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[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
At RAN4#82 it was decided that RAN4 shall specify RRM requirements for UE category L – comprising all legacy UE categories except category 0 and M1 – for operation in CE mode according to each device’s capability.
The agreement in the WF [1] states as follows.
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Particularly, RSRP and RSRQ using 2 RX antennas while operating in CE shall be investigated.
In this contribution we provide simulation results for RSRP and RSRQ using 1 and 2 RX antennas. The results have previously been presented at RAN4#75. 
Simulations
To be able to accurately support coverage enhancement down to SINR, the coherent averaging needs to include more samples to provide another 12dB increase in SNR, totaling to SNR 21dB compared to that of an individual CRS. This means that ideally the coherent average shall comprise about 128 CRSs in order to sufficiently suppress the bias under the existing measurement accuracy requirements. However, using all CRSs in two adjacent subframes only provides 96 CRSs. Assuming that CRSs in more than two adjacent subframes can be used for coherent averaging is not possible in the general case, firstly due to the frame structures (see above) and secondly due to the potentially larger frequency offset compared to legacy caused by impaired AFC operation at very low SINR. The two sizes of coherent averages are shown in Figure 1.


[bookmark: _Ref416707870]Figure 1: Illustration of (left) coherent averaging based on 8 CRSs and (right) on 96 CRSs. The former can increase the SINR by 9dB and the latter by 19.8 dB.

Simulations have been carried out using coherent averaging over 96 CRSs (averaging over 2 subframes in time and 6 RBs in frequency) and non-coherent averaging over 10 coherent averages. With a 40ms measurement cycle and two subframes captured each measurement occasion, the measurement period is 400ms. In order to investigate different cases of stationary conditions, simulations were carried out for AWGN, EPA 1HZ and ETU 1Hz. To emulate low mobility, EPA 5Hz and ETU 30Hz were simulated. The simulation parameters are shown in Table 1. The simulation results are shown below.



[bookmark: _Ref416645551][bookmark: _Ref416708075]
Table 1: Simulation parameters
	Case
	12x8 1Rx
	12x8 2Rx

	Cell
	PCI 123

	Load condition
	Fully loaded (OCNG)

	eNodeB Tx ports
	1

	Measurement period
	400ms

	Propagation conditions
	AWGN, EPA-1Hz, EPA-5Hz, ETU-1Hz, ETU-30Hz

	Receiver
	Ideal receiver

	Rx antennas
	1
	2

	Coherent average size
	96
	96

	Number of coherent averages per measurement period
	10
	10

	Total number of CRSs used over a measurement period
	960
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[bookmark: _Ref416339132]Figure 2: RSRP and RSRQ simulation results for AWGN using (left) 1Rx and (right) 2Rx antennas. Coherent averaging over 96 CRSs, and non-coherent averaging over 10 coherent average values. Indicated requirements are for absolute RSRP accuracy down to SINR -6dB.
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Figure 3: RSRP and RSRQ simulation results for EPA 1Hz using (left) 1Rx and (right) 2Rx antennas. Coherent averaging over 96 CRSs, and non-coherent averaging over 10 coherent average values. Note: requirements apply for AWGN and are shown for reference only.
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[bookmark: _Ref416339135]Figure 4: RSRP and RSRQ simulation results for ETU 1Hz using (left) 1Rx and (right) 2Rx antennas. Coherent averaging over 96 CRSs, and non-coherent averaging over 10 coherent average values. Note: requirements apply for AWGN and are shown for reference only.
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Figure 5: RSRP and RSRQ simulation results for EPA 5Hz using (left) 1Rx and (right) 2Rx antennas. Coherent averaging over 96 CRSs, and non-coherent averaging over 10 coherent average values. Note: requirements apply for AWGN and are shown for reference only.
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[bookmark: _Ref419716472][bookmark: _Ref419716463]Figure 6: RSRP and RSRQ simulation results for ETU 30Hz using (left) 1Rx and (right) 2Rx antennas. Coherent averaging over 96 CRSs, and non-coherent averaging over 10 coherent average values. Note: requirements apply for AWGN and are shown for reference only.

The resulting RSRP and RSRQ absolute accuracies are shown in Figure 2 through Figure 6 for AWGN, EPA 1Hz, ETU 1Hz and EPA 5Hz and ETU 30Hz, respectively. 
Figure 2 through Figure 6 express the measured RSRP level relative to the noise level versus the actual RSRP level relative to the noise level. The actual relative power can be interpreted as SNR. The deviation of the mean from the ideal curve indicates the bias, and the distance between the 5th and the 95th percentile indicates the variance. 
The simulation results indicate that for RSRP, potentially a tighter requirement can be applied as particularly the variance reduces when 2 RX branches are used. This effect is mostly seen at the higher end of the CE SINR range and normal coverage. At the lowest SINR levels a slight decrease in sensitivity can be noticed, i.e., the mean value deviates more from the ideal curve for 2 RX than 1 RX branch. The explanation is that at low SINR it is the noise that is dominating, i.e. it is a noise limited scenario, and the measurement rules in RAN1 specification TS 36.214 stipulate that when conducting measurements over two RX branches, one shall in practice select the result from the stronger of the two branches. At high SINR this guarantees that one selects the RSRP or RSRQ value from the propagation path that has least impact of fading at that moment, whereas at low SINR the same rule in practice favors the most biased estimate of RSRP. Hence the degradation of sensitivity. 
Furthermore Figure 2 through Figure 6 show the measured RSRQ level versus the SINR level. Here too one can see an improvement at the higher end of the CE range and for normal coverage, whereas one sees a degradation at low SINR. The explanation is the same as given for RSRP above
Summary and Conclusions
The simulation results indicate that using 2 RX antennas the measurement accuracy can be significantly improved provided that the SINR is high enough. Particularly, at the higher end of the CE range and in normal coverage, 2 RX antennas cater for that the UE bases RSRP and RSRQ on the propagation path that momentarily is least impacted by fading. At the lower end of the SINR range the opposite is seen as the most biased RSRP estimate is favoured by the measurement rules, leading to reduced sensitivity. 
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•

RAN4shallspecifyRRMrequirementsforallUECat-LsupportingCEinRel-13.

•

With the exception of the RRM requirements listed below, existing RRM requirements

defined for UE cat-M1 in Rel-13 can be reused for UE Cat-L according to its CE Mode

capability:

–

Radiolinkmonitoring(RLM),

–

SIacquisitiontimei.e.requirementsinvolvingtimetoacquireMIBand/orSIB1-BR

–

RSRPandRSRQmeasurementaccuracies

• RAN4 is to further investigate the above requirements under CE for UE Cat-L

assuming2Rxi.e.

–

RLM,

–

SIacquisitiontime(i.e.MIBand/orSIB1-BR)

–

RSRP/RSRQaccuracies

•

Timeline:

–

InterestedcompaniesareexpectedtoprovideanalysisandresultsinRAN4#82bis.

–

SpecifyRRMrequirementsbyRAN4#83subjecttothecompletionofanalysis.
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