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1
Introduction
In the 3GPP RAN1 #50bis meeting [1], it was agreed to signal the data/RS EPRE ratio to the UE for 64QAM and multi codewords MIMO. On the other hand, as the information of data/RS EPRE ratio has minimal impact on the decoding performance for QPSK and VOIP users are dynamically power-controlled across subframes, no signalling of data/RS EPRE ratio was agreed upon.
The signalling need of data/RS EPRE ratio for 16QAM is still controversial as the estimation of data/RS EPRE ratio at UE may provide a better performance than the signalling of data/RS EPRE ratio unless eNode B can tightly conform to the signalled data/RS EPRE ratio.
In this document, we discuss potential issues that arise when data/RS EPRE ratio is signalled. Moreover, we analyze the data/RS EPRE ratio estimation performances in order to determine the signalling need of data/RS EPRE ratio for 16QAM and other modulation orders.
2
Data/RS EPRE Ratio Signalling
There may be different approaches in acquiring the knowledge of data/RS EPRE ratio at UE:

· Alternative 1: For feedback information generation (e.g., CQI), signal nominal data/RS EPRE ratio for QPSK/16QAM/64QAM through layer-3 signaling. eNode B is allowed to set data/RS EPRE ratio differently from the signaled value. UE is recommended to estimate data/RS EPRE ratio for demodulation purpose.
· Alternative 2: Signal data/RS EPRE ratio for each subframe on the PDCCH. UE can rely on the ratio signaled in the PDCCH for both feedback information and demodulation. 

· Alternative 3: Signal data/RS EPRE ratio through layer-3 signaling. Mandate eNode B to conform to the signaled data/RS EPRE ratio all the time. We need a RAN4 specification on data/RS EPRE ratio setting at eNode B
Alternative 1 requires a good estimate of EPRE at UE. The preliminary link simulations in Section 4 show that the estimation based approach does not cause noticeable performance degradations.
Alternative 2 relieves the burden of estimation at UE and provides an accurate data/RS EPRE ratio, but increases the control overhead in PDCCH.

Alternative 3 may degrade system performance if VOIP users and best-effort (BE) users are scheduled together and VOIP users are power-controlled. For the layer-3 signaling of data/RS EPRE ratio, eNode B assumes the power portion allocated to VOIP users and BE users. However, as VOIP users are power-controlled, the total allocated power for VOIP users may vary across subframes and the total allocated power for BE users will also be affected if eNode B fully utilizes available power for performance maximization. Therefore, it is likely to cause inefficiency and performance degradation if eNode B shall conform to the layer-3 signaled data/RS EPRE ratio. We need system-level simulations to quantify the performance loss.
On the other hand, if UE relies on the signaled data/RS EPRE ratio for demodulation and eNode B sets data/RS EPRE ratio differently from the signaled value, the link performance significantly degrades for 16QAM/64QAM while the impact may not be substantial in the QPSK, as we see in the simulation study in Section 4. 
For MIMO transmission, the information of data/RS EPRE ratios of multiple layers is critical in performing spatial MMSE equalization and it is challenging to estimate individual data/RS EPRE ratio of each layer. Thus, the same data/RS EPRE ratio across active layers needs to be mandated to avoid excessive overhead in the PDCCH, which should be applied to both DL SU-MIMO and DL SDMA.
3
Simulation Set-up

We evaluate the data/RS EPRE ratio estimation performance and the impact of discrepancy between actual and signalled ratio. Transmitter, channel, receiver configurations are as follows:

· Bandlimited white interference and noise

· 5MHz system bandwidth
· Channel model – AWGN SISO
· Realistic channel and noise estimation
· Channel estimator filter length – 1ms

· Signal detection – LMMSE equalization and Log-MAP turbo decoder
· Modulation Order – QPSK, 16QAM, 64QAM

· Data/RS EPRE (a.k.a. TPR) Scenarios:
· Perfect TPR
· Estimated TPR
· TPR discrepancy (Signalled TPR / Actual TPR): -6dB, -3dB, +3dB, +6dB
	Slot duration
	0.5 ms

	Subframe duration
	1 ms

	Symbols / Subframe
	14

	FFT size
	512

	Tone spacing
	15 KHz

	Flat guard samples 

(Number of symbols)
	29 (4)

28 (3)

	Flat guard period 

(Number of symbols)
	3.78 µs (4)

3.65 µs (3)

	Window length 

(Number of samples)
	1.04 µs (8)

	Guard tones per symbol
	212

	Pilot Allocation
	See TS 36.211. [1]

	Data Allocation
	2RBs

	RB size
	180 kHz (12 tones)


Table 1
Evaluation Numerology 
4
Simulation Results
Figures 1-3 compare the BLER performances of QPSK, 16QAM, and 64QAM transmissions for perfectly signalled TPR (Perf TPR), estimated TPR (Est TPR), and incorrectly signalled TPR (XdB TPR), i.e., -6dB, -3dB, +3dB, and +6dB larger than actual TPR. The incorrect TPR may happen for both VOIP users and BE users when DL power control is applied for each subframe but layer-3 signaling is not instantaneously updated.

The figures show that the estimated TPR minimally degrades the BLER performance compared to the perfectly signalled TPR for QPSK and 16QAM (up to 0.2dB) and the loss for 64QAM is still moderate (i.e., up to 0.5dB). More extensive evaluations for the frequency-selective and time-selective channels with multi-antenna cases will reveal the worst-case estimation performances. 

On the other hand, Figure 1 shows that the QPSK is insensitive to a positive TPR offset (+3dB and +6dB) while it is substantially affected by a large negative TPR offset (0.3dB loss for -3dB offset and about 1dB loss for -6dB offset). It is well-known that a large positive TPR offset makes the Log-MAP based turbo decoder performance close to that of Max-Log-MAP based decoder and thus the performance loss becomes limited. Therefore, by using a TPR value with a positive offset compared to either an estimated value or signalled value, we can maintain a robust QPSK demodulation performance.

Figures 2-3 show the performance degradation originating from the use of incorrect TPR at UE. As the slicer operation (or, LLR generation) is significantly affected by the incorrect TPR in the higher-order modulation, the BLER performances significantly degrade to an intolerable degree for both negative and positive TPR offset in the 16QAM and 64QAM transmissions.
We need a further study on the worst-case TPR offset in the real system operation when VOIP and BE users are serviced together and eNode B tries to maximize DL power utilization.   
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Figure 1
BLER vs. Es/No (AWGN SISO Channel, QPSK).
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Figure 2
BLER vs. Es/No (AWGN SISO Channel, 16QAM).
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Figure 3
BLER vs. Es/No (AWGN SISO Channel, 64QAM).
5
Conclusions

In this document, we discussed different approaches to signal data/RS EPRE ratios. Moreover, we evaluated the data/RS EPRE estimation performance and the impact of discrepancy between actual and signaled ratios.
The following observations can be made from the results presented: 

· Estimation of data/RS EPRE ratio causes tolerable performance degradations for QPSK/16QAM/64QAM. We need further study for hostile channel environments (for frequency-selective and time-selective channels with multiple transmit and/or receive antennas, etc).

· If we had signalling of data/RS EPRE ratio for QPSK, we have shown that the UE can implement a robust demodulation/decoding chain so that it can tolerate the discrepancy between signalled data/RS EPRE ratio and actual ratio. If data/RS EPRE ratio were not signalled, the estimation errors have been shown to be tolerable for adequate decoding/demodulation performance. 
In conclusion, and in order to allow for a low complexity UE implementation, we propose the following working assumption:
· If data/RS EPRE were signalled for 16QAM and 64QAM and, therefore, UEs could rely on it for demodulation, eNode-Bs shall conform to the signalled data/RS EPRE ratio tightly for 16QAM and 64QAM 
· We propose to inform RAN4 on our findings and ask them for advice on how to spell the specification on accuracy of data/RS EPRE ratio setting at eNode-Bs.
If the system performance degradation due to the potential power underutilization to minimize a deviation from the signaled data/RS EPRE ratio is shown to be severe, we recommended revisiting the data/RS EPRE ratio signaling approach. 
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