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Introduction
In RAN1 NR #3 meeting [1], the follow has been agreed for BG selection. 
Agreement: 
· Rinit value to be used in the Working Assumption from RAN1#90 is 
· 0.25

Working Assumption from RAN1#90, to be checked after finalisation of the TBS table and confirmed if TBSs exist for which the following is meaningfully beneficial and does not cause meaningful degradation: 
· For initial transmissions with code rate Rinit > 1/4, BG2 is not used when TBS>3824 
· If the FFS on UE capabilities w.r.t. support of both BGs is resolved such that it is possible that a UE does not support BG1, then the above bullet only applies if the UE supports BG1. 
· BG2 is used for initial transmissions with code rate Rinit <= ¼ for all TBS supported at that code rate
· For BG2 with TBSs larger than 3824, the TB is segmented into CBs no larger than 3840

Working Assumption:
· Use base graph #1 for combinations of block lengths K>308 and code rates (as defined in previous email discussion) R>2/3.
· Base graph #2 may be used for block lengths K≤308 and code rates R>2/3, but the scheduler should take into account that no base graph is optimized for this region of K and R and therefore allow extra link adaptation margin.
To be confirmed at RAN1#90bis. 
In this contribution, we further discuss base graphs selection for NR data channel. 
Discussion
1.1 BG selection for Segmentation 
· TB size  determination for low code rate
Although NR TBS determination method is still under discussion, majority companies share the similar view that an “intermediate” TB size is first calculated according to the formula  and then quantized to be a value of multiple of 8 and resulting equally-sized code blocks. Before the detailed quantization method is agreed and specified, we can roughly calculate the TB size according to the formula . 
Furthermore, we can make some assumptions on the RE size , e.g. . For low code rate case, QPSK is expected to be used, i.e. . When the number of layers is 1, the TB size will be larger than 3840 while the resource allocation satisfies the condition   .  Although UE is in bad channel condition, it may still be assigned large number of PRBs if there is no other UEs to be scheduled at the same time or the  scheduled UE is the high-priority/high rank in the scheduling algorithm.  Consequently, the TB size is large with low code rate. For example, assuming 15kHz SCS, TB size is 12720 for a 20MHz carrier if all the PRBs are assigned to a UE with  and .  Therefore, form TB size determination perspective, large TB size can be supported by NR for low code rate. 
Observation 1: Form TB size determination perspective, large TB size can be supported by NR for low code rate. 

· Performance
[bookmark: OLE_LINK110]In this section, packet error rate instead of BLER is evaluated with following parameters: TBS = {14688, 36696}, R= 1/4. In simulation, Kmax1=8848 including 24-CRC bits and Kmax2=3840 including 16-CRC bits are used for BG#1 and BG#2 respectively.  For Base graph#1, coding rate is achieved by repetition from rate 1/3 code.

[image: ]

Figure 1: Packet error rate performance with 1st Tx coding rate R=1/4 and TBS=14688
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Figure 2: Packet error rate performance with 1st Tx coding rate R=1/4 and TBS=36696
Figures 1 and2 show packet error rate performance of segmentation schemes based on LDPC BG#1 and BG#2, in the initial transmission  .  As shown in Figure 1 and Figure 2, we can see that the coding rate R=1/4, BG#2 has about 0.3dB coding gain over BG#1 at packet error rate=10^-1, for the evaluated TBS.  Furthermore, , BG#2 has a significant advantage over BG#1 on the latency.
Observation 2: For initial transmission coding rate R <=1/4, TB segmented to smaller code blocks using BG#2 as LDPC encoding outperforms that using BG#1 with repetition in packet error rate and latency performance. 
Proposal 1: Working assumption should be confirmed to support CB segmentation using BG#2 for initial transmission coding rate R <=1/4.
Proposal 2: 1-bit signaling indicating LDPC base graphs is preferable.

1.2 [bookmark: OLE_LINK95][bookmark: OLE_LINK96][bookmark: OLE_LINK19]BG selection for short block size
[bookmark: _GoBack]In the following, BG selection is discussed for coding rate R>2/3. A simulation is conducted with parameters 40<=K<=512, R={2/3, 3/4, 5/6}. The results are shown as follows. 
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Figure 3: Required SNR @ BLER 1e-2 for BG#1 and BG#2, 40<=K<=512, R={2/3, 3/4, 5/6}
Figure 3 shows the performance comparison betweeno BG#1 and BG#2 at BLER=10^-2. We can see that  BG#2 performs better than BG#1 for block size K<=300, and has comparable performance with BG#1 for K>300 at code rate R=3/4. With R=5/6, BG#2 outperforms BG#1 for K<150 but BG#1 performs better than BG#2 for K>=150. 
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Figure 4: required SNR @ BLER 1e-4 for BG#1 and BG#2, 40<=K<=512, R={2/3, 3/4, 5/6}
For  BLER=1e-4 shown in Figure 4, BG#2 performs better than BG#1 at code rate R=2/3. While at code rate R=3/4, BG#2 has comparable performance with BG#1 for K<300.  For R=5/6, BG#1 outperforms BG#2 at K>150. 
Observation 3: In the result of BLER=1e-2, BG#2 performs better than BG#1 for block size K<=300, and has comparable performance with BG#1 for K>300 at code rate R=3/4. For code rate at R=5/6, BG#2 outperforms BG#1 for K<150 but BG#1 performs better than BG#2 for K>=150. 
Observation 4: From the result of BLER=1e-4, with code rate R=3/4, BG#2 has comparable performance with BG#1 for K<300. For R=5/6, BG#1 outperforms BG#2 at K>150.

Conclusion 
The above discussion is summarized with following observations and proposals:
Observation 1: Form TB size determination perspective, large TB size can be supported by NR for low code rate. 
Observation 2: For initial transmission coding rate R <=1/4, TB segmented to smaller code blocks using BG#2 as LDPC encoding outperforms that using BG#1 with repetition in packet error rate and latency performance. 
Observation 3: In the result of BLER=1e-2, BG#2 performs better than BG#1 for block size K<=300, and has comparable performance with BG#1 for K>300 at code rate R=3/4. For code rate at R=5/6, BG#2 outperforms BG#1 for K<150 but BG#1 performs better than BG#2 for K>=150. 
Observation 4: From the result of BLER=1e-4, with code rate R=3/4, BG#2 has comparable performance with BG#1 for K<300. For R=5/6, BG#1 outperforms BG#2 at K>150.

Proposal 1: Working assumption should be confirmed to support CB segmentation using BG#2 for initial transmission coding rate R <=1/4.
Proposal 2: 1-bit signaling indicating LDPC base graphs is preferable.
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