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1 Introduction

As agreed in the RAN plenary meeting #24 Nokia has analysed the impacts of the CRs in [1] and [2], which changed the measurements rules originally defined for allowing UE battery savings in idle mode, CELL_PCH and URA_PCH states to be cell reselection criteria. 

This document discusses the implications of the approval of the CRs. The document also proposes further clarifications to TS25.304 and initiates a discussion on RAN4 changes that are needed to complete the work initiated by the CRs in [1] and [2].

In order to provide a complete picture of a situation and accelerate the completion of the work this same document discusses both RAN2 and RAN4 related issues. The same document except the RAN2 CR is submitted to RAN2 and RAN4. 

2 Discussion

2.1 How to interpret approval of Release 5 CR in RAN4?

In the cover pages of the approved CRs it is stated that “Implementation of this CR by a R99/Rel-4 UE will not cause compatibility issues.” 

However, the CRs do not discuss whether there would be any compatibility issues if the networks start using the measurement rules thresholds as cell reselection criteria but a terminal has not implemented the CR. We assume this decision can only have been taken due to the relative low number of UEs available. However, it is important to note that this approach will need reviewing in the future.

It is our understanding that one main reason why this change was requested, is that the operators felt that it is too complex to use the existing Qoffsets,n parameters in the R criterion to ensure good cell reselection performance in different environments. This seems to imply that the Qoffsets,n parameters are not used in the networks, that adopt the newly approved CRs. This means that a REL99/REL4 terminal, which has not implemented the REL5 CR in [1], is likely to make cell reselection from a WCDMA cell to a GSM cell instead of a neighbouring WCDMA when the UE reaches the coverage edge of the current serving cell and GSM cells are indicated on a neighbour list.  Since it is rather likely that WCDMA cells are prioritised over GSM cells, the same UE would rather soon return back to WCDMA. This kind of ping-pong is not naturally desirable and therefore there could be some severe problems in networks not using Qoffsets,n with REL99 and REL4 terminals that have not implemented the changes in [1]. 

The analyses above suggests that in order to make the system work properly in networks that do not use Qoffsets,n for inter-RAT and inter-frequency cell reselections, the implementation of the release 5 CR is essential. However, since no changes to the REL99 specification are made, we feel it would be necessary to indicate to RAN4 how to interpret the approval of the REL5 CR– i.e. how the approval of the CRs can be reflected in the RAN4 specifications. In the following sections we show that changes to 25.133 are unavoidable in order to remove discrepancies between RAN2 and RAN4.. 

2.2 Impacts of New Cell Reselection Criteria

Originally the measurement rules were defined for UE power saving purposes and therefore the usage of them was also only allowed in idle mode, CELL_PCH and URA_PCH states. This could not be inferred from reading 25.304 only, but from also taking into account the measurement requirements for CELL_FACH in 25.133, where there is no allowance for power saving options.

After changing the measurement rules to new cell reselection rules they have to be applicable for all RRC states, where cell reselections are performed, including CELL_FACH. This means relaxation to the UE neighbour measurement requirements in TS25.133 as currently TS25.133 requires that the UE continuously measures neighbour cells in CELL_FACH state. In this section we discuss performance degradations that the approval of the CRs in [1] and [2] has caused to CELL_FACH.

25.133 defines the intra-frequency measurement requirements as follows:

8.4.2.2
FDD intra frequency measurements

During the CELL_FACH state the UE shall continuously measure identified intra frequency cells and search for new intra frequency cells in the monitoring set. If a measurement occasion is activated, intra frequency measurements can be performed between the measurement occasions.

Due to the change in TS25.304, neighbour cells measurements are no longer be required unless the measurement rules define so.  The relaxation to the CELL_FACH state measurement requirements allows worse performance for neighbour cell identification and level measures without giving any clear benefit in terms of battery saving since the UE anyway has to continuously receive S-CCPCH. This relaxation may also be experienced as additional cell reselection delay in CELL_FACH state. Depending on the selected Sintrasearch , Sintersearch and SsearchRAT m values the UE may start searching for a suitable candidate cell for cell reselection when cell reselection should already occur in contrast to the current requirement in CELL_FACH state, where the UE is typically already monitoring potential candidate cells when the cell reselection occurs. 

The extra cell reselection delay in CELL_FACH state may cause additional UL interference since the UE may not be in the optimum cell in terms of radio propagation conditions. More importantly, it may also increase a probability for triggering the out of service criterion, which is shorter in CELL_FACH state than in idle mode, CELL_PCH and URA_PCH states due to the differences in the measurement and data reception activities. UL interference can be avoided relatively easily by avoiding the usage of Sintrasearch or by choosing very high value for it. However, in networks, which do not use Qoffsets to control inter-RAT or inter-frequency cell reselections, the probability for triggering the current out of service criterion may become too high if the UE is not required to continuously perform neighbour measurements in CELL_FACH. 

Current definitions for out of service area in 25.133:

Out of service area in CELL_FACH:

The UE is “out of service area” if the UE has evaluated for 4 s that that the serving cell does not fulfil the cell selection criterion S and if the UE has not found any new suitable cell based on searches and measurements of the neighbour cells indicated in the measurement control system information during these  4 s. When the UE is “out of service area” it shall initiate cell selection procedures for the selected PLMN as defined in [1].

Out of service area in Idle mode, CELL_PCH and URA_PCH:

If the UE has not found any new suitable cell based on searches and measurements of the neighbour cells indicated in the measurement control system information for 12 s, the UE shall initiate cell selection procedures for the selected PLMN as defined in [1].

After this 12 s period a UE in Cell:PCH or URA_PCH is considered to be “out of service area” and shall perform actions according to 25.331.
If an operator maximises the area, where the UE should be camped on WCDMA, the SsearchRAT m threshold is likely to be rather low (i.e. the quality of the serving cell poor), when cell reselection to GSM is triggered. This may mean that GSM measurements are started at the time when inter-RAT cell reselection should already occur. If the measurement occasions do not occur relatively often and/or inter-frequency measurements are simultaneously required by the measurement control system information, the S criterion of the serving cell may fall below 0 before a GSM candidate cell is found. 

Table 8.13 of 25.133 provided identification times for one GSM cell with different measurement occasions.   If GSM neighbour measurements are not performed before the Sx<=Ssearchrat is met, there is a clear danger, that a search for a suitable GSM candidate cell would take longer time than 4 seconds (the current out of service area criterion in CELL_FACH). This would trigger out of service area and thereby cell selection for the selected PLMN. 

A risk of triggering the out of service area criterion in normal inter-RAT or inter-frequency cell reselections should naturally be avoided. This seems to indicate that the time for triggering out of service area in CELL_FACH state should be changed longer if a terminal is allowed to not continuously measure neighbour cells in CELL_FACH state. However, the lengthening of the out of service criterion would not change the fact that the quality of the serving cell could become too bad before cell reselection to a GSM or inter-frequency neighbour cell would occur. Hence, performance wise it seems better that continuous neighbour measurements would still be required in CELL_FACH state although the approval of the CRs in [1] and [2] defines otherwise.   

25.133 defines the worst times for identifying a new GSM cell as follows:

Table 8.13: The worst-case time for identification of one previously not identified GSM cell

	T_meas (ms)
	N_TTI=1 frame

Tidentify,GSM(ms)
	N_TTI=2 frames

Tidentify,GSM(ms)
	N_TTI=4 frames

Tidentify,GSM(ms)
	N_TTI=8 frames

Tidentify,GSM(ms)

	80
	2880 
	1280
	
	-

	160
	7680 
	2880
	1280
	640

	240
	29760
	5280 
	
	-

	320
	14080
	6400
	2560
	1280

	480
	34560
	12480
	2880
	1920

	640
	34560
	12800 
	5120
	2560

	960
	*
	24960
	5760
	3840

	1280
	*
	20480
	10240
	5120

	1920
	*
	34560
	15360
	7680


We feel that it is necessary for RAN4 to investigate the impact of allowing a terminal to not measure its neighbour cells all the time in CELL_FACH state. 

2.3 HCS

The HCS case was not fully covered in the approved CR to TS25.304. The original intention of the HCS measurement rules has also been to allow power saving in idle mode, CELL_PCH and URA_PCH states. However, for the intra-frequency and inter-frequency HCS measurement rules it has not been clarified in the CRs that the UE may measure more than what is the minimum requirement by the measurement rule. The following clarification should have been made in order to have a consistent specification: 

If the system information broadcast in the serving cell indicates that HCS is used, then for intra-frequency and inter-frequency measurements, the UE shall:

1. For intra-frequency and inter-frequency threshold-based measurement rules


use Squal for FDD cells and Srxlev for TDD cells for Sx and apply the following rules.

IF (Srxlevs <= SsearchHCS) or (if FDD and Sx <= Sintersearch) THEN


measure on all intra-frequency and inter-frequency cells

ELSE


IF (Sx > Sintrasearch) THEN


measure at least on all intra-frequency and inter-frequency cells, which have higher HCS priority level than the serving cell unless measurement rules for fast-moving UEs are triggered


ELSE


measure at least on all intra-frequency and inter-frequency cells, which have equal or higher HCS priority level than the serving cell unless measurement rules for fast-moving UEs are triggered


ENDIF


ENDIF

The bullet on high-mobility measurements should also be clarified as follows:
2.
For intra-frequency and inter-frequency measurement rules for fast-moving UEs:


If the number of cell reselections during time period TCRmax exceeds NCR, high-mobility has been detected. In this high-mobility state, UE shall

-
measure at least intra-frequency and inter-frequency neighbouring cells, which have equal or lower HCS priority than serving cell.

-
prioritise re-selection of intra-frequency and inter-frequency neighbouring cells on lower HCS priority level before neighbouring cells on same HCS priority level.


When the number of cell reselections during time period TCRmax no longer exceeds NCR, UE shall

-
continue these measurements during time period TCrmaxHyst, and

-
revert to measurements according to the threshold based measurement rules.
As defined by the Slimit,SearchRATm of inter-RAT HCS measurement rules, the UE is not required to measure any Inter-RAT cells (not even higher priority), unlike in the measurement rules of intra/inter frequency HCS case. Therefore, there is a slight difference between intra/inter-frequency HCS measurement rules and inter-RAT HCS measurement rules and cell reselection criteria. For scenarios, where inter-RAT neighbour cells have the same HCS priority as the current serving UTRA cell, it is necessary to make the UE behaviour consistent with the non-HCS case. The measurement rules clarification should still be made to the inter-RAT HCS measurement rules. The previous changes agreed in [1] and [2] are also shown in the text below. The additional clarification is highlighted in yellow colour.  

1. Inter-RAT threshold-based measurement rules


use Squal for FDD cells and Srxlev for TDD cells for Sx and apply the following rules.


IF (Srxlevs <= SHCS,RATm) or (if FDD and Squal <= SSearchRATm) THEN


UE shall measure on all inter-RATm cells


ELSE


IF (Sx > Slimit,SearchRATm) THEN


UE may choose to not measure neighbouring cells in RAT “m”. “. Inter-RAT measurements that may have been performed shall not be considered in the cell-reselection criteria.

ELSE


UE shall measure at least on all neighbouring cells in RAT “m”, which have equal or higher HCS priority level than the serving cell unless measurement rules for fast-moving UEs are triggered


ENDIF


ENDIF
2.4 Treselection

In order to avoid cell reselection to be triggered due to a fading dip a configurable time domain hysteresis Treselection has been defined for the cell reselection criteria R. However, Treselection is not separately clarified for the measurement rules, which are also used as cell reselection criteria after the approval of the CRs in [1] [2]. If Treselection is not used with the measurement rules, it means that in inter-RAT cell reselections, that solely rely on the SsearchRAT m threshold, cell reselection from WCDMA to GSM may be triggered due to fading. 

If a network does not use Qoffsets,n in the R criterion for inter-RAT cell reselections as discussed in Section 2.1, the only thing that in most cases keeps the UE from performing cell reselection to GSM, is the Sx>Ssearchrat criterion. 

When the Sx<=Ssearchrat criterion is met, the UE still has to evaluate the candidate GSM cell to be stronger than the serving WCDMA cell (based on the R criterion) for a time Treselection before cell reselection may occur. However, if no Qoffsets,n value is used, it is rather likely that the UE evaluates GSM cell to be clearly stronger than the serving WCDMA cell or neighbouring WCDMA cell due to good GSM coverage and potentially higher transmission power. This means that Treselection is not likely to help against fading unless is applied to the measurement rule Sx<=Ssearchrat as well.  

If Treselection is not applied to the measurement rules in addition to the R ranking criterion, the UE could accidentally make cell reselection to a GSM cell instead of neighbouring WCDMA cell due to a drop in the quality of the serving cell caused by fading. This could happen e.g. at the edge of a WCDMA cell, which has continuous WCDMA coverage only on one side and therefore GSM cells are indicated in the measurement control system information. As typically WCDMA cells are prioritised over GSM cells, it is rather likely that the same UE would soon return back to WCDMA causing ping-pong between the systems.

If the UE also evaluates that the Sx<=Ssearchrat criterion is met for the duration of Treselection before cell reselection to a GSM cell would be allowed, false triggering of inter-RAT cell reselection would be diminished. 

RAN4 has defined L1 filtering against fading but the filtering of the quality of the serving cell is not configurable and therefore it cannot be used as time domain hysteresis like Treselection. 

The previous example was given for inter-RAT cell reselection but similar problems could also occur in inter-frequency cell reselections, if Treselection is not applied to the measurement rules as well.

In order to make sure that operators are able to optimise cell reselection performance we propose that RAN2 clarifies in TS25.304 that the parameter Treselection is also applied to the measurement rules. 

In all cases, the UE shall reselect the new cell, only if the following conditions are met:
-
the measurement rules criterion is met and the new cell is better ranked than the serving cell during a time interval Treselection. For hierarchical cell structures when high mobility state has not been detected, if according to the HCS rules the serving cell is not ranked then all the ranked cells are considered to be better ranked than the serving cell.
3 Conclusions and Proposals

· The analyses in Section 2.1 suggests that in order for cell reselection to work properly in networks, which do not use Qoffsets,n for inter-RAT and inter-frequency cell reselections but instead rely on the UE behaviour agreed for REL5/REL6 in [1] and [2], the implementation of the CR is essential. 

We feel it would be necessary to indicate to RAN4 how the approval of the REL5/6 CRs should be interpreted and thereby also reflected in the RAN4 specifications in order to remove discrepancies between the specifications. 

· It seems that RAN4 should assume the both implementations to be acceptable in REL99 and REL4 and change (relax) its specifications accordingly.

· RAN4 should investigate the impacts of allowing a terminal to not perform continuous neighbour measurements CELL_FACH state.

·  Is the performance acceptable or should continuous measurements still be required?

· If the consequences of not measuring all the time are seen acceptable, RAN4 should relax its specification accordingly. In this case RAN4 should also consider changing the out of service area criterion in CELL_FACH.

· After the guidance from RAN2 RAN4 should review TS25.133 in order to align 25.133 with the newly approved CRs in [1] and [2]

· The HCS measurements rules should be aligned with the changes agreed in [1] and [2]. A CR proposal to TS25.304 is attached.

· It should be clarified in TS25.304 that Treselection should also be applied to the measurement rules in order to avoid false reselections due to fading only.
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