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1 Introduction – Scrambling of Physical channels
Lower layer scrambling of data channels in LTE Release 11 are used for several purposes. First the physical channel (e.g. PDCCH/PDSCH) itself is scrambled based on the transmitting eNodeB cell Identity. The main use of this scrambling is for randomization and interference reduction purposes. The scrambling of the physical channels is determined by the receiving device based on cell ID information that is determined in the cell search process (i.e. from the primary and secondary synchorinzation channels, PSS/SSS). 

Furthermore, in LTE there is also scrambling of the CRC of the PDCCH, that scrambling based on the RNTI. The PDCCH CRC scrambling is used in order to determine which PDCCH that is intendent for a specific device. The device receives the RNTI information from the serving or camping cell, and hence has knowledge of which scrambling sequences to apply on the CRC for decoding the PDCCH intendent for the device.

D2D broadcast communication as well as D2D discovery introduce some new aspects of the lower layer scrambling, mainly how to handle – from a device complexity point of view -  the case of a device out of network coverage and capable to receive D2D broadcast communication, or a D2D discovery signal. A device out of network coverage may not have information of scrambling sequences used for the D2D broadcast communication and in order to reduce such device scrambling search space an efficient scrambling procedure is needed.
In this paper only focuses on the outstanding scrambling issues. 
2 Scrambling of D2DSS and PD2DSCH
The D2DSS sequence should give information about the synchronization source identity (SSID) and possibly the type of synchronization source from which sync is originally derived, see [1]. For example, if the broadcast transmitter is in network coverage and hence is controlled by an eNode B, the D2D synchronization signal sequence should be associated with the eNode B physical cell identity. In case the broadcast transmitter is outside network coverage, the D2D synchronization signal should be associated to the synchronization source identity, for instance an eNB or synchronization head (SH).  More details are provided in [2].

Proposal: 
· The D2DSS sequence is a function of the original synchronization source identity, i.e. the serving cell ID (in-coverage case), or identity for the original synchronization source in case of out-of-network-coverage.
The Physical D2D Synchronization Channel (PD2DSSCH) [1] may be scrambled with a sequence associated with the synchronization source identity SSID. Since the D2D Synchronization signals (D2DSS) gives information about the synchronization source identity, the device once detected the D2DSS may easily descramble the PD2DSSCH. Furthermore, the CRC should be scrambled by a pre-defined D2D Synchronization Channel RNTI. 

Proposal: 

· The PD2DSSCH is scrambled as a function of the same identity used for the D2DSS sequence generation. Furthermore, the PD2DSSCH CRC is scrambled by a pre-defined D2D synchronization Channel RNTI.
3 Scrambling of D2D Discovery Channel

According to agreements at the RAN1#74bis meeting, The D2D Discovery Channel should include a message and demodulation Reference Symbols, DMRS. We propose that the DRMS should be associated with the synchronization source identity used by the UE transmitting the discovery message (e.g., the cell ID). This may be the serving cell eNodeB, or it may be a SCH in the out-of-network coverage case. The device itself may be the SCH. Hence, a similar approach as for the D2D synchronization signal sequences.
Proposal: 
· The DMRS base sequence in the D2D Discovery Channel should be associated with the synchronization source idenity.

· The D2D Discovery Channel is scrambled as a function of the synchronization source identity.
· It is for further study whether there is a need for scrambling the D2D Discovery Channel CRC.
SA2 indicated a MAC discovery payload of up to 192 bits (a short MAC header might be added by RAN2). Furthermore, the payload length is different in case of consumer and PS discovery. It is unclear at this point if RAN2 will provide means for compressing the MAC PDU on L1 and if the L1 discovery payload is different for consumer and PS discovery. If needed, L1 should provide means to allow for detection of the discovery payload type (consumer or PS) at the receiver and avoid blind decodes of different payload formats at every occasion. This can be achieved, e.g., by associating a different predefined CS to consumer and PS discovery messages.

Proposal: 
· The DMRS CS indicates whether the discovery message has the consumer or PS format.

4 Summary

Based on the discussion above, the following have been proposed:
· The PD2DSSCH is scrambled as a function of the same identity used for the D2DSS sequence generation. Furthermore, the PD2DSSCH CRC is scrambled by a pre-defined D2D synchronization Channel RNTI.
· The DMRS base sequence in the D2D Discovery Channel should be associated with the synchronization source idenity.

· The D2D Discovery Channel is scrambled as a function of the synchronization source identity.
· It is for further study whether there is a need for scrambling the D2D Discovery Channel CRC.
· The DMRS CS indicates whether the discovery message has the consumer or PS format.
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