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1 Introduction

This contribution was presented in RAN4#42bis but due to lack of time this topic (physical layer measurement period) could not be addressed in the RRM adhoc session and was therefore not discussed in detail. In this paper we analyze the physical layer measurement period for two agreed UE measurements: RSRP and E-UTRA carrier RSSI [1]. The discussion in the rest of the document is applicable to intra-frequency measurements, i.e. measurements that don’t require any idle gaps. 

2 Definition: physical layer measurement period

It is the duration after which the UE physical layer delivers the measurement to its higher layer for further processing or for transmission to the network. During the measurement period the UE shall accumulate several measurement samples to achieve certain measurement accuracy.
3 Factors Influencing Measurement Period
It is important to consider the factors, which should be taken into consideration before specifying the physical layer period. Some of the key factors are:  
· Measurement reporting delay
· Measurement bandwidth

· Measurement accuracy
· Number of reported cells 
· DRX/DTX operation
· Impact of idle gaps
They are discussed one by one in the sections to follow:

3.1 Measurement reporting delay

By measurement reporting delay we mean the total time elapse between the start of the measurement and the moment when measurement is available at the network. This means too long physical layer measurement period would extend the measurement reporting delay, which in turn would degrade the mobility performance i.e. delay in cell reselection and handover execution. 
3.2 Measurement accuracy

A reasonable measurement accuracy, which is usable from network perspective and affordable from UE complexity standpoint, is desirable. As stated before in section 3.1 that too long measurement period is undesirable from mobility point of view. On the other hand too short measurement period would be too stringent for the UE to achieve the accuracy requirements over a wide range of UE speed and propagation environments. 
In practice due to complexity reason the UE is not likely to measure continuously from the same cell over the entire measurement period. In fact it will most likely collect one or several measurement samples within the measurement period. Furthermore, in TDD only a sub-set of sub-frames (downlink sub-frames) are available for performing neighbour cell measurements. 
Thus, in propagation environment, which is characterized by low Doppler and low delay spread, with a shorter physical layer measurement period, the desired accuracy would be difficult to achieve. This is further elaborated by the following explanation. The RSRP measurement accuracy figures (without implementation margin) were provided in an earlier contribution [2], where physical layer measurement period equivalent to 200 ms is considered. Both measurement and system bandwidths are 1.25 MHz. The results are repeated in Annex A for convenience. The worst accuracy, though still acceptable, is observed in PA3 environment. Assuming similar measurement implementation and by shrinking the measurement period to 100 ms the accuracy would be achieved at UE speed ranging from 6-7 km/hr and beyond.   
3.3 Measurement bandwidth
In order to achieve the desired measurement accuracy the measurement period can be traded with the measurement period; larger bandwidth and shorter measurement period and vice versa. As argued in sections 3.1 and 3.2, a moderate measurement period is needed to ensure reasonable reporting delay and acceptable measurement accuracy. Assuming the same 200 ms measurement period irrespective of the propagation, it has been shown that even in very low Doppler environment, the desired measurement accuracy can still be maintained by performing measurement over larger bandwidth or in some cases higher layer filtering would be needed to compensate for it [3].  
3.4 Minimum number of reported cells
In WCDMA the UE is able to report the neighbour cell measurements (i.e. CPICH measurements) of at least 8 identified intra-frequency cells (including the serving cell) with the same measurement period (200 ms) and the same measurement accuracy. Based on the past experience, this number (8 reported cells) is found to be appropriate. We have found in our analysis that in E-UTRAN the UE is also able to report at least up to 8 cells with the same measurement accuracy assuming 200 ms measurement period. However, we invite other companies to also investigate this aspect before drawing the final conclusions on the measurement period.     
3.5 DRX/DTX Operation
The UE in RRC_CONNECTED mode will be able to operate in discontinuous reception (DRX) mode. The DRX is an opportunity for the UE to save its battery but it does not mandate UE to wake up only at instances when it’s expected to be scheduled. However, DRX mode should allow sufficient opportunity for the UE to save its battery. At the same time preferably the measurement accuracy should not be compromised. This means the DRX cycle length used by the UE will affect the measurement period provided other parameters such as the measurement accuracy and the maximum number of reported cells are kept the same. The DRX cycle lengths are being currently investigated by RAN2. Assuming DRX cycle range between 10 ms to 5.12 seconds, we prefer and would like RAN4 to investigate that for very short DRX cycle (e.g. up to 20 ms) the same measurement period (e.g. 200 ms) as used for continuous reception is maintained. On the other hand ‘moderate’ and longer DRX cycle would definitely require longer than the normal physical measurement period. In this case we would like to specify explicit measurement periods for the range of DRX cycles. This should be revisited when RAN2 has concluded on their on going discussion on DRX operation.  
3.6 Impact of idle gaps

The discussion on measurement period in this document is mainly related to non gap-assisted measurements, which don’t require idle gaps. When idle gaps are used either for E-UTRA inter-frequency or IRAT measurements, the measurement period will extended as a function of the idle gap length, the type of measurements, number of parallel measurements and so on. The measurement period under idle gaps should be investigated once the baseline requirements, i.e. measurement period for intra-frequency measurements are finalized. 
4 Proposal on Measurement Period

Based on our analysis we believe the physical layer measurement of 200 ms in case of intra-frequency neighbour cell measurements in at least continuous reception mode is feasible in most scenarios and propagation conditions.  
5 Summary

We have discussed a number of factors that could directly or indirectly impact the physical layer measurement period of the neighbour cell measurements: RSRP and carrier RSSI. As these requirements are of fundamental importance, we therefore suggest that RAN4 in the first stage defines an appropriate measurement period applicable for intra-frequency measurement. Our investigation suggests that measurement period in the order of 200 ms for both agreed UE measurements. 
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Figure A.1: RSRP measurement accuracy in PA3  
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Figure A.2: RSRP measurement accuracy in TU50 
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