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1 Introduction

The paging problem when the UE autonomously transitions to idle mode while out of service was discussed at the recent RAN ad hoc meeting. Additional cases where de-synchronization of the states between the UE and UTRAN can result were also discussed briefly. This paper assesses the different solutions and proposes a way forward.

2 Outcome of ad hoc meeting

The ad hoc meeting did not make any decisions but it did outline a potential solution for further discussion. This solution (referred in this paper as solution 1) consists of the following elements:

a - T317 would be extended to include the value “infinity” so that when the UE is out of service the RRC connection is not released due to a T317 expiry. This ensures that in most cases the RRC connection is released in the UE and UTRAN at approximately the same time (i.e. T307 expiry) which reduces the paging problem.

b - PLMN reselection is permitted while T317 is running. It was recognized that it would not be desirable to permit the change of PLMN to occur the instant coverage is lost on the RPLMN, but only after some hysteresis which may need to be defined. The reason to permit PLMN reselection while T317 is running is to ensure that the UE is not prevented from making emergency calls.

c - The existing RRC connection is released as soon as the UE camps on a cell of a different PLMN in order to attempt registration. The registration may not be accepted which will result in the UE emergency camping on the cell in the limited service state.

d - The existing RRC connection is maintained if the UE emergency camps on a different PLMN. In this case, the emergency camping is due to the PLMN being part of the forbidden list on the USIM.

It was recognised at the ad hoc meeting that this solution, with the above elements, does not completely resolve all occurrences of the problem but it does minimise the number of occurrences. The RRC connection may still be locally released by the UE (without notification to the network) for a number of other reasons (e.g. failure of the Cell Update procedure) but it is understood that these are as a result of some other problem which should be very infrequent (e.g. RNC failure, poor cell planning causing the UE to consider the cell as suitable but still not able to communicate with the cell). It was also recognised that the solution and in particular element 'd' would impose significant additional complexity on mobile implementation at this late stage.

Other solutions discussed at the ad hoc were:

Solution 2 - UTRAN paging with both U-RNTI and core network entities. This solution can solve the problem for all cases that the UE makes an autonomous transition to idle (not just T317 expiry). However, it was recognised that this would require changes to the Iu interface and further investigation would be needed regarding the impact on the network.

Solution 3 - RAU performed when returning to coverage after autonomous transition to idle mode. This was not discussed extensively at the ad hoc meeting but was the original proposal to solve the problem. It was not favoured due to implications on the network load. However, this solution can also solve the problem for all cases that the UE makes an autonomous transition to idle (not just T317 expiry).

3 Discussion of different network scenarios

The various solutions are considered with regard to various network scenarios:

3.1 PLMN with 3G and 2G cells

In this scenario the PLMN has both 3G and 2G cells. (Note that the cells could actually belong to different PLMNs but the EPLMN concept is used so that the UE treats them as belonging to the RPLMN) When is UE camped on a 3G cell and goes out of service then it will perform cell selection and, based on the assumption that 2G coverage will be more widespread than the 3G coverage, it will typically find a 2G cell of the RPLMN. This will result in the UE locally releasing its RRC connection and the UE performing a routing area update on the 2G cell, and the network can then release the Iu connection for that UE. For such an operator it should be a very infrequent occurrence that the UE locally releases the RRC connection and returns to coverage on a 3G cell. Hence the resultant paging problem is likely to be insignificant and none of the solutions discussed in the ad hoc may be needed. However, it is worth noting the following about each of the possible solutions:

Solutions 1 - T317 is very unlikely to expire as the UE will move to a 2G cell soon after going out of service on a 3G cell. Hence, making T317 infinite makes little difference and only helps in the unlikely case that both 3G and 2G coverage are lost at the same time. It is also unlikely, assuming good 2G coverage, that the UE will change to a different PLMN (non EPLMN) for normal service or to emergency camp.

Solution 2 - Dual paging will avoid any occurrence of the paging problem although extra effort to implement the solution may not be justified given the paging problem is not very severe for this kind of network. 

Solution 3 - RAU will also avoid any occurrence of paging problem. The extra network load due to the extra RAU should not be significant as it should be a rare occurrence that the UE autonomously releases the RRC connection. This extra load will certainly be small compared to the load caused by the RAUs that are triggered when RRC connected UEs move to GSM.

3.2 PLMN with only 3G cells - 2G coverage provided by national roaming

In this scenario the PLMN that has only 3G cells and relies on national roaming for the provision of wider 2G coverage. When the UE is camped on 3G and goes out of service it will not be able to find any 2G cells of the RPLMN. The UE will eventually perform a PLMN search and will typically find a cell of the 2G roaming partner. Note that the eventual selection of a cell of the 2G roaming partner will happen irrespective of whether the UE performs the PLMN reselection while still in RRC connected mode (T317 running) or waits until T317 has expired - the only differences is that if the UE waits for T317 expiry then it will take longer before the UE changes PLMN and camps on a 2G cell and the UE will be prevented from making emergency calls during this time period. As for the previous network scenario, for such an operator it should be a very infrequent occurrence that the UE locally releases the RRC connection and returns to coverage on a 3G cell. Hence the resultant paging problem is likely to be insignificant and none of the solutions discussed in the ad hoc may be needed. 

The comments about the individual solutions made in section 3.1 are also applicable here. Regarding solution 1, on the assumption that the 2G coverage of the roaming partner is good then it is unlikely that the UE will need to emergency camp on a PLMN different from the 3G PLMN or the 2G roaming partner.

3.3 PLMN with only 3G cells - no 2G coverage

In this scenario the PLMN has only 3G cells and there is no underlying network of 2G cells offering more complete coverage. There may 3G cells belonging to another PLMN. This scenario is also applicable to any 3G-only mobiles existing in either of the previous 2 network scenarios (e.g. roaming 3G-only mobiles). When the UE is camped on a 3G cell and goes out of service, T317 could run for some time and could eventually expire causing the UE to locally release the RRC connection. On returning to 3G coverage the UE and UTRAN could be out of sync and the paging problem could occur. The following point about each of the solution can be noted:

Solution 1: Making T317 infinite will definitely reduce the number of occurrences of the paging problem. If there is 3G coverage from another PLMN then the UE will emergency camp on that PLMN (assuming the UE is not able to roam onto that PLMN) but according to element 'd' of this solution the UE will not locally release the RRC connection when this occurs. However, as element 'd' is understood to be a complex requirement for the UE, it is worth considering what will happen if this part of the solution is not required. If the does locally release the RRC connection when it emergency camps on a different PLMN and then it returns to coverage of the previous PLMN the UE and UTRAN will be out of sync and the paging problem will occur. This might occur relatively frequently but it could be resolved by also implementing either solution 2 or 3.

2 - Dual paging will avoid any occurrence of the paging problem.

3 - The RAU solution will avoid any occurrence of the paging problem but will introduce some extra network load. This extra load can be minimised by setting T317 to the longest value currently possible. If, as commented above, this solution is used alongside solution 1 and the UE locally releases the RRC connection when it emergency camps on another PLMN then an RAU will be triggered whenever the UE returns to coverage on the previous PLMN. In this latter case network load on the HPLMN will increase due to RAU.

4 Conclusions

From the discussion in this paper, it can be concluded that for networks where 3G and 2G coverage is available then the paging problem is likely to be insignificant and it may not be essential to have any solution to the problem. This is the case irrespective of whether the 3G and 2G cells belong to the same PLMN, to more than one PLMN that are treated as equivalent, or to different PLMNs. Despite this, these networks may want to implement a solution in order to handle roaming 3G-only mobiles.

However, for operators with only 3G coverage then the paging problem is more significant and one of the solutions is necessary.

Solution 1 has a number of elements to it and all these elements are required for Solution 1 to be a complete solution by itself. Furthermore, Solution 1 does not resolve all of the cases where the problem of de-synchronization between the UE and UTRAN RRC states can occur and, in addition, the final element of the solution imposes considerable extra complexity on the UE at a very late stage of release 99. Solution 1 could be implemented without element 'd' but in this case one of the other solutions would be needed as well and thus this is not a desirable way forward since this involves many more changes overall and especially since each of the other solutions resolve the problem by themselves.

Solution 3 also solves all of the cases where the problem can occur but the extra RAUs do introduce some extra network load (note that the extra load on networks with both 3G and 2G coverage is very low).

Thus of all the solutions, solution 2 (dual paging) offers the most complete solution to the problem covering all cases where the UE locally releases the RRC connection (including reasons other than T317 expiry). Given the lateness of the correction and the impact to the UE implementation of the other solutions then this must be considered the preferred solution.


1

3

