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1 	Introduction
In RAN1 NR Ad-Hoc #2 meeting, the following agreement was made on use of LDPC base graphs, 
Agreement:
· Base graph #1 is used for the initial transmission and subsequent re-transmissions of the same TB when
· CBS > X or code rate of the initial transmission > Y
· Base graph #2 is used for the initial transmission and subsequent re-transmissions of the same TB when
· CBS <= X and code rate of the initial transmission <= Y
· Working assumption : X = 2560 and Y = 0.67
· FFS after PCM decisions if X can be extended to 3840 and/or Y can be extended to 0.75
To be checked how the receiver knows in each case the code rate of the initial transmission, and how exactly it is defined. 
FFS whether some UE capabilities may be possible that do not require the implementation of both base graphs. 

In this contribution, we investigate the parameters X and Y and see the possibility of extending the limits.  
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The base graph (BG) #2 is mainly designed, evaluated, and selected based on the performance evaluations from 40 to 2560 bits of code block sizes and rates from 2/3 to 1/5. Ran1 finalized eight parity check matrices for BG #2 as in [1], and providing better performance over BG #1 for the designed block sizes and rates. As mentioned in the agreement above, it is required to see any performance improvement or other benefits that we can have by using the BG #2 at larger block sizes and higher code rates. 
We consider simulation parameters in Table 1 to evaluate the block sizes 2560 to 3840 for rates 2/3 and ¾ to see the BLER performance. 
Table 1: Simulation parameters 
	Channel
	AWGN

	Modulation
	QPSK

	PCMs
	LDPC PCMs for BG#1 & BG#2 in R1-1711982

	Code rate
	2/3, 3/4

	Decoding algorithm
	Sum-Product, 50 iterations

	Info. block length (bits w/o CRC)
	2560~3840 



BLER performance results for 1% at rates 2/3 and ¾ are shown in Figure 1. For 2560 to 3840 and 1% BLER, BG #2 seems to have a better performance than BG#1 at rate 2/3. But the 0.01% BLER evaluations in Figure 2 shows that trend is reversed where this could be due to error floor situation. At rate 3/4, 1% BLER seems to be stable, but we see that significant error floor at lower BLER targets than 1%. We can see those in the BLER curves provided in Figure 3.  Overall, we do not see any particular benefit of increasing the range of BG#2 as it leads to some error floor situation at 2/3 and higher rates. 
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Figure 1: Required SNR for 1% BLER at rates 2/3 and 3/4
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Figure 2: Required SNR for 0.01% BLER at rate 2/3
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Figure 3: BLER vs SNR near 0.01% BLER for rate ¾. (a) 2560-2944 (b) 3008-3392 (c) 3456 - 3840

Proposal 1: Use of BG #2, working assumption on X = 2560 and Y = 0.67 should be confirmed as an agreement. 
Next, it is important to discuss how the receiver knows in each case the code rate of the initial transmission, and how exactly it is defined. When UE operates with two base graphs, we need to make sure that BGs are associated with some field in the control payload. One possibility is to include a separate indication, and other is to determine by an existing control information implicitly. In either way, UE should know which base graph to be used in the decoding.  
Proposal 2: Base graph used for encoding should be explicitly or implicitly indicated via the control channel.   
In the case of UE capabilities, we think that UE should be able to use only base graph #1 or base graph #2. For example, there should be UE categories which are optimized for lower throughputs and may always operate with BG #2. Also, as same LDPC codes can be used for URLLC, it is more appropriate to use BG #2 and optimize the decoder implementations by having only that at the URLLC UEs. There can also be other future cases that we may need to consider when deciding the use of two base graphs. In general, it is important to consider future proof approach when considering the use of two base graphs. 
Proposal 3: Some UE categories may not require the implementation of both base graphs.
3 	Conclusions
In this contribution, we discuss the remaining details of use of LDPC base graphs and we have following proposals, 
Proposal 1: Use of BG #2, working assumption on X = 2560 and Y = 0.67 should be confirmed as an agreement. 
Proposal 2: Base graph used for encoding should be explicitly or implicitly indicated via the control channel.   
Proposal 3: Some UE categories may not require the implementation of both base graphs.
[bookmark: _GoBack]
References
[1] R1-1711982	“WF on LDPC parity check matrices”	Nokia et. al.
image1.png
Required SNR for BLER=1e-2
T T

a4

SNR (dB)
@
5
:

32

— % —r23, BG1, BLER=1e-2

—%—123, BG2, BLER=1e-2

— & —r34, BG1, BLER=1e-2

—&—r34, BG2, BLER=1e-2

4000




image2.png
42

Required SNR for BLER=1e-4
T T

38

— % —123, BG1, BLER=1e-4
—%—r23, BG2, BLER=1e-4.

L L
3000 3500

4000




image3.png
BLER

10?

BG1 vs BG2, r34, [2560 2944]

10°

——#—BG1,K=256034
—a—BG1,K=2624,34
—9—BG1K=2688r34
—o—BG1K=2752r34
—6—BG1K=2816r34
—a—BG1K=2880r34
—»—BG1K=294434
—%—BG2,K=2560,r34
—&—BG2,K=262434
——BG2,K=268834
—o6—BG2,K=2752r34
—6—BG2,K=2816r34
—5—BG2,K=2880,34
—%—BG2,K=294434

43

a4

45

46
SNR(dB)

47

48 49





image4.png
BLER

BG1 vs BG2, r3.

4, (3008 3392]
.

10?

103k

—#— BG1,K=3008,34
—a— BG1,K=3072,34
—9— BG1,K=3136,34
—o— BG1,K=3200,34
—6— BG1,K=3264,34
—=— BG1,K=3328,34
—— BG1,K=3392,34
—#— BG2,K=3008,34
—a— BG2,K=3072,34
—o— BG2,K=3136,34
—o— BG2,K=3200,34
—6— BG2,K=3264,34
—&— BG2,K=3328,34
—— BG2,K=3392,34

43

46
SNR(dB)

47

48 49





image5.png
BLER

BG1 vs BG2, r3.

4, [3456 3840]
T

10?

—5— BG1K=3584,34
—&— BG1K=364834
—6— BG1K=3712r34
—&— BG1|
——BG1|
—%— BG2,
—&—BG2|
—9— BG2,
—o—BG2|
—6—BG2K=3712r34
—&—BG2,

—x— BG2,

10°

43

46
SNR(dB)

47

48 49





