3GPP TSG RAN1-NR#2	R1-1711573
Qingdao, CN, June 27 - 30, 2017

Agenda Item:	5.1.4.2.1
Source:	Coherent Logix Inc.
Title:	Early Block Discrimination on DCI Blind Detection
Document for:	Discussion and Decision

Introduction
At RAN1 #89, Hangzhou, the relationship between UE_ID insertion at the polar encoder input and a scrambling mask applied at the encoder output was clearly illustrated [1][2][3]. Given this observation, a UE_ID derived input mask can be recast as an output scrambling sequence to facilitate user identification without loss in performance. See Figure 1. This contribution further establishes the value in taking into account the polar code structure in designing the scrambling sequence to accelerate the availability of early termination on DCI blind detection. 
[image: ]
[bookmark: _Ref485367697]Figure 1: The equivalence between a scrambling sequence specified relative to the encoder input and applied at the encoder output
DCI Blind Detection
The proposed method retains the CRC scrambling employed by LTE for user identification. In addition, a UE specific pseudo-random binary sequence (PRBS), applied to the frozen bit field, enables code separation in the earliest available bit positions given SC or SCL decoding. See Figure 2. The findings presented below have been validated in the company’s Memory in Network Processor (MiNP) as described in [4]. 
Observation-1: Exhibiting excellent cross-correlation properties, the PRBS provides improved code separation beyond that afforded by CRC scrambling alone.
Observation-2: Embedding a UE_ID in the polar code frozen bit field enables termination in the first bit positions accessible at the decoder output.
Observation-3: The earlier termination can be identified, the greater the energy savings.
[image: ]
[bookmark: _Ref485133760]Figure 2: DCI adapted to incorporate Polar Codes for NR
User Identification
With LTE, the eNB applies a C-RNTI mask in the CRC-field appended to each PDCCH as a means of user identification as depicted in Figure 3, where plus (+) modulo-2 represents a bit-wise XOR. The UE interrogates each candidate PDCCH, removes the mask, then performs the CRC check. 
[image: ]
[bookmark: _Ref485131906]Figure 3: Bit-mask assignment patterned after that used by LTE
Early Block Discrimination
To minimize the energy expended in decoding blocks not intended for the present user, the input mask is modified as follows relative to that used by LTE:
· CRC Attachment: as in LTE, retain use of the scrambled CRC appended to each PDCCH for user identification. The CRC check acts as a backstop to minimize FAR in the event early termination is disabled or is otherwise unsuccessful in identifying one or more PDCCHs intended for another user.
· UE_ID Insertion: insert a UE_ID in the frozen bit field to additionally discriminate, early in the course of block decoding, the PDCCH(s) intended for a given UE from those destined for another user.
The resulting mask assignment lends itself to a bit scrambling interpretation as shown in Figure 4:
· The CRC mask is applied to bits [bA+0:bA+15] as a means of user identification.
· A C-RNTI derived PRBS is applied to the frozen bit field [f0:fF-1] to enable early termination.
· The ensemble is related to the encoder output through application of the Kronecker power matrix.
[image: ]
[bookmark: _Ref485029381]Figure 4: Proposed NR bit-mask assignment
Observation-4: Properties assigned to a mask at the encoder input manifest in an equivalent manner in a corresponding mask applied at the encoder output.
Observation-5: Individual attributes assigned a given mask referenced to the encoder input retain their effect when applied at the encoder output.
Observation-6: Mask contributions can be combined, appropriately zero padded, then applied at the encoder output without loss in efficacy.
PRBS Generation
LTE specifies a method of pseudo-random sequence generation adapted for a variety of purposes [5]. It is listed here for illustration to indicate that this method or a similar one can be applied to fill the frozen bit contents, the initialization of which is based on the C-RNTI UE_ID.

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


where  and  are initialized as follows:


The frozen bit contents are filled according to:
where m F   
Performance Evaluation
Removing the combined mask at the decoder input uncovers the original CRC. At the same time, it returns the frozen bit field to the all zero state provided the scrambling sequence used by the receiver matches that assigned at the transmitter, i.e. transmitter and receiver assume the same C-RNTI.
Early Block Discrimination with UE_ID Frozen Bit Insertion
[image: ]
[bookmark: _Ref481483202]Figure 5: Match/Mismatch PMs, R=1/3, K=600, QPSK
Examining the resulting path metrics (see Figure 5), a match in the frozen bit contents yields minimal rate of PM accumulation (BLUE) whereas a mismatch yields a faster rate of accumulation (RED) given a predominance of bit positions where the expected and received LLRs have opposite signs. The best PMs associated with either case, shown in (GREEN), provide further indication of the point at which the PMs begin to deviate from an expected Gaussian distribution. Given the separation in PM statistics, algorithms can be derived to discriminate a C-RNTI match vs. mismatch indicating those blocks meant for the current user from those meant for another user. 
Observation-7: The proposed method of block discrimination imposes minimal changes in presumed encoder and decoder implementations. It further provides wide latitude in algorithm design permitting receiver manufacturers to trade power savings for reliability of early termination.
Observation-8: The approach is compatible with PC, CRC or hybrid methods of code construction still under consideration. 
Observation-9: Opportunities for early termination with the proposed method of block discrimination occur well with the frozen bit-field, the extent of which increases with reduced code rate, suggesting that the reliability of block discrimination can be maintained across a range in SNR.
 Metrics for Early Termination
While the goal has been to maintain flexibility for receiver manufacturers ample to determine ET algorithms, it is worth mentioning a couple of approaches to illustrate the latitude in candidate ET metrics. 
Observation-10:  A set of ET metrics can be discussed that permit wide latitude in receiver implementation.
Observation-11: The set of ET metrics can be constructed based on existing PM calculations imposing no undue computational burden.
Observation-12: Those metrics can be constructed to minimize dynamic range/precision requirements.
[bookmark: _GoBack][image: ]
Figure 6: LLR Accumulation, R=1/3, K=600, QPSK
[image: ]
Figure 7: PM Distribution, R=1/3, K=600, QPSK
Conclusions
This contribution describes a method of bit assignment integral to the polar code construction to facilitate early block discrimination on DCI blind detection. The proposal leverages a property unique to polar codes that permits use of frozen bit contents to convey user ID. The contribution further illustrates the means to incorporate existing use of a CRC mask for user identification. Related to the encoder output, this construction provides reliable user identification with the potential for early termination from a unified scrambling sequence.
Recommendation-1: Mask the CRC based on the assigned C-RNTI as is done in LTE.
Recommendation-2: Adopt the method of PRBS generation specified by LTE to form the frozen bit contents initialized by C-RNTI to facilitate early discrimination with DCI blind detection.
Recommendation-3: Populate the entirety of the frozen bit contents with the resulting UE_ID derived PRBS to accelerate the availability of early block discrimination.
Recommendation-4: Zero pad appropriately, sum the resulting masks then apply their combined effect in a unified scrambling sequence at the encoder output.
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