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1 Introduction
In the last meeting it was proposed to define the inter-frequency requirements for CA capable UE which is capable of measuring on non-configured inter-frequency carrier without measurement gaps [1-2]. Accoring to the proposals in [1-2], the inter-frequency requirements for the UE supporting such measurement capability are based on the intra-frequency requirements. 

Firstly we agree that RAN4 should define all necessary requirements for the UE supporting this capability. In this paper we analyze the requirements and based on that suggest a way forward. 
2 Summary of UE Measurement Capability 

Accoring to the IE, “UE-EUTRA-Capability” defined in TS 36.331 [3] the CA capable UE may optionally support inter-frequency measurements on non-configured inter-frequency carriers. The capability definition is quoted from TS 36.133 below (only relevant parts are reproduced for simplicity) 
SupportedBandCombination-r10 ::= SEQUENCE (SIZE (1..maxBandComb-r10)) OF BandCombinationParameters-r10 

InterFreqBandList ::=



SEQUENCE (SIZE (1..maxBands)) OF InterFreqBandInfo

InterFreqBandInfo ::=



SEQUENCE {


interFreqNeedForGaps



BOOLEAN

For the UE supporting this capability the eNode B can request the UE to perform inter-frequency measurement on non-configured inter-frequency carrier which may or may not belong to the supported band combination(s). Obviously non-configured carrier to be measured should belong to one of the supported frequency bands (i.e. belongs to InterFreqBandList). The maximum value of the parameter, maxBands, can be 64 according to TS 36.331. Therefore the minimum number of inter-frequency carriers for which the requirements should be applicable has to be decided by RAN4.
3 Differences between SCC and Inter-frequency Measurements 

The following important differences between the measurements on cells on the secondary component carrier (SCC) without measurement gaps (as specified for CA) and the inter-frequency measuremements on cells on the non-configured carrier need to be considered when defining requirements for the latter:

· The non-configured inter-frequency carrier may or may not be co-located with the serving carrier frequency. In CA typically the PCC and SCC are co-located. In other words the non-configured carrier is more similar to legacy inter-frequency carrier in terms of feasible cell detection level. 

· The requirements for cells measured on deacticated SCC are less stringent thanks to the network configurable measurement cycle (measCycleSCell), which in turns enable UE power saving even in non-DRX or in short DRX. In case of non-conigured inter-frequency carrier, no such mechanism enabling UE power saving can be achieved. 
The benefit is that the UE does not have to interrupt reception, hence the throughput increases with up to 17% compared to legacy UE.

4 Summary of Proposed Inter-frequency Requirements without Gaps 

By considering the principles used for derving the legacy inter-frequency requirments and the difference compared to the scenario for SCC measurements (described above) the following general principles are used for deriving the requirements for non-configured carriers:

· The cell search delay and L1 measurement periods in non-DRX and in short DRX (i.e. DRX cycle ≤ 40 ms) are the same. For longer DRX cycle beyong 40 ms the delay requirements scale with DRX as in the legacy case.

· The requirements are not entirely based on intra-frequency case as this will have an adverse impact on the UE power saving; requirements in non-DRX and short DRX are the same. 

It should be noted that the benefit of doing measurements on non-configured carrier without measurement gaps is that the UE does not have to interrupt reception on the serving carrier frequency. This in turn leads to increase in the user throughput with up to 17% compared to legacy UE (i.e. 6 ms /40 ms ( 17% assumuing 40 ms gap periodicity).
The proposed requirements for cells measured on non-configured carriers are dscribed below:  

4.1 Cell Identification Requirements 

Based on the analysis presented and the scenario described above it is proposed that the cell detection level should be the same as used in the legacy inter-frequency i.e. 
· SCH Ês/Iot ( -4 dB

· RSRP Ês/Iot( -4 dB

The cell search delay is the same for non-DRX and for DRX cycle ≤ 40 ms. The common requirements for one non-configured carrier can be derived assuming the shortest gap periodicity i.e.

· Cell identification delay is 3840 ms for one non-configured inter-frequency carrier.
The cell search delay for DRX cycle > 40 ms can be based on existing inter-frequency requirements defined in DRX for 40 ms gap periodicity and for one non-configured carrier: 

	DRX cycle length (s)
	 Tidentify_inter (s) (DRX cycles)

	≤0.16
	Non DRX Requirements in section 8.1.2.3.1.1 are applicable

	0.256
	5.12 (20)

	0.32
	6.4 (20)

	0.32< DRX-cycle≤2.56
	Note (20)

	Note: Time depends upon the DRX cycle in use


4.2 RSRP and RSRQ L1 Measurement Periods
It is proposed that the fixed 480 ms measurement period for RSRP and RSRQ for non-DRX and for DRX cycle ≤ 40 ms is used. The fixed 480 ms is also used in the existing inter-frequency requirements. 

The L1 period in DRX > 40 ms can be reused from the existing inter-frequency requirements i.e. assuming one non-configured carrier to be measured the proposed delay is:
	DRX cycle length (s)
	Tmeasure_inter (s) (DRX cycles)

	≤0.08
	Non DRX Requirements in section 8.1.2.3.1.1 are applicable

	0.08<DRX-cycle≤2.56
	Note (5)

	Note: Time depends upon the DRX cycle in use


4.3 Number of Inter-frequency Identified Cells per Carrier 

As proposed in section 4.1 the cell detection level is kept the same as used in the legacy inter-frequency requirements (i.e. SCH Ês/Iot ( -4 dB). Therefore it is more appropriate to define requirements in terms of minimum number of identified cells which should be measured over L1 period to be 4 cells per non-configured carrier. Hence it is poposed:

· Minimum number of identified cells per non-configured carrier to be measured = 4 cells  

4.4 Number of Inter-frequency Carriers 

In principle the eNode B can request the UE to perform the measurements on more than one non-configured carrier frequencies. 

The minimum number of non-configured carriers could be 3 as defined in case of legacy requirements with measurement gaps. In that case (i.e. if more than one non-configured carrier is used) the measurement requirements (i.e. cell search delay and L1 measurement periods in sections 4.1 and 4.2) need to be scaled with the number of non-configired inter-frequency carriers (Nfreq_wo_gap) requested for measurements by the eNode. 

4.5 RSRP and RSRQ Measurement Accuracies

There are two approaches for defining the RSRP and RSRQ measurement accuracies for cells on the non-configured carriers:

1. The accuracies are only based on legacy inter-frequency

2. The accuracies are based on the approach used for CA (i.e. in section 9.1.11). 
· Using this approach the RSRP and RSRQ measurements on cells on non-configured carrier should fulfill the intra-frequency accuracy (e.g for events like A4). But the RSRP and RSRQ measurements on cells on both serving and non-configured carriers (e.g. for events like A3) should meet the inter-frequency accuracy.  

We prefer the legacy approach (i.e. approach # 1) for defining the accuray requirements. The reason is that in CA the intra-frequency accuracy for measurements on cells measured only on SCC is primarily beneficial for CA specific event A6. However no such event exists for non-CA scenario i.e. comparison of two cells on inter-frequency carrier is not used.  
5 Conclusions

In this paper we have analyzed various aspects related to the measurement and accuracy requirements for the measurements on cells belonging to the non-configured inter-frequency carrier without measurement gaps. The requirements are applicable for the UE which is CA capable but is also capable of performing measurements without measurement gaps. After reaching an agreement on different aspects of the requiremets, RAN4 can initiate the formal work of developing the requirements in Release 10.  
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