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1. Introduction

In this contribution we propose requirements for LTE inter-frequency cell monitoring in connected mode when DRX operation is enabled. A CR proposal is included.
2. Discussion
Performance requirements for inter-frequency cell identification and measurements for an UE in connected mode when DRX is enabled are proposed a text proposal in Section 5. The text additions are in red.
These requirements are similar to that for the intra-frequency case in DRX [1] for the case when DRX period is large (i.e., DRX cycle > 40 ms). For small DRX (i.e., DRX cycle <= 40 ms), the requirements for the non-DRX case as proposed in R4-081432 are used. 

In some cases, if a scaling based approach is used as was done for specifying intra-frequency DRX requirements, we might end up with scenarios where the DRX requirements are tighter than corresponding non-DRX requirement. There we propose the use of the following equation
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where scaling_factor is DRX dependent scaling factor as shown in Table 1 below.

	DRX_cycle
	scaling_factor

	<= 80 ms
	40

	>= 160 ms
	20


Table 1. scaling_factor for different DRX cycles
We note that gaps are activated by the network for inter-frequency measurements irrespective of whether the UE operates in DRX mode or not. 

For the case of DRX_cycle = 320 ms, 
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calculated from the above equation is not an integer multiple of the DRX cycle period and therefore it has been rounded to the next higher DRX cycle period multiple.
3. Conclusion

Performance requirements for inter-frequency cell identification and measurements for an UE in connected mode when DRX is enabled are proposed in this contribution.
4. References

[1] R4-087144, CR to 36.133 – Approved Document, Nokia/NSN.
[2] R4-081432, LTE inter-frequency cell identification requirements in connected mode, Motorola.
5. CR Proposal

8.1.2.3
E-UTRAN inter frequency measurements

The UE shall be able to identify new inter-frequency cells and perform RSRP measurements of identified inter-frequency cells if carrier frequency information is provided by the serving cell, even if no explicit neighbour list with physical layer cell identities is provided.

8.1.2.3.1.1 E-UTRAN FDD – FDD inter frequency measurements when no DRX is used

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.

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.

8.1.2.3.1.2 E-UTRAN inter frequency measurements when DRX is used

When DRX is in use the UE shall be able to identify a new detectable FDD inter frequency cell within Tidentify_inter as shown in table 8.1.2.3.1-2
Table 8.1.2.3.1-2: Requirement to identify a newly detectable FDD inter-frequency cell

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

	
	Gap period = 40 ms
	Gap period = 120 ms

	≤40
	[1.6 (Note)]
	[7.2 (Note)]

	[0.08]
	[3.2 (40)]
	[7.2 (90)]

	[0.16]
	[3.2(20)]
	[7.2 (45)]

	[0.32]
	[6.4(20)]
	[7.36 (23)]

	[0.64]
	[12.8(20)]
	[12.8 (20)]

	[1.28]
	[25.6 (20)]
	[25.6 (20)]

	[2.56]
	[51.2 (20)]
	[51.2 (20)]

	Note: number of DRX cycle depends upon the DRX cycle in use


A cell shall be considered detectable when 

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

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

In the RRC_CONNECTED state with DRX cycles of 80ms or greater the measurement period for inter frequency measurements is Tmeasure_inter as shown in table 8.1.2.3.1-3. The UE shall be capable of performing RSRP measurements for up to [3] FDD inter-frequency carriers and up to [4] cells per carrier, and the UE physical layer shall be capable of reporting measurements to higher layers with the measurement period of Tmeasure_inter. 

Table 8.1.2.3.1-3: Requirement to measure FDD inter-frequency cells

	DRX cycle length (s)
	Tmeasure_inter (s) (DRX cycles)

	≤40
	0.2 (Note)

	[0.08]
	0.4 (5)

	[0.16]
	0.8 (5)

	[0.32]
	1.6 (5)

	[0.64]
	3.2 (5)

	[1.28]
	6.4 (5)

	[2.56]
	12.8 (5)

	Note: number of DRX cycle depends upon the DRX cycle in use


The measurement accuracy for all measured cells shall be as specified in the sub-clause 9.1.
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