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1. Introduction

There has been no agreement in RAN4 on the extent to which 36.133 should specify the UE behavior in identification and monitoring of multiple inter-frequency LTE and inter-RAT cells in connected mode and on the associated performance requirements the UE should meet. The approaches suggested so far are completely serial monitoring, interlaced monitoring (also referred to as parallel monitoring) and a hybrid approach which is a combination of the first two. In this contribution, we provide a discussion on the different approaches and on some considerations in setting performance requirements and tests.
2. Discussion
2.1 Single gap pattern for monitoring

There seems to be general consensus in RAN4 on the use of a single gap pattern (with fixed gap density) for monitoring inter-frequency LTE layers and inter-RAT frequency layers. It is not clear if there are sufficient benefits to the use of multiple parallel gap patterns that justify the increase in system complexity. Therefore, we assume that a single gap pattern will be configured for monitoring of inter-frequency LTE and other RAT layers in what follows.
2.2 Simultaneous monitoring of multiple layers using a single gap pattern
Several approaches have been proposed on how the UE should monitor multiple frequency layers. The three approaches which have been discussed in RAN4 so far are as follows ([2] provides a good summary).

1. Serial monitoring – Different layers are detected/measured one after the other in a pre-determined order. A detection attempt or a measurement on the second layer is not carried out until the first layer is processed. The sequence in which the different layers are processed are either signaled by the network or the UE autonomously determines the sequence. 

2. Parallel monitoring – The available gaps are used in an interlaced manner. For example, if cells on two layers are being measured, the first gap is used for the first layer and the second one for the second layer, the third gap for the first layer and so on.

3. Partly parallel monitoring – There is a “preferred” layer, presumably one that is signaled by the network, on which detection is attempted before any other layer is processed. After the UE either detects a cell or there is a time-out event on the preferred layer, it switches to parallel monitoring.

In offline discussions in the last RAN4 meeting, it was discussed whether there is an advantage in allowing for some network operator control on how the UE processes the different layers to help the scenario when the UE starts to lose LTE coverage. Approach 3 above, (referred to as Alt 3 in [2]) ensures that the UE attempts cell detection of a "preferred" RAT layer before it tries to detect cells on other layers -- a minimum reporting delay is guaranteed if the UE succeeds in finding the cell and therefore the call is not dropped. The downside of this approach is that, if the UE is unable to detect a cell on the desired layer, it will get delayed in finding cells on other layers it might have otherwise succeeded in detecting. In which case, UE ends up dropping the call and the dropped call rate is not improved. So, whether Approach 3 is beneficial or not depends on how reliably the network can deduce if a cell on the "preferred" RAT layer is detectable by the UE or not. If the network knows that the UE can detect a preferred RAT layer with high reliability, it can just ask the UE to detect/measure that particular layer by configuring a single layer measurement on that layer as the UE is anyway in connected mode. 


The argument above also holds against Approach 1 (serial monitoring) in which the network signals the sequence in which the UE should process different layers. Another reason why Approach 1 is not a good scheme is when GSM is one of the RATs that is required to be monitored. If the UE wants to perform BSIC verification the UE should have sufficient flexibility in determining which gaps are used for GSM monitoring without having to waste the available gaps. 
Therefore, we propose that Approach 2 (parallel monitoring) be adopted. We further propose that the parallel monitoring scheme be used only for the design of detection/measurement delay performance requirements – an implementation should not be mandated. For reasons outlined in Section 4, it would be beneficial to allow for sufficient implementation flexibility to enable efficient use of gaps while still maintaining acceptable measurement reporting delays. The network should assume that the UE has implemented parallel monitoring from a reporting delay perspective.
4. Setting performance requirements for simultaneous monitoring of multiple layers -- measurements

We consider the case when the UE has to monitor 
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UTRA layers and 
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GSM cells on those many GSM BCCH carriers. We assume that the cells on the different layers have already been identified/verified. The measurement period per frequency layer for inter-frequency LTE, inter-RAT UTRA and inter-RAT GSM is equal to 480 ms [1]. 
We assume that just like in UTRA, 
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Suppose that 100% of gaps are utilized for GSM measurements. For a gap period of 40 ms, there are 12 gaps of 6 ms each and therefore, 12x10 GSM BCCH carrier measurements can be carried out. Since, each RSSI measurement requires 3 samples from within a 480 ms window (when possible), we can monitor up to 12x10/3 = 40 GSM BCCH carriers. On the other hand if the gap periodicity was 120 ms, then we would have 4 gaps of 6 ms each. Therefore, RSSI measurements on
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 BCCH carriers are possible within a 480 ms period. We would need,  
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 measurement periods of 480 ms are required for monitoring GSM cells assuming 100% of the gaps are made use of for GSM measurements.

Based on the arguments above, we propose that the measurement delay requirements be set as follows when 100% of the gaps are being used for measurements.

For gap periodicity of 40 ms

When multiple RAT layers are configured for measurements, the total measurement delay should be set to
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is an indicator function which is equal to 1 if there a GSM layer and equal to 0 if there is not.

For gap periodicity of 120 ms

When multiple RAT layers are configured for measurements, the total measurement delay should be set to
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is smallest integer greater than or equal to 
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4. Setting performance requirements – cell identification

Identification of new cells on different frequency layers are attempted while the UE continues measuring the already detected cells. Therefore, in general, it appears a 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. Further RAN4 discussion is required on how this fraction might be chosen. 
A discussion in RAN4 is also worthwhile on whether there is really much utility in setting requirements for really complex cases. For example, testing simultaneous detection of cells on a GSM RAT and a UTRA RAT when the UE connected to a LTE cell requires that the system simulator implement three RATs on a bench – a scenario that is rather difficult to test. However, in what follows, we describe an approach for specifying requirements for a few simple cases.
4.1 Identification of cells on a LTE inter-frequency layer with an UTRA layer
Consider the case when the UE has to detect two new cells on different layers which belong to either a LTE RAT or a UTRA RAT. For this case, the detection delay should be specified as the sum of the delays required for detection of individual layers.
4.2 Identification of cells on a LTE inter-frequency layer with a GSM layer
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 
what 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 as shown Table 1 for both 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 x fraction of gaps allocated for new detection used for GSM initial detection. In Table 1, the duty factors corresponding to 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
	2160 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 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 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
	1040 ms
	240 ms
	2640 ms

	1/3
	120 ms
	1320 ms
	360 ms
	7200 ms

	¼
	160 ms
	10880 ms
	480 ms
	26880 ms

	1/6
	240 ms
	2640 ms
	720 ms
	14400 ms

	1/9
	360 ms
	7200 ms
	1080 ms
	19440 ms


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

The worst case delays shown above for GSM initial BSIC identification and verification can in principle be used for specifying performance requirements. However, how we use these numbers in setting tests seems less straightforward unless we make specific assumptions on the duty factor the UE is supposed to use for GSM cell detection. 
As pointed out in [3], it would be preferable to have some degree of UE implementation flexibility with regard how it does BSIC verification on already detected cells so that an efficient use of gaps can be made. If one chooses to design tests which require BSIC verification as part of the test, the UE should be allowed at least as much delay as shown in Table 2.
5. Proposed way forward on UE testing

As a first step, we propose that simple tests be specified such that the multiple layer monitoring capability of UEs are tested for functionality and performance. The following two test cases are suggested for UE testing of detection and measurement performance when multiple inter-frequency and inter-RAT layers need to be monitored. Both of these tests have been designed with the intention to check if the UE is able to meet the detection and measurement delays allowed for by the parallel monitoring assumption.
5.1 Inter-frequency LTE layer with a inter-RAT UTRA layer
The UE is connected to an LTE cell at the very beginning. There are two other carriers on which the UE is asked (via measurement control message) to monitor cells. One of the layers is an inter-frequency LTE layer and the other is an UTRA layer and the UE has not detected a cell on either of them at the beginning. There are two consecutive time durations T1 and T2 during which the power levels of the different cells change.

Starting the beginning of time duration T1, both neighbor cells become detectable, but only one of them satisfies the event triggering criteria configured in the measurement control message. The UE is expected to have detected both cells and to have reported one of the cells (which triggered) before the detection delay allowed by the sum of the detection delays for the individual cells and before T1 expires. At the expiration of T1 and beginning of T2, the other cell (which did not trigger during T1) changes power such that the event triggering criterion is satisfied. The UE is expected to report the event before a delay equal to the sum of the individual measurement periods (for the two neighbor cells) is elapsed from the beginning of T2. 

5.2 Inter-frequency LTE layer with a inter-RAT GSM  layer
The UE is connected to an LTE cell at the very beginning. There are two other carriers on which the UE is asked (via measurement control message) to monitor cells. One of the layers is an inter-frequency LTE layer and the other is an inter-RAT GSM layer. There are two consecutive time durations T1 and T2 during which the relative power levels for the different cells change. The UE has not detected neighbor cells on either of the layers in the beginning.

At the beginning of T1, both cells become detectable, but only one of them satisfies the event triggering criteria configured in the measurement control message. The detection delay for the GSM cell is calculated using the assumption that UE uses 50% of the gaps for GSM cell detection from Table 1. The UE is expected to report the cell that satisfies the event triggering criterion before a delay equal to the sum of the delays required for the two neighbor cells. At the end of T1 and the beginning of T2, the power level on cell that did not previously satisfies the event triggering criterion changes so that the criterion is met. The UE is expected to report this cell before a delay equal to the sum of the individual measurement periods is satisfied. 
If there an agreement in RAN4, text proposals can be drafted around these test cases for 36.133 Annex.
5. Conclusion

Several considerations were discussed for specifying behavior, performance requirements and UE testing for monitoring of multiple layers -- inter-frequency LTE, inter-RAT UTRA and inter-RAT GSM. We suggest that requirements be specified based on a parallel monitoring assumption as outlined in this contribution. However, we note that it is important that specific implementations on the UE not be mandated so that the UE has opportunities for efficient use of gaps while still allowing for acceptable measurement reporting delays.
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