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1
Introduction
The following procedures needed for the priority based mobility are discussed:

· UE behaviour when RATs with and without priority are present.

· Comparing intra-frequency neighbours with cells on another frequency belonging to a layer of equal priority to the serving layer.

2
Mix of RATs with and without priority
In 3GPP TS 25.304 V8.8.0, the cell reselection for layers without absolute priority is described in Section 5.2.6.1.4 (Cell Reselection Criteria) and reselection for layers with absolute priority is described in Section 5.2.6.1.4a (Absolute Priority Based Criteria for Inter-Frequency and Inter-RAT Cell Reselection).

However, RAT’s with and without priority can both exist.  It is possible for RAT’s (besides EUTRAN) to not have priority information as seen in Section 5.2.6.1.4a:
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.

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

The reselection criteria do not specify reselection among RAT’s with and without absolute priority information.
In the following we evaluate 4 candidate way forward.
2.1
Candidate 1
Consider RAT’s without priority to be of the lowest priority.  The RAT’s without priority will be considered for reselection only after all layers with priority have been considered.  If multiple RAT’s have no priority, then all no priority RAT’s will be ranked together and considered for reselection after all layers with priority.  Since EUTRAN always has priorities, the three scenarios are:

1. UTRA inter has priority and GSM has no priority

a. For all UTRA inter-freq or EUTRAN layers above serving layer priority - use 5.2.6.1.4a rules for evaluation and start/stop Treselection appropriately

b. Evaluate both UTRA intra-freq and inter-freq layers of equal priority (Note: this situation is the topic of Issue 2)
i. For all UTRA inter-freq layers at equal priority, evaluate using 5.2.6.1.4a and start/stop Treselection appropriately.  
ii. For all UTRA intra-freq neighbors, evaluate using 5.2.6.1.4.

c. For all UTRA inter or LTE layers below serving layer priority use 5.2.6.1.4a rules for evaluation and start/stop Treselection appropriately

d. For all GSM layers/cells – calculate serving cell rank and GSM cells rank as per 5.2.6.1.4 and start/stop Treselection appropriately

e. Choose the best cell which satisfies Treselection in the above order of evaluation

2. UTRA inter does not have priority but GSM has priority
a. Evaluate all GSM and EUTRAN layers at higher priority than serving layer as per 5.2.6.1.4a

b. Evaluate all UTRA intra-freq cells as per 5.2.6.1.4

c. Evaluate all GSM and EUTRAN layers at lower priority than serving layer as per 5.2.6.1.4a

d. Evaluate all UTRA inter-freq cells as per 5.2.6.1.4

e. Choose the best cell which satisfies Treselection in the above order of evaluation

3. UTRA inter and GSM both do not have priority information

a. Evaluate EUTRAN layers at higher priority than serving layer as per 5.2.6.1.4a

b. Evaluate all UTRA intra-freq cells as per 5.2.6.1.4

c. Evaluate EUTRAN layers at lower priority than serving layer as per 5.2.6.1.4a

d. Evaluate all UTRA inter-freq and GSM layers as per 5.2.6.1.4

e. Choose the best cell which satisfies Treselection in the above order of evaluation

Pros: (a) Layers without priority are not arbitrary assigned a priority.  If the network had intended for the RAT’s to be considered for reselection with higher priority, then priority information should have been provided.  (b) The “locally assigned priority” of the RAT’s without priority will be fixed and predictable.  
Cons: (a) Even by assigning the RAT’s without priority to the lowest priority, it is still possible to reselect to these RAT’s before reselecting to layers with priority.  For example, consider the situation where inter-freq layers do not have priority.  The “locally assigned priority” would therefore be lowest.  If (SrxlevServingCell > Sprioritysearch1 and SqualServingCell > Sprioritysearch2) and SqualServing<=Sintersearch, then higher priority layers and the inter-freq cells (no priority) will be searched.  Since lower priority layers are not being searched, this means that it would be possible to reselect to inter-freq neighbors before going to lower priority layers.
2.2
Candidate 2
Consider RAT’s without priority to be equal to serving cell priority.   The RAT’s (one or more) without priority will be ranked with intra-freq neighbors for the purposes of reselection.  Since EUTRAN always has priorities, the three scenarios are:

1. UTRA inter has priority and GSM has no priority

a. For all UTRA inter-freq or EUTRAN layers above serving layer priority - use 5.2.6.1.4a rules for evaluation and start/stop Treselection appropriately

b. Evaluate UTRA intra-freq, GSM layers, and inter-freq of equal priority (Note: this situation is related to the topic of Issue 2)
i. For all UTRA inter-freq layers at equal priority, evaluate using 5.2.6.1.4a and start/stop Treselection appropriately.  
ii. For all UTRA intra-freq neighbors and GSM layers, evaluate using 5.2.6.1.4.

c. For all UTRA inter or LTE layers below serving layer priority use 5.2.6.1.4a rules for evaluation and start/stop Treselection appropriately

d. Choose the best cell which satisfies Treselection in the above order of evaluation

2. UTRA inter does not have priority but GSM has priority
a. Evaluate all GSM and EUTRAN layers at higher priority than serving layer as per 5.2.6.1.4a

b. Evaluate all UTRA cells (intra and inter-freq) as per 5.2.6.1.4

c. Evaluate all GSM and EUTRAN layers at lower priority than serving layer as per 5.2.6.1.4a

d. Choose the best cell which satisfies Treselection in the above order of evaluation

3. UTRA inter and GSM both do not have priority information

a. Evaluate EUTRAN layers at higher priority than serving layer as per 5.2.6.1.4a

b. Evaluate all UTRA intra-freq, UTRA inter-freq, and GSM cells as per 5.2.6.1.4

c. Evaluate EUTRAN layers at lower priority than serving layer as per 5.2.6.1.4a

d. Choose the best cell which satisfies Treselection in the above order of evaluation

Pros: (a) All RAT’s without priority can be ranked together with intra-freq neighbors using the criteria specified in 5.2.6.1.4.  (b) In the case where UTRA inter and GSM both do not have priority information, the reselection behavior for UTRA (intra and inter-freq cells) and GSM is unaffected by the addition of EUTRAN layers.
 Cons: (a) RAT’s without priority may be prioritized over layers with priority.  May not be the desire of the network.  (b) The “assigned priority” of RAT’s without priority will not be fixed.  It will change depending on the serving layer priority.  (c) May violate the standard as currently written since it is possible to not reselect to lower priority layers but to the no priority RAT’s instead.  For example, consider the case where inter-freq W has no priority info and GSM has priority info and it is lower priority than serving layer.  Let’s say that only criteria 3 (“Criterion 3: SrxlevServingCell < Threshserving,low or SqualServingCell < 0 and the SrxlevnonServingCell,x of a cell on an evaluated lower absolute priority layer is greater than Threshx,low during a time interval Treselection”) in TS 25.304, Section 5.2.6.1.4a is satisfied for some lower priority G cells.  The spec then says that “Cell reselection to a cell on a lower absolute priority layer than the camped frequency shall be performed if criterion 3 is fulfilled.”  This would mean that we need to reselect to a lower priority G cell.  However, if we treated inter-freq W as equal priority to the serving layer and an inter-freq cell satisfies reselection criteria, we would reselect to the inter-freq cell instead of the G cell.  
2.3
Candidate 3
If absolute priority is provided for any RAT, then ignore RAT’s without priority.  
Pros: (a) UTRAN and GERAN behavior would be the same since GERAN ignores RAT’s without priority if priority is provided for any layers.  In TS 45.008 V8.5.0, Section 6.6.6, it says “If the mobile station applies individual priorities received through dedicated signalling and priority information is available only for some inter-RAT frequencies, cells belonging to frequencies for which no individual priority is available or no threshold is provided by the serving cell shall not be considered for measurement and for cell re-selection.”  But for the case of broadcast priorities it is not as obvious if the mobile is allowed to select a cell of another RAT with no priority information assigned. Section 6.6.4 defines when a mobile is to perform measurements on iRAT cells if priority information is assigned and the specification does not list the case of iRAT cells with no priority information. Therefore, the conclusion is that iRAT cells with no priority information shall not be considered for cell reselection. (b) Cleaner standard and implementation.

Cons: (a) Current standard implies that RAT’s with and without priority can both exist.  The statements quoted in the introduction of this issue supports the simultaneous existence of RAT’s with and without priority.  On point of possible confusion is in section 5.2.6.1.4a with the statement “If priority information is provided for any inter-frequency layers, cells belonging to layers for which no priority or no threshold is assigned shall not be considered for reselection,” which taken by itself suggests that if any inter-freq layers have information, then RAT’s without priority should not be considered.  However, the statement can also be taken to mean that if any inter-frequency layers with priority information are present, then any inter-frequency layers without priority should not be considered.  This interpretation would match the statement (also in 5.2.6.1.4a), “If priority information is provided for any inter-RAT layers in a RAT, cells belonging to layers in that RAT for which no priority or no threshold is assigned shall not be considered for reselection.”  So if we assume for a moment that the first statement “If priority information is provided for any inter-frequency layers, cells belonging to layers for which no priority or no threshold is assigned shall not be considered for reselection” means that we should ignore all RAT’s without priority if inter-frequency layers are provided priority, we’re left with asymmetric behavior.  If inter-freq layers have priority, we would ignore RAT’s (say GSM) that don’t have priority.  If we have GSM with priority, we shouldn’t ignore inter-freq when it doesn’t have priority.  So in general, the standard suggests that RAT’s with and without priority can both exist.
2.4
Candidate 4
This configuration is not allowed.  UE behavior is not specified in this case.
Pros: (a) Much cleaner from standards and implementation standpoint.

Cons: (a) Goes against the current standard that implies RAT’s with and without priority can both exist.
2.5 Proposal

The proposed approach is described in Candidate 3: 
Proposal 1:  If absolute priorities are provided for any layer in any RAT, then all layers/RAT’s without absolute priority will not be considered for reselection.  
With this approach, the UE behavior will be as follows:
If UE supports intra-UTRAN absolute priorities:

1. Evaluate all EUTRAN, UTRA inter-freq, and GERAN layers at higher priority than serving layer as per 5.2.6.1.4a

2. Evaluate UTRA intra-freq and inter-freq of equal priority (Note: this situation is related to the topic of Issue 2)

a. For all UTRA inter-freq layers at equal priority, evaluate using 5.2.6.1.4a and start/stop Treselection appropriately.  

b. For all UTRA intra-freq neighbors, evaluate using 5.2.6.1.4.

3. Evaluate all EUTRAN, UTRA inter-freq, and GERAN layers at lower priority than serving layer as per 5.2.6.1.4a

4. Choose the best cell which satisfies Treselection in the above order of evaluation

If UE does not support intra-UTRAN absolute priorities:

1. Evaluate all EUTRAN and GERAN layers at higher priority than serving layer as per 5.2.6.1.4a

2. Evaluate all UTRA intra-freq and UTRA inter-freq layers (regardless of priority, including UTRA layers without priority) as per 5.2.6.1.4

3. Evaluate all EUTRAN and GERAN layers at lower priority than serving layer as per 5.2.6.1.4a

4. Choose the best cell which satisfies Treselection in the above order of evaluation

3
Comparing intra-frequency and inter-frequency cells
Intra-frequency neighbors are not provided absolute priorities. Reselection will then be based on ranking specified in 3GPP TS 25.304 V8.8.0 Section 5.2.6.1.4 (Cell Reselection Criteria).  However, intra-frequency neighbors should be considered to be equal in priority to the serving cell because Section 5.2.6.1.4a says:
Cell reselection to an inter-frequency cell on an equal absolute priority layer to the camped frequency shall be performed if criterion 2 is fulfilled.

The use of “camped frequency” implies that the entire frequency, including intra-frequency neighbors, should be considered to be at equal priority to the serving cell.
In the situation where there are inter-frequency layers of equal priority to the serving layer, the standard is not clear on how reselection should be handled.  Since inter-frequency layers have priority, reselection must be handled according to priority rules in Section 5.2.6.1.4a while intra-frequency neighbor reselection must be handled according to ranking rules specified in Section 5.2.6.1.4.  There does not exist a way to compare across inter-frequency and intra-frequency cells.  
In the following we evaluate 4 candidate way forward.
3.1
Candidate 1
Specify in the standard that intra-freq neighbors are considered before inter-freq layers of equal priority.
Pros: (a) Seems that intra-freq reselection should be favored over inter-freq reselection. 
Cons: (a) Explicitly prioritizing intra-freq neighbors over inter-freq neighbors.  (b) May violate the standard since the UE could possibly choose to reselect to an intra-frequency neighbor even if Criterion 2 in Section 5.2.6.1.4a is satisfied and the spec states that “Cell reselection to an inter-frequency cell on an equal absolute priority layer to the camped frequency shall be performed if criterion 2 is fulfilled.”
3.2
Candidate 2
Specify in the standard that inter-freq layers of equal priority are considered before intra-freq neighbors.

Pros: (a) Would satisfy the reselection criteria of Section 5.2.6.1.4a.
Cons: (a) Explicitly prioritizing inter-freq neighbors over intra-freq neighbors.  (b) May violate the spec in Section 5.2.6.1.4 if the UE reselects to the inter-freq neighbor when reselection criteria in 5.2.6.1.4 are satisfied for an intra-freq neighbor.

3.3
Candidate 3
Use cell ranking as defined in Section 5.2.6.1.4 to compare across intra and inter-freq neighbors of equal priority. 
Pros: (a) Able to explicitly compare across inter and intra-freq neighbor cells.  (b) Does not require explicitly prioritizing either intra or inter neighbors which makes sense because the layers are supposedly at equal priority.  (c) UTRAN behavior and EUTRAN behavior would match.  TS 36.304 V8.8.0, Section 5.2.4.5 says “Cell reselection to a cell on an equal priority E-UTRAN frequency shall be based on ranking for Intra-frequency cell reselection as defined in sub-clause 5.2.4.6.” 
Cons: (a) Does not comply with current specification since inter-frequency reselection would be using ranking (5.2.6.1.4) instead of absolute priority reselection criteria (5.2.6.1.4a). 

3.4
Candidate 4
UE behavior is not specified for this situation

Pros: (a) No standards changes.

Cons: (a) Unpredictable UE behavior.  UE can arbitrarily prioritize intra-freq neighbors or inter-freq neighbors.  

3.5
Proposal 
The proposed approach is described in Candidate 3.  
Proposal 2: Use cell ranking as defined in Section 5.2.6.1.4 to compare across intra and inter-freq neighbors of equal priority.  
Using the proposed approaches for both Issue 1 and Issue 2, the expected UE behavior is:
If UE supports intra-UTRAN absolute priorities:

1. Evaluate all EUTRAN, UTRA inter-freq, and GERAN layers at higher priority than serving layer as per 5.2.6.1.4a
2. Evaluate all UTRA intra-freq and UTRA inter-freq of equal priority to serving layer as per 5.2.6.1.4
3. Evaluate all EUTRAN, UTRA inter-freq, and GERAN layers at lower priority than serving layer as per 5.2.6.1.4a
4. Choose the best cell which satisfies Treselection in the above order of evaluation

If UE does not support intra-UTRAN absolute priorities:

1. Evaluate all EUTRAN and GERAN layers at higher priority than serving layer as per 5.2.6.1.4a
2. Evaluate all UTRA intra-freq and UTRA inter-freq layers (regardless of priority, including UTRA layers without priority) as per 5.2.6.1.4
3. Evaluate all EUTRAN and GERAN layers at lower priority than serving layer as per 5.2.6.1.4a

4. Choose the best cell which satisfies Treselection in the above order of evaluation

4
Conclusion 

In this paper, two issues are discussed and require standards clarification. It is thus proposed to:

Proposal 1:  If absolute priorities are provided for any layer in any RAT, then all layers/RAT’s without absolute priority will not be considered for reselection.  
Proposal 2: Use cell ranking as defined in Section 5.2.6.1.4 to compare across intra and inter-freq neighbors of equal priority.  
