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1. Introduction
EUTRA considers cyclic extension or truncation of ZC sequences for the uplink demodulation reference signal (UL DM RS). For smallest bandwidth allocations of only one RB, the working assumption implies either sequence truncation (13 -> 12) or sequence cyclic extension (11 -> 12). With either option, the resultant CM varies across different root sequences, as summarized by the Table below.       
	
	Total # of sequences
	Mean cross-correlation
	SQRMS cross correlation
	Mean CM
	Min CM
	Max CM
	#sequences with CM <= QPSK (1.22)

	ZC Cyclic Extension
	10
	0.28
	0.29
	0.85
	0.17
	1.50
	6

	ZC Truncation
	12
	0.27
	0.29
	1.37
	0.46
	2.36
	6


 Table 1: Summary of Cubic Metric (CM) for ZC RS Sequences

a) In case of cyclic extension, the worst – case difference between QPSK CM (data) and ZC CM is below 0.5 dB.

b) In case of truncation, difference between QPSK CM (data) and ZC CM is approximately 1.15 dB. 
In this paper, we study minimal RB allocations, where the amplifier back – off is adjusted for RS and for QPSK data individually. For example, in the case of sequence truncation (and worst – case ZC choice), the average TX power of RS is 1.15 dB below the power of the data. We evaluate the impact on the link – level performance. 
2. Impact on Link – Level Performance 
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Figure 1: BLER [R = 1/5] with Worst – Case PA Back – Off for 3km/h (left) and 100 km/h (right) 
The simulation assumptions are summarized in the Appendix [1RB, QPSK, R = 1/5]. Figure 1 shows the BLER for low – speed UEs (left) and for high – speed UEs (right). For low speed UEs, the averaging of channel estimates was used across two slots. With sequence truncation, the worst – case link level loss from the increased CM (+ 1.1 dB) is 0.25 dB. With sequence cyclic extension, the worst – case link level loss from increased CM (+ 0.5dB) is below 0.1dB. For high – speed UEs, per – slot channel estimates were used. With sequence truncation, about 0.3 dB loss is observed, whereas with cyclic extension, the worst – case loss is about 0.1dB. Note that simulation results for potential RS power boosts are also included. Thus, sequence cyclic extension is preferred, to confine the worst – case losses to 0.1dB. However, truncation doesn’t result in any significant impact either, since 0.3 dB would be the worst – case loss, which occurs for only one out of 12 codes. BLERs with one HARQ repetition are considered in Figure 2 below.         
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Figure 2: BLER [One Repetition of R=1/5] with Worst – Case PA Back – Off for 3km/h (left) and 100 km/h (right) 
Conclusions drawn from Figure 2 are similar to the conclusions from Figure 1. 

3. Conclusion 

In the “worst-case CM increase” due to either truncation, or to cyclic extension, the resultant BLER impact remains confined to about 0.35 dB [for truncation], and to 0.15 dB [for cyclic extension]. Considering that this was the worst – case analysis (in terms of sequence selection), and that such small link – level losses have no projections on the system – level performance, either truncation or cyclic extension can be used for the UL DM RS. However, considering coverage limited and not interference limited cells, cyclic extension is advantageous because of its much lower maximum CM.   
Summary: With RS ZC cyclic extension, the impact of RS CM on the link – level BLER performance remains confined to about 0.15dB loss, even in the worst – case CM increase (less than +0.5dB wrt QPSK). Thus, assuming the cyclic extension, ZC CM impacts on coverage are confined to 0.15dB, in the worst – case of high Doppler and worst CM sequence.  
4. Appendix: Detailed Simulation Assumptions 
Table 2: Link Level Simulation Assumptions

	Parameters
	Assumptions

	Numerology
	5MHz @ 2.0GHz

	Resource Block
	180 kHz [15 kHz x 12]

	Number of Used Resource Blocks
	1

	Modulation
	QPSK

	Rate 
	1/5

	UE Velocity
	3 km/h or 100 km/h

	Channel Model
	SCM–C

	Number of Receive Antennas
	2 – Uncorrelated

	Number of Transmit Antennas
	1

	Error Correction Coding
	3gpp Turbo

	Difference Between PA Back – Off for QPSK Data and for RS
	1.1dB

	
	0.5dB

	
	0dB

	
	-0.5dB

	
	-1.1dB
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