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1. Introduction

The E-UTRA uplink should be able to operate with single frequency reuse, implying that uplink transmissions (in neighboring cells) may interfere with each other. To handle this situation, scrambling is proposed for the uplink. Without scrambling, the NodeB decoder is matched not only to the intended signal, but also to signals from other users in neighboring cells. This would significantly decrease the performance and scrambling is therefore useful to whiten (randomize) the interference seen by the receiver. The interference suppression capability is proportional to the processing gain, i.e., the code rate of the turbo code in Figure 1. Furthermore, note that scrambling does not affect the bandwidth, i.e., it is not a spreading operation.
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Figure 1: Scrambling.

2. User-specific Scrambling
In principle, for the purpose of inter-cell interference randomization, the uplink scrambling sequence can be either UE-specific or cell-specific. From a complexity perspective, there is no difference between the two. However, UE-specific scrambling offers some significant benefits, both in terms of the system capacity achievable and the scheduling strategies possible.

In most cases, the uplink is interference-limited, i.e., the main limiting factor is the signal-to-interference ratio and not the amount of orthogonal resources. However, there are cases with high signal-to-interference ratios where the number of orthogonal resources (i.e., bandwidth) is the main limiting factor. In such scenarios, non-orthogonal (intra-cell) uplink access achieves higher throughput than a purely orthogonal scheme. This was illustrated in ‎[1], where orthogonal and non-orthogonal multiple access was compared for two and four antennas
. It is also a well-known results from information theory and schematically illustrated in Figure 2. UE-specific scrambling allows the uplink to be run in a non-orthogonal fashion when needed and thus avoids setting an upper hard limit on the uplink capacity.
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Figure 2: Schematic illustration of the theoretical capacity region for orthogonal and non-orthogonal transmission schemes in a two-user case (R1 and R2 and the theoretically achievable data rates for the two users).

Additionally, UE-specific scrambling allows for greater freedom in the uplink scheduling strategy. For example, the Node B can, if it has the necessary receiver processing, assign scheduling grants to multiple users “in advance” and thereby operate the uplink in a contention-based fashion, e.g., to reduce delays at low system loads.

It is important to stress that UE-specific scrambling does not mandate non-orthogonal multiple access, but merely provides the possibility to use it in some scenarios if desirable. Furthermore, note that schemes such as interference coordination can be applied on top of scrambling, both for FDD and TDD.

3. Reference Signals and Random Access

User-specific scrambling should be applied to user data and to the associated L1/L2 control signaling as discussed above.

For the reference signals, the situation may be different. According to ‎[3], it should be possible to assign different mutually orthogonal reference signal patterns to different UEs. Depending on the reference signal structure, scrambling may affect the orthogonality between UEs. This has to be taken into account when deciding whether to scramble the reference signals or not.

Random access typically relies on a small set of signature sequences ‎[4]. UE-specific scrambling cannot be applied to random access as an identity may not yet have been assigned to the UE. Instead, the interference whitening is provided by the random access signature sequences itself in this case.
4. Bit or Symbol Scrambling

Scrambling can be applied either to the coded bits or to the modulation symbols.  It is proposed that the scrambling is applied on bit-level due to simplicity.
5. Conclusion

UE-specific scrambling allows the system to operate using a non-orthogonal uplink when beneficial, e.g., 

· to avoid dimension-limitations on the uplink throughput, and

· to allow for greater flexibility in the scheduling implementation.

As UE-specific scrambling comes at a negligible cost, if any, it is recommended to

· adopt UE-specific uplink scrambling for data transmission as a working assumption, and

· to include the text proposal in ‎[2] into TR 25.814.
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� Note that � REF _Ref122769438 \r \h ��‎[1]� did not include UE-specific scrambling. Hence, it is mainly a comparison of orthogonal vs. non-orthogonal access.
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