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Introduction
UE_ID insertion to enable early block termination has received considerable treatment in recent RAN1 meetings [1][2][3]. This contribution elaborates on aspects of the underlying mask design to meet a multitude of design objectives for efficient DCI blind detection. 
DCI Blind Detection
Design Objectives
Objectives governing the sequence design for DCI blind detection can be summarised as follows:
· User identification based on an assigned C-RNTI. The means to discriminate blocks intended for the present user versus those intended for another user early in the course of block decoding is highly desired to maximize energy savings at the UE.
· Cell-specific scrambling to mitigate the effects of adjacent cell interference analogous to that provided by LTE.
· Availability at SNRs below that for the accompanying shared data channels.
· Minimal false alarm rate (FAR).
Block Discrimination
LTE employs two methods of block discrimination on DCI detection:
· A user-specific CRC mask applied at the end of each PDCCH provides block separation based on UE_ID.
· A cell-specific scrambling mask applied at the encoder output provides block separation based on CELL_ID.
Observation-1: While the CRC mask provides block identification, LTE currently has no apparent means of enabling early termination.

[image: ]
Figure 1: Bit-mask assignment patterned after that used in LTE
Polar Code Construction for NR PDCCH
Taking the underlying polar code structure into account, a multi-mode discrimination mask can be designed to meet the objectives set out by LTE with the New Radio (NR) downlink control channel.
Polar Block Encoding
The proposed sequence design starts with a conventional Polar Code construction where a code of length N = 2n assigns k information bits (inclusive of any CRC and/or PC bits), A  [N], and N-k frozen bits, F   =[N]\A, the assigned values of which are known a priori to the receiver [4]. The code rate, R = k/N, is determined by the number of user data dependent information bits relative to the block size.
Multi-mode Block Discrimination
Individual fields of the underlying polar code shall be assigned to facilitate block discrimination as outlined below:
· CRC Attachment: append a 16-bit CRC to each PDCCH as is done in LTE for error detection. Scramble the CRC with a UE specific (C-RNTI) mask to enable identification of PDCCH(s) intended for a given UE upon interrogating the list of candidate decodes.
· UE_ID Insertion: insert in the frozen bit field a PRBS initialized on the C-RNTI using the sequence generation described in [5]. The aim is to permit block discrimination well ahead of encountering the CRC field, thereby minimizing energy expended in decoding blocks not meant for the present UE.
Bit Mask Assignment
The resulting multi-mode mask assignment lends itself to a bit scrambling interpretation as illustrated in Figure 2.
[image: ]
[bookmark: _Ref485029381]Figure 2: Proposed NR bit-mask assignment
Given a linear transform, application of the Kronecker matrix can be distributed to relate the assigned bit mask(s) to the encoder output:

Where the bit masks, s0:F-1, r0:D-1, xrnt1,0:15, applied in succession at the encoder input equivalent to the scrambling mask, wG, applied at the encoder output as illustrated in Figure 3 are. Here 00:M-1 represents an all zero vector of length, M, and G = reflects the relationship between vectors at the encoder input and output, respectively. The respective masks can be similarly removed at the receiver prior to decoding.
[image: ]
[bookmark: _Ref485041695]Figure 3: Successive bit-mask assignment
Observation-2: Properties assigned to a mask at the encoder input manifest in an equivalent manner in a corresponding mask applied at the encoder output.
Observation-3: Individual attributes assigned a given mask referenced to the encoder input retain their effect when applied at the encoder output.
Observation-4: Mask contributions can be combined, appropriately zero padded, then applied at the encoder output without loss in efficacy.
Sequence Generation
The method of pseudo-random sequence generation borrowed from LTE [5] or a similar method can be leveraged to create the scrambling sequence described above, initialized on the assigned C-RNTI:

where Nc = 1600 and MPN is determined by the number of affected frozen bits.
Sequences  and  are generated as follows:


where  and  are initialized as follows:


The frozen bit contents are filled according to:
[bookmark: _GoBack]where m F   


Methods of Block Discrimination
[image: ]
[bookmark: _Ref485653858]Figure 4: Early block discrimination
The availability of early block discrimination can be described with reference to Figure 4. The diagram indicates the potential for block failure due to the unavailability of the correct UE_ID which affects the CRC mask as well as the frozen bit contents. Only in the case that the C-RNTI assigned at the receiver matches that assigned at the transmitter is the block bound to pass final CRC check. Early discrimination affords considerable energy savings in attempting to decode blocks intended for another user.
Conclusions
This contribution describes considerations for scrambling sequence design that enable early block discrimination. Enabled from a unified scrambling sequence design, the first level of discrimination is based on a UE_ID derived scrambling sequence asserted in the frozen bit field accompanied by a C-RNTI applied directly to the CRC bit field. Applied at the encoder output, the resulting mask permits user identification based on CRC scrambling with the potential for early termination given the decoded frozen bit contents.
Recommendation-1: Define the scrambling sequences referenced to respective fields at the encoder input.
Recommendation-2: Mask the CRC based on the assigned C-RNTI as is done in LTE.
Recommendation-3: Form the frozen bit contents from a PRBS initialized by the assigned C-RNTI to facilitate early discrimination with DCI blind detection.
Recommendation-4: Combine the respective scrambling masks, appropriately zero padded, and then relate the sum to the encoder output to form a unified scrambling sequence.
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Descrambling at the decoder input:

·

Removes the CRC mask;

·

Returns the frozen bit contents to the 

all zero state;

·

Early termination is likely not indicated 

allowing block decode to complete at 

which point, provided adequate SNR, 

the block contents should be verified 

with a valid CRC check.

Match Mismatch

UE_ID

Descrambling at the decoder input:

·

FAILS to correctly remove the CRC 

mask;

·

FAILS to return the frozen bit contents 

to the all zero state due to C-RNTI 

mismatch;

·

Early terminationis likely indicated 

based on the frozen bit contents;

·

In the event block decode proceeds to 

completion, the CRC is bound to FAIL 

based on the failed CRC mask plus 

error propagation due to erroneous 

frozen bit feedback. 
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