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1. Introduction

In this contribution, we investigate the number of available cyclic shifts for UL RS sequence with 1-RB allocation. We provide an efficient number of cyclic shifts based on link level simulation results. Also we propose UL reference signal coordination method for assignment of UL RS sequences between adjacent cells. This UL RS signal planning method is based on allocating of UL RS sequence proposed on [1] [2].
2. How many cyclic shifts are practical for UL RS with 1-RB allocation?

We are motivated whether UL RS ZC sequence with 1-RB can really support 12 cyclic shifts for RS sequence allocation between neighbouring cells or not. In this section, we show link level performance (channel MSE) according to the total number of cyclic shift. From the MSE performance, the effect of interferences can be observed.
The simulation parameter is shown in Table 1.

Table 1. Simulation parameters

	Parameters
	Value

	Number of simulation
	20,000 TTIs

	Bandwidth
	5MHz

	Modulation & Channel coding
	QPSK (Turbo R=1/3)

	Amount of resource used in data 
	12 sub-carriers over 12 long blocks

	TB Size
	96 (12 sub-carriers, QPSK)

	Channel model
	TU

	UE speed (km/h)
	30 km/h

	Channel estimation
	DFT based interpolation

	Number of antennas
	Tx 1, Rx 2 (MMSE receiver)

	Frequency hopping
	intra TTI frequency hopping


We considered four different number of cyclic shifts {3, 4, 6, 12} and used cyclic extension as sequence generation method for evaluation. The almost same tendency was also obtained for truncation method.
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(a) Total number of cyclic shifts = 3


(b) Total number of cyclic shifts = 4
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(c) Total number of cyclic shifts = 6


(d) Total number of cyclic shifts = 12
Figure1. The MSE performance of channel estimation according to the number of cyclic shifts
Figure1 depicts the MSE performances according to the number of interference for the four cases {3, 4, 6, 12} respectively. From the Figure 1-(a)~(b), we can recognize that the MSE performance is almost independent on the number of interferences. However, with the small number of cyclic shifts, it is difficult to perform cell planning while supporting UL MIMO/SDMA. With 6 cyclic shifts, we can support UL MIMO/SDMA with one single root per cell and cyclic shift coordination among cells within the same Node-B. However, the small MSE degradation due to interferences can be observed in Figure(c). If we further increase the available number of cyclic shifts, the interference effect becomes large as shown in Figure 1-(d). However, we can utilize more shift sequences for cell planning and get more flexibility on cell deployment. When utilizing all 12 cyclic shifts, we need more careful design not to interfere each other. 
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(a) Total number of cyclic shifts = 3


(d) Total number of cyclic shifts = 4
[image: image7.png]FER

10

10

CyclicCopy-B-CyclicShif

= Tinterl,

| & 2interf

—+ 3interl.
e dinter.

-5 5interd.

SNR[dE]




[image: image8.png]FER

CyclicCopy-12-CyclicShif

SNR[dE]





(c) Total number of cyclic shifts = 6


(d) Total number of cyclic shifts = 12
Figure2. The FER performance according to the number of cyclic shifts
Figure2 shows the FER performance according to the total number of cyclic shifts. Similarly with the MSE performance of four cases, the FER performance of 12 shifts case is degraded more and more as increasing the number of interferences (different cyclic shift of the same root sequence). As shown in Figure 1 and Figure 2, there is a trade-off between performance degradation and the number of cyclic shift.
3. UL reference signal coordination

3.1 UL reference signal planning 

A group index generated by binding (grouping) method should be allocated to avoid high cross-correlation between UL RS sequences with different lengths [1][2]. If one assigns a same sequence index randomly in a same Node B and allocates different cyclic shift indices in different cells under same Node B, it is possible to appear high cross-correlation between ZC sequences with different lengths. Therefore, we propose that the same group index is allocated in a same Node B and a different cyclic shift index is assigned among different cells within a same Node B.
Figure 3-(a) shows the 9 cell reuse plan example using 9 root sequences with 3 cyclic shifts in case of employing cyclic extension as sequence generation method. If supportable number of cyclic shift is fixed to 6, 3 cyclic shifts can be used for UL-MIMO/SDMA. If DM RS for UL SU-MIMO is supported by using Walsh covering, the 3 remaining cyclic shift can be assigned to another Node B for cell coordination.
[image: image9.jpg]



Figure3. Cell reuse plan example Using 9 root sequences with 3 circular shifts
3.2 Cyclic shift/ sequence hopping 
We prefer cyclic shift hopping to sequence hopping. The reason is that it is not easy to change pre-allocated group index of all Node Bs simultaneously. The cyclic shift hopping is supported to randomize RS sequence with medium correlation values between different lengths which is excluded from grouping consideration.  Also the cyclic shift hopping should be provided with constant period and hopping pattern for RS randomization between sub-frames within the same Node-B.
4. Conclusions

In this contribution, we investigate what the practical number of cyclic shifts is for UL RS with 1 RB allocation. We provided that 6 number of cyclic shift is reasonable to support flexible cell planning and UL MIMO/SDMA without significant performance degradation. Also we propose that the same group index is allocated in a same Node B and a different cyclic shift index is assigned among different cells within a same Node B.
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