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1. Introduction

In Riga meeting, the UE-specific bit-level scrambling was agreed to be used for interference randomization on the LTE uplink if it is beneficial. However, there still remain some arguments for the benefit of the uplink UE-specific scrambling. In Ericsson’s contribution [1], inter-cell interference randomization as well as user capacity improvement and freedom in scheduling strategy based on non-orthogonal multiple access has been proposed as the benefits of the uplink UE-specific scrambling. For interference randomization, link gain due to the UE-specific scrambling is expected especially when there is a kind of the LLR combining at the receiver by using repetition code or H-ARQ chase combining. In the contribution, we, first of all, introduce several substantial uplink simulation models and evaluate link performance for the uplink UE-specific scrambling. Based on the link simulation results, we’ll provide our view on the uplink UE-specific bit-level scrambling.
2. Simulation Modeling and Parameters
In order to investigate the effect of the UE-specific bit-level scrambling, we introduce the following specific uplink simulation situations for possible cases considering a simple 2-UE model. 
2.1. Uplink Interference Scenarios
We introduce an inter-cell interference scenario (Scenario-A) and an intra-cell interference scenario (Scenario-B), as shown in Figure 1 (a) and (b), respectively. In Scenario-A which describes a single inter-cell interfering UE model, the home cell e-NodeB performs the channel estimation and detection/decoding only for its own cell’s UE signal. In this scenario, the amount of the interference power is manifested as a value of SIR (in the simulation, SIR is assumed to be 6dB). Scenario-B describe a kind of non-orthogonal (or quasi-orthogonal) multiple access case in which two intra-cell UEs simultaneously share the same sub-band resource. The uplink standardization item in which Scenario B could be considered is the virtual MIMO (a UL MU-MIMO scheme). Originally, the orthogonal (no intra-cell interference) reception of the virtual MIMO presupposes only that the UL scheduler in e-NodeB selects a pair of UEs whose channel characteristics for a given sub-band are perfectly uncorrelated. In Scenario-B, we consider intra-cell inter-UE interference caused by antenna correlation as well as a sub-optimal MIMO receiver (MMSE receiver). 
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Figure 1 : Simulation scenarios of an inter-cell interference (Scenario A) and an intra-cell interference (Scenario B) based on a simple 2-UE model 
2.2. Uplink Transmission Modes
We model no repeated transmission mode (Mode-I) and repeated transmission mode (Mode-II). When a repeated transmission scheme is synchronously used for both a desired and an interfering UE signals, the interference pattern impacting on the LLR values of the first transmission is similar to that of the repeated second transmission prior to LLR combining especially in the case that the repetition interval is relatively smaller than the channel coherent time. This trend of interference impact may be shown in real cases of H-ARQ chase combining and repetition code. The UE-specific scrambling is expected to randomize the interference pattern shown in each transmission. Mode-II is modeled for investigation of the effect of the UE-specific scrambling when the repetition code or the H-ARQ chase combining scheme are used.
In Section 3, we evaluate link performance of the LTE uplink transmission considering the existence of UE-specific scrambling code. Table 1 represents the simulation parameters for link performance in the contribution based on [2].

Table 1 : Simulation parameters

	Parameter
	Value
	Parameter
	Value

	Transmission Bandwidth
	10MHz
	Number of RBs 
	5

	NFFT
	1024
	Channel model 

/  UE speed
	Typical urban / 3km/h

	Usable sub-carriers 
	600
	MCS levels
	QPSK, 1/2 code rate

	Sub-carrier spacing
	15KHz
	HARQ
	None

	Sub-frame duration/TTI
	0.5ms/1ms
	Receiver

/ Channel estimation
	MMSE equalizer

/ Perfect


3. Simulation Results
3.1. Scenario A
Figure 2 shows the link performance based on inter-cell interference modeling. The result represents the link performance of UE-specific scrambling and non-scrambling with interference level of SIR = 6dB. Simulations are applied for non-repeated transmission and repeated transmission (assume 3ms transmission interval) cases. In non-repeated data transmission case, the result shows that there is no difference between scrambling and non-scrambling case. However, in repeated data transmission case, it is presented that there is not small gain when data scrambling is used.
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Figure 2 : Link performance of UE-specific scrambling vs. non-scrambling for Scenario A 

3.2. Scenario B
In scenario B, we evaluate the link performance of the case of intra-cell interference modeling considering repetition of transmission and use of scrambling. As shown in Figure 3, when the antennas are not correlated at both transmitter and receiver, it is observed that there is no difference between scrambling and non-scrambling transmission when non-repeated transmission is applied. However, in repeated data transmission case, the UE-specific scrambling transmission has around SNR gain of 2dB over non-scrambling transmission at FER 1%.

In addition, in the case that there is correlation of 0.5 between two antennas at both transmitter and receiver, as shown in Figure 4, the case of UE-specific scrambling has gain of more than 2dB over the case of non-scrambling at FER 1%.
[image: image4.emf]0 2 4 6 8 10 12

10

-3

10

-2

10

-1

10

0

SNR (dB)

FER

Non-repeated & Non-scrambling

Non-repeated & Scrambling

Repeated & Non-scrambling

Repeated & Scrambling


Figure 3 : Link performance of UE-specific scrambling vs. non-scrambling for Scenario B 
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Figure 4 : Link performance of UE-specific scrambling vs. non-scrambling for Scenario B (Antenna correlation = 0.5)
4. Conclusion
In this contribution, we introduced single-interferer based simulation models for two types of interference situations and the single/repeated transmission situations on the LTE uplink, and then, evaluated the link performance for the UE-specific bit-level scrambling method. When considering the simulation results shown in Section 3, we could observe the effect of the uplink UL-specific scrambling when an LLR combining for the repetition code or the H-ARQ chase combining scheme is used in the receiver. Even though the UE-specific scrambling favorable situations may be much less probable, it should be considered that the uplink UE-specific bit-level scrambling does not require large complexity, and its link gain for specific situations is not small as shown in simulation results. Therefore, we agree that the UE-specific bit-level scrambling is used in the LTE uplink.
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