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1.  Introduction
According to the LS from SA2 [1], eMPS [2] requires that upon release with redirection in case of CSFB, the subsequent access to UTRA/ GERAN needs to be prioritised for eMPS terminating sessions. This paper looks into how prioritisation of eMPS can be achieved in case of CSFB redirection to UTRA [3].
2. Discussion
2.1
Problem scenario
For MO eMPS, SA2 have agreed that the use of high priority ACs (AC 11-15) is sufficient [2].

For MT eMPS, from LTE access point of view, the use of ACB and selective paging discarding at the eNB would be sufficient, as discussed in previous papers [4, 5]. To allow selective paging discarding at the eNB, a paging cause needs to be provided over S1-AP. However, RAN2 concluded that RRC paging cause is not needed for this case [6].

In case MT eMPS was subject to CSFB, either PS HO or redirection will take place. In case of PS HO, the target RNC (or MSC) can reject the handover request for non-eMPS calls. Upon failure reception, the source eNB can divert the non-eMPS call to another system, if available, or kill the non-eMPS request.

Then, the only remaining case is CSFB redirection. For this case RAN2 have sent an LS to SA2 [6] whether the subsequent access to UTRA/ GERAN needs to be prioritised, and SA2 have responded “yes”, as expected [1]. Since the eNB congestion case was already addressed, the only remaining case is when the target RNC is congested.
The problem case is shown in Fig.1. Since the target RNC (RNC1 in Fig.1) is congested, the establishment request (denoted “4. request” in Fig.1) may be blocked due to AC barring (DSAC) or rejection. A way to ensure successful session establishment of eMPS in this scenario needs to be sought for.
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Fig.1  Problem case.
2.2
Review of PPAC
In Rel-8 a mechanism called PPAC (paging permission with access control) was introduced in UTRA [7]. Since PPAC is an important feature to address the problem scenario, it seems worthwhile reviewing the PPAC mechanism.

PPAC allows a UE to send paging response, even when its AC is barred according to DSAC (domain specific access control), by setting relevant IEs in SIB3. Hence, the network has a means to control whether a UE should follow DSAC, or ignore and bypass DSAC. This is applicable to both PAGING TYPE 1 and when the UE accesses UTRA upon CSFB redirection [8]. PPAC also allows separate access control parameter settings for location registration, since without location registration, paging is not possible. (Annex shows an excerpt of the related parameters from TS 25.331 v8.11.0.) Note that both PPAC and DSAC are mandatory features for the UE in Rel-8.
By using DSAC/ PPAC, the operator has full control of what call types to allow access to UTRA. The network can apply DSAC/ PPAC, when the network is congested. MO priority calls can be ensured access by setting relevant ACs in DSAC. MT priority calls can be ensured access by PPAC and by discarding non-priority paging in the network side.
A similar mechanism is also already available in Rel-8 LTE, although LTE does not have the luxury to control whether ACB should be applied to MT responses or not. That is, in LTE, MT responses are always allowed regardless of ACB (unless T302 is running). LTE also allows separate control of MO data and MO signalling attempts.
2.3
Solutions
A)  Paging suppression by MSC + DSAC/ PPAC

One simple solution to the problem scenario described in 2.1 is to discard sufficient amount of non-eMPS paging at the MSC (Fig.2). Either OAM upon detection of alarms at RNC1 or overload indication from RNC1 by RANAP can be used to trigger such discarding at the MSC. Meanwhile, RNC1 can apply PPAC/ DSAC.
Although this approach can ensure eMPS MT CSFB call establishments, a drawback is that this will result in over suppression of paging, if the LA or TA is larger than the congested area. That is, paging is sent commonly across the LA and TA (assuming ISR), since the network does not know in which RNC or eNB the UE will respond. If the UE responds in a non-congested RNC, the paging would not have had to be discarded.

In practice, congestion often occurs locally within an LA/ TA. For example, in a fireworks event, only certain cells that provide good view of the fireworks get congested. Hence, this solution does not provide sufficient geographical granularity of control.

Observation:
Solution A does not provide sufficient geographical granularity of control.
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Fig.2  Solution A.

B)  RNC specific paging suppression by MSC + DSAC/ PPAC

The problem of Solution A can be resolved by selectively suppressing paging towards RNC1 only, at the MSC (Fig.3). The MSC can detect whether paging should be suppressed towards a certain RNC by OAM or by using overload indication from RNC over RANAP. However, the MSC cannot perform such selective suppression towards the eNB that covers the same area as RNC1, but only forward all paging messages. The MME also cannot perform such selective suppression, since the MME is neither aware of the overlay relationship between RNCs and eNBs nor the congestion status in RNCs. Hence, all paging messages are sent over LTE. This will make RNC1 pumped with CSFB redirection traffic.
If RACH in UTRA is the bottleneck, this solution will not work. However, if the bottleneck is rather in the RNC resources, the establishment requests can be temporarily accepted and later selectively rejected based on the ARP received from the MSC. Alternatively, the MSC can reject the call as it knows which ones correspond to eMPS. Decision to push the UE to other systems (e.g., GERAN) can be made also upon reception of the ARP. (However, it would have been better if the UE was redirected to other non-congested systems, if available, in the first place. In this respect, it would be better if the source eNB had knowledge of the target system load and made appropriate decisions.)
Observation:
Solution B cannot protect UTRA RACH from CSFB redirection traffic.
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Fig.3  Solution B.
C)  B + ACB status transfer + S1 paging cause + paging suppression at eNB

The problem of Solution B can be resolved by discarding non-eMPS paging at the corresponding eNB (Fig.4). To do so S1 paging cause is required. Moreover, the eNB has to be aware of the congestion status at the corresponding RNC covering the overlaid UTRA cell. This could be achieved by backhaul signalling (ACB status transfer) or by OAM. With this solution, excessive RACH attempts are prevented towards the congested RNC. Reliability of this solution depends on how up-to-date ACB status is known by the eNB.

A benefit of this solution is that it has no impact to the UE. This means that by upgrading the network, Rel-8/9 UEs can also be addressed.

Observation:
Solution C can protect UTRA RACH and ensure eMPS connectivity. It requires S1 paging cause and knowledge of RNC ACB status by the eNB, but has no UE impact.
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Fig.4  Solution C.
D)  B + S1 paging cause + RRC paging cause + selective bypassing of DSAC/ PPAC
If maintenance of up-to-date RNC congestion status information in the eNB is difficult, an alternative is to forward the paging cause down to the UE, i.e., introduce RRC paging cause. The UE behaviour can be modified so that the UE bypasses DSAC/ PPAC, if the RRC paging cause indicates “high priority”. In this case, PPAC parameters in UTRA SIB3 need to indicate that DSAC is applicable to paging responses, so that non-priority paging responses are blocked by DSAC. Only the high priority responses can bypass DSAC.
This solution can protect RACH in UTRA and solve all problems. However, RRC paging cause as well as S1 paging cause will be necessary. As seen from below ASN.1, an RRC paging cause will add 16 bits (due to ASN.1 overhead) per paging record (note that a normal paging record for an S-TMSI is 44 bits). Nevertheless, as the paging cause can be omitted for non-eMPS paging, the overall overhead may not be an issue.

PagingRecord ::=




SEQUENCE {


ue-Identity






PagingUE-Identity,


cn-Domain






ENUMERATED {ps, cs},


...,


[[ pagingCause-r10




ENUMERATED {highPriority}

OPTIONAL


]]
}

A drawback of this solution is that it has UE impacts, and the UE behaviour to bypass DSAC/ PPAC needs to be defined in UTRA specifications. Hence, this solution requires availability of Rel-10 UEs, and alone cannot address overload from legacy (Rel-8/9) UEs.
As a small variant of this solution, the RRC release cause can be used instead of the paging cause. However, this will require the eNB to store the paging messages and correlate RRC connection requests with paging. This is not an easy task for the eNB, and paging cause would be preferable than the use of RRC release cause.
Observation:
Solution D can protect UTRA RACH and ensure eMPS connectivity. It requires S1/RRC paging cause and has UE impact. The solution cannot address Rel-8/9 UEs.
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Fig.5  Solution D.
E)  B + S1 paging cause + RRC paging cause + UTRA establishment cause
Another solution is to introduce both S1 paging cause and RRC paging cause, and to make the UE echo back the paging cause in the establishment request towards the RNC. The establishment cause can be extended or a new IE can be added. This will allow the RNC to reject establishment requests for non-eMPS paging responses.

However, this solution alone cannot protect UTRA RACH and this would work only if the bottleneck is rather in the RNC resources. However, if RACH is not the bottleneck, the need for echoing back the cause value is questionable. The RNC can wait for the ARP to be provided from the MSC and decide whether the call should be rejected. Then, the solution falls back to Solution B. The real need for Solution E is unclear.

As with Solution D, a drawback of this solution is that it has UE impacts, including UTRA specifications. Hence, this solution requires availability of Rel-10 UEs, and alone cannot address overload from legacy (Rel-8/9) UEs.
Observation:
Solution E cannot protect UTRA RACH. It requires S1/ RRC paging cause and echoing back in UTRA, i.e., has UE impacts. The need for this solution is unclear, as ARP from the MSC can replace the echoed cause value. The solution cannot address Rel-8/9 UEs.
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Fig.6  Solution E.
2.4
Comparison
The solutions mentioned in 2.3 are summarized in Table 1.
Table 1  Comparison of solutions.

	
	Solution A
	Solution B
	Solution C
	Solution D
	Solution E

	Paging discarding at MSC (MSC)
	X (node agnostic)
	X
	X
	X
	X

	Paging discarding at eNB (eNB)
	
	
	X
	
	

	Need for ACB status transfer (eNB/ RNC)
	
	
	X
	
	

	Broadcasting of DSAC/ PPAC parameters (RNC)
	X
	X
	X
	X
	X

	Need for S1 paging cause (MME/ eNB)
	
	
	X
	X
	X

	Need for RRC paging cause (eNB/ UE)
	
	
	
	X
	X

	Need for echoed cause in UTRA (UE/ RNC)
	
	
	
	
	X

	Selective bypassing of DSAC/ PPAC (UE)
	
	
	
	X
	

	Specification impact
	S1-AP
	
	
	X
	X
	X

	
	LTE RRC
	
	
	
	X
	X

	
	UTRA RRC
	
	
	
	X
	X

	RACH protection
	Yes
	
	Yes
	Yes
	

	RNC resource protection
	Yes
	
	Yes
	Yes
	Yes

	Geographical granularity
	
	
	Yes
	Yes
	Yes

	Ability to address Rel-8/9 UEs
	Yes
	
	Yes
	
	


Looking at Table 1, we think Solution C is the best solution and is sufficient. DSAC/ PPAC is anyway indispensable since this is also used to protect UTRAN from legacy terminals. It should also be noted that DSAC/ PPAC is a mandatory feature for the UE already in Rel-8.
The key to ensuring reliability with Solution C is to maintain up-to-date RNC congestion status in the corresponding eNB. Such information is not only important for selective paging discarding, but also for many other purposes, such as to select the redirection target, to set the cell reselection priorities, etc. For these reasons NTT DOCOMO has proposals in RAN3 to introduce backhaul signalling procedures that allow transfer of access barring status from RNC to eNB in a proactive manner [9].

Solutions D and E have UE impacts as well as UTRA specification impacts. Hence, for these solutions to work, Rel-10 UEs need to be awaited. A benefit of Solution C is that it only has network impacts, and by upgrading the network side, the solution can address Rel-8/9 UEs as well.
3. Conclusions
A number of solutions were studied for MT eMPS handling in case of CSFB redirection to UTRA:

A) Paging suppression by MSC + DSAC/ PPAC
B) RNC specific paging suppression by MSC + DSAC/ PPAC
C) B + ACB status transfer + S1 paging cause + paging suppression at eNB
D) B + S1 paging cause + RRC paging cause + selective bypassing of DSAC/ PPAC
E) B + S1 paging cause + RRC paging cause + UTRA establishment cause
In conclusion, Solution C seems to be the best solution, as it can protect UTRA RACH and has no UE or UTRA specification impact. Moreover, Solution C can address Rel-8/9 UEs as well by upgrading the network side only.

Solution C requires the following additions to the specifications:
· S1 paging cause [10]
· Backhaul signalling to transfer RNC ACB status to eNB [9]
If the analysis in this paper is agreeable, NTT DOCOMO proposes to respond to SA2 that RAN2 feels no need for an RRC paging cause, also for the CSFB redirection case. Moreover, it is proposed to flag RAN3 that the above two bullet points should be addressed by RAN3.
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Annex
Below is an excerpt of the PPAC parameters from TS 25.331 v8.11.0. The parameters can be set for each PLMN in SIB3.

10.3.1.10a
Paging Permission with Access Control Parameters

	Information Element/Group name
	Need
	Multi
	Type and reference
	Semantics description
	Version

	Paging Response Restriction Indication
	MP
	
	Enumerated (All, CS, PS, None)
	
	REL-8

	Location/Registration Restriction Indicator
	MP
	
	Enumerated (All, CS, PS)
	
	REL-8

	Location/Registration
	MP
	
	Location /Registration Parameters 10.3.1.7oa
	
	REL-8
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