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1. Introduction
At 3GPP RAN1-47 meeting, a way-forward proposal was taken for the non-synchronized random access (NSRA) baseline structure which uses an 800 µs preamble with a cyclic prefix (CP) and a guard time (GT) of 100 µs each, in 1 ms time duration and 1.08 MHz frequency bandwidth. In [5], we proposed an improved structure where the CP and GT lengths are adjusted to 102.6 µs and 97.4 µs, respectively, which is also used as baseline assumption in the rest of the contribution. The preamble is built from cyclic shifting a Zadoff-Chu sequence with zero correlation zone (ZC-ZCZ). According to [1], frequency resources not used by NSRA can be used for synchronized uplink data transmission. Due to the misaligned CP structures and disparate symbol rates of NSRA and uplink data, there exists interference between NSRA and uplink data transmissions. This contribution provides a precise evaluation of the interference between synchronized physical uplink shared channel (PUSCH) and non-synchronized random access channel by simulating both in a single system. Our results indicate that on one hand, the interference from NSRA to PUSCH is very negligible due to the relatively low SNR of NSRA preamble. On the other hand, the NSRA performance degradation by PUSCH interference can be alleviated through a cautious choice of preamble sequence length in the worst case.
2. NSRA Transceiver Structure
We assume a DFT-spread OFDM based SC-FDMA transmission scheme for NSRA, as for synchronized uplink physical data transmission. The transceiver structure is as shown in Figure 2 in [2], which is re-plotted in Figure 1 below.
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Figure 1. NSRA transceiver structure.
For PUSCH data traffic, either 16-QAM or QPSK signal with turbo coding is used, with a transmitter structure compliant to [1]. For both NSRA and PUSCH, two receive antennas are assumed at Node B receiver.
3. Simulation Setup
Appendices A and B provide detailed simulation parameters for both NSRA and PUSCH transmissions. In the case of NSRA simulation, 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 data and NSRA preamble are adjacent to each other in frequency domain. The corresponding sub-carrier allocations are as depicted below. For an 800 µs preamble, the sub-carrier spacing of NSRA is 1.25 kHz, equal to 1/12th of the long block (LB) data sub-carrier spacing (15 KHz).
· NSRA-to-PUSCH Interference
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Figure 2. Sub-carrier allocation for NSRA preamble and PUSCH data.
The frequency overlap shown in Figure 2 is due to the misaligned preamble perceived by data receiver. The system bandwidth is assumed to be 2.5 MHz.
· PUSCH-to-NSRA Interference
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Figure 3. Sub-carrier allocation for NSRA preamble and PUSCH data.

The frequency overlap shown in Figure 3 is due to the misaligned data perceived by NSRA receiver. The system bandwidth is assumed to be 5 MHz. Various preamble sequence lengths have been simulated to assess the impact of data interference. When the prime preamble length is less than the maximum length (1.08 MHz x 800 us = 864), a close-to-equal number of zeros were used for the edge sub-carriers on the two edges of preamble (one more zero at high end than at lower end). This sequence reduction construction was already detailed in [2], Section 5. These zeros can be used as guard sub-carriers from data interference.
Figure 3 actually represents a worst-case scenario in terms of sub-carrier allocation, with all the remaining sub-carriers occupied by interference. To make things worse, it is assumed in both cases that the interference, when exists, occurs in each TTI or NSRA slot of interest. A vehicular speed of 15 kmph is assumed in 6-path TU fading channel, and there is no frequency shift except for Doppler spread.
4. Performance Degradation
The detection performance degradation for both NSRA preamble and synchronized data traffic were simulated in the presence of interference adjacent in frequency domain. 
· NSRA-to-PUSCH Interference

Figure 4 below plots the block error rate of synchronized data traffic with and without NSRA interference. The number of data sub-carrier used is 24. As can be seen, almost no degradation can be observed with NSRA interference. This is due to the relatively low SNR of NSRA preamble, that is, an Ep/N0 of 18 dB corresponds to an Es/N0 of -11.36 dB for a preamble sequence length of 863. Similar observations have been made when the number of data sub-carriers varies form 12 to 72 in an integer multiple of 12. It should be noted here that these results differ from those in [3], where NSRA has an unjustified 6 dB higher transmit power than PUSCH data. 
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Figure 4. Coded block error rate of PUSCH data traffic.
· PUSCH-to-NSRA Interference

Figures 5 shows the miss detection rate when the preamble length is 863 (the maximum prime number less than 864) with and without data interference. Both QPSK and 16QAM data interference were simulated. A cell radius of 13.8 km is assumed in this case.
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Figure 5. Miss detection rate of NSRA preamble (cell radius of 13.8 km).
We note that QPSK data only adds marginal interference due to its relatively low average symbol SNR (Es/N0 = 5 dB). For 16-QAM data with an average symbol SNR of 13 dB, NSRA has about 1 dB performance loss at Pm=1%. Therefore in the following, we focus on the baseline preamble structure with strong 16-QAM data interference and propose a solution to relieve this interference.

We propose to use a guard band to avoid the data interference at preamble edges. A cautious design of preamble sequence length not only retains a high inherent processing gain, but also allows a decent avoidance of strong data interference. In addition, the loss of spectral efficiency (by guard sub-carriers reservation) can also be well controlled at a fine granularity (1.25 kHz for the baseline 800 us preamble duration). Figures 6 and 7 show the miss detection rate for cell radii of 0.68 km and 13.0 km, respectively, for various preamble sequence lengths with and without 16-QAM data interference.
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Figure 6. Miss detection rate of NSRA preamble (cell radius of 0.68 km).
[image: image8.jpg]10

10 |

107

10*

T I T
=» Np=863, No data intfer
Np=863, 1 data intfer
—>— Np=859, No data intfer
Np=859, 1 data intfer
Np=853, No data intfer
~3 Np=853, 1 data intfer
—¥— Np=839, No data intfer
-~ Np=839, 1 data intfer
Np=829, No data intfer
Np=829, 1 data intfer
Np=823, No data intfer
Np=823, 1 data intfer
Np=811, No data intfer
Np=811, 1 data intfer
Np=769, No data intfer
Np=769, 1 data intfer

14

15

16

17

18
Ep/NO (dB)

19

20 21 22

23




Figure 7. Miss detection rate of NSRA preamble (cell radius of 13.0 km).
As can be noted in Figures 6 and 7, there is a diminishing return in detection rate improvement while the preamble length is below 853, and less than 0.5 dB loss can be obtained with a preamble length of 839 at the point of Pm=1%. No apparent change has been observed for false alarm rate in all cases simulated. The sequence length of 839 also is a best trade-off choice since it corresponds to 69.91 LB sub-carriers in each LB and offers 72-69.91 = 2.09 LB sub-carriers protection, which is very close to 1 LB sub-carrier protection one each side of the preamble. Further higher/lower sequence length adjustments do not provide as good integer number of sub-carrier protection. 
For the alternate structure with a 400 µs repeated sequence envisioned for high speed UE’s [6], a similar reasoning yields a sequence length of 421, thus providing 0.91 LB sub-carrier protection on each side of the preamble in each LB. Table 1 updates accordingly the numerology proposed in [5] for both baseline and alternate structures.

Table 1: NSRA structure numerology 
	NSRA structure
	NSRA sub-carrier spacing (kHz)
	# allocated sub-carriers to NSRA burst
	Preamble size
	Preamble sampling rate (MHz)
	Spectrum allocation (MHz)
	System sampling rate (MHz)
	IDFT samples
	CP duration (µs/samples)
	GT duration (µs/samples)

	
	
	
	µs 
	# of occupied sub-carriers
	
	
	
	
	
	

	Baseline
	1.25
	864
	800
	839
	1.04875
	1.25
	1.92
	1536
	102.60
	197
	97.40
	187

	
	
	
	
	
	
	2.5
	3.84
	3072
	
	394
	
	374

	
	
	
	
	
	
	5
	7.68
	6144
	
	788
	
	748

	
	
	
	
	
	
	10
	15.36
	12288
	
	1576
	
	1496

	
	
	
	
	
	
	15
	23.04
	18432
	
	2364
	
	2244

	
	
	
	
	
	
	20
	30.72
	24576
	
	3152
	
	2992

	Alternate
	2.5
	432
	400
	421
	1.0525
	1.25
	1.92
	768
	53.13
	102
	46.88
	90

	
	
	
	
	
	
	2.5
	3.84
	1536
	
	204
	
	180

	
	
	
	
	
	
	5
	7.68
	3072
	
	408
	
	360

	
	
	
	
	
	
	10
	15.36
	6144
	
	816
	
	720

	
	
	
	
	
	
	15
	23.04
	9216
	
	1224
	
	1080

	
	
	
	
	
	
	20
	30.72
	12288
	
	1632
	
	1440


5. Conclusion

This contribution presented simulation results for the interference between synchronized and non-synchronized transmission in SC-FDMA uplink. Our simulations indicated that the interference from NSRA to PUSCH data is very negligible due to the relatively low SNR of NSRA preamble, however, the interference form PUSCH data to NSRA causes at most 1 dB loss in preamble detection for the baseline preamble structure at the 99% detection rate. We proposed a way to reduce the PUSCH-to-NSRA interference by reserving guard sub-carriers, and our simulations suggested that about 12 guard 1.25 kHz sub-carriers on each edge of baseline preamble suffice to control the loss to below 0.5 dB. The number of 12 here coincides with the ratio of PUSCH LB sub-carrier spacing to NSRA sub-carrier spacing (one 15 kHz LB sub-carrier spacing per LB). 

Our simulations showed that it is not necessary to have a filtering roll-off for NSRA as proposed in [3], mainly due to the associated low spectral efficiency which results in a greatly shortened preamble length even for a low roll-off factor, hence less NSRA access opportunities. Since the underlying argument in [4] is directly based on the results in [3] to support a regular uplink sub-frame structure for synchronized random access, it also needs to be re-evaluated.
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Appendix A.
 Simulation Parameters for NSRA-to-PUSCH Interference

Common Transmission Parameters
	Number of UEs
	1

	System bandwidth
	2.5 MHz

	Channel model
	6-path TU

	UE speed
	15 kmph

	Carrier frequency
	2.0 GHz

	UE/Node B frequency error
	0


PUSCH Transmission
	TTI Duration
	1.0 ms (2 sub-frames)

	Number of used data sub-carriers
	24

	Modulation
	QPSK/16-QAM

	Channel Coding
	Rate 1/2 or 1/3 turbo codes

	LB/SB sub-carrier mapping
	Localized

	Channel estimation
	LSQR (with non-boosted pilot)


NSRA Transmission
	RACH slot duration
	1.0 ms (1TTI)

	NSRA bandwidth
	1.08 MHz

	Preamble over-sampling ratio (OSR)
	2

	Preamble Length
	863 samples (800 us)

	CP/GT duration
	102.6 us/97.4 us

	Preamble Ep/N0
	18 dB

	Preamble sub-carrier mapping
	Localized

	Cell radius
	13.8 km

	Number of preamble signatures
	64 


Appendix B.
 Simulation Parameters for PUSCH-to-NSRA Interference

Common Transmission Parameters

	Number of UEs
	1

	System bandwidth
	5.0 MHz

	Channel model
	6-path TU

	UE speed
	15 kmph

	Carrier frequency
	2.0 GHz

	UE/Node B frequency error
	0


NSRA Transmission

	RACH slot duration
	1.0 ms (1TTI)

	RACH slot period
	10 ms

	NSRA bandwidth
	1.08 MHz

	Preamble over-sampling ratio (OSR)
	2

	Preamble Duration
	800 us or 2x400 us

	CP/GT duration
	102.6 us/97.4 us

	Preamble sub-carrier mapping
	Localized

	Maximum TA uncertainty
	2.0 us

	Multipath cluster spacing
	7.5 us

	Cell radius
	0.68 km/13.0 km

	Total false-alarm rate
	10-3

	Number of preamble signatures
	64 


PUSCH Transmission

	TTI Duration
	1.0 ms (2 sub-frames)

	Number of used data sub-carriers
	228

	Modulation
	QPSK/16-QAM

	Channel Coding
	Rate 1/2 or 1/3 turbo codes

	LB/SB sub-carrier mapping
	Localized

	Average Es/N0 per receive antenna
	13 dB for 16-QAM
5 dB for QPSK
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