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1. Overview
Polar coding is selected for NR control information for the performance advantage. In RAN1 NR ad-hoc Spokane meeting [1], there further categorize two types of Polar code designs for further investigation and selection:
	Agreement:
· To compare CRC-related aspects of polar code design,
· The same FAR performance (the same as LTE) should be considered for a fair comparison
· List size Lmax 8 is the baseline (evaluations of other values are not precluded)
· Performance metrics (may be based on analytic derivation)
· BLER
· FAR (with AWGN as input to the decoder)
· Polar codes for control channels support one of the following alternatives:
· Alt. 1: CRC + “basic polar” (i.e. as per above agreed description) codes
· 1a: Longer CRC
· e.g.	(J + J’) bits CRC + basic polar
· 1b: J bit CRC
· The J bits can be distributed
· The CRC can be used for both error detection and error correction
· Alt. 2: J bits CRC + concatenated polar codes 
· e.g.	 J bits CRC + J’ bits CRC + basic polar;
                                                J bits CRC + J’ bits distributed CRC + basic polar;
                                                J bits CRC + PC bits + basic polar; (i.e. PC-Polar)
                                                J bits CRC + Hash sequence + basic polar;
	…
· J bits CRC is only used for error detection



In this contribution, Alt 1 and Alt 2 designs are compared from performance perspective. In particular, it will be shown: 
· Alt 1 will lead to inferior performance in higher rate settings due to the fixed CRC overhead
· Alt 2 can achieve (much) better performance by allowing parity and CRC overhead reduction
In this regard, Alt 2 type of Polar code designs are suggested for NR control channels. 







2. Performance Limitation with Alt 1 Polar Code Design
The representative design of Alt 1 is the Polar code with a longer CRC that is commonly used for error detection (UE identification) and error correction (Polar decoding). Fig. 1 gives an example, where a 20-bit CRC is utilized to realize the same FAR performance as LTE TBCC with up to list-16 Polar decoding.    
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Fig. 1: Alt 1 Polar code with a longer CRC for both UE identification (UE-ID) and decoding

By virtue of Polar coding gain, better performance than LTE TBCC can still be realized even with larger CRC overhead. Fig. 2 shows a comparison between Alt 1 Polar and LTE TBCC with a 20-bit DCI over LTE CCE level 8 (of 576 code bits), level 4 (of 288 code bits), and level 2 (of 144 code bits). One can check:

Observation 1: Polar code with larger CRC overhead can still outperform LTE TBCC. The performance gain, however, becomes smaller for a higher rate setting due to the CRC overhead. 
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Fig. 2: Performance comparison between Alt 1 Polar code with 20-bit CRC and LTE TBCC with 16-bit CRC

While the performance gain can bring lower BLER, one can trade it with reduced physical resource requirement. One useful application is to reduce control channel processing delay by minimizing the symbol number for a control resource set. For a 5 MHz bandwidth carrier, 1 OFDM symbol can accommodate at most 500 code bits with 1 antenna port included, and LTE CCE level 8 of 576 code bits will require 2 OFDM symbols. In [2], Polar coding gain is used to reduce the physical resource requirement, and 480 code bits is shown to be sufficient for Polar code to realize similar to better performance than LTE TBCC with 576 code bits. In Fig. 3, we compare the performance of Polar code using 480 code bits with that of LTE TBCC using 576 code bits. The CRC overhead of Alt 1 design will however cause 0.8 dB performance loss w.r.t. LTE TBCC if targeting a constant ratio of 16% resource saving for all the CCE levels. Consequently, one can deduce:
Observation 2: If desiring to trade Polar coding gain with a constant ratio of physical resource saving, Alt 1 type of Polar code design will suffer performance loss in higher rate settings. 
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Fig. 3: Exploiting Polar coding gain for 16% physical resource reduction with Alt 1 Polar code design

The above issue can, however, be resolved with Alt 2 type of Polar code designs by reducing the CRC overheads, as will be clarified in next section.

3. Better Performance with Alt 2 Polar Code Design
In case of Alt 2 type of Polar code design, UE-ID and decoding functionalities are separately implemented:
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Fig. 4: Alt 2 type of Polar code design with separated UE-ID and decoding functionalities
One example of Alt 2 design is PC-Polar code, where 16-bit UE-ID CRC is kept unaltered. Since UE-ID CRC design is subject to different design considerations and may be further changed/improved for different services/applications, keeping decoder implementation immune to the potential change is a fundamental design criterion. Also, one can reduce its overhead of decoding parity check bits via jointly encoding multiple DCIs. Fig. 5 gives an illustration, where the J’ decoding parity check bits are shared by K DCIs and the overhead reduction is (K-1) J’, which increases with K.
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Fig. 5: Reducing the overhead of decoding parity check bits by jointly encoding K DCIs
	To understand the benefits of the shared usage, Fig. 6 shows the performance with K = 1, 2 and 4, where 16-bit UE-ID CRC is utilized within each DCI and PC-Polar is used for joint encoding. One can confirm:

Observation 3: With Alt 2 type of Polar code design and shared decoding parity check bits, the CRC overhead issue of Alt 1 design in higher rate settings can be resolved with Alt 2 design.
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Fig. 6: Performance benefit with Alt 2 PC-Polar code design and shared decoding parity check bits

	Alt 2 design can achieve even better performance if UE-ID CRC can be further reduced. In one example where the mechanism of LTE TPC-like UE grouping is employed [3], 5-bit UE-ID can be utilized in conjunction of a common 16-bit group CRC so as to distinguish up to 32 UEs within a UE group. In Fig. 7, the UE-ID overhead is reduced from 32 bits to 26 bits with 2 DCIs, and a total of 33 bits of saving can be realized with 4 DCIs. 

[image: ]
Fig. 7: Further reduction in UE-ID overhead with LTE TPC-like UE grouping

In Fig. 8, the performance results are plotted as the green curves. At BLER = 1e-2, Alt 2 Polar code design can realize 0.5 dB and 1.0 dB gain over LTE TBCC with K = 2 and 4, respectively, while the physical resource is still 16% less than the LTE TBCC setting. Compared with Alt 1 Polar code design, there can achieve 
1.8 dB performance advantage in the high rate setting. Consequently, we can conclude:

Observation 4: In addition to sharing decoding parity check bits, Alt 2 design can further realize 1 dB gain by reducing UE-ID overhead via UE grouping. The performance gain over Alt 1 design can further reach 1.8 dB in a higher rate setting.
[bookmark: _GoBack]
Proposal 1: Alt 2 type of Polar code designs should be selected for NR control channels for the significant performance advantage that can be realized via parity and CRC overhead reduction designs.
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Fig. 8: Performance enhancement with UE grouping and reduced UE-ID overhead

4. Summary
In this contribution, Alt 1 and Alt 2 types of Polar code designs are compared. In particular, we have:

Observation 1: Polar code with larger CRC overhead can still outperform LTE TBCC. The performance gain, however, becomes smaller for a higher rate setting due to the CRC overhead.

Observation 2: If desiring to trade Polar coding gain with a constant ratio of physical resource saving, Alt 1 type of Polar code design will suffer performance loss in higher rate settings. 

Observation 3: With Alt 2 type of Polar code design and shared decoding CRC, the CRC overhead issue of Alt 1 design in higher rate settings can be resolved with Alt 2 design.

Observation 4: In addition to sharing decoding parity check bits, Alt 2 design can further realize 1 dB gain by reducing UE-ID overhead via UE grouping. The performance gain over Alt 1 design can further reach 1.8 dB in a higher rate setting.

Proposal 1: Alt 2 type of Polar code designs should be selected for NR control channels for the significant performance advantage that can be realized via parity and CRC overhead reduction designs.
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Appendix
	Fig. 9 illustrates that jointly encoding multiple DCIs can even reduce the blind decoding number:
[image: ]
Fig. 9: Possibility to reduce blind-decoding number with DCI joint encoding
image1.png
20-bit
UE-ID & Decoding
CRC

Polar
Encoder





image2.png
BLER

1.00E+00

1.00E-01

—O—TBCC-20 -16 - 144

[m] b\ —[-TBCC- 20 - 16 - 288

X —A—TBCC-20 - 16 - 576
\q \ —x—Polar-20 - 20 - 144
—X¥—Polar-20 - 20 - 288
—O—Polar-20 - 20 - 576

X4

1.00E-02

P

-
>
T

\ L 1%

T
o o o

01-
5'6-
3
5'8-
8
S
A
§'9-
9
§'S-
S
St
S0
ST

SNR (dB)




image3.png
BLER

1.00E+00

1.00E-01

1.00E-02

1.00E-03

*ﬂmx:.x——-—-—-—

S

01-
S'6-
[3
5'8-
8
S
L
§'9-

LR

L . T
n n @ @ n

SNR (dB)

—O— TBCC-20 - 16 - 144
—{J— TBCC- 20 - 16 - 288
—— TBCC- 20 - 16 - 576
==X=-=-Polar-20-20-120
=-=-X--Polar-20 - 20 - 240
=== Polar-20 - 20 - 480




image4.png
J-bit J'-bit Decoding Polar
UE-ID CRC Parity Check Encoder





image5.png
15t DCl —

2rd DCl —

K DCl —

..
J-bit

UE-ID CRC
———
EEE—

J-bit

UE-ID CRC
—

 SEEm—
J-bit

UE-ID CRC

—

D
Parity Check




image6.png
BLER

1.00E+00

L.00E-01

L.00E-02

L.00E-03

i

S

o6

SNR (dB)

—O—TBCC-20-16 - 144
—C—TBCC- 20 - 16 - 288
—A—TBCC-20-16 - 576
—— PC-Folar-36 -0 - 480
—— PC-Folar-72-0 - 480
—O—FC-Folar-144 -0 480
~ 4 = CA-Palar-20-20 - 120
= == Ca-Palar-20- 20 - 240
— = — CA-Palar-20- 20 - 480




image7.emf
Scheduling info. CRC

Group identity

Scheduling info.

Payload of DCI 1 Payload of DCI 2

User identity of owner

User identity of owner


image8.png
BLER

1.00E+00

L.00E-01

L.00E-02

L.00E-03

z‘ b
N
. ;
\ M\
.
5
\
AV \
5 \ \
\ N ;

SNR (dB)

—O—TBCC-20-16 - 144
—C—TBCC- 20 - 16 - 288
—A—TBCC-20-16 - 576
—X— FC-Folar-36 -0 - 480
—X— PC-Folar-66 -0 - 480
—O— FC-Folar-116 -0 - 480
~ 4 = CA-Palar-20-20 - 120
= == Ca-Palar-20- 20 - 240
~ Ca-Polar-20- 20 - 480





image9.png
7 blind-decoding attempts with 3 blind-decoding attempts with
separated encoding jointencoding

(BCRLEC B (L L[]

| ) ..





