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1
Introduction

The 3GPP Release 8 UTRAN specifications introduced the concept of ‘Dedicated Priorities’ to the UTRAN specifications as part of Priority-based reselections, allowing the NW to signal new priority information when in a Connected state. A similar concept of ‘Individual Priorities’ was introduced into the GERAN specifications at the same time for a similar purpose. E-UTRAN specifications also include the ability for the NW to signal priority information when transitioning from Connected to Idle. 
Furthermore it was introduced to all three specifications that this priority information received via dedicated signalling should be transferred between the RATs upon inter-RAT cell (re)selection.

Unfortunately there are some key differences that have been identified in the way these priorities are signalled in dedicated messaging in the three different RATs which may lead to ambiguities/inconsistencies in the way this same priority information is interpreted within each different RAT.

2
Description of the Problem: Priority ‘not assigned’ in Dedicated Priority information


2.1 UTRAN specifications 
The ‘Dedicated Priority’ information is signalled in the Information Element described in 25.331 [3] sect 10.3.2.7 as shown in the extract below:


[image: image1]
The information element allows the NW to include a frequency in the ‘Priority Level List’ which the ‘priority’ element absent. The accompanying textual description indicates that absence of this element indicates that no priority is assigned to the indicated frequency. 

In our understanding, the intention of the ‘not assigned’ priority value is in order to allow the NW to block reselection to an entire RAT (as opposed to falling back to legacy ranking based reselection criteria)
If all frequency layers for a given RAT had no priority parameters then the following clause from 25.304 [4] section 5.2.6.1.4a would be enacted:
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The “no priority assigned” value was intended as a way to avoid reselection using legacy methods, but rather provide a parameter in order that the above mentioned fallback to legacy methods is not performed – or in other words explicitly prevent reselection to a particular frequency or RAT.
2.2 Corresponding functionality in E-UTRAN:
As E-UTRAN does not have any legacy reselection method the NW can effectively block reselection to another RAT or other frequencies by simply omitting any priority information for that RAT from the received dedicated priorities. It’s not possible to include priority information while omitting the “priority” IE, in order to explicitly block a frequency or RAT.
If the Dedicated Priority Information received in UTRAN is transferred to EUTRAN upon Inter-RAT mobility the UE will block reselection to those frequencies where the priority is absent – i.e. will block reselection to those frequencies for which legacy reselection within UTRAN was intended, and it will also block reselection to those explicitly “not allowed” frequencies (since there is no concept of “not assigned” priority as there is in UTRAN -  as per this clause from 36.304 [2] section 5.2.4.1:
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Blocking reselection to a particular frequency or RAT would be achieved by omitting the frequency or RAT entirely from the Dedicated Priority Information.
2.3 Corresponding functionality in GERAN:

The following clause from 45.008 [5] section 6.6.6:
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As no legacy reselection to E-UTRAN is possible, and no mixing of legacy/priority alroithms is possible (as per above, if LTE is used then priority based reselection is used for all RATs)  it is therefore possible to block reselection to E-UTRAN by omitting all E-UTRAN frequencies from the individual priority information. 
If the Dedicated Priority Information received in UTRAN is transferred to GERAN upon Inter-RAT mobility the UE will block reselection to those frequencies where the priority is absent – i.e. will block reselection to those frequencies for which legacy reselection within UTRAN was intended, and it will also block reselection to those explicitly “not allowed” frequencies (since there is no concept of “not assigned” priority as there is in UTRAN -  as per this clause from 45.008 [5] section 6.6.6:

Blocking reselection to a particular frequency or RAT would be achieved by omitting the frequency or RAT entirely from the Dedicated Priority Information.
2.4
Inheriting Dedicated Priorities
The individual mechanisms seem to work if the UE never changes RATs, however in order to support ISR, it was agreed that the UE shall inherit dedicated priorities when the RAT changes. This leads to some inconsistent behaviour when changing RAT. 

Example 1: 

1. UE is camped in LTE. 

2.  LTE network wants a specific user to remain in LTE as much as possible, but allows reselection to a lower priority UMTS network, however does not want the UE to camp on GERAN. Hence, GERAN priorities are not given in dedicated priority information. 

3. When UE reselects to UTRAN, the legacy mechanism is applied and UE anyway camps on GERAN. 

Example 2: 

1. UE is camped on UTRAN. 

2. GERAN is explicitly prevented from being reselected by the UE by assigning “no priority”

3. UE reselets to LTE. ISR is enabled, and UE inherits the priorities. Now the explicit “no priority” is lost and GERAN simply isn’t included. 

4. UE returns to UTRAN. No RAU is performed since ISR is enabled. Now UE falls back to legacy mechanism and ends up on GERAN. Even if UE does go to connected – NW does not know at this stage whether UE is still using “no priority” or whether UE has lost this due to reselection to EUTRAN.

In the 2 examples given above – if the NW wants to explicitly avoid reselection to GERAN, the NW can never be sure that the UE will avoid reselection to GERAN. Hence – this cannot reliably be achieved with the current specification. 

Proposal 1: The current RAT specification inconsistencies do not allow reliably preventing the UE from reselecting to GERAN using the legacy UTRAN->GERAN reselection mechanism. 

3
Options for solution
3.1
Option 1
Accept that preventing reselection to another RAT (i.e. GERAN) cannot be achieved by omitting the frequencies from dedicated priority information. 

If it is accepted that no mechanism to block reselection to an entire RAT using priority-based reselection is required then it would mean that there is no need for the priority information to be optional for a frequency within the Dedicated Priority Information. The same behaviour could instead be achieved by the UTRAN omitting the frequency in question completely from the transmitted Dedicated Priority Information.
Therefore if this option is selected CRs could be drafted to update the specifications such that the UE behaviour is unspecified when priority information is not present for a frequency within the Dedicated Priority Information.
However with this option there is still some inconsistency remaining between the three RATs as omitting all frequencies from a given RAT within UTRAN will cause the UE to fall back to using the legacy reselection method for that RAT, whereas the same Dedicated Priority Information when inherited in EUTRAN would block reselection to that RAT.

3.2
Option 2
If it is accepted that a mechanism to block reselection to an entire RAT using priority-based reselection is required then it would mean there is a need for the priority information to be optional for a frequency within the Dedicated Priority Information. However it may require clarification to the UTRAN priority-based reselection algorithm in 25.304 [4] to ensure that if all frequencies for a given RAT have priority ‘not assigned’ that this should cause the UE to block reselection to this RAT. It would also require changes to both the EUTRAN and GERAN priority-based reselection algorithms to ensure the behaviour is consistent, and that “no priority” can be explicitly configured. An LS would be required to request that the GERAN priority based reselection also be updated to ensure this behaviour was consistent across all RATs.

This option would allow all inconsistencies to be addressed across the three RATs. However this is a far more complex change and affects the specifications for all three RATs. Furthermore this change is likely to be too major considering how late in the lifecycle of the feature it would need to be made. 

3.2
Option 3
Option 3 can be achieved only if ISR is not used in the network. In this case, the UE will always perform registration (RAU/TAU) on RAT change and hence new priorities can be provided. It’s our assumption that, although this may be suitable for some deployments, that this is not always possible – the reason for inheriting dedicated priorities across RATs was an attempt to address the ISR case.
Given the above analysis, it’s our understanding that there is no ideal solution to this problem, however we would like to confirm the understanding that inheritance of dedicated priority information results in inconsistent behaviour across RATs, and that option 1 is the only suitable solutiosn. 

Proposal 2: Accept that preventing reselection to another RAT (i.e. GERAN) cannot be achieved by omitting the frequencies from dedicated priority information when ISR is used. 

Proposal 3: The UMTS specification should be updated in order that UE behaviour is unspecified in case the NW does not include the “priority” IE in dedicated priority information, and/or a NOTE should be added that this can only be used when ISR is not used (in which case the NW needs to provide new dedicated priorities when the UE performs registration due to RAT change, and there is no need to inherit dedicated priorities).
Proposal 3 above is intended to align the specifications as much as possible, and although the behaviour is still inconsistent, it would clarify that it’s not possible to prevent reselection to GERAN by omitting the “priority” IE, but rather other approaches should be taken by the network such as setting of lower priority for a RAT and/or setting thresholds accordingly instead. 
4
Conclusion

In this paper we have shown that the UE behaviour specified in different RATs is not consistent, which results in the proposals

Proposal 1: The current RAT specification inconsistencies do not allow reliably preventing the UE from reselecting to GERAN using the legacy UTRAN->GERAN reselection mechanism. 

Proposal 2: Accept that preventing reselection to another RAT (i.e. GERAN) cannot be achieved by omitting the frequencies from dedicated priority information when ISR is used. 

Proposal 3: The UMTS specification should be updated in order that UE behaviour is unspecified in case the NW does not include the “priority” IE in dedicated priority information, and/or a NOTE should be added that this can only be used when ISR is not used (in which case the NW needs to provide new dedicated priorities when the UE performs registration due to RAT change, and there is no need to inherit dedicated priorities).

. 
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If none of the inter-frequency layers in UTRAN are provided with both priority and threshold parameters, the cell reselection criteria in subclause 5.2.6.1.4 shall apply for inter-frequency layers in UTRAN.








10.3.2.7	Dedicated priority Information


This IE indicates priority information for GERAN, UTRAN and E-UTRAN for reselections.


Information Element/Group name�
Need�
Multi�
Type and Reference�
Semantics description�
Version�
�
CHOICE Action�
MP�
�
�
�
REL-8�
�
>Clear dedicated priorities�
�
�
NULL�
�
REL-8�
�
>Configure dedicated priorities�
�
�
�
�
REL-8�
�
>>T322�
OP�
�
Integer (5, 10, 20, 30, 60, 120, 180)�
Time in minutes for which the configured dedicated priorities are valid. When the timer expires the UE should revert to using the priorities signalled in system information. Absence of this IE means that the configured dedicated priorities are valid until the next update.


One spare value needed.�
REL-8�
�
>>Priority Level List�
OP�
1 to <maxPrio>�
�
�
REL-8�
�
>>>priority�
OP�
�
Integer (0.. <maxPrio–1>)�
Absence of this IE indicates that no priority is assigned to the indicated frequencies. 0 is the lowest priority and maxPrio-1 is the highest�
REL-8�
�






The algorithm in this subclause shall be used for inter-RAT cell reselection if priorities are available to the MS and thresholds are provided by the network, and if the mobile station supports priority based inter-RAT cell re-selection and priority information for the serving cell is provided by the network. A mobile station supporting E-UTRAN shall support priority based inter-RAT cell re-selection towards all the supported RATs. A mobile station not supporting E-UTRAN and supporting UTRAN and supporting priority based reselection from UTRAN to GERAN shall support priority based inter-RAT cell re-selection towards UTRAN.


The network shall provide priority information if E-UTRAN frequencies are included in the neighbour cell list; the network may provide priority information if only UTRAN frequencies are included in the neighbour cell list. If priority information is available to the mobile station and the mobile station supports priority based inter-RAT cell re-selection, the algorithm in this subclause shall be used for inter-RAT reselection towards all RATs. The rules regarding which set of priorities is valid at any given time are defined in 3GPP TS 44.018.


[...]


If the mobile station applies either common priorities or individual priorities received through dedicated signalling and priorities are available only for some inter-RAT frequencies, cells belonging to frequencies for which no priority is available or no threshold is provided by the serving cell shall not be considered for measurement and for cell re-selection.





The UE shall only perform cell reselection evaluation for E-UTRAN frequencies and inter-RAT frequencies that are given in system information and for which the UE has a priority provided.














