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1 Introduction
Simulation assumptions for LAA RSRP/RSRQ measurements were agreed in 3GPP RAN4#76bis meeting in Sophia Antipolis in [1]. The purpose of the simulations is to find out if current RSRP/RSRQ accuracy requirements could be met with single shot RRM measurements with LAA DRS, or whether multi shot measurements are needed. RSRP/RSRQ performance is investigated with different measurement bandwidths (6 PRB/25 PRB/50 PRB), with three different channel models (AWGN/ETU5/EPA30) and different SINR values (-6, -5, -4, -3, -2, -1 dB).
In this paper we present the results of our RSRP simulations. The result graphs metric is RSRP measurement accuracy as requested in the simulation assumptions. RSRQ simulation results are not included in this contribution.
2 RSRP performance
RSRP measurement accuracy results for 6 PRB measurement bandwidth with different channels and for 1 and 2 Tx can be seen in Figure 1, Figure 2 and Figure 3. The simulations have been done with single shot measurements. RSRP accuracy is calculated as: delta RSRP = estimated RSRP – ideal RSRP.[bookmark: _Ref434825293]Figure 1: RSRP accuracy with 6 PRB measurement bandwidth in AWGN channel: on the left for 1 Tx and on the right for 2 Tx.





Figure 2: RSRP accuracy with 6 PRB measurement bandwidth in EPA5 channel: on the left for 1 Tx and on the right for 2 Tx.

Figure 3: RSRP accuracy with 6 PRB measurement bandwidth in ETU30 channel: on the left for 1 Tx and on the right for 2 Tx.

According to Rel-12 RSRP measurement accuracy requirement in TS 36.133, delta RSRP has to be between 4.5 dB or 8 dB for normal condition, depending on the E-UTRA operating band group (Table 9.1.2.1-1 etc.). For high Doppler conditions the accuracy is 6 dB or 9.5 dB, depending on the E-UTRA operating band group (Table 9.1.2A1-1 etc.). 
From figures 1-3 it can be seen that in our simulations the accuracy requirements are easily fulfilled with 6PRB measurement bandwidth in all the channel types (AWGN, EPA5 and ETU30), and with all the simulated SINR values for both 1 Tx and 2 Tx. 
[bookmark: _Ref434832935][bookmark: _Ref434843531]Observation 1: Rel-12 RSRP measurement accuracy requirements can be fulfilled with single shot RSRP measurements with 6 PRB measurement bandwidth.
For comparison, RSRP measurement accuracy results for 25 PRB measurement bandwidth with different channels and for 1 and 2 Tx are shown in Figure 3, Figure 4 and Figure 5.
[image: ]Figure 4: RSRP accuracy with 25 PRB measurement bandwidth in AWGN channel: on the left for 1 Tx and on the right for 2 Tx.
[bookmark: _Ref434826698]Figure 6: RSRP accuracy with 25 PRB measurement bandwidth in ETU30 channel: with 1 Tx.
[bookmark: _Ref434826701]Figure 5: RSRP accuracy with 25 PRB measurement bandwidth in EPA5 channel: on the left for 1 Tx and on the right for 2 Tx.

As can be seen from figures 4-6, delta RSRP values are closer to zero with a higher bandwidth and obviously the accuracy requirements are also fulfilled with 25 PRB. However, 25 PRB measurement bandwidth does not seem to be necessary for RSRP measurements in LAA, since the accuracy requirements are already fulfilled with 6 PRB measurement bandwidth. We have also done simulations with 50 PRB, and it goes without saying that the CDF is even steeper with even higher bandwidth.
[bookmark: _Ref434832941][bookmark: _Ref434843536]Observation 2: A higher measurement bandwidth of 25 PRB steepens the delta RSRP CDF, but measurement requirements are already fulfilled with 6 PRB measurement bandwidth.
We have also simulated AWGN channel with 6 PRB and 25PRB measurement bandwidths for multi-shot measurements with i=2 i.e. averaging over two RSRP samples. The results can be seen in Figure 10 and Figure 11.[bookmark: _Ref434834058]Figure 10: RSRP accuracy with averaging over 2 RSRP samples with 6 PRB measurement bandwidth and in AWGN channel: on the left for 1 Tx and on the right for 2 Tx.

[bookmark: _Ref434834060]Figure 11: RSRP accuracy with averaging over 2 RSRP samples with 25 PRB measurement bandwidth and in AWGN channel: on the left for 1 Tx and on the right for 2 Tx.

As can be seen from the figures, using two shot RSRP measurements gives slightly better results, and the performance gets better with bandwidth, but since the RSRP measurement accuracy requirements are already easily fulfilled with single shot, there does not seem to be a need for using two shot measurements.
[bookmark: _Ref434834226][bookmark: _Ref434843576]Observation 3: Using two shot RSRP measurements provides slightly better performance, but for fulfilling RSRP accuracy requirements, single shot measurements are enough.
Summarized, from our simulation results we can say that single shot RSRP measurement accuracy can be fulfilled with 6 PRB measurement bandwidth in all the measured channels and SINR values. Thus, our view is that there is no need to relax the RSRP measurement accuracy requirements or use a larger measurement bandwidth for single shot RSRP measurement purposes in LAA. However, it should be taken into account that the SINR operating point should be similar to cell detection and RRM measurements in case of single shot detection and measurements.
[bookmark: _Ref434843596]Proposal 1: Use 6 PRB measurement bandwidth and ≥-6 dB SINR operating point for RSRP measurements in LAA.
4	Conclusion
In this paper we have presented our RSRP measurement accuracy results from simulations based on simulation assumptions agreed in the last RAN4 meeting. Based on the simulation results we have observed the following:
Observation 1: Rel-12 RSRP measurement accuracy requirements can be fulfilled with single shot RSRP measurements with 6 PRB measurement bandwidth.
Observation 2: A higher measurement bandwidth of 25 PRB steepens the delta RSRP CDF, but measurement requirements are already fulfilled with 6 PRB measurement bandwidth.
Observation 3: Using two shot RSRP measurements provides slightly better performance, but for fulfilling RSRP accuracy requirements, single shot measurements are enough.
Based on these observations we have proposed the following:
Proposal 1: Use 6 PRB measurement bandwidth and ≥-6 dB SINR operating point for RSRP measurements in LAA.
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