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Efficient coding of individual priorities
1. Introduction 

At GERAN#42, assumptions for the priority-based reselection algorithm in GERAN were discussed [1] dealing also with the aspect of efficient coding of individual priorities proposed in [2]. The discussion was continued at GERAN #43 with a number of different proposals [3],[4],[5]. This contribution is a revision of [3] elaborating further on the benefits of the compressed signalling approach.

2. Proposals for Efficient Coding of Individual Priorities
When signalling individual priorities, if an explicit indication of the priority for each UTRAN and/or E-UTRAN frequency needs to be provided, the amount of information that needs to be signalled in some scenarios could become significant. Some proposals have been made to reduce the amount of air interface signalling required to signal individual priorities in GERAN, in order to ensure that the Channel Release message does not require more than 1 radio block. In this contribution, the proposal made in [2] and [3] to use in individual priorities references to priorities broadcast on BCCH is further discussed. 
3. Implicit Description of Individual Priorities

By using a reference to priorities broadcast in BCCH neighbour cell information an implicit description of the individual priorities is achieved, in that no further explicit description of individual priority information is needed, leading to a compressed format which can be signalled in one radio block. 

In practice, the network signals to the mobile station the mapping of the broadcast priorities to the individual priorities: for each value of the broadcast priorities, the value of the individual priority is provided. A maximum of 1+8*(3+3+1)+1=58 bits are required to allow for the option of redefining these priorities. The proposed solution allows a considerable saving in the number of bits required to signal the individual priorities compared to the explicit description of the individual priorities as described in [6].
4. Combining Implicit and Explicit Description of Individual Priorities
One limitation of the proposal in [2] raised during previous discussions in GERAN 2 consists in the fact that the implicit description does not allow for appending individual priorities for (E-)UTRAN frequencies not contained in the BCCH neighbour cell information. This has been modified in the current proposal [7],[8],[9],[10], in that a combination of implicit description and explicit description is foreseen. Hence individual priorities for frequencies not contained in the BCCH neighbour cell information can be included on top making use of the explicit description. This hybrid approach based on both methods, i.e. the implicit and explicit description of individual priorities, yields an efficient coding of individual priorities with the underlying assumption that in the majority of deployment scenarios commonalities between the common priorities and individual priorities will exist. 

5. Deployment Scenarios 

In order to see the benefits of this hybrid approach , let’s consider the following three scenarios.
Scenario 1

A GSM operator owns a UTRAN PLMN on f_U1 and a E-UTRAN PLMN on f_E1.

The broadcast priorities are defined in a way to provide the user with highest data rate and a preference for own or a preferred other operator. Broadcast priorities range from 0 (lowest priority) to 7 (highest priority) and a possible example is given in the table below:

	Network
	Broadcast Priority
	Individual Priority

	serving GERAN 
	1
	3 (higher than E-UTRAN)

	UTRAN PLMN on f_U1 (same operator)
	6
	7

	UTRAN PLMN on f_U2 (preferred other operator)
	4
	6

	UTRAN PLMN on f_U3 (non-preferred other operator)
	2
	2

	E-UTRAN PLMN on f_E1 (same operator)
	7
	1

(lowest priority for E-UTRAN, only if GERAN coverage is not present)

	E-UTRAN PLMN on f_E2 (preferred other operator)
	5
	1

(lowest priority for E-UTRAN, only if GERAN coverage is not present)

	E-UTRAN PLMN on f_E3 (non-preferred other operator)
	3
	1

(lowest priority for E-UTRAN, only if GERAN coverage is not present)


Table 1:  Priority handling on a RAT/PLMN selective basis using re-mapping of broadcast priorities.
Assume that the individual priorities are changed, so that the user should not reselect to E-UTRAN at all (e.g. for a voice centric subscriber profile), but enable UTRAN preferred access (e.g. use AMR codecs, which are not implemented in GERAN). In this case individual priorities would be changed as given in Table 1 above.

By using the implicit coding approach for the individual priorities as described above this change of priorities for a user with a different range of services can be implemented in a simple manner requiring only 51 signalling bits, which can be transmitted in one radio block. This compression can not be achieved with an explicit coding approach as present in the current specifications or in [4], [5], where priorities for all frequencies but one could need to be redefined.

Thus, if the priority handling is done on a RAT/PLMN selective basis, the implicit coding approach based on the mapping of BCCH priorities to individual priorities provides the best efficiency, being simple and saving radio resource. 
Scenario 2
Assume that the E-UTRAN network consists of different mobility layers, such as macro cell and micro cell layers. The BCCH neighbour cell information is foreseen to include only E-UTRAN macro cells. Assume further that the network can distinguish if a user shall be assigned to E-UTRAN macro cells only, e.g. a fast moving user, or if he can also be assigned to a micro cell, e.g. a slow moving user. In this case the network may decide to signal one or more additional E-UTRAN frequencies allocated for the micro cell layer. Thus it will need to signal individual priorities for these frequencies not contained in the BCCH neighbour cell information which can be done by adding the explicit description of individual priorities on top of the implicit description.  In this way efficient coding of individual priorities is still ensured. The scenario is depicted in Table 2, where the BCCH priorities for simplicity reasons are just copied to the individual priorities. In addition the priority level 7 for the new frequency f_E4 for the E-UTRAN micro cell layer is signalled as part of the explicit description. 
	Network
	Broadcast Priority
	Individual Priority

	serving GERAN 
	1
	1

	UTRAN PLMN on f_U1 (same operator)
	6
	6

	UTRAN PLMN on f_U2 (preferred other operator)
	4
	4

	UTRAN PLMN on f_U3 (non-preferred other operator)
	2
	2

	E-UTRAN PLMN on f_E1 (same operator)
	7
	7

	E-UTRAN PLMN on f_E2 (preferred other operator)
	5
	5

	E-UTRAN PLMN on f_E3 (non-preferred other operator)
	3
	3

	E-UTRAN PLMN on f_E4 (same operator) for micro cells 
	-
	7


Table 2:  Priority handling on frequency selective basis by adding explicit description of priorities. 
Scenario 3
Assume that an operator is going to define the same level of priority for cells on different frequencies within one or between different PLMNs in the BCCH neighbour cell information. Table 3 depicts this scenario, where both UTRAN PLMNs of the same and of a preferred other operator on f_U1 and f_U2 are assigned the same priority level 5. Applying implicit description the individual priorities for simplicity reasons are copied from BCCH priorities. More important the assigned level 5 will stay the same for both PLMNs. If the operator desires to distinguish between both PLMN’s and assign different individual priorities to them, then this is achieved by applying explicit description of individual priorities for one of the PLMN’s, i.e. change from level 5 to level 6 for UTRAN PLMN on f_U1 belonging to the same operator. This is achieved with a minimum extra signalling effort in addition to the implicit description.  
	Network
	Broadcast Priority
	Individual Priority

	serving GERAN 
	1
	1

	UTRAN PLMN on f_U1 (same operator)
	5
	5

	UTRAN PLMN on f_U2 (preferred other operator)
	5
	5

	UTRAN PLMN on f_U3 (non-preferred other operator)
	2
	2

	E-UTRAN PLMN on f_E1 (same operator)
	7
	7

	E-UTRAN PLMN on f_E2 (preferred other operator)
	7
	7

	E-UTRAN PLMN on f_E3 (non-preferred other operator)
	3
	3

	UTRAN PLMN on f_U2 (same operator)
	-
	6


Table 3: Priority handling on frequency selective basis by correcting entry of implicite description via explicit description of priorities. 
6. Conclusion 

It is suggested that the present proposal for defining individual priorities based on references to priorities broadcast in BCCH neighbour cell information but also making use of explicit descriptions of individual priorities as presented above is agreed by GERAN2.
The proposal is suitable for different deployment scenarios: 

· using implicite description of individual priorities based on a re-mapping of common priorities a handling of priorities for cell reselection on PLMN or RAT basis is enabled. At the same time efficient signalling is achieved in that all the information fit into one radio block. 
· using this implicite descrption of individual priorities in combination with explicit description of individual priorities, an explicit frequency selective assignment of individual priorities is achieved. Also here with a minimum of required extra signalling, it is very likely that the information still fits into one radio block. Nevertheless these scenarios will likely yield a higher effort in O&M administration, that needs to be considered as well, i.e. in particular in regard to early network deployments for E-UTRAN.
In fact the two depicted approaches are complementary and hence the present proposal can be considered as hybrid allowing for a combination of both methods, the implicit and explicit description of individual priorities in order to cover a wider range of multi-RAT and multi-PLMN scenarios. The Individual Priorities IE allows for this combination of both methods and thus lead to considerable reduction of required signalling. The companion CRs to 44.018 and 44.060 can be found in [7] to [10].
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