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1. Introduction
It was agreed in RAN4#47bis meeting that, for the purpose of monitoring of multiple inter-frequency LTE layers and inter-RAT layers,

· a single UL-DL gap pattern will be configured by the network for the UE to monitor the multiple layers, and

· specific UE behavior will not be mandated on how the gaps are utilized for monitoring of the different layers.

However, it was pointed in [3,2] that when GSM RAT is configured for monitoring, the derivation of performance requirements for cell identification (BSIC initial identification and verification) are non-trivial due to the structure of GSM FCCH and SCH channels. It was also pointed out that some assumptions on the gap utilization duty factor used for GSM monitoring are necessary in order to derive test requirements for the Annex of 36.133 [1]. In this contribution, we provide revised tables for some of the performance requirements suggested for GSM cell identification in [2].
2. Cell identification performance requirements without GSM layer configured

When a GSM RAT is not one of the configured layers, the performance requirements can be derived by assuming that UE does a simple gap sharing between the multiple layers. Therefore, total cell identification delay requirement can be based on sum of the identification delays for the individual layers for which the UE is expected to perform cell identification on simultaneously.
3. Cell identification performance requirements when a GSM layer is configured 

Identification of new cells on different frequency layers are attempted while the UE continues measuring the already detected cells. Therefore, in general, it appears difficult to specify cell identification requirements without enforcing a restrictive behavior on UE implementation. But, however, it might be beneficial to specify certain upper bounds on detection delays without severely affecting implementation flexibility so that the network is guaranteed that the UE attempts detection of a new cell within a certain maximum delay. One approach would be is to assume that a certain fraction of the gaps are used by the UE solely for the purpose of new cell identification when GSM in one of the layers that needs to be monitored. For example, we can assume that the UE uses either 50% of the gaps or 33% of the gaps or some other percentage depending on the number and composition of layers on the other RATs configured for monitoring. 
For gap-assisted initial BSIC identification of a GSM cell, the synchronization burst on a GSM BCCH carrier has to fall within a gap and therefore, the worst case detection delay is primarily a function of 
the proportion of gaps are used for that purpose. For example, suppose that 50% of the gaps are used for detection of new cells. If one layer (inter-frequency LTE or UTRA) is being monitored for new cells in addition to a GSM carrier and the two layers share the gaps equally, then one out of four gaps are available for GSM detection. 
The worst case detection delays as a function of the duty factor are shown Table 1 for the two gap periodicities, 40 ms and 120 ms. Computer simulations were used to determine the worst case delays. The delays were computed such that there are at least two independent BSIC identification attempts. Duty factor is defined as the proportion of the total gaps used for initial GSM detection. Therefore, duty factor = fraction of gaps used for new cell detection times the fraction of gaps allocated for new detection used for GSM initial detection. In Table 1, the duty factors corresponding to the fraction of total gaps used for new cell detection = 50% and 33% and fraction of gaps allocated for new cell detection used for GSM initial detection = 1, ½ and 1/3 are shown. Sampling period for GSM initial detection is defined as the ratio gap period / duty factor.
	Duty factor
	Gap period = 40 ms
	Gap period = 120 ms

	
	Sampling period
	Worst case delay
	Sampling period
	Worst case delay

	½
	80 ms
	2640 ms
	240 ms
	7440 ms

	1/3
	120 ms
	3720 ms
	360 ms
	19440 ms

	¼
	160 ms
	15680 ms
	480 ms
	31680 ms

	1/6
	240 ms
	7440 ms
	720 ms
	38880 ms

	1/9
	360 ms
	19440 ms
	1080 ms
	56160 ms


Table 1. Worst case detection delay as a function of duty factor for initial GSM identification
For BSIC verification on the other hand, we compute the worst case delay required for at least one BSIC detection attempt. The values are shown in Table 2.
	Duty factor
	Gap period = 40 ms
	Gap period = 120 ms

	
	Sampling period
	Worst case delay
	Sampling period
	Worst case delay

	½
	80 ms
	1840 ms
	240 ms
	5040 ms

	1/3
	120 ms
	2640 ms
	360 ms
	13320 ms

	¼
	160 ms
	13280 ms
	480 ms
	29280 ms

	1/6
	240 ms
	5040 ms
	720 ms
	26640 ms

	1/9
	360 ms
	13320 ms
	1080 ms
	37800 ms


Table 2. Worst case detection delay as a function of duty factor for GSM BSIC verification

Tables 1 and 2 are revised versions of that presented in [2].

Using the worst case delays in setting test requirements enable a certain degree of UE implementation flexibility with regard to how the UE does BSIC verification, at the same time guaranteeing some sort of a minimum identification delay from a network point of view.
5. Way forward on specifying UE tests
A discussion in RAN4 is also worthwhile on whether there is really much utility in setting requirements for really complex cases. Some simple initial tests to check the UE behavior on gap utilization were proposed in [2] and are summarized below:

1. Monitoring of an inter-frequency LTE layer with a inter-RAT UTRA layer, where two cells on the two layers becomes detectable at the same time instant, but however only one satisfies the triggering criterion. The UE is expected to send a report within one cell identification delay for that cell which satisfies the triggering criterion from the instant the two cells become detectable. After some time, the second cell which did not trigger before, now changes its power such that its triggering condition is satisfied. The UE is expected to send a report for the second cell within one measurement duration for that cell since the UE is supposed to have detected that cell earlier.
2. Monitoring of an inter-frequency LTE layer with an inter-RAT GSM layer. In terms of test composition, the power levels of the cells are varied to replicate the functionality of the earlier test in 1) above.

We propose that the gap utilization duty factor to be made use of for deriving the cell identification delay numbers when GSM is one of the configured RATs be decided by RAN4 on a case by case basis. Instead of assuming a particular fixed duty factor for GSM monitoring (eg. 50% or 25%), the number and composition of layers on the other RATs configured in the tests should influence the choice of the duty factor.

5. Conclusion

Further details on setting performance requirements and UE tests when multiple inter-frequency LTE and inter-RAT layers are configured were provided. Revised tables for cell identification, i.e., BSIC initial detection and verification delays when GSM is one of the configured layers were provided. It was suggested that the gap utilization duty factor for GSM that critically affects the cell identification delay be decided on a case by case basis in deriving the test requirements. A discussion in RAN4 is also worthwhile on whether there is really much utility in setting requirements for really complex cases. Some simple initial tests that would check the UE implementation functionality in a multiple layer scenario were proposed.
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