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1. Introduction
Accurate channel and CQI estimation is one of the key factors that will enable E–UTRA to meet its aggressive uplink performance requirements. Accurate channel estimation is imperative for a satisfactory link performance, while accurate CQI estimation enables frequency dependent scheduling and consequently, system throughput gains. Both channel and CQI estimation are derived from the uplink reference signal. Thus far, RAN1 has reached an agreement on the multiplexing between the reference and data signals. However, the relative dB difference in transmission power between the two signals (reference and data) has not been examined. Notice that unlike the downlink, the reference signal to data signal power ratio may be adjusted for each UE independently in order to optimize performance. Based on SC–FDMA link level simulation results, this contribution shows that a simple 2dB power boost for the reference signal relative to the data achieves significant performance gains for high speed UEs while no power boost is needed for low/moderate UE speeds. 
2. Discussion and Link Simulation Results
The simulations consider the assumptions listed in Table 1. 
	
	

	Numerology
	5MHz @ 2.6GHz

	Data Modulation
	16QAM

	Code Rate
	½

	Data Channel
	Localized

	Reference Signal [Pilot]
	Contiguous or Distributed SB1 and SB2

	
	Contiguous or Distributed SB1 and LocalizedSB2

	Number Of Used LB Resource Blocks
	2 [which corresponds to 50 LB Sub – Carriers]

	Channel Model Power – Delay Profile
	SCM – C found in [R1-060334]

	Number of Receive Antennas
	2 – Uncorrelated

	Pilot Modulation
	CAZAC

	UE Velocity
	3 km/h

	
	120 km/h

	
	360 km/h

	Time Interpolation Coefficients for Channel Estimation
	Set 1: 0 – 60 km/h

	
	Set 2: 60 – 150 km/h

	
	Set 3 : More than 150 km/h

	Frequency Interpolation
	Contiguous or Distributed Reference Signal [Pilot]
	Demodulation in Frequency Domain, followed by IFFT, truncation of taps beyond the 5μsec and finally FFT

	
	Localized Reference Signal [Pilot]
	Least Squares Filter


Table 1: Simulation Assumptions
2.1. Contiguous [or Distributed] SB1 and SB2
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Figure 1 : Schematic Description of Simulation Assumptions
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Figure 2: Link Simulation at 3kmh. Both SB1 and SB2 are Contiguous [or Distributed]
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Figure 3 : Link Simulation at 120kmh. Both SB1 and SB2 are Contiguous [or Distributed]

[image: image3]
Figure 4 : Link Simulation at 360kmh. Both SB1 and SB2 are Contiguous [or Distributed]
For low UE speeds, accurate channel estimates are provided by averaging the channel estimates from SB1 and SB2, and thereby effectively increasing the reference signal SNR. On the other hand, for high speed UEs, the baseline [no reference signal power boost] performance degrades. This occurs because the accuracy of channel estimation degrades, due to the need for time interpolation to provide accurate channel estimates for the data blocks (LB). Thus, for high speed UEs, boosting the transmission power of the reference signal provides substantial gains. When both SB1 and SB2 contain contiguous [or distributed reference signals], up to 1dB gains are achieved. We also note that for low-speed UEs, boosting the reference signal transmit power gives no practical gain at the target BLER range of 10%-1%.
The simulations fully account for the transmit power expense when the reference signal power is boosted relative to the data signal. This is because the SNR in the previous plots is the total SNR that incorporates [and combines] the individual SNRs of the reference and data signals. For each SNR value, the four data points (0dB, 2dB, 4dB, 6dB boost) represent different [and increasing] percentages of the overall transmit power being consumed by the reference signal, while keeping the overall transmit power constant. Thus, a boost in the transmit reference signal power simultaneously implies a corresponding reduction in the transmit power for the data signal. The optimum value for the reference signal power boost is achieved by trading-off between the two competing effects. 
From the previous simulation results, this optimum level for the power boost appears to be 4dB, for high UE speeds (e.g. 120 km/h and above), while 2dB power boost achieves performance which is very close to the optimum one. Notice that for the present reference signal setup, a power boost of 2 dB provides near optimum performance regardless of the UE speed. 
Finally, note that a 2dB reference signal power boost doesn’t affect the peak transmission power, and thus, doesn’t affect the power de-rating, for 16QAM modulated data. This occurs because the reference signal has a constant amplitude modulation, which has 2.3 dB less peak transmit power than the 16QAM data modulation. Thus, since the 2dB reference signal boost achieves near-optimum link level gains, and doesn’t materially affect the PAPR, it is recommended that high speed UEs increase the reference signal transmit power by 2dB.  
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Contiguous [or Distributed] SB1 and Localized SB2

[image: image4]
Figure 6 : Link Simulation at 3kmh. SB1 is Contiguous [or Distributed], while SB2 is Localized. Transmit Power Boost is Applied Only to SB1.

[image: image5]
Figure 7 : Link Simulation at 120kmh. SB1 is Contiguous [or Distributed], while SB2 is Localized. Transmit Power Boost is Applied Only to SB1.

[image: image6]
Figure 8 : Link Simulation at 360kmh. SB1 is Contiguous [or Distributed], while SB2 is Localized. Transmit Power Boost is Applied Only to SB1.
When SB1 is contiguous (or distributed), and SB2 is localized, power boost of the reference signal is applied only to SB1, because channel estimates in SB2 are much more reliable. This is because the transmit power density within SB2 is substantially higher than the transmit power density of SB1. Nevertheless, the transmit power boost still gives approximately 0.5dB gain for high UE speeds (e.g. above 100 Kmph). 
Notice that for low speed UEs, there is a small performance loss with power boosting which, by also taking the PAPR increase for QPSK modulation into account, makes power boosting for low speed UEs undesirable. For similar reasons, power boosting for low speed UEs is not desirable when SB1 and SB2 are of the same nature (distributed or localized) and it is more desirable when the data modulation is QAM16. The present setup for the reference signal (SB1 contiguous, SB2 localized) allows for CQI estimation to perform scheduling (SB1 contiguous) while maintaining localized pilot power for improved channel estimation (SB2 localized). 
Boosting the reference signal transmission power for high UEs may be through Node B signaling. Such signaling will be at a very low rate (e.g. lower than the timing adjustment or slow power control rate). It suffices to use 1 bit (e.g. 0 = no boost and 1 = 2dB boost) in the downlink control channel. Alternatively, the UE may independently decide to boost the reference signal power based on the Doppler estimate.

3. Conclusion
Boosting the transmission power of the Contiguous [or Distributed] reference signal gives 0.5 – 1.0 dB gains for high speed UEs (e.g. UE speed above 100 Kmph). The optimum power – boost level appears to be 4dB, while 2dB power boost achieves near – optimum performance. Thus, due to the PAPR considerations, we recommend that the transmit power of the reference signal of high speed UEs is boosted by 2dB. 
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------------------------------- Text Proposal for Pilot Tx Power Boost ----------------------------------
9.1.1.2.2

The relative power offset between uplink reference and data signals may be adjusted according to the UE speed and modulation. It is FFS whether this is done through Node B signaling or independently by each UE. The exact mapping between UE speed and relative power offset for a given modulation is FFS.  




























































































































































Figure � SEQ Figure \* ARABIC �5� : Schematic Description of Simulation Assumptions
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