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[bookmark: _Ref129681862][bookmark: _Ref124589705]1	Introduction
In RAN1 NR Ad-Hoc #2 meeting [1], the parity check matrices for NR LDPC were agreed with detailed descriptions in [2]. The parity check matrices are based on two base graphs (BG). 
Some criteria for selecting base graphs was agreed [3]: BG 1 is used when CBS>3840 or code rate of the initial transmission is larger than 0.67. Otherwise, BG 2 is used. 
Note that the CBS (code block size) may depend on how CBs (code blocks) are segmented from a TB (transport block), especially, the CBS depends on the selection of the maximum code block size at the beginning of the CB segmentation process. However, the maximum code block size is associated with which base graph is used. Hence, the base graph selection decision needs to be made at the beginning of the CB segmentation process (cf. [4]).
Since the TBS (transport block size) and the code rate are known at the beginning of the CB segmentation process, it is preferred that the base graph selection be based on the code rate and the TBS. Subsequently, it is a working assumption [3] that if the initial transmissions with code rate  larger than 1/4, BG2 is not used when TBS is larger than 3824; if the initial transmissions with code rate  less than or equal to 1/4, BG2 is used for all TBS. The code rate threshold 1/4 is to be decided in RAN1 NR Ad-Hoc meeting #3. 
It was further agreed in the email discussions [90-28] that is the effective code rate at initial transmission of the transport block, taking into account (a) the nominal code rate, as signalled in or derived based on control information, where the control information is used to schedule the initial transmission of the transport block, (b) LBRM (if applied). 
In this contribution, we examine the threshold on . 
2	Discussion
Figure 1 illustrates the agreement and working assumption for base graph selection based on TBS and code rate. The green highlighted regions are agreed, and the red highlighted regions are the current working assumption. 
With current working assumption, when TBS is larger than 3824, 
· BG1 is utilized when Rinit is larger than 1/4
· BG2 is utilized when Rinit is smaller than or equal to 1/4
In this contribution, we will evaluate whether R=1/4 is a good threshold for the base graph selection. 
The TBS discussed in the remaining part of this contribution should include the TB level CRC bits. We do not explicitly mention the TB level CRC bits just for simple illustration purpose.


[bookmark: _Ref490140101]Figure 1: Base graph coverage region for TBS and code rates
2.1 Segmentation Loss
Base graph selection is part of the CB segmentation process. Since the maximum supported CB block sizes are different for the BG1 and BG2, given a TBS, the number of segments needed as a result of selecting BG1 or BG2 may be different. Normally, using BG2 may result in a larger number of segments than from using BG1. In this case, segmentation loss should be considered.   
Segmentation loss may mainly be due to the following two factors:
1. CB CRC insertion and segmentation padding, which may introduce extra transmission overhead. In other words, if the total transmit power of the TBS is a fixed value, more overhead bits means less transmit power per coded bit.  
2. BLER performance degradation due to more segments. Given  segments and error rate for each segment is Pe,  
When we compare performance of two base graphs, we need to consider segmentation loss to make a fair comparison.

2.2 Simulation Results 
In the simulation, we assume AWGN channel and QPSK modulation. We evaluate the performance at code rates: 1/5, 1/4, 0.3 and 1/3. With BG1, we use circular buffer to further reduce the code rate from 1/3. We assume TBS = 5280 and the detailed configurations are listed in Table 1.  
[bookmark: _Ref492645715]Table 1: Configurations for BG#1 and BG#2 when TBS=5280
	
	BG1
	BG2

	Segmentation
	No
	2 

	CBS
	5280
	2664

	CB CRC
	0
	24 

	Filler bits
	0
	216

	Lifting value
	240
	288




The simulation results are shown in Figure 2. It can be observed that BG2 outperforms BG1 at code rates 1/5 and 1/4, while BG1 outperforms BG2 at code rate 1/3. BG1 and BG2 have similar performance at code rate 0.3.   
Observation 1: For , base graph 2 has better performance than base graph 1 when the code rate is no more than 0.3. 
Hence, we have the following proposal:

Proposal 1: If the initial transmission with effective code rate  is larger than 0.3, BG2 is not used when TBS (without TB CRC) is larger than 3824; if the initial transmission with effective code rate  is no more than 0.3, BG2 is used for all TBS.   

[image: ]
[bookmark: _Ref489870352]Figure 2: Performance comparison between BG1 and BG2 with rate 1/5, 1/4, 0.3, and 1/3. TBS=5280. 

3	Conclusion
In this contribution, we have the following observations and proposals for the LDPC base graph selection. 
Observation 1: For , base graph 2 has better performance than base graph 1 when the code rate is no more than 0.3. 

Proposal 1: If the initial transmission with effective code rate  is larger than 0.3, BG2 is not used when TBS (without TB CRC) is larger than 3824; if the initial transmission with effective code rate  is no more than 0.3, BG2 is used for all TBS.   
References
[1] [bookmark: _Ref450919508][bookmark: _Ref450134909][bookmark: _Ref450134515][bookmark: _Ref442098367]Chairman’s Notes, 3GPP TSG RAN WG1 NR Ad-Hoc Meeting, Qingdao, China, June. 2017.
[2] [bookmark: _Ref489713832]R1-1711982, “WF on LDPC parity check matrices,” Nokia, Jun. 2017.
[3] [bookmark: _Ref492492496]Chairman’s Notes, 3GPP TSG RAN WG1 Meeting #90, Prague, Czech, Aug. 2017.
[4] [bookmark: _Ref492544056]R1-1714167, “Code block segmentation for data channel,” InterDigital, Aug. 2017.




image1.emf
R=1/5

R=1/4

R=2/3

R=8/9

TBS=3840

TBS=8448

BG#1

WA: BG#2

WA: BG#1

BG#2


Microsoft_Visio_Drawing.vsdx


R=1/5
R=1/4
R=2/3
R=8/9
TBS=3840
TBS=8448
BG#1
WA: BG#2
WA: BG#1
BG#2



image2.emf
-4.5 -4 -3.5 -3 -2.5 -2 -1.5 -1

SNR (dB)

10

-3

10

-2

10

-1

10

0

T

B

 

E

r

r

o

r

 

R

a

t

e

LDPC Comparizon, Region B, BG1 and BG2, TBS=5280, CB CRC 24

BG1, rate 1/5

BG2, rate 1/5, filler=216

BG1, rate 1/4

BG2, rate 1/4, filler = 216

BG1, rate 0.3014

BG2, rate 0.3030, filler=216

BG1, rate 1/3

BG2, rate 1/3, filler = 216


