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1. Need for scrambling

The LTE downlink radio access will, potentially in combination with other techniques, rely on channel coding to suppress interference from other cells/beams. In order to be able to fully exploit the processing gain offered by channel coding, means must be applied to ensure that the UE channel decoder is only matched to the desired signal and not to interfering signals transmitted in other cells. 

The most straightforward approach to ensure that the UE channel decoder is not matched to interfering signals is to multiply the coded data with “pseudo-random” sequences that are different between cells, also known as scrambling. The scrambling, or more exactly the corresponding de-scrambling at the receiver side, randomizes the interfering signal and thus ensures that the UE channel decoder is only matched to the desired signal. 

Scrambling can either be applied on the coded bits or on the modulation symbols, see Figure 1 
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Figure 1 Bit-level scrambling (top) and symbol-level scrambling (bottom)

In this paper, we discuss some specific issues related to downlink scrambling:

· Should scrambling be carried out on bit level or symbol level?

· What is the relation between scrambling of the shared channel, L1/L2 control signaling, and reference signals?

· In case of shared-channel scrambling, what is the relation between scrambling of different resource blocks? Should the scrambling be cell-specific, UE-specific, or resource-block specific?

It should be noted that other means to mitigate inter-cell interference have been proposed in RAN1, including other means for interference randomization such as frequency hopping as well as different means for inter-cell-interference co-ordination. However, as also mentioned in [1], the use of scrambling does not exclude the use of such other schemes for inter-cell-interference mitigation as complements to scrambling. Furthermore, scrambling can be introduced with very little effort. These aspects together make us propose scrambling to be adopted for the LTE downlink. In parallel, RAN1 should continue to consider and study complementary techniques for more advanced inter-cell-interference mitigation. 

2. Issues on scrambling

At least three different signals will be transmitted on the LTE downlink.

· User data and higher-layer control signaling transmitted using the shared channel. The shared-channel transmission is assumed to be resource-block based, e.g. implying that the shared-channel data transmitted in different resource blocks may be targeting different UEs. 

· L1/L2 control signaling related to downlink and uplink data transmission (downlink scheduling information, uplink-scheduling grants, Hybrid-ARQ-related signaling, etc.)

· Downlink reference signals

Channel coding should be applied to both the shared channel and the L1/L2 control signaling. From that point-of-view, scrambling should also be applied to both the shared channel and the L1/L2 control signaling. Furthermore, scrambling should also be applied to the downlink reference signals in order to allow for a reference-signal SIR improvement when averaging over multiple reference symbols
. 

For the shared-channel transmission and the L1/L2 control signaling, bit-level scrambling seems most simple. On the other hand, for the downlink reference signals, symbol-level scrambling should be used. Actually, the scrambling of downlink reference signals can also simply be seen as the use of different symbol sequences for the downlink reference symbols. 

For several reasons, we believe that scrambling for reference signals, L1/L2 control signaling, and the shared-channel transmission should be carried out separately.

· The exact structure of the reference signals, including the scrambling, should be pre-determined, regardless of e.g. the transport format used for the shared channel. Thus, the reference-signal scrambling should not depend on e.g. the modulation format used for the shared-channel transmissions.

· Furthermore, as mentioned in [2], it should be possible to provide orthogonal reference signals between cells/beams of the same Node B. Assuming such orthogonal reference signals are created by means of CDM (which is the preferred approach, see [2]), identical scrambling must obviously be applied to the reference signals of the two cells in order to achieve orthogonality. At the same time, different scrambling should still be applied to the shared-channel transmissions and L1/L2 control signaling of the two cells/beams. 

Thus we conclude that scrambling should be applied independently to shared-channel transmissions, L1/L2 control signaling, and downlink reference signals.
As also mentioned in [1], there could be cases when shared-channel data could be transmitted to a single UE from multiple cells/beams of the same Node B (downlink intra-Node-B macro diversity, multicast/broadcast). In this case, the shared-channel transmissions should be identically scrambled in the two cells. However, this may only be true for a sub-set of the resource blocks in a given sub frame, i.e. those resource blocks that are scheduled for the specific UE. Thus we propose that scrambling for shared-channel transmissions should be UE specific
.  
3. Summary

The following is proposed regarding scrambling for the LTE downlink radio access:

Downlink scrambling should be carried out independently for 

· Downlink reference signals

· L1/L2 control signaling

· Shared channel transmission

Scrambling for L1/L2 control signaling and shared-channel transmission should be carried out on a (coded) bit level.
Scrambling for shared-channel transmission should be UE or UE-group specific.

A text proposal is given in [3] 
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� Note that this is not in contradiction with the use of frncy hopping for the reference symbols. 





� Of course, the shared channel data could be targeting not a single but a group of UEs, e.g. in case of multi-cast,. In this case, the scrambling should be UE-group-specific.
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