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1 Introduction
The way forward for tightened RSRP accuracy requirements was agreed in [1]. Based on this way forward, the interested companies are encouraged to provide the RF margin next meeting. In this contribution we discuss RF margins for RSRP, as well as considering whether inter-frequency relative RSRP accuracy could also be tightened, and we discuss a suitable release for the work.
2 Discussion
In previous work on RSRP accuracy in RAN4, achievable absolute accuracy is seen to be around ±2dB. In our understanding, RF impairments may be modelled in such simulations, but the absolute gain of the RF receiver is assumed for simulation purposes to be known exactly. In practical UE implementations, the calibration of RF gain cannot be perfect, so an additional margin is allowed for RSRP accuracy, such that the specification is ±6dB. According to the way forward agreed in [1], it should be investigated whether this can be tightened. Implicitly, the additional margin currently allowed for imperfect knowledge of RF gain is approximately ±4dB, although the partitioning of inaccuracies between RF and baseband is naturally an implementation detail which is not specified in 36.133.

RF gain is typically calibrated during the production of UEs; a simplified description of this procedure is as follows. A test signal of known power is applied to the UE and the automatic gain control adjusts the gain of the receiver such that the target signal level is obtained in the digital circuitry of the UE after analogue to digital conversion. Since the input signal power is also known, it follows that the gain of the RF part of the UE may be calculated for the gain setting in use by the ADC. This process may be repeated for different test signal levels and the measured gain characteristics may be interpolated between test points such that the gain of the receiver with different AGC settings is characterised.
Some reasons for imperfect knowledge of the receiver gain characteristics are as follows

1) The knowledge of gain characteristics between the tested input levels is an approximation, since it is based on interpolation. If it is desired to achieve better calibration, the receiver should be calibrated at a greater number of input levels.
2) The gain of RF components, especially RF filters, is different depending on the received frequency. Filters typically have a pass band ripple characteristic and the pass band ripple will be more if the filter has been designed to have a sharp cut-off e.g. due to meeting requirements for operation on a challenging RF band. The frequency dependent variation of gain may be predicted but depends to an extent on component tolerances. Hence, if it is desirable to achieve better calibration of this aspect the receiver should be calibrated on a greater number of EARFCN. It should be noted that it is impractical to calibrate a UE in production on all the EARFCN on which it may later operate.

3) Receiver gain varies with temperature, even if the temperature range is restricted to the normal range used in RRM specifications rather than the extreme range. Again, the temperature characteristics of the receiver are partially known and the UE may make temperature measurements to compensate for the variation. It is typically not practical to perform calibrations at different temperatures in UE production, due to the time that it takes to warm/cool the device to stable temperatures in a temperature controlled oven. Hence the temperature compensation is likely to be done generically for the design, rather than being done for individual devices
4) Ageing of RF components means that their gain characteristics change over time. Laboratory test equipment is typically recalibrated according to some maintenance schedule, but this is clearly not practical for consumer products.

Considering 1) – 4), it can be seen that there is a trade-off between the amount of time spent on calibration procedures, and the absolute accuracy of the calibration that can be achieved as an outcome. Laboratory test equipment is capable of sub dB accuracy, but this involves very substantial investment in initial calibration and recalibration procedures which are clearly impractical for mass produced consumer devices. Since the details of production calibration are proprietary aspects of UE implementation, it seems difficult to have a detailed technical analysis in RAN4 on what would be achievable, while still keeping production time (and hence cost) reasonable. On the other hand, results and measurements of practical implementations indicate that there is scope for improvement and tightening based on current absolute accuracy specifications, which have been inherited from UTRA release 99. From a network point of view, it is clearly desirable to have more accurate UE measurements to improve the accuracy of the resulting decisions that are made in RRM algorithms.

From our perspective ±1.5dB tightening of absolute RSRP is feasible without incurring a significant cost penalty, in normal conditions. We think that the extreme temperature range could be excluded from the discussion.

Proposal 1: Intra-frequency and inter-frequency RSRP absolute accuracy requirements are tightened to ±4.5dB in normal conditions
It should be kept in mind that measurements of UEs only partially indicate the scope for tightening, since the requirements are general and apply on all bands, including those with more challenging arrangements, and the other factors such as temperature variation, component aging etc. will not necessarily be seen in a lab test of a practical device. Hence if the minimum requirement is tightened to ±4.5dB it is expected that the typical performance observed will be better than ±4.5dB.

Proposal 2: RSRP absolute accuracy requirements are not tightened in extreme conditions
Primarily this proposal is made is because it is not practical to perform temperature based calibration in UE production.

Another aspect which we would like to discuss in RAN4 is whether there is also scope for similar tightening of the RSRP inter-frequency relative accuracy requirement, which is also specified as ±6dB. Many of the uncertainties affecting absolute accuracy such as pass band filter ripple are also relevant when RSRP is compared between two frequencies (or bands) and it seems that if the calibration of these aspects are improved to tighten RSRP absolute accuracy, then inter-frequency relative accuracy will also be improved. 

Proposal 3: RAN4 discusses whether there is also scope to tighten RSRP inter-frequency relative accuracy

In view of the large number of LTE carriers and bands which are being deployed, we believe that this would be beneficial so that more accurate inter-frequency/inter-band handover decisions can be made.

Finally, the way forward mentions applicable release for the work. Our view is that the existing requirements do not cause showstopper problems for LTE deployment, and the proposals are an improvement/enhancement which may need changes in UE implementation, such as the introduction of modified production calibration procedures for some or all UE. As such, we think that the correct introduction of the tightened accuracy requirements is to an open release, and we propose
Proposal 4: Tightened RSRP requirements are introduced for release 12 (i.e. TEI12)
Since there are no signalling changes or UE capability foreseen to be associated with the tightened requirement, it should be noted that proposal 4 does not preclude early implementation of improved RSRP accuracy in earlier release UEs – indeed this could never be precluded as RAN4 specifies minimum performance for RRM accuracies only.
3 Conclusions 
In this contribution we discuss RSRP accuracy tightening. It is noted that there is a trade-off between calibration time and the accuracy of calibration which can be expected, which is implementation dependent.  We consider that tightening of RSRP accuracy is feasible and propose
Proposal 1: Intra-frequency and inter-frequency RSRP absolute accuracy requirements are tightened to ±4.5dB in normal conditions

Proposal 2: RSRP absolute accuracy requirements are not tightened in extreme conditions
Proposal 3: RAN4 discusses whether there is also scope to tighten RSRP inter-frequency relative accuracy

Proposal 4: Tightened RSRP requirements are introduced for release 12 (i.e. TEI12)
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