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1
Introduction
During RAN2#90, the contribution R2-152504 proposed to extend the amount of frequency priorities to allow more granular control over the absolute priorities. As a result of discussion, the following agreement was made (from RAN2#90 Chairman’s minutes): 

	Agreements
1
Extend the number of cell reselection priorities to reduce number of reselections between equal priority carriers.




In this contribution, we propose how to capture the agreement in RAN2 specifications.
2
Discussion
2.1
Ways to Extend the Frequency Priorities 
There are obviously several ways to extend the reselection priorities: The most straightforward way to extend the number of the priorities is to define a new priority value, but that option carries the cost of being forced to coordinate the old and new values. Therefore, it seems more promising to extend the value range of the priorities in another manner. We see that at least the following options are possible:

1) Extend the existing priority values by replacing them with a new priority. This could be done e.g. by following:

a. Introduce only values of less than ‘0’ and larger than ‘7’ (i.e. extend the current priority value range)
b. Introduce a completely new priority value from ‘0’ to ‘N’, where N needs to be determined (i.e. introduce a totally separate priority value)

2) Introduce an additional priority value on top of the existing priorities, to be used with equal priority layers only

We make the following observations of these:

· For 1a) and 1b), totally new values are needed for SIBs in addition to the legacy values. Hence, SIB size is increased even if some UEs will not comprehend the values. 
· For 2), the additional priorities can be provided only for carriers which have equal priorities.
· For all options, providing priorities via dedicated messages, we assume network would know which UEs support the extended value range from UE capabilities and can configure only supporting UEs with the extended priority values. 
Observation 1: The legacy CellReselectionPriority is always needed for supporting legacy UEs and allowing networks and UEs not supporting priority extension to behave as before.

Based on above, our proposal is to keep the legacy priority values as they are and add an additional priority range to help differentiation between equal priority carriers. Given that this would be on top of the existing priority range, we call this a sub-priority value.
Proposal 1: Extend the number of cell reselection priorities by introducing an additional “sub-priority value” that can be used to differentiate among equal priority layers.
By introducing the sub-priority, relatively small number of bits can be introduced in the SIBs while allowing multiple sub-priority levels (i.e. SIB overhead is minimized). Priority allocation for frequencies and RATs are also simpler as for the legacy priority values, network does not need to consider whether UE supports the new function or not. And for the UEs supporting the new function, network needs to just provide additional information (i.e. the sub-priority)
2.2
Implementation of Sub-Priority Values 
When extending the values, it is natural to ask how many new priorities should be introduced? Considering that SIB changes would be needed, we think it is sensible to limit the number of bits required for the new values. Introducing the sub-priority as a value dependent on the existing priority value, we think a 2-bit field would allow introduction of enough values. An example how to do this in ASN.1 is shown below (highlighted in red).
-- ASN1START

CellReselectionPriority ::=



INTEGER (0..7)

CellReselSubPriority-r13 ::=


INTEGER (0..3)

-- ASN1STOP

For example, assume there are three carriers with the following characteristics:

· Carrier 1: CellReselectionpriority = 4, CellReselSubPriority = 1

· Carrier 2: CellReselectionpriority = 4, CellReselSubPriority = 2

· Carrier 3: CellReselectionpriority = 4, no CellReselSubPriority 

· Carrier 4: CellReselectionpriority = 5, no CellReselSubPriority
Here the carrier priorities would as follows (from highest to lowest):

1) Carrier 4 (legacy priority = 5 > 4, i.e. highest legacy priority value) 
2) Carrier 2 (legacy priority 4, sub-priority = 2 > 1, i.e. highest sub-priority) 
3) Carrier 1 (legacy priority = 4, sub-priority =1 > no sub-priority) 
4) Carrier 3 (legacy priority = 4, no sub-priority so lowest priority among equal priority carrier)
Hence, the sub-priorities would work so that UE would first compare the legacy priority values, and if they are equal, check the sub-priority values in the same way. I.e the carrier with larger reselection sub-priority would have higher priority than a carrier with no sub-priority.
Proposal 2: A carrier with no sub-priority value is considered to have lower reselection priority than a carrier with equal legacy reselection priority and any sub-priority value.
Number of bits for sub-priorities: The number of bits still needs consideration. Since there are 8 legacy values, each sub-priority value allows 8 more priority values. Hence, there are total amount of priorities would be (2N+1)*8. Hence, the amount of priorities that are allowed if N bits are used for sub-priorities are shown in table 1 below.

	Bits
	Sub-priority values
	Reselection priorities

	0
	0
	8 (legacy case, i.e. no sub-priorities)

	1
	2
	24 

	2
	4
	40

	3
	8
	72

	4
	16
	136

	5
	32
	264


Based on the above, since already 2-bits would allow total of 40 priority values, which is 5 times what is allowed now, it could be sufficient amount. 
Proposal 3: Extend the priority values by a new 2-bit sub-priority field.
4
Conclusion
We have discussed the possibility to extend the number of cell reselection priorities to allow reduction in load balancing handovers between equal priority carriers and made the following observations and proposals:

Observation 1: The legacy CellReselectionPriority is always needed for supporting legacy UEs and allowing networks and UEs not supporting priority extension to behave as before.

Proposal 1: Extend the number of cell reselection priorities by introducing an additional “sub-priority value” that can be used to differentiate among equal priority layers.
Proposal 2: A carrier with no sub-priority value is considered to have lower reselection priority than a carrier with equal legacy reselection priority and any sub-priority value.
Proposal 3: Extend the priority values by a new 2-bit sub-priority field.

The CRs in R2-153210 (36.331) and R2-153211 (36.304) contain the changes needed to introduce sub-priorities to 3GPP specifications.
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