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1. Introduction

In RAN4#47 meeting, the skeleton text for LTE inter-frequency cell identification and measurement requirements were added to 36.133 [1]. However, the actual value for the cell identification delay was left out.  In this contribution some considerations on requirements for LTE inter-frequency cell monitoring in connected mode are discussed and some values for cell identification delay and the associated signal conditions are suggested.
2. Discussion
2.1 Intra-frequency requirements in connected mode
In [1], the requirements for neighbor cell identification mode are provisioned in the following manner as per the discussion in [2].

1. The UE gets 20 measurement occasions which comprises 15 occasions for detection and 5 occasions for measurements. Assuming that sampling of the received signal is done once every 40 ms in non-DRX mode, this means that the total cell identification time (including one measurement period) is equal to 
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 of 5 ms each.
2. In intra-frequency DRX mode, for large DRX (i.e., DRX periodicity larger than 40 ms), the UE gets 40 measurement occasions when DRX_cycle = 80 ms (to allow for better power saving opportunities) and 20 measurement occasions otherwise.

Further, the UE is required to meet these identification times with SCH Ior/Ioc > -6 dB. In this contribution, we use this as the basis for proposing requirements for the inter-frequency case.

2.2 Inter-frequency in connected mode

In RAN4#47 meeting, the following text specifying requirements for LTE inter-frequency measurements was included in 36.133.

8.1.2.3.1
E-UTRAN FDD – FDD inter frequency measurements

When transmission gaps are scheduled the UE shall be able to identify a new FDD inter-frequency within TIdentify_Inter according to the following expression:
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Where:

TInter: This is the minimum time that is available for inter frequency measurements during the measurement period TMeasurement_Period_Inter_FDD with an arbitrarily chosen timing. The minimum time per transmission gap is calculated by assuming 2*0.5 ms for implementation margin.


TBasic_Identify_Inter = TBD

A cell shall be considered detectable provided following conditions are fulfilled: 

-
RSRP > -TBD dBm and Ior/( Îinterfering cells+Ioc) > TBD,

-
SCH_RP > -TBD dBm and SCH Îor/(Îinterfering cells+Ioc)  > TBD dB.

The requirement on the UE is that it should be able to achieve 90% correct detection within the identification time allowed by the above equation. Currently, the specification allows for two gap periodicities, 40 ms and 120 ms each with transmit gap length (TGL) equal to 6 ms. Assuming 2*0.5 ms for implementation margin (as indicated above), each gap provides 
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 of observation of the received signal. 

As indicated earlier, the current specification allows for 40 measurement occasions for intra-frequency DRX mode measurements when DRX_cycle = 80 ms. This means that there is a total of 
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 observation time. The requirements for inter-frequency case can be dimensioned on this basis. If an identification delay, Tbasic_identify_inter = 200 ms is chosen, then this would allow for 
· 40 measurement occasions of at least 5 ms each (as 2*0.5 of implementation margin is an upper bound)
· a further margin for implementation flexibility as compared to the intra-frequency cell identification DRX-on case (DRX_cycle > 80 ms).

The same side conditions for the signal of SCH Ior/Ioc > -6 dB can be maintained. Since, there are two gap periodicities, the cell identification times for the two cases can be computed using the equation in the specification. The actual values for the case when there is one frequency layer (other than the serving cell carrier), i.e., NFreq = 1 are shown in Table 1 below. Here the measurement period corresponding to the minimum measurement BW of 6 physical resource blocks has been used.
	Gap periodicity
	Tidentify_inter (s)

	40
	1.6

	120
	4.8


Table 1. Tidentify_inter  with Tbasic_identify_inter= 200 ms for different gap periodicities
2.2 Comparison with UTRA FDD inter-frequency case
UTRA FDD inter-frequency case in CELL_DCH state [3] has 
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 ms. We consider the longest possible cell identification delay associated with an inter-frequency carrier when compressed mode gap patterns are enabled for measurements. The worst case corresponds to when TGL1 = 7 and TGPL = 18. In this case, the cell identification delay is approximately equal to 
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per carrier frequency, where the calculation has been made as per [3] assuming a 2*0.5 ms implementation margin. Comparing this to the values in Table 1, the chosen Tbasic_identify_inter = 200 ms for LTE inter-frequency case results in a faster cell identification than the corresponding for UTRA FDD even for LTE gap periodicity of 120 ms. Therefore, it is recommended that Tbasic_identify_inter for LTE not be reduced from 200 ms to a lower value.
2.3 Signal side conditions

The network would configure gaps for inter-frequency measurements for load balancing mostly by handing over the UE to an eNB on a different carrier which is either colocated with or at a different cell site than the serving cell eNB. For the non-colocated case, it is not difficult to envision a scenario where the signal to noise plus interference ratio for the neighbor cell is low even when the UE is not at the cell edge. We therefore propose that the lowest possible SNR = -6 dB be chosen for specification.
2.4 Proposed values for LTE inter-frequency
Based on the above considerations, we suggest the following way forward towards setting requirements for the inter-frequency case.
1. 
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2. SCH Ior/Ioc > -6 dB.
A CR proposal is provided at the end of the contribution capturing this.
3. Conclusion

Identification requirements for LTE inter-frequency neighbor cells in connected mode were proposed for the purpose of specification in 36.133. 
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4. CR proposal to 36.133
8.1.2.3.1
E-UTRAN FDD – FDD inter frequency measurements
When transmission gaps are scheduled the UE shall be able to identify a new FDD inter-frequency within TIdentify_Inter according to the following expression:
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Where:

TInter: This is the minimum time that is available for inter frequency measurements during the measurement period TMeasurement_Period_Inter_FDD with an arbitrarily chosen timing. The minimum time per transmission gap is calculated by assuming 2*0.5 ms for implementation margin.


TBasic_Identify_Inter = [200] ms
A cell shall be considered detectable provided following conditions are fulfilled: 

-
RSRP > -TBD dBm and Ior/( Îinterfering cells+Ioc) > TBD,

-
SCH_RP > -TBD dBm and SCH Îor/(Îinterfering cells+Ioc)  > -6 dB.

When transmission gaps are scheduled for FDD inter frequency measurements the UE physical layer shall be capable of reporting measurements to higher layers with measurement accuracy as specified in sub-clause 9.1.3 with measurement period given by table 8.1.2.3.1-1.

Table 8.1.2.3.1-1: RSRP measurement period and measurement bandwidth

	Configuration
	Physical Layer Measurement period: TMeasurement_Period_FDD_Inter [ms]


	Measurement bandwidth [RB]

	0
	480 x NFreq
	6

	1 (Note)
	240 x NFreq
	50

	TBD
	TBD
	TBD

	Note: This configuration is optional


Where:


NFreq: This is the number of FDD frequencies indicated in the inter frequency measurement control information.
The UE shall be capable of performing RSRP measurements of at least 4 inter-frequency cells per FDD inter-frequency for up to 3 FDD inter-frequencies and the UE physical layer shall be capable of reporting RSRP measurements to higher layers with the measurement period defined in table 8.1.2.3.1-1.
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