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1.  Introduction
The CS/PS mode of operation has been heavily discussed recently in CT1, SA2 and RAN2. This paper analyses the current CT1 solution, as well as alternative approaches that alleviates some existing issues with the current CT1 solution. Three approaches are studied:

· Alt.1:
UE-based control (LTE de-prioritised) – the current CT1 solution;

· Alt.2:
UE-based control (LTE disabled);

· Alt.3:
NW-based control.

This paper focuses on the case when CS registration fails in a combined registration attempt (i.e., CSFB is not available), as this is the most controversial case.
2. Discussion
2.1
Alt.1: UE-based control (LTE de-prioritised)

This is based on the current CT1 solution. In case combined registration failed, the UE overrides any subsequently received CRP in the AS so that LTE is set to lowest priority (or is excluded from the reselection candidate). This solution has a number of issues (some of which are critical).
Issues:

1. If only LTE coverage is available, a Mode 1 UE still has a chance of camping on LTE, and if this occurs, the UE will not be able to receive CS services.
· Nevertheless, this should be negligible since the UE will reselect to UTRAN/ GERAN as soon as UTRAN/ GERAN coverage becomes available (due to the CRP based cell reselection defined in TS 36.304), and the UE will anyway not be able to use CS domain if there was no UTRAN/ GERAN coverage.
2. Handover to LTE cannot be prevented, although the UE is set to Mode 1.
· A consequence is that the UE will not be able to receive CS services while the UE is connected in LTE. To comply with the user preference to receive CS services (assuming the CS/PS mode is a user setting), DOCOMO think handover to LTE *must* be prevented for Mode 1. It should be noted that LTE is supposed to allow long-lived RRC connections, and there is no way for the eNB to handle Mode 1 UEs differently so that connections are released sooner.

· If handover to LTE occurs for a Mode 1 UE, the UE could locally release the connection in LTE and move back to UTRAN/ GERAN. However, a likely consequence is that the RNC/ BSS will trigger another handover to LTE immediately (e.g., due to radio conditions being better for LTE). This will result in ping-pong between LTE and UTRAN/ GERAN. Since there is no way for the RNC/ BSS to detect that this problem is caused by the Mode 1 behaviour, this will result in an endless ping-pong loop, causing significant U-plane interruption and signalling overhead. This is a critical problem.
· Some companies in CT1 have been arguing that if the PLMN supports handover from UTRAN/ GERAN to LTE, the PLMN will anyway support CSFB. However, this speculation seems to be rather optimistic. In fact, if the operator is not interested in CSFB, it is rather quite likely that CSFB is not supported (although PS handover to LTE might be supported).

3. The “CRP overriding” behaviour needs to be captured in TS 36.304 and an indication from NAS is necessary to trigger this behaviour. This would open up some further issues in RAN2:

· Should UE resume using CRP (as received) when the Mode is switched to Mode 2?

· Should UE maintain the priorities among different LTE carriers, or should all LTE carriers be set to “lowest”? Or instead, should all LTE carriers be excluded from reselection candidates?
· On what indication from NAS can the AS rely on to trigger this behaviour?

As this solution has some critical issues, this solution is not desirable, even for Rel-8.

2.2
Alt.2: UE-based control (LTE disabled)

This is similar to Alt.1, but the UE disables LTE capability when combined registration fails. This could prevent Mode 1 UE being handed over to LTE and avoid any conflict between the CS/PS mode and the AS CRP. However, there are some issues to be clarified.
Issues:

1. When can LTE capability be turned back on, e.g., power off/ on, change of mode to Mode 2, and/ or PLMN selection?
· It is obvious that upon power off/ on, the LTE capability should be turned back on.

· It seems sensible to turn the LTE capability back on when the mode is changed to Mode 2, since the user has deliberately set to prefer EPS services.

· The support for CSFB would depend on the PLMN. If the UE performs PLMN selection and ends up in a PLMN where CSFB is possible, the LTE capability should be turned back on.

2. Should change of CS/PS Mode trigger RAU/ TAU or detach/ attach to update its capabilities?
· Although RAU/ TAU can be considered, this seems to violate the current LTE/ SAE principle that change of capabilities is not possible unless the UE performs detach/ attach. Consequently, detach/ attach seems to be necessary. This should be confirmed with SA2/ CT1, and captured in SA2/ CT1 specifications.
3. Would this block LTE capability also in case combined registration fails (e.g., due to congestion) in a “CSFB capable” network?
· This can be avoided by use of proper NAS reject cause, i.e., cause #18 in TS 24.301 sub-clause 5.5.1.3.4.3. The use of cause #18 should be clarified in CT1, so that #18 is only used if CSFB is not supported or the UE has no CS service contract, and not when the combined registration fails e.g., due to congestion.
4. The UE will go out of coverage if only LTE coverage was available.

· This is a drawback of this solution, but has to be tolerated since the user has deliberately set to prefer CS availability.
Overall, this solution seems to be better than Alt.1, since it resolves the critical issue of preventing handover to LTE for Mode 1.
2.3
Alt.3: NW-based solution
With this solution, the UE reports its CS/PS Mode to the MME (upon attach/ TAU) and the UE simply obeys the AS CRP signalled from the network. The network is responsible for setting the appropriate CRP considering the CS/PS mode set in the UE. Handover to LTE for Mode 1 can be prevented since the network will be made aware of the CS/PS mode.

Issues:

1. CT1 has to include the CS/PS mode in the relevant NAS messages (e.g., attach request, TAU, etc. in all RATs).
· This however implies NAS PDU impact.
2. The MME needs to indicate to eNB/ RNC either the CS/PS mode or use specific SPID. If CS/PS mode is to be signalled, RAN3 has to introduce a new IE in S1-AP and RANAP.
· Use of SPID has no RAN3 impact, but has impact to the current SPID model, i.e., with the current model, the MME simply forwards the SPID from the HSS. This change of model might be difficult to be agreed in SA2. As such, adding CS/PS mode indication on S1-AP and RANAP seems to be better. This however implies ASN.1 impact on S1-AP/ RANAP.
3. If only LTE coverage is available, a Mode 1 UE still has a chance of camping on LTE, and if this occurs, the UE will not be able to receive CS services.
· Nevertheless, this should be negligible since the UE will reselect to UTRAN/ GERAN as soon as UTRAN/ GERAN coverage becomes available (due to the CRP based cell reselection defined in TS 36.304), and the UE will anyway not be able to use CS domain if there was no UTRAN/ GERAN coverage.
4. To prevent handover to LTE for Mode 1, whether indication of the CS/PS Mode by the MME is sufficient, or would something like handover restriction information be necessary?
· This could be studied in RAN3.
Although this is the cleanest and most desirable approach, given the time and specification impact among various groups, this might not be a realistic solution for Rel-8. If CRs are not approved in May/ June Plenary, this will be deferred to September. This is far too late for Rel-8.
3. Conclusions
As seen from the analysis above, the NW-based solution (Alt.3) is the cleanest and most desirable approach in principle. However, given the time and specification impact among various groups, it might be difficult to agree on the NW-based solution for Rel-8. Therefore, if the NW-based solution cannot be agreed quickly, DOCOMO proposes to adopt the following approach:

· To adopt UE-based solution (Alt.2) in Rel-8, i.e.,

· If the UE fails combined registration, the UE disables the LTE capability and selects UTRA/ GERAN.

· The LTE capability is turned back on upon UE power off/ on, change of CS/PS mode to Mode 2, and PLMN selection.

· Upon CS/PS mode change, the UE initiates detach/ attach (or TAU/ RAU, to be studied by SA2/CT1) to upload its updated capabilities.

· To consider NW-based solution in Rel-9.
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