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1. Introduction
A possible problem with UE RRM measurements (RSRP and RSRQ) in high Doppler channels was presented in [1], [2] in previous meetings. It was pointed out that even though some UEs meet the currently defined accuracy requirements in AWGN, the measurements are inconsistent in high Doppler channels. A WF to further study this issue was agreed in [3]. In this paper we present our view on these issues and the need to define requirements/test cases in high Doppler channels.

2. Discussion
Based on lab measurements of commercially available UEs, in [1] and [2] it was shown that there could be problems with the RRM measurements in high Doppler channels(e.g. 600Hz). It was pointed out that even though these UEs were meeting the currently defined accuracy requirements for AWGN, the measurement results were inconsistent in high Doppler Channels. A WF to further study this issue and trying to find a way to make some progress in this area was agreed in [3].
Currently, the measurement accuracy requirements in 36.133 are defined only in AWGN channels. Hence, the measurement performance in high Doppler scenarios is not guaranteed. In [1] and [2] only serving cell measurement results are shown. Considering that there are some demodulation tests for higher Doppler scenarios (up to 200Hz and up to 300Hz is under discussion) the UEs are expected to be able to maintain a certain performance level at least for the serving cell. Results for the measurement accuracy of neighbor cells was not presented, however, performance could be even worse if the implementation is not robust enough. 
In order to provide enough performance robustness, the UE has to apply some frequency tracking/compensation algorithms for serving and neighbor cells when performing measurements. In high Doppler channels(such EVA600), the Doppler shift of the cells to be measured can vary significantly even during one measurement period (200ms). This Doppler shift is not taken into account in the current requirements (defined only for AWGN) and whether the UEs properly apply such compensation algorithms is not checked in the current tests (highest Doppler used in RRM tests is 70Hz).  Based on the above observation we believe that it would be worthwhile to define measurement accuracy requirements and test cases for high Doppler channels. This would ensure a robust design that could cope with more difficult mobility scenarios.
The biggest problem associated with fading channel measurements is that it is not clear what the expected or ideal result should be because the receive signal level is constantly varying. Samples of the receive signal RSRP in 2 fading channels is shown in Fig. 1 and 2. The cdf of the instant RSRP measured on these signals is shown in Fig. 3. For reference, the measurement in a constant AWGN channel is marked as a step function. The x in the figure marks the 5%-ile and 95%-ile of the curve. As can be seen the channel itself introduces a signal variation of ~5dB. 
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                 Fig. 1 Instantaneous RSRP in EPA5                               Fig. 2 Instantaneous RSRP in EVA70
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Fig. 3 CDF of instantaneous RSRP in fading channels

The RSRP values will be filtered for a certain amount of time(200ms for connected mode) so the variation will be somewhat reduced, however, there will still be some deviation compared to the constant value expected in a non-varying channel. In order to define some measurement accuracy requirements for fading channels this variation will have to be taken into account and a method to quantify the deviation in received signal strength will have to be developed. It should also be noted that the deviation introduced by the channel variation will depend on the channel profile and will be higher for slower channels compared to fast varying channels. This aspect will make the task of defining requirements even more challenging.  
3. Conclusion
In this paper we briefly discussed the RRM measurement accuracy problem brought up in [1] and [2]. As the current requirements and test cases are defined only for AWGN, it would be possible that UEs meeting the requirements would show inconsistent performance in high mobility conditions. Hence, we believe that even though there are some clear challenges, it would be worthwhile to define accuracy requirements and test cases for high Doppler scenarios.
It should be further discussed what would be the best way to proceed with this work such that the desired goals can be achieved in an efficient manner.
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