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Introduction

The proposal included in this document was already presented during RAN2 #58bis [1].  While some companies noted that the problem here described should be addressed, more time was asked to evaluate this proposal.  Therefore, the same proposal is submitted again.

In some WCDMA multi frequency deployments, cell reselection ranking based either on RSCP only or on Ec/No only measurements may not be optimal.

In particular, in those problematic scenarios where service/coverage continuity and load balancing are crucial, both RSCP and Ec/No quality measures would be important for inter-frequency cell reselection performance.  Here are some examples:
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Figure 1: Hot Spot deployment on 2nd carrier, e.g. dedicated to HSPA services

Assuming the same load in each of the cells depicted in figure 1, a UE located at the boundary of cells (1,2) and (1,3) would measure a better Ec/No on frequency 2 [cell (2,2)] than on frequency 1 since cell (2,2) does not experience much interference from neighbour cells on frequency 2.  However, the measured RSCP would be similar on the two frequencies if we assume that the same power is transmitted by cells (1,2), (1,3), and (2,2).  In other words, cell (2,2) would be selected by the UE if Ec/No is used to determine the quality measure, but the UE could experience spotty coverage at the edge of cell (2,2) due to the lack of macrodiversity at the edge of cell (2,2).
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Figure 2: Multi band deployment

In the deployments like the ones depicted in Figure 2 the UE may select once frequency because the RSCP of a cell on that frequency is marginally, even though the load on that frequency may be much higher, resulting in suboptimal use of radio resources and, potentially failed call establishments.
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Figure 3: Coverage/capacity extension (e.g. indoor)

In the deployment scenario depicted in Figure 3 the UE would select the frequency based on the best DL coverage if RSCP is used as quality measurement, but it would select the least loaded frequency if Ec/No is used.

In all above scenarios, it may easily happen that though one cell is better ranked with Ec/No it may not have a better RSCP, and vice versa. In particular, the following problems may occur:

· If cell reselection is based on RSCP only, the risk is that the target cell (better ranked based on RSCP) may have a worse Ec/No than the serving one, thus cell reselection would not fulfil the load balancing requirement.  In extreme cases, Ec/No may be so bad to cause call set-up performance degradation.

· If cell reselection is based on Ec/No only, the risk is that the target cell (better ranked based on Ec/No) will have a worse RSCP than the serving one, thus cell reselection would not fulfil the coverage continuity requirement.  In extreme cases RSCP may be so bad to cause call set-up performance degradation.

Discussion

Limitation of current UMTS standard

Currently standard allows the UE to rank serving and neighbor cells based on either Ec/No only or RSCP only, without the possibility to evaluate both. 

The only check the UE will perform on the other quality measure (than the one used for ranking) would be on the minimum fixed/absolute suitability threshold (Qqualmin for Ec/No or Qrxlevmin for RSCP) set for the neighbor cells (common for all or specific for each cell). 

Example 1

Assuming that 

· 2 frequencies are deployed, i.e. f1 and f2. Serving cell is on frequency f1

· the serving cell CPICH RSCP and Ec/No are – 100dBm and -9dB respectively 

· RSCP is the chosen FDD quality measure for intra-frequency and inter-frequency cell reselection

· Qqualmin and Qrxlevmin of all cells are set to  -14dB and -110 dBm 

· Sintersearch and SsearchHCS of all cells are set to e.g. 6dB and 12dB respectively

· Qhyst1 and Qoffset1 are set to 2dB (for intra and inter-frequency cell reselection) 

· UE neighbor cell ranking (of all intra and inter-frequency neighbor cells) results in the following better cells (for easy comparison, the serving cell is also included in the table).

	Rank
	Neighbor cell
	RSCP (dBm)
	Frequency

	1
	A
	-75
	f2

	2
	B
	-78
	f1

	3
	C
	-80
	f2

	4
	D
	-85
	f1

	5
	Serving Cell
	-100
	f1


Table 1. Example 1 – RSCP values. 
whose Ec/No is:

	Neighbor cell
	Ec/No (dB)
	Suitable

	A
	-12
	Yes

	B
	-6
	Yes

	C
	-13
	Yes

	D
	-8
	Yes

	Serving Cell
	-9
	Yes


Table 2. Example 1 – Ec/No values. 

the UE using the current standard cell reselection algorithm would reselect to cell A, which has better RSCP but worse Ec/No than the serving cell. 

Example 2
Assuming that 

· 2 frequencies are deployed, i.e. f1 and f2. Serving cell is on frequency f1

· the serving cell CPICH RSCP and Ec/No are – 90dBm and -10dB respectively (lower than Qrxlevmin+SsearchHCS (if used) and Qqualmin+Sintersearch respectively)

· Ec/No is the chosen FDD quality measure for intra-frequency and inter-frequency cell reselection

· Qqualmin and Qrxlevmin of all cells are set to  -14dB and -110 dBm 

· Sintersearch and SsearchHCS of all cells are set to 6dB and 12dB respectively

· Qhyst2 and Qoffset2 are set to 1dB (for intra and inter-frequency cell reselection) 

· UE neighbor cell ranking (of all intra and inter-frequency neighbor cells) results in the following list (for easy comparison, the serving cell is also included in the list)

	Rank
	Neighbor cell
	Ec/No (dB)
	Frequency

	1
	A
	-4
	f2

	2
	B
	-5
	f2

	3
	C
	-6
	f1

	4
	Serving Cell
	-10
	f1

	5
	D
	-12
	f1


Table 3. Example 2 – Ec/No values. 

whose RSCP is:

	Neighbor cell
	RSCP (dBm)
	Suitable

	A
	-106
	Yes

	B
	-108
	Yes

	C
	-80
	Yes

	Serving Cell
	-90
	Yes

	D
	-85
	Yes




Table 4. Example 2 – RSCP values. 

the UE using the current standard cell reselection algorithm would reselect to cellA, which has better Ec/No but worse RSCP than the serving cell. 

Proposed solution

Definition of terms:

· primary quality measure: it is the selected FDD reselection quality measure (Ec/No or RSCP)

· secondary quality measure: it is the other FDD reselection quality measure (RSCP or Ec/No)

· Overall best ranked cell: it is the highest ranked cell after ranking the serving and all neighbor cells based on the primary quality measure
Cell reselection algorithm 
If UTRAN indicates to the UE, in addition to a certain FDD reselection quality measure, to evaluate both RSCP and Ec/No quantities for cell reselection (by means of a parameter sent in SIB3 or SIB11/12), the UE should 

· i) measure both CPICH Ec/No and RSCP for each cell (serving and neighbors) 

· ii) rank the serving and neighbor cells based on the primary quality measure, but associating to each cell both quality measures. 

· iii) if there are cells in the ranking list which have higher RSCP and Ec/No than the serving cell, reselect to the cell  with the highest primary quality measure among them

· iv) if no cell fulfils condition iii),  the UE shall reselect to the overall best ranked cell, if different than the serving cell (as per current standard mechanism, using only the primary quality measure), otherwise not reselect.

In the examples above, the UE would reselect to cell B in example1 and cell C in example2, instead of cell A.

Impacts on 3GPP standards

The above mechanism could be standardized in UMTS Rel8, requiring the following changes to the RAN2 specs:

· 25.331: a new parameter, Combined cell reselection, should be included in the SIB3:

· coded as Boolean (True, False).

· Its presence would be Optional. 

· It would be sent only when inter-frequency neighbor list is populated, i.e. for inter-frequency cell reselection. 

· If not sent, the UE would apply existing cell reselection algorithm.

· 25.304: Procedural text, describing the above inter-frequency cell reselection algorithm, should be added to the spec.  The option for the UE would be:

· If Combined cell reselection is set to False or not sent, the current standard cell reselection rules apply

· If Combined cell reselection is set to True, the above rules would apply.

Interaction with Inter-RAT, HCS and MBMS FLC reselection rules

The proposed modified algorithm should not be used for inter RAT and may/could be used with HCS and MBMS Frequency Layer Convergence, in particular:
· When inter RAT measurements are triggered, Ranking should be as for normal procedure (best RSCP ranked is reselected), since GSM cells can not be compared to intra and inter-freq cells with Ec/No
· When HCS is used, measurement rules and priorities should apply as in current specifications. For the final ranking (among the highest HCS prioritized cells that fulfill the criteria H>=0), if only intra-freq and inter-freq cells are present, the proposed combined RSCP and Ec/No ranking could be used. 
Conclusion

This document discusses the problems that arise form the fact that the UE can be instructed to use ether RSCP or Ec/No as quality measure for inter-frequency cell reselection.  The scenarios described in this document will become more and more common once multiple UMTS frequencies and frequency bands are deployed in the same geographical location.  It is proposed to enhance the inter-frequency cell reselection algorithm by taking into account both RSCP and Ec/No.
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