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1. Introduction
At recent 3GPP RAN1 meetings, the following has been decided on the uplink sounding reference signal (SRS) among other agreement:

· Sequences: CAZAC sequences

· Cyclic shifts: allow UE-specific cyclic shift for multiplexing
· Bandwidth: UE-specific and variable

The SC-OFDM symbol position of the SRS in the LTE sub-frame was addressed during the SRS discussions on the e-mail reflector. Some companies were in favour of having the SRS symbol position variable on a cell basis. Given the wideband nature of the SRS and its periodical assignments, the issue of the frequent overlapping areas of the SRS and the RACH preamble has not been taken in consideration in the analysis. One could always rely on the eNB scheduler to make sure such collisions never happen, but it will bring some strong restrictions on either RACH or SRS scheduling that, on top of the additional complexity, will unavoidably result in a performance impact. This contribution assesses the mutual interference between SRS and random access preamble transmission via detailed multi-UE link-level simulations. Simulations indicate that when time-frequency overlapped with a random access channel (RACH), SRS creates significant interference to RACH transmission. To avoid interference to RACH and to facilitate an SRS following a scheduling request [2], we propose to use the symbol within RACH preamble cyclic prefix (CP) for SRS in a subframe. 
2. Simulation setup
Appendices A and B provide detailed simulation parameters for both non-synchronized RACH and PUSCH transmissions. In the case of RACH simulation, the agreed baseline preamble structure is used with the transceiver structure in [1]. A total of 64 preamble sequences are randomly chosen among all possible ZC-ZCZ signatures and their shifted versions in each trial. In addition, the UE has a random delay uniformly distributed between 0 and UE-Node B round trip delay. To maximize the interference impact, it is assumed that SRS spans the entire usable data resource blocks (RBs) in frequency domain while RACH bandwidth is only fixed to 6 RBs of 1.08 MHz within the sounding bandwidth.
· RACH-to-SRS Interference
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Figure 1. Sub-carrier allocation for RACH preamble and UE data.

The system bandwidth is assumed to be 2.5 MHz. A greedy scheduler is used to collect scheduled BLER of 1 single data RB based on the SRS measurement of a UE. The frequency overlap shown in Figure 1 left, where a data RB adjacent to RACH RBs is scheduled in a particular subframe, is due to the misaligned preamble perceived by data receiver. Note that a scheduling delay of 2 TTIs is used. The SRS is time-division multiplexed with data and is located at the 1st SC-FDMA symbol of each TTI when considering RACH interference to SRS. The sounding bandwidth covers the usable bandwidth of 12 RBs with a repetition factor of 1 as shown in the right of Figure 1. All the interfering RACH preambles in the sounding subframe are code-division multiplexed in the same RACH frequency allocation.
· SRS-to-RACH Interference
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Figure 2. Sub-carrier allocation for RACH preamble and UEs data.

The system bandwidth is assumed to be 5 MHz. Simultaneous data transmissions from two UEs are adjacent to RACH in frequency allocation as shown in Figure 2 left. The frequency overlap shown is due to the misaligned data perceived by RACH receiver. The SRSs of two UEs are code-division multiplexed and span the entire usable data bandwidth as shown in Figure 2 right. The same transmit energy is used for a SRS as its user data in a SC-FDMA symbol. It should be noted that this is an optimistic assumption when considering SRS to RACH interference, as it was agreed in RAN1 #49bis meeting in Orlando that the SRS would be power offset from data. Since the first SC-FDMA symbol in a RACH slot falls into the RACH CP duration, and the last symbol is also dropped from preamble detection, SRSs at the 1st and last symbol create no interference to RACH. To simulate the SRS interference to RACH, we assume that SRS is located on the 7th symbol in each TTI without loss of generality.
3. Performance Degradation

The detection performance degradation for both RACH preamble and synchronized data traffic were simulated with the other as interference. 

· RACH-to-SRS Interference

Figure 3 below plots the block error rate (BLER) of a scheduled data RB with and without RACH interference. The greedy scheduler always chooses the best RB over the entire usable RBs for rate-½ 16QAM data transmission. As shown, almost no degradation can be observed for scheduled BLER even with up to 32 RACH interferers, and similar for the non-scheduled BLER shown with the data block allocated adjacent to RACH RBs. This is due to the relatively low SNR of RACH preamble, that is, an Ep/N0 of 18 dB corresponds to an Es/N0 of -11.24 dB for a preamble sequence length of 839. 
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Figure 3. Coded block error rate of data traffic with non-overlapped data and RACH RBs.
· 
SRS-to-RACH Interference

Figures 4 shows the miss detection rate when the preamble length is 839 with and without data interference. The interfering rate-½ 16QAM data SNR is set to achieve 1% coded BLER when transmitted without other interference in TU channels. A cell radius of 13 km is assumed for RACH transmission in this case. Figure 5 plots the corresponding wrong preamble detection rate (false alarm).
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Figure 4. Miss detection rate of RACH preamble (cell radius of 13 km).
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Figure 5. Wrong preamble detection rate (cell radius of 13 km).
It can be seen that with two 16-QAM data interferers of an average symbol SNR of 13 dB each, RACH has about 3 dB performance loss at Pm=1% and the wrong preamble detection rate increases from 0.4% to about 0.4, about 2 orders above the expected false alarm rate for low speed UEs. In [1], it was shown that in the same conditions, but without SRS/preamble overlap, the RACH performance degradation due to data to RACH interference does not exceed 0.5 dB. Hence the observed above degradation is mainly due to the SRS crossing the RACH preamble on the 7th symbol. Therefore, any SRS transmission other than at the 1st and last SC-FDMA symbol in a RACH timeslot poses strong interference to potential RACH preamble transmission. It should be noted that for RACH time slots more than 1 ms, the number of first and last SC-FDMA symbols for SRS depends on the duration of RACH CP and guard time.
4. Conclusion

This contribution shows, via detailed multiuser link-level PUSCH/RACH simulations, that non-negligible interference can exist between SRS and RACH when their transmissions are overlapped in time and/or frequency. For the RACH-to-SRS interference, the interference can be avoided by not scheduling data over RACH bandwidth. On the other hand, it basically requires restricting the SRS transmission to the 1st or last SC-FDMA symbol in a RACH timeslot to avoid interference to RACH preamble transmission. Using the 1st symbol also reduces the latency of the SRS transmission following a scheduling request as shown in [2].
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Appendix A.
 Simulation Parameters for RACH-to-SRS Interference

Common Transmission Parameters
	Numerology
	2.5 MHz @ 2.0 GHz

	Channel model
	6-path TU

	UE speed
	3 kmph

	Number of receive antennas
	2 - uncorrelated

	UE/Node B frequency error
	0


PUSCH Transmission

	TTI Duration
	1.0 ms 

	Number of data UEs
	1

	Number of used resource blocks
	1 (12 sub-carriers localized)

	MCS
	16-QAM, rate ½ turbo code

	Demodulation reference signal
	localized [same RB as localized data]

	Sounding reference signal
	Across 12 RBs with RPF = 1

	Demodulation reference signal modulation
	ZC in frequency domain

	Sounding reference signal modulation
	ZC in time domain [followed by DFT of ZC sequence]

	SRS location in subframe
	The 1st SC-FDMA symbol

	Scheduling delay
	2 ms

	Channel Estimation [demodulation]
	Slot average or separate: Coarse Doppler estimate

	
	Frequency interpolation: Least Squares Filter

	CQI Estimation [scheduling]
	Frequency interpolation: Least Square Filter [average power gain in each RB]


RACH Transmission

	RACH slot duration
	1.0 ms (1TTI)

	RACH bandwidth
	1.08 MHz

	Preamble length
	839 samples (800 us)

	CP/GT duration
	102.6 us/97.4 us

	IDFT size @ Rx
	1024

	Preamble Ep/N0
	18 dB

	RACH frequency offset
	12 sub-carriers from DC

	Cell radius
	13.8 km

	Number of RACH interferers
	0/8/16/32

	Number of preamble signatures
	64 


Appendix B.
 Simulation Parameters for SRS-to-RACH Interference

Common Transmission Parameters

	Numerology
	5.0 MHz @ 2.0 GHz

	Channel model
	6-path TU

	UE speed
	3 kmph

	Number of receiver antennas
	2 - uncorrelated

	UE/Node B frequency error
	0


RACH Transmission

	RACH slot duration
	1.0 ms (1TTI)

	RACH slot period
	10 ms

	RACH bandwidth
	1.08 MHz

	Preamble length
	839 samples (800 us)

	CP/GT duration
	102.6 us/97.4 us

	IDFT size @ Rx
	1024

	RACH frequency offset
	12 sub-carriers from DC

	Cell radius
	13.0 km

	Total false-alarm rate
	10-3

	Number of preamble signatures
	64 


PUSCH Transmission

	TTI Duration
	1.0 ms 

	Number of data interferers
	2

	Number of used resource blocks
	6 localized each, adjacent to RACH 

	MCS
	16-QAM, rate ½ turbo code

	Demodulation reference signal
	localized [same RBs as localized data]

	Sounding reference signal
	CDM across 25 RBs with RPF = 1

	Demodulation reference signal modulation
	ZC in frequency domain

	Sounding reference signal modulation
	ZC in time domain [followed by DFT of ZC sequence]

	SRS location in subframe
	The 7th SC-FDMA symbol
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