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FULL MOCN and mobility to other RATs - Setting the requirements
1 Introduction

At GERAN#54 two proposals for improving the idle mobility to other RATs were proposed by Ericsson et al [1] and Renesas [2]. In the paper provided by Renesas negative implications on legacy mobile stations, based on the monitoring requirements in 45.008, were pointed out. The Ericsson paper highlighted issues with providing supporting mobile stations with RAT/frequency specific priorities. This discussion paper addresses these and further limitations in SI2ter/quater. In addition a solution to overcome some of the limitations is discussed.  
2 Background
Support of network sharing will be indicated in the SI3 message and specific network sharing information will be broadcast in one or multiple instances of SI22 message [3]. A mobile station supporting network sharing will select one of the broadcasted PLMNs in SI22 and in order to ensure PLMN specific mobility to other RATs it is necessary to provide a mobile station supporting network sharing with means to identify cells/frequencies in other RATs belonging to the selected PLMN. This information, for a single PLMN, is traditionally supplied in the SI2ter and SI2quater messages. Introducing network sharing with the requirement of broadcasting network sharing information for up to 5 PLMNs has a number of side effects that need to be addressed. 
First of all, when it comes to providing UTRAN frequencies the 3G Cell Reselection list held by the mobile station has a limitation of 96 cells (frequency+scrambling code) and 8 frequencies on their own as specified in TS 44.018 [4]. A similar limitation also applies to the E-UTRAN frequencies were a limitation of 8 frequencies is specified in TS 44.018 [4]. 
Moreover, it is also stated in 44.018 that the MS behavior is not specified if the number of frequencies/cells exceeds the minimum MS monitoring capabilities specified in TS 45.008 sub-clause 6.6.4 [5] (3 frequencies from each of the RATs and mode (FDD or TDD) or a maximum of 64 UTRAN cells. A worst case scenario interpretation of the above is that some legacy mobile stations may only read the first 3 frequencies per RAT and mode, assuming they support the common PLMN of the serving cell and ignore the remaining frequencies provided in the SI2ter/SI2q message. It is, in other words, unclear how legacy mobile stations will function when the number of cells/frequencies in SI2ter/quater is used to its full potential. This is especially worrisome since none of first three frequencies included in SI2ter/SI2q may belong to the PLMN the MS is registered to; hence there is an obvious risk the MS will start monitoring UTRAN/E-UTRAN cells belonging to a “wrong” PLMN. In this context it should be mentioned that, if possible, at least a subset of the total amount of UTRAN/E-UTRAN neighbor frequencies/cells supporting all of the sharing PLMNs of the GERAN cell need to be included in SI2quater message to maximize legacy MS mobility to these PLMNs (since a legacy MS may belong to any of the shared PLMNs). 

In addition, in order to help minimize operational problems for legacy mobile stations, the priorities indicated by SI2quater for all neighbor frequencies/cells corresponding to a given RAT should be the same in order not to rank frequencies/cells in that other RAT from one sharing PLMN higher than the sharing PLMN the MS is registered to. This emphasis on attempting to minimize operational problems experienced by legacy MS means that there is no way of also providing supporting mobile stations with PLMN specific priorities within the legacy SI2quater message (unless a Rel-11 extension is introduced). Furthermore, it may also be the case that for 5 sharing PLMNs the total amount of frequencies to be broadcasted exceeds the SI2ter/SI2quater space limitations. 
Consequently, in light of the discussion above, to deal with the dual challenge of ensuring continued support for legacy mobile stations and the need to introduce neighbor frequency/cell and priority information for all sharing PLMNs, it is necessary to either: 
(a) accept the unknown impact on legacy mobile stations that will result from attempting to include neighbor frequencies/cells and corresponding priority information for all sharing PLMNs within SI2ter/SI2q or 
(b) find another means to provide supporting mobile stations with PLMN specific idle mobility information (frequencies/cells etc) while at the same time finding a solution that results in a predictable behavior of legacy mobile stations. 
3 Requirements
Before discussing a potential solution to the idle mobility problem some basic requirements needs to be agreed upon. First of all, in order to limit the amount of information that needs to be sent it is suggested:

· No requirement to include scrambling codes (this might depend on number of shared networks to be included in SI2quater. If for example SI2quater only includes 2 PLMNs then scrambling codes can be included). 

· That all measurement related parameters such as thresholds and signal strengths are the same for all sharing operators and frequencies. 

Moreover, it is also suggested to use the worst case legacy mobile stations monitoring capabilities (i.e. 3 frequencies per RAT and mode) as the basis for the number of frequencies to be broadcasted to supporting mobile stations. In other words, it is suggested to set a limit of: 

· A maximum of 3 UTRAN frequencies per mode for each sharing PLMN 
· A maximum of 3 E-UTRAN frequencies per mode for each sharing PLMN
This implies a worst case broadcasting scenario of 15 UTRAN and 15 E-UTRAN frequencies along with their respective priorities (assuming that TDD and FDD frequencies are not broadcasted at the same time). The sourcing companies would encourage GERAN to discuss the above proposed requirements and provide feedback. 
4 Proposed solution

4.1 Minimizing impact on legacy MS

First of all, the basis for this discussion is the monitoring capabilities of legacy mobile stations and a worst case scenario interpretation of their unspecified behavior (if the number of broadcasted frequencies exceeds their capabilities), i.e. that:

· Legacy mobile stations only monitor three frequencies per RAT and mode and ignore the (possibly) remaining frequencies of the same RAT and mode in the SI2ter/SI2quater message.
Here it has been assumed that legacy MS prioritization of these three frequencies is first decided by their respective priority values and secondly by the order in which they occur in SI2ter/quater (for the case where all three frequencies have the same priority value). For a pre rel-8 legacy MS it has been assumed that the three frequencies are simply the first three frequencies included in SI2ter/quarter messages. 
Now, with this scenario in mind, the best solution might be to rotate the frequencies broadcast within SI2ter/quater in order to maximize the probability, for all legacy mobile stations, that at least one of the first three frequencies read by the legacy mobile station supports either the same PLMN or an equivalent PLMN of the PLMN the MS is registered to (especially for the case where the GERAN cells support 4 or 5 shared PLMNs). The frequencies could e.g. be provided in a Round-Robbin manner such that over the course of 5 rotations the first 3 neighbor frequencies/cells provide at least one instance for which continuity with any one of the shared PLMNs is provided (see figure 1). 
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Figure 1, Example of Round –Robbin allocation of frequencies for 5 PLMNs each with three frequencies. The frequencies are denoted x.1, x.2 and x.3 where x indicates PLMN. 

It may also be beneficial to use all of the available 8 frequencies for legacy MS that use the entire list for the cell re-selection process. 

This specifically means that the BSC needs to broadcast different versions of SI2ter/quater where the versions are differentiated by the order and which frequencies are included. The mobile stations are triggered to re-read SI2ter/quater by toggling the bit for the SI2ter_3G_CHANGE_MARK and 3G_BA_IND parameters, respectively. This in turn will have implications on the power consumption of legacy mobile stations. The additional power consumption is mainly determined by the BS_PA_MFRMS parameter, the number of SI2q instances and how often  SI2ter/quater is updated. Assuming 4 instances of SI2quater (no – scrambling codes and a minimum of necessary information), an update period of SI2quater of 1 min and the BS-PA-MFRMS parameter set to 9 (i.e one paging block is read every 9th 51-multiframe) the battery consumption would increase with 14 % (the number of paging blocks read per 1 min is 60/9*0.235=28.37, adding 4 instances if SI2quater gives an increase of ~14% ).  In table 1, the increase of the power consumption is seen as a function of update period of SI2quater and parameter BS-PA-MFRMS. 

The sourcing companies would encourage GERAN to discuss if this is an acceptable trade-off for improving idle mobility for legacy mobile stations and if so how often SI2ter/quater should be updated. 
	
	BS-PA-MFRMS 

	SI2q Update
Period (sec)
	2
	5
	9

	30
	6,3
	15,7
	28,2

	60
	3,1
	7,8
	14,1

	90
	2,1
	5,2
	9,4

	120
	1,6
	3,9
	7,1


Table 1. Increase of MS power consumption as a function of update period of SI2quater and parameter BS-PA-MFRMS.

4.2 Solution for mobile stations supporting network sharing
For mobile stations supporting network sharing additional neighbor frequencies/cells and their respective priorities needs to be broadcasted. It is proposed to include this information along with the other network sharing information, such as Access Class Barring and NCC permitted in the SI22 message. It is also suggested to keep SI22 logically distinct from SI2ter/quater when it comes to these RAT and PLMN specific neighbor frequencies/cells since the content of SI2ter/quater will be rotated (see section 4.1) to allow for the best possible reselection performance by legacy MS. This means some duplication of information but with the advantage that it will not be necessary to include a means within SI22 to identify which neighbor frequencies/cells in SI2ter/quater belong to which PLMN. Moreover, adding the complete set of frequencies and their priority to SI22 will have an implication on the total number of message instances required and therefore on the time it will take to read the complete SI22 message. However, since it has been suggested that SI22 should be sent every occurrence of TC = 2 and TC = 6 on the BCCH extended this is not considered critical [3].  With a limit of 15 frequencies per RAT the worst case scenario involves adding an additional 15 UTRAN and 15 E-UTRAN frequencies along with their respective priorities to SI22. With approximately 20 bits per frequency this implies a total impact of about 600 bits or 4 additional instances of SI22 (i.e. an additional ~3.5 seconds of acquisition time). Finally, supporting mobile stations would only need to read SI2ter/quater in order to read measurement related details such as thresholds and signal strengths. 
The sourcing companies would encourage GERAN to discuss if this is an acceptable approach or if other means to broadcast this information needs to be devised.
Conclusions
In this paper limitations in SI2ter/SI2quater have been discussed with respect to Network Sharing. In particular, it has been pointed out that currently there is a limitation of a total of 8 UTRAN and 8 E-UTRAN frequencies to be divided between up to 5 sharing PLMNs. It has also been pointed out that there is a need to provide mobile stations supporting network sharing with PLMN specific neighbor frequency/cell and priority information. Furthermore, to improve the performance for supporting mobile stations it is proposed for: 

Legacy mobile stations:
· To use SI2ter/quater for providing the RAT specific neighbor frequency/cell information and not to require including scrambling codes.
· For a given complete set of SI2ter/quater messages provide the complete set of frequencies/cell in a rotated e.g. round-robbin manner such that any legacy mobile station will find neighbor frequencies/cells that provide continuity with their registered PLMN in other RATs with equal probability (based on worst case interpretation of their monitoring limitations).
Mobile stations supporting network sharing:
· To use SI22 for providing supporting mobile stations with their RAT specific neighbor frequency/cell information (except for measurement related details).
· Agree to use a set of common measurement parameters with respect to thresholds and signal levels associated with cell reselection to be read in SI2quater. 

· Agree not to require including scrambling codes for UTRAN.

· Provide a maximum of 3 UTRAN frequencies and their respective priorities for each sharing PLMN.
· Provide a maximum of 3 E-UTRAN frequencies and their respective priorities for each sharing PLMN.
5 References

[1]
GP-120610, FULL MOCN and mobility to other RATs, Telefon AB LM Ericsson, ST-Ericsson SA

[2]
GP-120653, Reselection to Cells of other RATs in Full MOCN GERAN, Renesas Mobile Europe
[3]
GP-120763, FULL MOCN GERAN CR 45.002, Alcatel Lucent et al
[4]
3GPP TS 44.018, Mobile radio interface layer 3 specification;


Radio Resource Control (RRC) protocol 
[5]
3GPP TS 45.008, Radio subsystem link control




































































































































































































































































































































































































































































































































1(6)
3(6)

