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In the current work item on further enhanced MTC (feMTC) cell bandwidths of up to 96 PRBs are considered. In this contribution we are investigating the achievable measurement performance when utilizing the full bandwidth. For comparison we also present results over 6 and 24 PRB bandwidth.
Background
RSRP and RSRQ Measurement approach
The legacy requirements on measurement accuracy in static (AWGN) conditions can be met by coherently averaging 8 CRSs, calculate the power, and then average such power estimates non-coherently over 2x5 subframes. The coherent averaging reduces the bias and the non-coherent averaging the variance of the RSRP estimate. The increase in SNR achieved by the coherent averaging is 3dB for every doubling of the number of coherently averaged CRSs. Hence when deriving the legacy requirements an SNR increase of 9dB was achieved, allowing measurement accuracy requirements to be fulfilled at least down to Ês/Iot -6dB.
To be able to accurately support enhanced coverage down to Ês/Iot -6dB, the coherent averaging needs to include more samples to provide sufficient number of REs containing CRS compared to that of an individual CRS. Using all CRSs in two adjacent subframes 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 combining over one to 16 such estimates. These are then non-coherently averaged 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, ETU 1Hz, EPA 1Hz, ETU 30Hz and EPA 5Hz. Existing requirements are however only applicable for AWGN.  The simulation parameters are shown in Table .
Table 1: Simulation parameters for FeMTC RSRP and RSRQ measurement studies
	Parameters
	Value
	Comments

	Measurement bandwidth
	96, 24, 6 RBs
	

	[bookmark: OLE_LINK29][bookmark: OLE_LINK30]L1 measurement period
	400 ms
	Focusing on moderate SINR range mainly

	Measurement sampling rate
	40ms

	

	Consecutive subframes used
	2
	

	L3 filtering
	Disabled
	

	Transmit antennas
	2
	Two TX ports

	Receive antennas
	1 
	Single Rx branches

	Mobility
	Stationary UEs, mobile UEs
	

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

	Channel estimation techniques
	Current method (Rel-8) for RS averaging
	

	Measured TX ports
	1, 2
	Facilitates analysis of diversity gain

	CP length
	Normal
	

	Carrier frequency
	2 GHz
	

	Ec/Iot
	-15 dB, -12 dB, -6 dB
	For CEModeA and CEModeB

	Residual CFO
	50Hz
	




Simulation Results
AWGN
Single TX port
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Figure 2: AWGN propagation condition (left) RSRP and (right) RSRQ for (top) 96, (middle) 24 and (bottom) 6 PRBs. Single TX port.
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Figure 3: AWGN propagation condition (left) RSRP and (right) RSRQ for (top) 96, (middle) 24 and (bottom) 6 PRBs. Two TX ports.

ETU1
Single TX port
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Figure 4: ETU 1Hz propagation condition (left) RSRP and (right) RSRQ for (top) 96, (middle) 24 and (bottom) 6 PRBs. Single TX port.
0. Combining 2 TX ports
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Figure 5: ETU 1Hz propagation condition (left) RSRP and (right) RSRQ for (top) 96, (middle) 24 and (bottom) 6 PRBs. Two TX ports.

ETU30
Single TX port
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Figure 6: ETU 30Hz propagation condition (left) RSRP and (right) RSRQ for (top) 96, (middle) 24 and (bottom) 6 PRBs. Single TX port.
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Figure 7: ETU 30Hz propagation condition (left) RSRP and (right) RSRQ for (top) 96, (middle) 24 and (bottom) 6 PRBs. Two TX ports.
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Figure 8: EPA 1Hz propagation condition (left) RSRP and (right) RSRQ for (top) 96, (middle) 24 and (bottom) 6 PRBs. Single TX port.
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Figure 9: EPA 1Hz propagation condition (left) RSRP and (right) RSRQ for (top) 96, (middle) 24 and (bottom) 6 PRBs. Two TX ports.
 
EPA5
Single TX port
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Figure 10: EPA 5Hz propagation condition (left) RSRP and (right) RSRQ for (top) 96, (middle) 24 and (bottom) 6 PRBs. Single TX port.
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Figure 11: EPA 5Hz propagation condition (left) RSRP and (right) RSRQ for (top) 96, (middle) 24 and (bottom) 6 PRBs. Two TX ports.

Discussion
The simulation results clearly show a benefit from conducting measurements over a wider bandwidth under multipath slowly fading propagation conditions. However, even better performance is achieved when utilizing both TX ports, see for instance ETU 1Hz 96 PRBs 1 versus 2 TX ports. Particularly, 96 PRBs using single TX port is on par with 24 PRBs using 2 TX ports, although for the latter the computational complexity is 50% lower. Therefor we propose the following:
Proposal: Mobility improvements for further enhanced MTC (feMTC) shall consider increased measurement bandwidth and utilization of multiple antenna ports jointly, since utilization of multiple antenna ports can achieve better performance for the same computational complexity, alternatively, same performance but at lower complexity.


Summary and Conclusions
In this contribution we have investigated the performance of increased bandwidth for mobility measurements (also applicable to selection of repetition levels). The results indicate, as expected, a gain in reduced variability (spread) around the more or less constant bias as more data is acquired over the bandwidth. We also investigated utilization of 1 versus 2 TX ports in the measurements, and the results indicate that the diversity achieved by receiving two different propagation paths very well may exceed the improvements achieved by quadrupling the bandwidth over which measurements are conducted. Hence, for the further studies we propose the following:
Proposal: Mobility improvements for further enhanced MTC (feMTC) shall consider increased measurement bandwidth and utilization of multiple antenna ports jointly, since utilization of multiple antenna ports can achieve better performance for the same computational complexity, alternatively, same performance but at lower complexity.
[bookmark: _GoBack]See also [1].
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