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1 Introduction

In Riga meeting, the transmission of sounding reference signal using Long Block has been chosen as a working assumption. And, the CDM based multiplexing is chosen to multiplex different UEs using same sounding bandwidth. The number of orthogonal sequence depends on the subcarrier spacing of used subcarriers and the delay spread of channel. When the delay spread of a certain UE is larger than the given delay region, the orthogonality between UEs cannot be preserved. It means that the CQI estimation performance for UE located in right next delay region can be degraded. This problem becomes more severe when the UE with a large delay spread has a larger received power than the other UEs and when there is an additional time delay due to uplink synchronization error. 
The above mentioned problem can be solved in two ways. One is the adaptive assignment of cyclic-shift value to the UE depending on the estimated delay spread and timing error[5]. The other way is proposed interference randomization by cyclic-shift hopping. Rather than relying on the estimate of delay spread and timing error which is dynamically changing, each UE changes its cyclic-shift value over time. In this contribution, the effect of cyclic-shift hopping is investigated.
2 The structure of cyclic-shift hopping

Figure 1 shows the transmission structure of the sounding reference signal. The cyclic-shift is carried out in the time domain before DFT operation. The cyclic-shift can be done after IFFT operation as proposed in [2]. The cyclic-shift value changes with time according to the hopping pattern which is UE-specific. Since the hopping pattern is predefined, there is no additional signaling overhead in downlink compared to the non-hopping scheme.
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Figure 1. The transmission structure of cyclic-shift based sounding reference signal

Figure 2 shows an example of delay profile which is an output of IFFT after multiplying the conjugate of the base ZC sequence at NodeB. The 12 UEs are assumed to be transmitting the sounding reference signal. Figure 2.a is for the case that the cyclic-shift hopping is not applied. It is assumed that the delay spread of UE #1 exceeds the delay region so that the multipath of UE #1 appears in the delay region of UE #2. In this case, the UE  #1 will continously act as an interference to the CQI estimation for UE #2. Such an interference will become larger if the UE #1 has a larger received power than the other UEs. In EUTRA uplink, each UE could have different received power due to the different required SNR and imperfect power control. In addition, the time delay due to the uplink synchronization error will further increase that interference. 


To mitigate such an  interference, we propose to use a cyclic-shift hopping for sounding reference signal. Figure 2.b shows an example of the cyclic-shift hopping. The UE #1 will degrade the CQI estimation for UE #2 in the first RS, but it will degrade the CQI estimation for UE #12 in the second RS. If the NodeB does the averaging over the first and second RSs, the interference can be reduced. Thus we can expect that the performance of CQI estimation for UE #2 can be improved compared to non-hopping case. In addition, even when only one RS is used for CQI estimation, the UE #2 will still benefit from cyclic-shift hopping because the UE #1 will interfere different UEs in different CQI estimation period and so the interference will be distributed to all UEs.
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(a) Delay profile for non-cyclic-shift hopping case
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(b) Delay profile for cyclic-shift hopping case

Figure 2. An example of delay profile measured at NodeB
3 Simulation results


The effect of shift hopping is investigated in terms of CQI estimation performance. Table 1 shows the simulation parameters. The hopping code set, listed in Appendix are randomly generated by computer and it has a length of 20. To investigate the effect of the UE with a large delay spread on the CQI estimation for the UE in the next delay region, it is assumed that the channel model for UE #1 is fixed to TU6 and the delay profiles for all the other UEs are randomly generated according to the Urban macro cell scenario as specified in [3]. To investigate the effect of different received power between UEs, the average received power for UE #1 is 3 or 5 dB more than the other UEs . The scheduling bandwidth is 1.08 MHz for the SNR of -4 dB, and 5.04 MHz for the SNR of 3 dB. In this contribution, the CQI is defined as the SINR after MMSE equalization. In a frequency selective channel, the CQI estimation error would be relatively large for the RB with a low SNR compared to the RB with high SNR. In addition, the CQI estimation error in such RBs will have a negligible impact on the frequency scheduling gain. So, we didn’t count the CQI estimation error for the RBs that has more than 3 dB smaller ideal SINR than the maximum ideal SINR.
Table 1. Simulation parameters
	Number of UEs
	1, 12(Full loading)

	Number of orthogonal sequence
	12

	Antenna configuration
	1 x 1

	Channel model
	UE #1 : TU6
UE #2-12 :  Random generation based on Urban macro[3]

	SNR per subcarrier
	UE #1: 0, 3, 5 dB more than the other UEs
UE #2~12 : -4 dB(1.08 MHz BW), 3 dB(5 MHz BW)

	Timing Error(Delay)
	UE #1 : 0.5  μsec

UE #2~12 : 0 μsec

	UE speed
	3 km/h

	Hopping code
	Randomly generated with a length of 20[See Appendix]

	Sounding RS transmission period
	Every slot

	Number of RS used for averaging
	2

	Number of simulation drops/ Number of slots per drop
	2000 / 20

	Channel Estimation 
	Time domain gating

Frequency domain windowing

	CQI calculation
	SINR after MMSE equalizer [4] with the ideal noise variance estimation

CQI is calculated per one RB

	Number of subcarriers for RS
	72(1.08 MHz BW), 336(5.04 MHz BW)


Using the CDM, there is a channel estimation error at both edges of the transmission band. To minimize such errors, the windowing is multiplied before converting to time domain and then gating is carried out in the time domain to remove other UE signals. To verify that process, the CQI estimation performance is evaluated for single UE in Urban marco channel environment with no noise included. Figure 3 shows a cumulative distribution function of CQI estimation error per one RB. The probability of CQI estimation error to be smaller than 0.5 dB is more than 95% for both 72 and 336 subcarrier cases. It means that the CQI estimation error shown in the rest of this paper is mainly due to noise and interference between UEs.
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Figure 3. CQI estimation error in Urban macro channel with no noise included

Figure 4 shows the effect of number of RS used for averaging for single UE. The number of used subcarriers for RS is 72 which would be suitable for cell edge UEs. The power spectrum density of the sounding reference signal can be smaller than that of traffic channel, so the SNRs of -6 and -9 dB are considered. As expected, we can see that the CQI estimation performance improves as the number of RS sequences used for averaging increases. In this contribution, two RSs are used for CQI estimation. 
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(a) EsNo = -6 dB







(b) EsNo = -9 dB





Figure 4. The effect of number of RS used for averaging (Single UE, No timing error)
Figure 5 shows the cumulative distribution function of CQI estimation error for the SNR of -4 dB and 72 subcarrier. We considered the UE #2 and UE #7 among 12 number of UEs. When the cyclic-shift hopping is not applied, the UE #2 is located in the right next delay region of UE #1 and UE #7 is located far from the UE #1. For the UE #2, the CQI estimation performance is improved with cyclic-shift hopping without degrading the performance for UE #7. As expected, the gain from cyclic-shift hopping increases as the time delay and received power difference between UE #1 and the other UEs increases.
Figure 6 shows the performance of CQI estimation for the SNR of 3 dB  and 336  subcarriers. Similar to the Figure 5, the UE #2 still benefits from code hopping though the gain is relatively small.
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(a) 3 dB power difference, 0.5 μsec delay





(b) 5 dB power difference, 0.5 μsec delay
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(c) 5 dB power difference, 1.0 μsec delay

Figure 5. CDF of CQI estimation error (72 subcarriers, SNR=-4 dB)
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               (a) 3 dB power difference, 0.5 μsec delay


(b) 5 dB power difference, 0.5 μsec delay
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(c) 5 dB power difference, 1.0 μsec delay
Figure 6. CDF of CQI estimation error ( 336 subcarriers, SNR=3 dB)

4 Conclusion

In this contribution, we have shown that the cyclic-shift hopping for the uplink sounding reference signal is beneficial to improve the CQI estimation performances when the UE with a large delay spread is present. The gain from cyclic-shift hopping becomes larger as the received power and timing error of that interfering UE increases. In addition, no additional downlink signaling overhead is required. So, we propose to use cyclic-shift hopping for uplink reference signal.
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Appendix A.  HoppingCode

12     3     8     6    11    10     6     1    10     6     8    10    12     9     3     5    12    12     5    11

     1     5    10     1     2     3     3     8     4     3     1     9     6    12     6     6    11     7     3     9

    11     1     9     5    10     7     9     6     3     9     4     7     2     5    11    11     8     6    11    10

     8    10     5     4     5     9     4    11     7     5     9     6     9     8    10    12     7    11    12     4

     4    11     2    11     3     4     8     4     6     1    12     5     3     7     7     8     3     5    10     6

     7     8     1    10    12    12    10     3     8     4     5     4    11     2     8     7     6     1     1     1

     5     9     3     8     1     5     2     5     2     7     2    11     4     4     1     1     5     4     8     2

     6    12     4     2     8     8    11     2    11     2     3     1     1     3     9    10    10     8     9     3

     3     7    12     9     6     6    12    10     9     8     7    12     5     1    12     9     2     9     6    12

     9     6     6     7     9     1     5    12     1    10     6     2    10    11     2     3     1     3     7     7

     2     4    11    12     7    11     1     7     5    11    10     8     8    10     4     4     4    10     4     8

    10     2     7     3     4     2     7     9    12    12    11     3     7     6     5     2     9     2     2     5
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