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1. Introduction
Extended Cell DTX was proposed [1] to enhance the energy efficiency of LTE networks and a related work-item was subsequently proposed at RAN #46 [2]. Recently some concerns regarding UEs impacts of the enhanced cell DTX proposal have been brought forward. In [4] two issues of RSRP measurements in high Doppler were raised: The first issue relates to measurement accuracy when the UE measures on the SSS instead of on the CRS, and the second issue relates to UE battery life. 

In this document we address these issues in more detail and show that even though the measurement error for a CRS based measurement and a SSS base measurement have different characteristics, both types of measurements are with a wide margin within the requirements in TS36.133 [6].

Regarding the issue on increased UE power consumption it is true, as pointed out in [4], that if one takes a measurement procedure designed for CRS measurements and applies the exact same procedure for SSS measurements without any adjustments, then the result may be a reduced performance that needs to be compensated for by measuring during a longer time, which increases UE power consumption. However, this is only true if one considers the cost of mobility measurements in isolation from things that the UE must do for other reasons, such as cell search which also involves measuring on the SSS. With a careful UE design, the combined energy cost of cell search and mobility measurements is typically reduced in case the mobility measurement is based on the SSS.

Thus in this document we show that, with a carefully UE design it is possible to perform a SSS measurement during the same total measurement time with similar performance that does not consume more energy in the UE, even in the high Doppler case.

2. Discussion on the UE Power Consumption

In Figure 1 we show one possible way that the UE may use the SSS signals for handover measurements. Note that this is just a straightforward example for the purpose of the discussion and that a real UE may perform the measurements differently. Nevertheless, we assume that the UE takes one SSS snapshot every 20 ms. The SSS consists of 62 REs and in each snapshot, coherent accumulation is performed across 12 resource elements (13 for the “outermost” REs) of the SSS , followed by non-coherent accumulation of the 6 groups each containing the 12 (or 13) REs (4×12 + 2×13=62). The measurement is performed in either sub-frame 0 or 5 where the SSS is transmitted. For a total Layer 1 measurement period of 200 ms we can then combine (non-coherently) 10 such SSS snapshots.
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Figure 1: Intra-frequency measurement proposal in non-DRX case.

When the UE is in DRX and performs an intra-frequency mobility measurement, then in case the on-duration and inactivity timer is shorter than 5 ms it is possible that the UE wakes up when no SSS is transmitted from a neighboring cell that the UE is measuring on. However, the cell search for finding new cells is anyway needed in order to find new non-synchronized cells, and therefore 5 ms RX on time is in practice needed anyway. Hence, the issue above is only relevant to the case with synchronized cells. In that case the UE have to turn on the receiver for an additional approximately one symbol duration in order to measure on the SSS outside the on- and inactivity timer window, giving only a minor impact on the power consumption.

Furthermore if the UE is in non-DRX and performs inter-frequency measurements the UE is assigned a measurement gap of 6 ms where the handover measurement shall be performed. In the synchronized cell case, once the UE knows the location of the SSS symbol(s) within the measurement gap it can go to DRX for the remaining of the 6 ms gap. Here the UE need only to turn on the radio receiver during one (or two) OFDM symbols, even if the gap-length is 6 ms and therefore in this particular case an SSS-based measurement is better from a UE power consumption view than a measurement on CRS. 

When performing handover measurements on the CRS we may take several 2 ms “snapshots” that are then non-coherently accumulated to perform the final measurement. One such 2 ms snapshot contains 96 resource elements for CRS on antenna port #0 in case we are measuring on the center bandwidth corresponding to 6 resource blocks. However, these samples can typically only be coherently accumulated over one resource block pair containing 8 CRS REs. Therefore, within a 2 ms snapshot we have 12 non-coherently accumulated sets of 8 coherent samples. Thus, a 2 ms snapshot contains more REs that may be used for mobility measurements if we measure on CRS (96) compared to if we measure on SSS (62). The difference in performance is however not proportional to 96/62 since the SSS based snapshot contains more coherently added REs (12 or 13) compared to the CRS based snapshot (8), and this fact reduces the performance difference.

It is important to remember when comparing these two schemes that there is nothing in the standard that stipulates that a snapshot must have the length 2 ms. A UE vendor is free to design a mobility measurement in any way as long as the RAN4 requirements are met. If we measure on SSS then we may compensate for that each snapshot contains fewer resource elements (but with more coherent accumulation) by including slightly more snapshots than if we measure on CRS. However, the “cost” to “produce” one snapshot is different when we measure on CRS or on SSS; a difference that must be considered in a fair comparison.

To conclude, the difference in UE power consumption when measuring on SSS compared to CRS is minor, and with a careful UE design it is likely that the difference is in favor of the SSS based measurements, especially in the case of synchronized cells.

3. Simulation Results on the Accuracy of UE SSS Measurements
To show the accuracy of the SSS-based UE measurements we have produced simulations in accordance with the assumptions listed in Table 2. Simulation results are shown in Figure 2.

Table 1: Simulation assumptions
	Parameter
	Value
	Comments

	System bandwidth
	BW corresponding 6 RBs
	

	Measurement bandwidth
	BW corresponding 6 RBs
	

	Channel model
	ETU70, ETU300Hz
	

	BS transmitter
	1 antenna
	

	MS receiver
	2 antennas, uncorrelated
	

	L1 measurement period
	200 ms
	

	Number of OFDM symbols per slot
	7
	

	Layer 3 filtering 
	OFF
	

	DRX
	Off
	

	Interference from other cells
	-70 dBm
	AWGN

	Ior / Ioc [dB]
	[-8 -6 -3 0 3] dB
	Sepc. Requirements set only for >= -6 dB
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Figure 2: The measurement error when using SSS for RSRP measurements is similar for the 70 Hz Doppler case and the 300 Hz Doppler case. Note that the requirements in [6] states that the measurement error for the -6 dB case shall be limited to ±3 dB with 90% probability. This is requirement is met by a considerable margin. 

In [6] the Rel8 requirements on relative RSRP measurements are as follows:

±2 dB for E/ Iot >  -3 dB, (90%) 

±3 dB for Es / Iot > -6 dB, (90%)

Figure 2 shows the cumulative distribution function of the RSRP estimation error in dB scale. i.e. (RSRP = 10 × log10(RSRPEstimated – RSRPTrue) for Es/Iot = -8, -6, -3, 0, and 3 dB. In Figure 2, we further see that there is no significant performance difference for the 70 HZ Doppler case and the 300 Hz Doppler case. We also see that the curves for Es/Iot = -6 dB (the green curves in Figure 2) are well within the requirement margin of ±3 dB [6]. This is also consistent with the simulation results presented in [4]. 
4. Summary and Conclusions

In this document we show that, with a proper UE design is possible to perform a SSS measurement during the same total measurement time with similar performance that does not consume more energy in the UE, even in the high Doppler case.
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