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1 Introduction
The following working assumption regarding uplink scrambling was agreed in RAN WG1#47 meeting [1]:
“UE specific bit level scrambling after rate matching to be supported (when beneficial)”

In RAN1 discussions, some companies claimed that scrambling after channel coding can randomize the interference and hence help in improving the link performance. In this paper, we look at some interference scenarios to see if UE specific scrambling can be beneficial. 

2 Interference Scenario
We analyze performance of two different interference scenarios. In both the scenarios the information bits for the desired user and the interferer are randomly generated. Moreover, both the desired user signal and the interferer are synchronized and use exactly the same time-frequency resource, same modulation and the same coding. 

The interference scenario set-up is shown in Figure 1. We assume a single interferer (UE-2) interfering with the signal from the desired UE-1. It should be noted that this scenario can also be seen as the case when an eNB schedules two users in the same cell using multi-user MIMO. In the simulation setup, both UE-1 and UE-2 are close to each other physically and separated by 20 wavelength spacing (3 meters separation).
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Figure 1: Interference Scenario
2.1 Scenario A

 In scenario-A, the coded bits for both the desired user and the interferer are not repeated.  In the baseline case, we assume no scrambling is used for data transmission from either of the two UEs. In case of scrambling, the coded data symbols from both UEs are scrambled by a random UE-specific PN sequence.
2.2 Scenario B

In scenario-B as shown in Figure 2, the coded bits for both the desired user and the interferer are repeated with inter-transmission gap of 3 subframes (3ms). In case of scrambling, the coded data symbols from both UEs are scrambled by a random UE-specific PN sequence. In case of no-scrambling, however, the repeated symbols from UE-2 are   radians phase shifted. This results in complete eliminations of inter-user interference. For example, when UE-1 and UE-2 are scheduled in uplink multi-user MIMO mode together on the same set of resources and their transmissions are repeated,   radians phase shift on the repeated symbols from one of the two users can result in inter-user interference free signal.
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Figure 2:  Scenario B: Repetition of symbols

In Figure 2, we show an example where two users are transmitting simultaneously using the same time-frequency resource with UE-2’s repeated symbols phase shifted by  radians. We perform a simple analysis to show how the inter-user interference is completely cancelled when the transmissions from the two users are repeated. For simplicity, we assume that UE-1 and UE-2 transmit symbols S1 and S2 respectively in subframe#1 while in subframe#5, UE-1 retransmits S1 as it is while UE-2 transmits –S2 ( radian phase shift). We assume that the channel for the two users do not change across repeated transmissions, that is 
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. The eNodeB perform equalization on the received signals and combines the two received signals (r1 and r2) to recover the signals for each of the UEs. Here r1 denotes the received signal on first transmission and r2 denotes received signal when retransmitted (repeated). Since UE-1 just repeat its symbol as it is, the transmitted signal for UE-1 is estimated by just adding the two received signals across two transmission attempts as below:
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On the other hand, since UE-2 repeats its signal with   radians phase shift, its received signal is estimated by subtracting the signal at the second transmission (r2) attempt from the signal at the first transmission (r1) attempt as below.
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It can be seen that each user completely eliminates the interference from the other user. The only source of degradation is the background AWGN noise.
3 Simulations 

3.1 Simulations Assumptions

The detailed simulations assumptions are summarized in Table 1. Figure 3 shows the uplink UE-specific scrambling processing at the transmitter, which is inline with [2].
Table 1 Link Simulation Assumptions
	Parameter
	Value

	Transmission  Bandwidth
	10 Mhz

	NFFT
	1024

	Usable sub-carriers
	600

	Sub-carrier spacing
	15 kHz

	Subframe duration/TTI
	0.5ms/ 1 ms

	Number of OFDM symbols per sub-frame
	6 (data) & 2 (control)

	RB size (sub-channel)
	12 tones

	Number of RBs simulated
	5

	Channel Model
	SCM-Urban Macro

	Mobile Speed
	10 km/h for Scenario A
3, 30 , 120 km/h for Scenario B

	MCS Levels
	π/2 BPSK , code rate ½, for Scenario A
QPSK, code rate ½ and 1/3, for Scenario B

	HARQ
	None

	Receiver
	Single-Tap LMMSE

	Number of RX antenna
	2

	Channel Estimation
	Ideal

	SIR 
	0 dB, and -6dB
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Figure 3:  UE-specific scrambling processing used in the simulation
3.2 Simulations Results

3.2.1 Scenario A
Figure 4 shows the link performance of UE-specific scrambling vs. no-scrambling with interference (SIR = 0 dB).  The results show no difference between scrambling and no-scrambling processing at the transmitter. In the case of interference present (SIR = -6dB), Figure 5 shows the comparative link performance of UE-specific scrambling vs. no-scrambling in the uplink.  It can be noted that there is also no performance difference between the two cases.  Notice that SNR is defined Signal-to-Noise ratio (Gaussian noise only) per received antenna.

[image: image8]
Figure 4:  Link performance of Scrambling vs. Non-Scrambling without interference (SIR = 0 dB)

[image: image9]
Figure 5: Link performance of Scrambling vs. Non-Scrambling with interference (SIR = -6 dB)

3.2.2 Scenario B

Figure 6 to Figure 8 show the comparative link performance of UE-specific scrambling and   radians phase shift at mobile speeds of 3, 30 and 120 km/h respectively. It is noted that SIR = 0dB is assumed in these figures. Figure 6 shows that   radians phase shift method provide significant link gain (>2dB) over scrambling at the mobile speed of 3 km/h. At UE speed of 30 km/h, Figure 7 shows that   radians phase shift approach provide approximately 1dB link performance gain. At the UE speed of 120 Km, Figure 8 shows that both    radians phase shift and  scrambling method yield similar link performance. Notice that SNR is defined Signal-to-Noise ratio (Gaussian noise only) per received antenna.

[image: image10]
Figure 6: Comparative Link performance at 3 km/h (SIR = 0 dB, code rate= 1/2)
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Figure 7: Comparative Link performance at 30 km/h  (SIR = 0 dB, code rate =1/2)
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Figure 8: Comparative Link performance at 120 km/h (SIR = 0 dB, code rate =1/2)
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Figure 9: Comparative Link performance at 3 km/h (SIR = -6 dB, code rate = 1/2)


[image: image14]
Figure 10: Comparative Link performance at 3 km/h (SIR = -6 dB, code rate = 1/3)

In the case of SIR =-6 dB, Figure 9 show the comparative link performance of UE-specific scrambling and   radians phase shift at mobile speeds of 3 km/h. As compared to Figure 6, it is noted that the method of   radians phase shift provides even more gain as the level of interference increase.  For the of code rate = 1/3, Figure 10 show the method of   radians phase shift provide significant gain over UE-specific scrambling at mobile speeds of 3 km/h.
4 Conclusion
In this study, we performed a link simulation that compares the BLER performance of UE-specific scrambling vs. no-scrambling in the uplink communications.  In order to model the case favorable to scrambling, we considered a single interferer synchronized to the desired UE signal using the same modulation, coding and resource blocks as the desired UE. We considered two simulations scenarios. 

In scenario-A, the coded bits for both the desired user and the interferer are not repeated.  Based on the link performance results, no benefit of employing UE-specific scrambling is observed.
In scenario B, where for no-scrambling case, repeated symbols are  radians phase shifted, significant gain over scrambling at low and medium mobile speeds (3 km/h and 30 km/h) are observed. At high UE speed (120 km/h), both scrambling and  radians phase shifted yield similar performance.   
We propose that UE-specific scrambling is not supported for E-UTRA until it is shown to be beneficial.
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