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[bookmark: _Ref465877682]Introduction
In RAN1#86bis, the following agreements on channel coding schemes for eMBB data were reached [1]: 
Agreement:
· The channel coding scheme for eMBB data is LDPC, at least for information block size > X
· FFS until RAN1#87 one of Polar, LDPC, Turbo is supported for information block size of eMBB data <= X
· The selection will focus on all categories of observation, including overall implementation complexity, regardless of the number of coding schemes in the resulting solution (except if other factors are generally roughly equal)
· The value of X is FFS until RAN1#87, 128 <= X <= 1024 bits, taking complexity into account

In this contribution we show statistics for DL and UL IP packet size from a live LTE network. We show that transport block sizes of less than 400 bits including CRC are very rare and should therefore be ignored in the selection of coding scheme for eMBB data.
[bookmark: _Ref465877687]IP Packet Size Statistics
The IP packet size statistics shown here were collected in December 2015 in a live LTE network. The IP packet sizes include the IP packet header, but no PDCP, RLC or MAC headers. The figures in the following sub-sections show packet size, but for the selection of coding scheme it is rather the transport block size that is of importance.
Downlink
Figure 1 shows a histogram over how frequent the different downlink packet sizes occur in a real LTE network. The packet sizes are given in bytes and include the IP header. From the CDF over the same data shown in Figure 2, we see that 78% of the downlink packets have a packet size larger than 1000 bytes or 8000 bits. Among the packets with packet size < 100 bytes, shown in Figure 3, packets with 40 bytes and 52 bytes are more frequently occurring than other packet sizes. Finally, Figure 4 shows a CDF over how the data volume, defined as the product of packet size times number of packets, is distributed over the different packet sizes. It is shown that only 3.4% of the downlink data volume is carried by packets with size 1000 bytes or less.

Observation 1 In a typical LTE network, only 3.4% of the downlink data volume is carried by IP packets with size 1000 bytes or less.
Observation 2 Only 0.02% of downlink IP packets are smaller than 40 bytes, which corresponds to transport block size of 376 bits.


[image: ]
[bookmark: _Ref465866720]Figure 1 	Histogram over packet sizes in downlink.
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[bookmark: _Ref465866725]Figure 2	CDF over packet sizes in downlink.
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[bookmark: _Ref465866727]Figure 3	Zooming in in the CDF over packet sizes in downlink.
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[bookmark: _Ref465866728]Figure 4	CDF over data volume in downlink.

Uplink
In this sub-section we show the same packet size statistics for uplink as we have already shown for the downlink. Figure 5 shows a histogram over how frequent the different uplink packet sizes occur in a real LTE network. The packet sizes are given in bytes and include the IP header. From the CDF in Figure 6, we see that the number of short packets is much higher in uplink than in downlink. Zooming in on packet size < 100 bytes, shown in Figure 7, we see that 17% of all uplink packets contain 40 bytes and that 58% of all uplink packets contain 52 bytes. Figure 8 shows a CDF over how the data volume is distributed over the different packet sizes. Even though the uplink packets are mainly small, 75% contain 52 bytes or less, only 25% of the uplink data volume are carried by these packets.
Observation 3 In a typical LTE network, small packets are much more common in the uplink than in the downlink.
Observation 4 Only 0.08% of uplink IP packets are smaller than 40 bytes, which corresponds to transport block size of 376 bits.
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[bookmark: _Ref465874464]Figure 5 	Histogram over packet sizes in uplink.
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[bookmark: _Ref465874466]Figure 6	CDF over packet sizes in uplink.
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[bookmark: _Ref465874468]Figure 7	Zooming in in the CDF over packet sizes in uplink.
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[bookmark: _Ref465874470]Figure 8	CDF over data volume in uplink.

Transport Block Size
The statistics shown in Section 2 show IP packet size including IP header. They can be translated into transport block sizes that is important for the selection of coding scheme. Figure 9 shows the relation between the IP packet size in IP layer at the top and the transport block size in the physical layer at the bottom. When the transport block size is small (TBS<=6144 bits in LTE), the transport block size, with the addition of CRC bits, is equal to the info block length at the input of the channel encoder. Taking the PDCP/RLC/MAC headers into account, we can estimate the smallest possible transport block that is likely to appear in an LTE network.
First, the PDCP header adds at least 2 bytes to the IP packet for MBB and at least 1 byte for VoLTE, [2]. The RLC header added in the next step is also at least 2 bytes, [3]. Under the assumption that we must add padding to the end of the transport block, which is the most likely case, the MAC header is 3 bytes, [4].  This means that for the smallest packets, a total of 7 bytes is added to the IP packet. Finally, we should also append CRC bits to the end of the transport block, which gives 24 additional bits for MBB data (assuming the same CRC processing as in LTE). Since we consider only small packets here, we can assume that no segmentation occurs. On the other hand, small RLC SDUs may be concatenated into one bigger RLC PDU, thereby significantly increasing the corresponding transport block size. Summing IP packet size, minimum size of added PDCP/RLC/MAC headers and the TB-level CRC, we see that the smallest info block size at the input of channel encoder is: 
K = (40 + 7 + 3) bytes = 50 bytes or 400 bits.
Based on the statistics from the LTE network and the calculations above we have the following proposal:

1. Coding schemes for eMBB data should be selected based on the performance for info block lengths K=400 bits or larger.
1. Coding schemes for downlink eMBB data should be optimized for large transport block sizes.
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[bookmark: _Ref465877786]Figure 9	User plane data flow from transmitter side.

Performance Comparison
We have observed in the previous section that code blocks with less than K=400 bits are very unlikely in the data channel of today’s LTE network. The packet and header sizes used in LTE may of course be different than packet and header sizes used in NR, but it is likely that the smallest code block sizes used for NR eMBB data will at least be similar to the sizes seen in LTE. Let’s now consider the performance of the different coding schemes at an info block length of K=400 bits.
Performance of the LTE Turbo codes [5] , LDPC codes with adjusted min-sum [6], and Polar PC-SCL with list size L=8 and L=32 [7] are shown in Figure 10 and Figure 11. The results are taken from the excel sheets accompanying the respective contributions. 
The results for code rate 1/3 show that Polar codes need at least list size L=32 to perform better than the LDPC codes. Polar codes with list size 8 are outperformed by both LTE Turbo codes and the LDPC codes at this block length and code rate. For the higher code rate of 1/2, it is enough with a list size L=8 for the Polar code to slightly outperform the LDPC codes. It should be noted here that observations on the implementation complexity of Polar codes were agreed in RAN1#86bis, [1]. Some of the agreed observations are listed below:

Observations:
· Implementation complexity
· Polar:
· For list decoders, the implementation complexity increases with increasing list size, especially with larger block sizes
· Some companies consider that a List 32 decoder is implementable up to a codeword size N of at least 1k (with larger codeword sizes requiring a segmented design), although some other companies have concerns on the achievable performance (including area efficiency, hardware throughput)
· Some companies consider that a List 8 decoder is implementable for codeword sizes N up to 4k (with larger codeword sizes requiring a segmented design)
· List 4 decoder is considered implementable for codeword sizes N up to at least 2k, with some companies considering it implementable up to 8k (with larger codeword sizes requiring a segmented design)
· List 1 is considered implementable

According to the agreed observations, Polar codes with a list 32 decoder are not implementable for K=400 and R=1/3 since this case results in a codeword size N=1200. The Polar codeword size required here is 2n = 2056, which is twice as large as 1k, the limit where the list 32 decoder has been considered implementable by some companies.

Observation 5 For K=400 and R=1/3, Polar codes need a List 32 decoder to perform comparably to Turbo codes and LDPC codes. According to agreed observations, the List 32 decoder is not implementable to cover this case.

From the above observations on the data volumes carried by short MBB packets and the observation on performance, we propose that the coding scheme selected for short block length should be a coding scheme that is already implemented in the eNB and/or UE. The extra implementation complexity of introducing yet another channel decoder, for example for Polar codes, cannot be justified by the performance improvement, especially when considering the very low data volumes carried by the short block lengths.

1. The coding scheme for short block length should reuse a coding scheme that is already implemented in the eNB/UE. The extra complexity for implementing Polar codes cannot be justified due to the very low data volumes using these block lengths.
[image: C:\Users\esasara\AppData\Local\Microsoft\Windows\Temporary Internet FilesContent.Word\BLER_turbo_LDPC_polorPCSCL8_32_k400_n1200.bmp]
[bookmark: _Ref465920757]Figure 10	Performance of LTE Turbo codes, LDPC codes with adjusted min-sum, and Polar PC-SCL with different list sizes L. K=400 and R=1/3.
[image: C:\Users\esasara\AppData\Local\Microsoft\Windows\Temporary Internet FilesContent.Word\BLER_turbo_LDPC_polorPCSCL8_32_k400_n800.bmp]
[bookmark: _Ref465920759]Figure 11	Performance of LTE Turbo codes, LDPC codes with adjusted min-sum, and Polar PC-SCL with different list sizes L. K=400 and R=1/2.
Conclusion

In this contribution, we showed IP packet size statistics from a live LTE network. These statistics were used to estimate the code block sizes that will be used in NR for eMBB data. We also compared the BLER performance of several coding schemes at the shortest code block length that is likely to occur in an LTE network.
Based on the discussion, we have the following observations and proposals:

Observation 1 In a typical LTE network, only 3.4% of the downlink data volume is carried by IP packets with size 1000 bytes or less.
Observation 2 Only 0.02% of downlink IP packets are smaller than 40 bytes, which corresponds to transport block size of 376 bits.
Observation 3 In a typical LTE network, small packets are much more common in the uplink than in the downlink.
Observation 4 Only 0.08% of uplink IP packets are smaller than 40 bytes, which corresponds to transport block size of 376 bits.
Observation 5 For K=400 and R=1/3, Polar codes need a List 32 decoder to perform comparably to Turbo codes and LDPC codes. According to agreed observations, the List 32 decoder is not implementable to cover this case.

1. Coding schemes for eMBB data should be selected based on the performance for info block lengths K=400 bits or larger.
1. Coding schemes for downlink eMBB data should be optimized for large transport block sizes.
1. The coding scheme for short block length should reuse a coding scheme that is already implemented in the eNB/UE. The extra complexity for implementing Polar codes cannot be justified due to the very low data volumes using these block lengths.
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