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1  Introduction

In TSG-RAN#49, a new work item, “Interfrequency detected set measurements for UMTS” was approved [1].

The inter-frequency detected set measurements for WCDMA has been studied in RAN2 and RAN4 prior to the approval of the work item. Based on initial analysis, RAN4 sent LS to RAN2 in the last RAN4 meeting indicating the feasibility of this feature from RAN4 measurement requirements perspective [2]. The initial analysis was presented in the last meeting [3].
In this paper we further analyze the impact on the RRM measurement requirements for introducing the inter-frequency detected set feature in UTRAN FDD. 
2 Background: Summary of Existing Intra-frequency Measurement Requirements

The identification of a cell based on detected set feature implies that UE is required to identify a cell, which is not included in the neighbour cell list signalled to the UE i.e. the cell outside the monitored set of cells. 

Currently the detected set feature and the corresponding measurement requirements are specified for intra-frequency in CELL-DCH state in TS 25.133. These requirements comprise of:

· Cell identification, 

· CPICH measurement capability and 

· Event triggered reporting. 

Before ddressing the inter-frequency detected set measurement requirements, the above existing intra-frequency requirements are briefly discussed below and are used as the basis for deriving the corresponding requirements for the inter-frequency case:

2.1 Intra-frequency cell identification requirements

In TS 25.133, section 8.1.2.2.1 on the intra-frequency cell identification it is stated:
The UE shall be able to identify a new detectable cell not belonging to the monitored set within
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when CPICH Ec/Io > -20 dB, SCH_Ec/Io > -17 dB and SCH_Ec/Ior is equally divided between primary synchronisation code and secondary synchronisation code. When L3 filtering is used an additional delay can be expected.

It is also important to note that the above intra-frequency cell identification requirements apply for SCH_Ec/Io level, which is 3 dB above the corresponding SCH_Ec/Io level applicable for the monitored set (i.e. one requiring the NCL). It is stated in section 8.1.2.2.1 for the 

If DL_DRX_Active = 0, the UE shall be able to identify and decode the SFN of a new detectable cell belonging to the monitored set within 

……………………………………………….
A cell shall be considered detectable when 

-
CPICH Ec/Io > -20 dB if DL_DRX_Active = 0, or CPICH Ec/Io ≥-17dB if DL_DRX_Active=1, 

-
SCH_Ec/Io > -20 dB if DL_DRX_Active = 0, or SCH Ec/Io ≥-17dB if DL_DRX_Active=1, for at least one channel tap and SCH_Ec/Ior is equally divided between primary synchronisation code and secondary synchronisation code. When L3 filtering is used an additional delay can be expected.

2.2 Intra-frequency CPICH measurement capability
In TS 25.133, section 8.1.2.2.2 on ‘UE CPICH measurement capability’ it is stated:

The UE shall furthermore be capable of performing CPICH measurements for at least 1 detected intra-frequency cell, in the detected set, and the UE physical layer shall be capable of reporting measurements to higher layers with the measurement period of 10 s. The measurement accuracy for all measured cells shall be as specified in the sub-clause 9.1.1 and 9.1.2.

2.3 Intra-frequency event triggered measurement reporting
In TS 25.133, section 8.1.2.2.5 on ‘Event Triggered Reporting’ it is stated:

The event triggered measurement reporting delay on cells not belonging to monitored set, measured without L3 filtering, shall be less than the above defined T identify detected set defined in Section 8.1.2.2.1.

It should be noted that there are no event triggered reporting requirements when a cell belonging to the detected set remains detectable over certain period (e.g. cell identification time) but enters or leaves the reporting range. However such requirements are specified for the monitored cells.
3 Detected Set Inter-Frequency Requirements

In this section we analyze the inter-frequency measurement requirements when the UE is requested to identify a cell, perform CPICH measurements of the identified cell and report the corresponding event/CPICH measurements based on the detected set. 
3.1 Implication of compressed mode
The inter-frequency measurements are performed by the UE in compressed mode pattern. The existing inter-frequency requirements for the monitored set (i.e. based on NCL) are applicable to wide range of compressed mode patterns. We prefer that the requirements for the detected set are generic i.e. apply to all compressed mode patterns. 
3.2 Received signal level
Furthermore, the applicable SCH level is -17 dB (i.e SCH Ec/Io ≥-17dB) for which the current monitored set based requirement apply. We suggest that similar level is used also for the CPICH Ec/Io i.e. SCH Ec/Io ≥-17dB   
3.3 Carrier information and relation with monitored set
Another important consideration is whether the UE is expected to perform detected set measurements on an inter-frequency carrier, whose cells are also identified based on NCL. The motivation of the detected set feature is due to the limitation of the cells in the NCL as indicated by RAN2 in their earlier LS. The detected set feature is therefore complementary and not an alternative or substitute to the monitored set. Considering this the most likely scenario is that the the detected set feature is used for identify a cell on an inter-frequency UTRA carrier whose cells are also being measured based on the monitored set. Hence we assume that the detected set requirements apply to a carrier whose cells are also searched based on the monitored set.
3.4 Number of inter-frequency carriers
Naturally the requirements should scale with the number of inter-frequency carriers (NFreq) to be measured for identifying cells based on the detected set. The current monitored set based inter-frequency requirements apply for up to 2 inter-frequency carriers. We suggest that the same number (i.e. 2) should be applicable to the requirements based on the detected set. 
3.5 Requirements in DRX
In UTRAN FDD, the longest DRX in CELL_DCH can be up to 40 ms long. Presently the inter-frequency measurement requirements for the monitored set are not linked to any DRX cycle. This aspect is not very clear (sections 8.1.2.3.1 and 8.1.2.3.2) but it is our interpretation that the same inter-frequency monitored set based measurement requirements apply when DRX is not used or not. Nonethless the same approach should be used for the detected set requirements i.e. same requirements apply when DRX is used or not.    
3.6 CPICH measurement capability
The CPICH measurement capability implies:

· Number of identified cells, whose CPICH (i.e. CPICH RSCP and Ec/No) is to be measured

· CPICH measurement period of the measured cell (i.e. TMeasurement_Period Inter detected set)
The number of cells to be measured on the inter-frequency carrier based on the detected set is proposed to be limited to 1. This is the same as in case of intra-frequency detected set measurement; section 8.1.2.2.2. 
Regarding the second aspect the intra-frequency detected set CPICH measurement period is 10 s. This means the inter-frequency detected set CPICH measurement period will be larger than 10 s since the measurements are done in compressed mode gaps. On the other hand the CPICH measurement period can be reduced by trading it with the existing CPICH requirements based on the monitored set. In summary there are following options:

1. Relatively longer CPICH measurement period of the detected cell without affecting any existing monitored set based CPICH measurement capability requirements

2. Same CPICH measurement period for monitored (i.e. shortest period is 480 ms; longer period for sparse pattern) and detected set based measurements by reducing the CPICH measurement capability (i.e. in terms of number of cells) e.g. reducing the cells for monitored set from 6 cells per inter-frequency carrier to 5. This means the total number of cells to be measured per inter-frequency including the monitored and detected set = 6. 
We have preference for option 2) since this leads to faster CPICH measurement reporting of an identified cell.
3.7 Event triggered reporting
The event triggered reporting requirements for the detected set cells should be define for the same two cases for which the corresponding monitored set based requirements are defined in section 8.1.2.2.5. Obviously the event reporting delays for the two cases should correspond to the detected set based cell identification delay and CPICH measurement periods. The summary of the proposal is shown below:
· The event triggered measurement reporting delay on cells belonging to the detected set, measured without L3 filtering shall be less than T identify inter detected set. When L3 filtering is used an additional delay can be expected.

· If a cell belonging to the detected set has been detectable at least for the time period Tidentify_inter detected set and then enters or leaves the reporting range, the event triggered measurement reporting delay shall be less than TMeasurement_Period Inter detected set provided the timing to that cell has not changed more than +/-32 chips while transmission gap has not been available and the L3 filter has not been used.
3.8 Proposed inter-frequency detected set cell identification requirements 
Considering the above factors our initial analysis reveals that the following inter-frequency cell identification requirements for the detected set feature are achievable: 
The UE shall be able to identify a new detectable interfrequency cell not belonging to the monitored set within
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When the carrier is monitored in compressed mode gaps,  CPICH Ec/Io > -17 dB, SCH_Ec/Io > -17 dB and SCH_Ec/Ior is equally divided between primary synchronisation code and secondary synchronisation code. When L3 filtering is used an additional delay can be expected.
4 Summary
In this paper we have analyzed the implication of RAN4 requirements for introducing the inter-frequency measurements based on the detected set feature. We have provided initial performance figures for the inter-frequency cell identification, CPICH measurement capability and event triggered reporting requirements based on the detected set. 
The proposed requirements are captured in terms of exact changes required in section 8.1.2.3 in TS 25.133 [4].
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