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1
Introduction
In [5]the issue was raised that it should be possible in some networks for the UE to successfully establish a connection on another RAT than EUTRAN if the RRC Connection is rejected. A solution was proposed based on the UE triggering a PLMN/RAT selection when the number of rejected connections reached a maximum count. 

A long email discussion followed [4] with the majority of companies accepting that a new solution based in AS and on RRC Connection Reject was needed to address the issue, rather than using the proposed CT1 solution, or using a non-optimal workaround with existing RAN procedures such as RRC Connection Release.

In this contribution we focus only on the potential RAN solutions and provide some options how it can be achieved.

2
Comparison of approaches
2 main options have been identified so far. 
· Redirection

· De-prioritisation of current frequency or RAT

Performance 
As already discussed in [4] the difference between the approaches appears to be mainly the way in which UE will attempt to camp on another frequency or RAT. With redirection, the UE shall attempt to camp on a suitable cell on the indicated frequency or RAT (i.e. performs cell selection on the indicated frequency/RAT). With de-prioritisation the NW does not trigger the UE to attempt to gain service on a specific frequency or RAT, but rather the hope is that the desired frequency or RAT will turn out to be the best candidate for reselection (i.e. UE performs reselection after assigning lowest absolute priority to the current RAT). 
Bearing this in mind, it seems the first advantage of a redirection approach is that the network can provide a more deterministic request to the UE to attempt to camp on a specific frequency or RAT- i.e. the network can indicate a specific frequency or RAT which the UE should attempt to select a cell on. 

As per the current redirection (LTE RRC Connection Release, UMTS RRC Connection Release/Reject) if the UE fails to find a cell on the indicated frequencies then the UE shall attempt to camp on any suitable cell on that RAT. If the UE does not camp on any suitable cell on that RAT then the UE returns to the original RAT/frequency. 
With de-prioritisation, the UE simply assigns the lowest dedicated priority to the currently camped frequency and/or RAT. Although this may be successful in some cases in moving the UE to the desired frequency, it will not be successful in all cases since the cell reselection procedure may mean the UE attempts to camp on another congested frequency, or simply another frequency or RAT which is not the intended one (or even stay on current cell). In order to address this issue with this approach it would be desirable to de-prioritise not only the current frequency, but multiple frequencies or RATs. 
Observation 1: It’s desirable to indicate specific frequencies/RATs which the UE should attempt to camp (redirection). Even with the de-prioritisation approach it would be desirable to indicate multiple frequencies to de-prioritise
Another aspect to consider is how long the UE could take to obtain service on another frequency or RAT. The current requirement for high priority measurements is that the UE shall be able to detect and measure one higher priority layer per 60s, from [3]:
The UE shall search every layer of higher priority at least every Thigher_priority_search = (60 * Nlayers) seconds, where Nlayers is the total number of configured higher priority E-UTRA, UTRA FDD, UTRA TDD, CDMA2000 1x and HRPD carrier frequencies and is additionally increased by one if one or more groups of GSM frequencies is configured as a higher priority.
Depending on how many layers which are not “de-prioritised” and hence are high priority layers, the search + resulting reselection could take one or several minutes, which could result in worse performance than the proposed CT1 solution. If a reselection approach is to be taken we may need to consider modifying the performance requirements to address this. 
If a redirection approach is taken then the UE attempts immediately to obtain service on a cell on the indicated frequency or RAT. In this meeting it is proposed that the UE shall be able to find and camp on a cell in the indicated frequency within 1 second. The delay may occur when the UE has to search for any suitable cell on the indicated RAT, however there are ways in which to address this, for example only searching on the indicated frequencies or only searching on frequencies indicated as neighbours..

Observation 2: Redirection performance in terms of possible time to find another frequency or RAT is vastly superior to that of de-prioritisation, unless performance requirements are addressed.

ComplexityIn terms of complexity, both of the approaches seem to be relatively straightforward. In particular the redirection approach can re-use existing functionality in the UE which has been in place for a long time and extensively tested in the field – in particular when the UE is redirected to UTRAN it can use the same functionality that has been in place already for many releases. This has the advantage that testing and hence commercial availability would be far quicker than having to test a completely new approach of de-prioritising certain frequencies or RATs.

In terms of specification impact, we have yet to see the real impact of both approaches. However, we need to consider

RAN4 impact: Likely to be needed in the de-prioritisation approach

36.331 impact: In both approaches a new IE would be needed in RRC Connection Reject. A new procedure (few sentences) is likely to be needed for both approaches; hence 36.331 impact would be similar. 

25.331 impact: Currently to avoid ping-pong the UE needs to omit “pre-redirection info” after being redirected from EUTRAN. This will apply equally to any new redirection procedures without modification of the specification. However, with cell reselection the UE should include pre-redirection info. It may be difficult to specify how and when the UE shall omit pre-redirection info after cell reselection. 

Observation 3: Complexity in terms of both UE implementation impact and specification impact seems to be more extensive with the de-prioritisation approach
Given that the discussion above indicates that redirection procedure is beneficial in terms of better performance as well as limited complexity and specification impact, we propose: 

Proposal 1: Introduce redirection on RRC Connection Reject rather than a new procedure for de-prioritisation

2
New signalling
As per observation 1, it would be beneficial to indicate specific frequency(ies) or RAT(s), which the UE should attempt to camp. Even in the de-prioritisation approach, should this be shown to somehow have an advantage, it would still be desirable to be able to de-prioritise more than one frequency to allow a more deterministic command from the NW on RRC Connection Reject. 
Given that the message size on CCCH should be kept to a minimum, we should not explicitly indicate frequencies in RRC Connection Reject. Rather, we should consider a straightforward approach using 2 or 3 bits to reference entries in the neighbour list given in system information. 
For example, using 2 bits we may use the first bit to indicate a RAT (e.g. 0 = LTE, 1 = UMTS) and the 2nd and 3rd bit could indicate an index into the frequency list (e.g. 0 = first frequency in InterFreqCarrierFreqList or CarrierFreqListUTRA-FDD, 1 = second frequency in InterFreqCarrierFreqList or CarrierFreqListUTRA-FDD). Note that the same concept is used already in UMTS (Cell ID) for configuring measurements. When used with the redirection approach this encoding would identify the target frequency/RAT. When used with the de-prioritisation approach this would indicate the frequencies or RATs in addition to the current frequency/RAT which should be de-prioritised. 

In order to point to different frequencies, it is possible for the order of appearance in system information to be modified – i.e. put the preferred redirection frequencies first and second in the list. 

It is even possible to consider adding a new IE in system information which maps the value of the IE in RRC Connection reject to particular RATs/frequencies or it is possible to consider broadcasting an additional list of frequencies to consider for redirection (as we have in UMTS). However to limit the signalling impact using index to the existing neighbour list is our preference.

Proposal 2: Use 2 bits to identify the target frequency and RAT for redirection. 
First bit = RAT.

Second bit = index to first or second entry in the neighbour list.
Proposal 2a: Should de-prioritisation approach be chosen, use 2 (or perhaps more) bits to identify additional frequencies to de-prioritise. 
First bit = de-prioritise current RAT or frequency.

Second bit = whether to de-prioritise additional frequency/RAT in the first entry of the neighbour list.
In addition to the new IE in RRC Connection Reject, one could consider whether the UE needs to indicate capability (e.g. support of the new redirection IE, support of bands). In both approaches, the absence of any capability would mean that a UE has to ignore the command – i.e. if UE does not support the feature, or does not support the indicated band, then the UE has to behave as per a legacy UE. Alternatively the UE could attempt to camp on any suitable cell on the supported bands in the neighbour list.
In case a capability is needed, there is already an approach taken in UMTS, that the UE indicates 2 bits to indicate whether it supports the first and/or second frequency listed for redirection. However, we suggest that this is not essential for either approach. 
Proposal 3: No capability is needed in RRC Connection Request for either approach.

3
Conclusion
In this contribution we briefly compared the 2 approaches of redirection and de-prioritisation. 

Observation 1: It’s desirable to indicate specific frequencies/RATs which the UE should attempt to camp (redirection). Even with the de-prioritisation approach it would be desirable to indicate multiple frequencies to de-prioritise

Observation 2: Redirection performance in terms of possible time to find another frequency or RAT is vastly superior to that of de-prioritisation, unless performance requirements are addressed.

Observation 3: Complexity in terms of both UE implementation impact and specification impact seems to be more extensive with the de-prioritisation approach
We concluded that re-using the existing redirection would be more straightforward and would perform better. In addition we identified that with either approach taken, it should be possible to be able to identify specific frequencies, either as redirection targets or as additional frequencies to de-prioritise.
Proposal 1: Introduce redirection on RRC Connection Reject rather than a new procedure for de-prioritisation

Proposal 2: Use 2 bits to identify the target frequency and RAT for redirection. 
First bit = RAT.

Second bit = index to first or second entry in the neighbour list.
Proposal 2a: Should de-prioritisation approach be chosen, use 2 (or perhaps more) bits to identify additional frequencies to de-prioritise. 
First bit = de-prioritise current RAT or frequency.

Second bit = whether to de-prioritise additional frequency/RAT in the first entry of the neighbour list.
Proposal 3: No capability is needed in RRC Connection Request for either approach.
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