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Discussion and decision
1.  Introduction
Cell reselection towards hybrid cells, especially regarding the need for dedicated PCI range for hybrid cells, has been discussed since several meetings ago in RAN2. This paper looks at the different cases where cell reselection to a hybrid cell occurs, and draws some important observations. Note that this paper focuses on LTE, but similar principles are likely applicable to UMTS.
2. Discussion
As of the current agreement, hybrid cells are seen as normal macro cells by non-member UEs, whereas they are seen as CSG cells by member UEs, who belong to the CSG ID broadcast by the hybrid cell. Hence, for non-member UEs, normal cell reselection rules would apply, and sufficient tools (e.g., priority based reselection, Qoffset, Sintrasearch, etc.) are already available. For member UEs, the autonomous search function is applicable to such cells. Thus, the UE is allowed to use any fingerprint information to optimise its autonomous search. However, a case needs to be considered where the UE does not have a stored valid fingerprint, either because the fingerprint is outdated or because the cell is previously unvisited. The UE behaviour and the required solutions would potentially differ depending on whether the aimed hybrid cell is on an intra- or inter-frequency layer, and whether it is on a higher, equal, or lower priority layer. Table 1 is an attempt to summarise the UE behaviour with respect to cell search and reselection in various cases.

Table 1  Expected UE behaviour for hybrid cell search/ reselection for various cases.
	Target
hybrid cell
	Functionality
	Hybrid member UE
	Hybrid non-member UE

	
	
	With valid fingerprint
	No/ invalid fingerprint
	

	Intra-F
	Case
	Case 1
	Case 2
	Case 3

	
	Search
	> Sintra
	Autonomous search
	Can be omitted
	Can be omitted

	
	
	< Sintra
	Normal/ autonomous search
	Normal search
	Normal search

	
	Reselection
	Ranking
	Ranking
	Ranking

	Inter-F
(higher)
	Case
	Case 4
	Case 5
	Case 6

	
	Search
	> Sinter
	Normal/ autonomous search
	Normal search
	Normal search

	
	
	< Sinter
	Normal/ autonomous search
	Normal search
	Normal search

	
	Reselection
	When target becomes best ranked on the inter-F. (Note that the UE moves to this frequency if any suitable best cell meets ThreshX, high.)
	When target becomes best ranked on the inter-F. (Note that the UE moves to this frequency if any suitable best cell meets ThreshX, high.)
	Based on ThreshX, high

	Inter-F
(equal/ lower)
	Case
	Case 7
	Case 8
	Case 9

	
	Search
	> Sinter
	Autonomous search
	Periodical search or manual search?
	Can be omitted

	
	
	< Sinter
	Normal/ autonomous search
	Normal search
	Normal search

	
	Reselection
	When target becomes best ranked on the inter-F. (Note that the UE moves to this frequency if any suitable best cell meets ThreshX, low and Threshserving.)
	When target becomes best ranked on the inter-F. (Note that the UE moves to this frequency if any suitable best cell meets ThreshX, low and Threshserving.)
	Ranking (equal) or based on Threshserving + ThreshX, low (lower)

	Inter-F

(not broadcast)
	Case
	Case 10
	Case 11
	Case 12

	
	Search
	Autonomous search
	Periodical search or manual search?
	N/A

	
	Reselection
	When target becomes best ranked on the inter-F.
	When target becomes best ranked on the inter-F.
	N/A


The cases that need some attention are Cases 4, 5, 7, 8, 10 and 11.

Cases 4 and 5 (target hybrid cell is on a higher priority inter-frequency)
Cell search – Since the target cell is on a higher priority layer, the UE will search cells on this layer irrespective of the Sinter value. In Case 4, the UE could use the autonomous search function in addition to optimise this search, i.e., search more frequently within the fingerprint and less frequently (but still to meet the RAN4 requirements) outside the fingerprint.

Cell reselection – The UE reselects to a suitable cell on a higher priority inter-frequency layer, based on either:

1) Normal reselection rules for higher priority: That is, the target cell is best ranked on the inter-frequency and ThreshX, high is met; or
2) CSG reselection rules: The target cell is best ranked on the inter-frequency.

In order to determine which of the criteria to apply, the UE will have to determine whether the target cell broadcasts a CSG ID for which the UE is member of. Nevertheless, when the first set of rules (1) is applicable, the UE will anyway have to read SIB1 of the best ranked cell to determine whether the cell is suitable. Since ThreshX, high is typically set to a low value, the first set of rules (1) is more dominant. As such, the extra battery consumption caused by CSG determination (caused by SIB reading when the target cell < ThreshX, high) should be negligible. Note that in Case 4, the UE can further optimise the SIB reading attempt by using the fingerprint.
Conclusion 1:
Hybrid PCI range signalling is not needed for the case when the target hybrid cell is on a higher priority inter-frequency layer.
Cases 7 and 8 (target hybrid cell is on an equal/ lower priority inter-frequency)
Cell search – The UE is required to perform cell search on the inter-frequency layer when the serving RSRP < Sinter. In Case 7 when the serving RSRP > Sinter, the UE can use the autonomous search function. However, in Case 8 when the serving RSRP > Sinter, the UE will have to perform some form of periodical search to be able to find the target hybrid cell. Nevertheless, the UE has no idea if such a hybrid “member” cell exists on this frequency layer in the first place. As such, unless the UE performs periodical search on all equal/ lower priority layers periodically, it will not be able to find the hybrid member cell. Since such implementation will drain battery, it seems that cell search in this case will have to rely on a manual trigger.
Cell reselection – The UE reselects to a suitable cell on an equal or lower priority inter-frequency layer, based on either:

1) Normal reselection rules for equal/ lower priority: That is, the target cell is best ranked on the inter-frequency and ThreshX, lower is met, while serving RSRP < Threshserving; or
2) CSG reselection rules: The target cell is best ranked on the inter-frequency.

Since Threshserving is typically set to a low value, the second set of rules (2) is more dominant. In this case, the UE will have to determine whether the UE belongs to the CSG by reading SIB1, to be able to apply the second set of rules (2). In Case 7 the UE can optimise this SIB reading attempt by using the fingerprint. However, in Case 8 the UE will have to read SIB1 on each cell that becomes best ranked on the frequency. This could potentially be optimised if the UE knows the PCI range allocated for hybrid cells. However, such consideration is necessary only if the UE has performed cell search in the first place. The cell search problem already implies that this case will have to rely on a manual trigger.

Conclusion 2:
Cell search/ reselection will have to rely on a manual trigger, if the UE does not have a valid fingerprint and the target hybrid member cell is on an equal or lower priority inter-frequency layer.
Cases 10 and 11 (target hybrid cell is on an inter-frequency not broadcast by the serving cell)
Cell search – In Case 10 the UE can rely on the autonomous search function. In Case 11 the UE will have to perform periodical scan of all frequencies based on its capability in order to find the target hybrid member cell. As such implementation will drain battery, this case will have to rely on a manual trigger.

Cell reselection – The UE reselects to the target hybrid member cell only if the following criterion is met:

1) CSG reselection rules: The target cell is best ranked on the inter-frequency.

In this case, the UE will have to examine the CSG ID of a detected cell. In Case 10 the UE can optimise SIB reading attempts by using the fingerprint. However, in Case 11 the UE will have to read SIB1 on each cell that becomes best ranked on the frequency. This could potentially be optimised if the UE knows the PCI range allocated for hybrid cells. However, such consideration is necessary only if the UE has performed cell search in the first place. The cell search problem already implies that this case will have to rely on a manual trigger.

Conclusion 3:
Cell search/ reselection will have to rely on a manual trigger, if the UE does not have a valid fingerprint and the target hybrid member cell is on an inter-frequency layer not broadcast by the serving cell.

3. Conclusions
Cell search and reselection toward hybrid cells were discussed for various cases. The following conclusions are drawn:
Conclusion 1:
Hybrid PCI range signalling is not needed for the case when the target hybrid cell is on a higher priority inter-frequency layer.

Conclusion 2:
Cell search/ reselection will have to rely on a manual trigger, if the UE does not have a valid fingerprint and the target hybrid member cell is on an equal or lower priority inter-frequency layer.

Conclusion 3:
Cell search/ reselection will have to rely on a manual trigger, if the UE does not have a valid fingerprint and the target hybrid member cell is on an inter-frequency layer not broadcast by the serving cell.
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