network suppressing non-MPS paging messages and correspondingly accepting/rejecting terminating/originating calls. The algorithms in an RNC will be based on knowledge of the number/fraction of MPS paging messages (relative to normal paging messages).  In one extreme example (non-CSFB case), when there are no MPS paging messages, the RNC may not prioritise terminating RRC connection requests. In case of CSFB, the RNC is totally unaware of the number of normal and MPS paging messages sent over LTE.  Similarly, the eNB is unaware of the number of paging messages sent directly over UMTS.
4) PPAC is not available for GERAN. MPS CSFB to GERAN would require an alternate solution.  But this is outside the scope of RAN2.

While none of these (except possibly #4) are critical issues, these will result in some suboptimum performance with existing solutions and enhancements can avoid these issues.

It is proposed to discuss if any additional enhancements are necessary beyond PPAC to handle MPS for CSFB with release with re-direction option.

2.2.2 Discussion on possible enhancements
Two enhancements that were discussed last meeting (some of it offline) were:
1) Introduce the cause value in RRC paging message that will be used as the cause value in the subsequent RRC connection request over UMTS.  The specification impact of this is minimal – in RRC to pass the cause value to the higher layers and in CT1 to specify that NAS will use the cause value received over LTE Paging when available.  However, since Paging message is sent over a wide area and is “broadcast”, it is inefficient compared to sending information over dedicated SRBs.
2) To introduce a cause value in one of the RRC messages sent over dedicated SRB (such as RRC connection release).  From the UE point of view, there is not much of a difference whether this info is received over Paging or dedicated SRB.  However, this is a change from the network point of view since Paging is treated as a connectionless message and none of the LTE network elements (MME or eNB) need to have a record of the MPS priority indication during the LTE connection establishment to provide the cause value in RRC connection release.

Note that it is possible to extend solutions based on cause value to also bypass ACB (instead of using PPAC) but this would require more changes to UMTS specification.
It is therefore proposed that if it is decided that additional enhancements for CSFB are needed, to introduce the “cause value” in Paging message.

3 Conclusion and proposal
Based on the analysis of terminating CSFB when release with re-direction is used, the following observations can be made:
Observation #1: PPAC is essential for MPS when ACB is applied.

The following proposals are made:

Proposal #1: Discuss if any additional enhancements are needed for CSFB considering the discussion in section 2.2

Proposal #2: If it is decided that enhancements are needed, it is proposed to indicate in the Paging message the Cause value to be used in UMTS RRC connection request.

4 Annex A 
RRC cause values to be used as captured in 24.008 (Annex L)
	Answer to circuit switched paging
	Set equal to the value of the paging cause used in the reception of paging in the RRC layer

	Answer to paging for CS fallback
	Terminating Conversational Call


UMTS RRC Paging causes (from 25.331)
Enumerated(

Terminating Conversational Call,

Terminating Streaming Call,

Terminating Interactive Call,

Terminating Background Call, Terminating High Priority Signalling,

Terminating Low Priority Signalling,

Terminating – cause unknown

)
