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In RAN1#84bis, the following was agreed on NPDCCH scrambling:
· Scrambling
· An NPDCCH block of subframes is scrambled in the same way as PDCCH and the scrambling is reset every 4th NPDCCH subframe
The latest TS 36.211 implements this agreement as follows:
Section 10.2.5.2:


Scrambling shall be done according to clause 6.6.1. The scrambling sequence shall be initialised at the start of the search space and after every 4th NPDCCH subframe with  where is the first slot for NPDCCH transmission after the initialisation.
This contribution provides some clarifications on the initialization of scrambling sequence for NPDCCH mentioned in TS 36.211. The related CR can be found in R1-167419 [4].
Initialization of scrambling sequence for NPDCCH
We wish to clarify that the intention of the agreements is the scrambling sequence should be initialized at the start of the NPDCCH search space with starting subframe k0 according to section 16.6 of TS 36.213 [3]. The scrambling sequence should then be re-initialized every 4th subframe valid for NPDCCH transmission after the start of the search space with starting subframe k0, as illustrated in Figure 1. 
 [image: ]
[bookmark: _Ref456106642]Figure 1: Initialization of scrambling sequence for NPDCCH search space


TS 36.211 states that “is the first slot for NPDCCH transmission after the initialisation”. This is understood to mean for the (re-)initialization every 4th NPDCCH subframe, the seed of the pseudo-random scrambling sequence is calculated according to ns of the first slot of the relevant subframe (and the physical cell ID  of the serving cell).
This initialization obtains the benefits of inter-cell interference randomization whilst requiring de-scrambling, de-rate matching, etc. not in all subframes. 

Proposal 1: RAN1 confirms that the scrambling sequence for NPDCCH is initialized at the start of the search space with starting subframe k0 according to section 16.6 of TS 36.213, and re-initialized every fourth subframe valid for NPDCCH transmission, with  according to the first slot of the subframe of (re-)initialization.
Multiplexing and scrambling for NPDCCH format 0
For NPDCCH format 0, i.e. aggregations of one NCCE, the block of bits  on each of the two NPDCCHs i = 0, 1 are mapped each to one NCCE, where  is the number of bits in the NPDCCH i. Since it is agreed that “An NPDCCH block of subframes is scrambled in the same way as PDCCH”, the two blocks of bits on the two control channels mapped to the two NCCEs in the same subframe should be multiplexed, resulting in a block of bits 
.
Denoting the scrambling sequence for NPDCCH in the subframe as 
, the scrambling for the two blocks of bits on the two control channels should be done as follows:


Mapping to resource elements for NPDCCH
The block of complex-valued symbols on each control channel shall be mapped to the REs of the subframe assigned to the control channel. For NPDCCH format 0, the RE mapping should be done according to the principle of “frequency first, then time” within the one NCCE carrying the control channel. For NPDCCH format 1, the RE mapping should be done according to the principle of “frequency first, then time” within the whole subframe, as the two NCCEs within the subframe both belong to the same NPDCCH. The RE mapping for NPDCCH is illustrated in Figure 1. For the sake of a convenient example, the standalone case is shown, and REs used for the transmission of NRS, which are unavailable to NPDCCH, are not labeled in the figure.
[image: ]
Figure 1  Illustration of RE mapping for NPDCCH (standalone example, NRS not shown)
Conclusion
The understanding of the specification text in 36.211 for NPDCCH scrambling, multiplexing, and resource mapping was clarified, and we propose as follows:

Proposal 1: RAN1 confirms that the scrambling sequence for NPDCCH is initialized at the start of the search space with starting subframe k0 according to section 16.6 of TS 36.213, and re-initialized every fourth subframe valid for NPDCCH transmission, with  according to the first slot of the subframe of (re-)initialization.
Proposal 2: Approve R1-167419, 36.211CR0265.
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