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1. Introduction

In RAN4#46bis Shenzhen meeting, several agreements on intra-frequency cell identification in connected mode non-DRX case were reached [2]. In this contribution some considerations on requirements for E-UTRA inter-frequency cell monitoring in connected mode are discussed and a way forward is proposed on setting the corresponding 36.133 requirements.
2. Discussion
The following items were tentatively agreed to in the RRM adhoc in RAN4#46bis meeting [2] for E-UTRA inter-frequency measurements in connected mode.

1. A measurement period equal to [480] ms. (This number is identical to that for the UTRA FDD case)

2. Measurements on [3] inter-frequency carriers.
3. Minimum of [4] cells per carrier, with the possibility that [4-6] cells per carrier might be considered.

It has been agreed upon that the UE would be required to perform cell detection, measurements and monitoring on E-UTRA carriers other than the serving cell carrier only when gaps are configured by the network. Currently, RAN4 has agreed to the use of two gap periodicities for this purpose – 40 ms and 120 ms with TGL equal to 6 ms for both cases.

Towards setting cell identification and measurement requirements for E-UTRA FDD inter-frequency monitoring, one criterion that could form the basis is the total time the UE takes to detect and/or measure cells on different carrier frequencies. 
In the UTRA FDD inter-frequency case in CELL_DCH state [3], 
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 ms has been specified, while 
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 ms. However, the associated lowest SCH Ior/Ioc at which the inter-frequency requirements need to be met is 3 dB higher than that for the intra-frequency case. Since, cell acquisition and measurements are only required to be carried out by the UE when gaps are configured, a shorter 
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 ensures that total identification time is of the order of few seconds or of the order of 10’s of seconds in the worst case. For the worst case, when TGL1 = 7 and TGPL = 18, cell identification time is approximately equal to 
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per carrier frequency. This assumes a 2*0.5 ms implementation margin. Therefore, for two carrier frequencies, this number would be close to 34.6 s.
In E-UTRA, as per the previous agreements, the UE would likely be required to monitor [3] carriers other than the serving cell carrier. As a result, to achieve the same worst case identification time as in UTRA FDD, the identification time per carrier frequency should be of the order of 34.6/3 = 11.5 s. The longest gap periodicity for E-UTRA is 120 ms, and this means that a 
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 would be required. 

Clearly, there is a trade-off between 
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 and the associated minimum SCH Ior/Ioc required for achieving that identification time. A longer 
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 would mean a lower achievable SCH Ior/Ioc at which cells can be identified and therefore reduced dropped call probability for cell-edge UEs. A use case for a gap that is longer than 120 ms has not yet been foreseen for inter-frequency E-UTRA measurements. Choosing a 
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 shorter than 480 ms would imply that the corresponding minimum operating SCH Ior/Ioc would be higher than for the value applicable to 480 ms and consequently a higher dropped call probability results for cell-edge UEs. This, therefore, is not desirable. We recommend that a 
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 equal to 480 ms be specified and the minimum SCH Ior/Ioc required to satisfy this requirement for both 40 ms and 120 ms gap periodicities can then be determined for closing the specification. 
The network would configure gaps for inter-frequency measurements for load balancing (mostly by handing over the UE to a co-located eNB on a different carrier), and the SNR conditions at which inter-frequency cells need to be detected/measured would be better than in the minimum Ior/Ioc for intra-frequency case (i.e., -6 dB as per [2]). At the same time, as outlined earlier, a higher minimum SCH Ior/Ioc would imply a larger dropped call probability for cell-edge UEs. To strike a balance, RAN4 could investigate the achievability of 480 ms identification time at a few SNR points higher than -6 dB. Specifically, SCH Ior/Ioc = -5, -4 and -3 dB can be considered as candidate SNR points.

One aspect not considered above is the impact of 
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 on HO interruption time in the case that blind handover is required in E-UTRA inter-frequency case. A shorter 
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 (say, 300 ms as it is in UTRA FDD case) would result in a shorter interruption time, but at the expense of increased missed chances for inter-frequency HO for cell-edge UEs. Feedback from operators would be helpful on whether 
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 equal to 480 ms is acceptable from a interruption time perspective given that there are other benefits, if blind HO were to be a requirement in E-UTRA.
Based on the above considerations, we suggest the following way forward towards setting requirements for the inter-frequency case.
1. 
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ms be specified.

2. RAN4 investigate the achievability of this cell identification time at a few SNR points (SCH Ior/Ioc = -5, -4 and -3 dB) and choose the minimum of these numbers as the specification value at which the chosen 
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 is achievable.
3. Conclusion

A way forward was proposed on inter-frequency measurement requirements and if there is agreement within RAN4 on this approach, a TP can be drafted capturing the agreement.
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