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1. Introduction
A companion document [4] proposes an RS structure for high-speed UEs, where RS is piggy-backed in S2 and S6. When RS is piggy-backed in a fraction of an SC-OFDM symbol, as described in the companion document [4], the minimum possible sequence length is 4 (since the minimum allocation is 12 tones). Thus, a concern was raised on the required number of sequences for cell re-use, given that the sequence length is 4 (TZC of length 5). In this document, we show that, with sequence hopping and cyclic shift hopping, these four sequences suffice to generate interference whose statistics resemble AWGN interference statistics. Thus, the proposed high-speed RS structure should have no issues with sequence re-use, under the current working assumptions of sequence and cyclic shift hopping.    
2. Number of Sequences - Evaluation 
2.1. Evaluation Methodology  

Evaluation methodology is fairly simple: it consists of performing PUSCH link simulations (per [4]) with out-of-cell interference in place of AWGN. For example, a single interferer generates interfering signal with power which depends on SINR. The interferer uses the same RB as the user of interest. However, the reference signal of the interferer employs sequence hopping and cyclic–shift hopping. Thus, at times, collisions exist, and at other times, they are avoided. It should be emphasized that, depending of the SINR, even if a collision occurs successful reception can still be possible. If there are more interferers, all use sequence hopping and cyclic shit hopping. To make a fair comparison, if there are two interferers, each is with half of the power as compared to the case where there is only one interferer. It is clear that, as the number of interferers grows, the statistics of the interference will approach statistics of the AWGN, by the strong law of large numbers. Thus, single interferer (or low number of interferers) is the worst-case, which we confirm with link simulations. However, even with a single interferer, it is shown below that the link performance is close to AWGN interference. Pure AWGN interference (like in classic link simulations) is denoted as “One AWGN Interferer.”        
2.2. Link Simulations  

[image: image1.emf]-4 -2 0 2 4 6 8

10

-3

10

-2

10

-1

SIR [dB]

BLER

 

 

One AWGN Interferer

One Code Hopping Interferer

Two Code Hopping Interferers

Three Code Hopping Interferers

 [image: image2.emf]-4 -2 0 2 4 6 8 10 12

10

-3

10

-2

10

-1

10

0

SIR [dB]

BLER

 

 

One AWGN Interferer

One Code Hopping Interferer

Two Code Hopping Interferers

Three Code Hopping Interferers


Figure 1: QPSK R = 1/3 left and R = 1/2 right
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Figure 2: 16QAM R = 1/3 left and R = 1/2 right
Link simulations were performed for the 200kmh high-speed RS structure, as described in the companion contribution [4]. The purpose of link simulations was to establish how close interference statistics were to pure AWGN interference. Link simulations confirm that the case of one interferer is the worst-case scenario. This worst-case scenario can incur some noted (0.3-0.4dB) performance degradation with respect to AWGN interference, especially at higher BLERs. This however is negligible for three reasons: one, this is the worst-case scenario which doesn’t happen often, two, even in this worst-case scenario, performance is massively superior to the performance of “middle RS,” which has unavoidable error floors [4], and third, this small degradation is at larger BLERs which means that system throughput sees no impact. For more than one interferer (e.g. 2, 3, or more), the interference statistics resemble AWGN, as is confirmed via law of large numbers and link simulations (three interferers is closest to AWGN-like interference). 
3. Conclusion

Under the current working assumption of sequence and cyclic shift hopping, a re-use of 4 sequences creates interference statistics which resemble AWGN. Thus, 4 sequences with sequence and cyclic shift hopping are sufficient. This enables the use of Option 2 for high – speed RS [4], and that option can coexist with the Option 1 for the low-speed RS. Thus, there are no sequence re-use issues with Option 2. 
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APPENDIX: SIMULATION ASSUMPTIONS (as in [4])
	Parameters
	Assumptions

	Carrier Frequency
	2.0GHz

	Resource Block
	180 kHz [15 kHz x 12]

	Number of Used Resource Blocks
	1

	Modulation
	QPSK, 16QAM

	Code Rate
	½, 1/3 

	UE Velocity
	100kmh, 200 km/h, 350 km/h

	Channel Model
	SCM–C

	Frequency Hopping
	At the slot boundary

	Number of Receive Antennas
	2 – Uncorrelated

	Number of Transmit Antennas
	1

	Error Correction Coding
	3gpp Turbo
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