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1. Introduction
At the 3GPP TSG RAN #71 meeting, the Study Item of “Study on New Radio Access Technology " was approved [1]. This contribution discusses the motivation of introducing outer code for 5G new RAT. Also, we present one kind of outer code, i.e. packet coding.
2. 5G requirements for channel coding

3GPP has just finished a study item of “Scenarios and Requirements for Next Generation Access Technologies” [2]. In the technical report several channel coding related KPIs have been proposed as follows:

· the target for peak data rate should be 20Gbps for downlink and 10Gbps for uplink,
·  the target for peak spectral efficiency should be 30bps/Hz for downlink and 15bps/Hz for uplink,
· for URLLC the target for user plane latency should be 0.5ms for UL, and 0.5ms for DL,
· the target for reliability should be 1-10-5 within 1ms,
· the target for UE battery life should be [15 years].
The KPIs are supposed to meet various requirements in families of usage scenarios for IMT 2020 and beyond. The major scenarios are eMBB (enhanced Mobile Broadband), mMTC (massive Machine Type Communications) and URLLC (Ultra-Reliable and Low Latency Communications).
Core requirement of mMTC is to provide massive service connectivity with low energy consumption and low cost. In URLLC, extreme requirements on transmission availability and reliability are emphasized, which means low error probability and low outage rate are main targets. While for eMBB, high system capacity, high data rate, and high spectrum efficiency are main targets. 
Obviously, legacy LTE channel coding schemes face great challenge to meet the above demands of new RAT. In this contribution, the motivation of introducing outer code is discussed, and a new outer code referred to as “packet coding” is presented. 
3. Motivation of introducing outer code
· Busty interference

It has been envisioned that there may be different frame structure designs for different usage scenarios. For instance, a short transmission time interval has been identified to be a way to meet the latency target for URLLC. Considering the diverse usage scenarios of NR, it is quite possible to have one deployment covering multiple scenarios. For example, an eNB may need to support eMBB and URLLC service at the same time. In another example, an eMBB eNB may have multiple neighbour cells providing URLLC service. However, there would a challenge to support this due to the burst interference caused by such coexistence of different usage scenarios. The reason is that short transmission of URLLC packets may appear as bursty interference to eMBB transmission. 
The bursty interference may erasure a portion of transmission and hence cause the code block uncorrectable even at high SNR. The falsely decoding of such CB leads to a decoding failure of the whole TB. Figure 1 shows the BLER performance of LTE turbo code, with ten code blocks of 6144 bits each and the TB size is over 60 k. Different interference power are considered. In Figure 1, 0 dB interference indicates the same power as normalized transmitted signal, i.e. power of 1. It is observed that 3 dB interference cause a degradation of over 4 dB at working point of BLER = 0.1. For 0 dB interference, BLER becomes 1 even at high SNR. It is worth noting that for deeply interfered CB, several HARQ retransmissions may be not sufficient to correct the codeword and thus performance cannot be improved.
[image: image1.jpg]BLER

10

10

10

10

AWGN, QPSK, code rate r=0.5

—e— No Interference

—e— Interference of 0B
—e— Interference of 348
—&— Interference of 68

1 2

SNR (d8)





Figure 1. Performance degradation caused by busty interference, code rate r = 0.5, AWGN
Therefore, LTE coding/HARQ schemes should be improved to cope with bursty interference. By introducing correlation among bits in original code blocks (CB) or transport block (TB), outer code such as RS code or packet code would improve BLER performance and mitigate degradation caused by burty interference. 

Observation 1: Bursty interference in NR scenarios would cause significant performance degradation with the existing RAT.

· Spectrum efficiency and throughput 
For eMBB, huge amount of traffic and thus very large packet size are more common. According to TS 36.212, for TB size more than 6120, TB segment would be performed and smaller CBs are generated. From the TBS table (Table 7.1.7.2.1-1 with ITBS ranging from 0~26) in TS 36.213, it is observed that TBSs over 6120 occupy a proportion of 64.14% (1905/2970). Unfortunately, long TB for a single transmitted packet incorporating numbers of CBs would suffer from performance degradation due to the independence among CBs. By introducing correlation among bits of the original CBs, outer code such as packet coding would improve BLER performance.
Here, four cases are considered below.
Case 1 (A single smaller packet): A single TB with TBS of N is transmitted. BLER for this case is denoted by BLER1.
Case 2 (A single large packet): A single TB with TBS of around 10*N is transmitted. BLER for this case is denoted by BLER2. In general, BLER2 < BLER1.

Case 3 (Several smaller packets): Ten CBs, all with size of N are transmitted. In this case, BLER3 = 1- (1- BLER1)N, with N = 10. Due to the independence of these ten CBs, BLER3 increases with N and BLER1. Assume BLER1 = 0.01, then BLER3 = 0.096. Thus, it is observed that BLER3 increases by nearly one order of magnitude. It is worth noting that an order of magnitude improvement in fading channel may result in significant SINR gain of several dBs, e.g. ~5dB.
Case 4 (Outer code): Ten CBs, including one parity CB is transmitted. In this case, outer code such as packet coding is applied. Due to constraint among different CBs, it is expected that BLER4 can approach BLER2.
In summary, BLER4 (outer code) ≈ BLER2 (a single large packet) < BLER1 (a single smaller packet) < BLER3 (several smaller packets). Furthermore, it is possible that only parity bits of outer code are sent in HARQ retransmission so that coding redundancy is reduced. Thus, outer coder can enhance spectrum efficiency and system throughput.
Observation 2: In NR scenario such as eMBB, transmission of a number of independent coded blocks would cause significant performance degradation with the existing RAT.
· Latency and complexity
By using outer code, a single CB or TB with much smaller size than that in LTE can be transmitted in a TTI (e.g., one OFDM symbol in the extreme case) while keeping the BLER performance. Decoding a previous CB/TB and receiving/demodulating the subsequent one are able to be performed simultaneously at the receiver. Furthermore, due to better performance and less retransmission bits, HARQ may be finalized in fewer retransmission times. Therefore outer code is of advantage to lower transmission latency.
Short codeword (e.g., maximum information size is less than 1000 bits) corresponds to low complexity and/or low power consumption. For example, less logic gate and smaller buffer size is required in hardware implementation. A large packet can be divided into several short packets and outer code such as packet coding can be applied to enhance the BLER performance.
Observation 3: In NR scenario such as URLLC and mMTC, LTE coding and HARQ schemes may not be suitable to reduce latency and complexity.
Proposal 1: Outer code should be considered for new RAT.

4. Packet coding

Packet coding is one example of outer code. Packet coding [3]

 REF _Ref446949693 \n \h 
 \* MERGEFORMAT [4] used in physical layer allows simple XOR relationship established among independent FEC codewords to enhance the PER performance. Appendix A shows the encoder & decoder of packet coding. In this section, we show some usage scenarios for packet coding.
Scenario 1: High Spectrum efficiency and throughput
· Packet Coding for Initial transmission

In Figure 2, BLER curves for transmission of ten code blocks are showed. Packet coding and traditional Turbo code are considered. The detailed simulation assumption can be found in [5].
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Figure 2 Performance of Packet Coding for initial transmission

As shown in Figure 2, packet coding which introduces constraint among the ten blocks outperforms traditional Turbo code. For packet coding, all FEC codewords are decoded as a whole and each FEC codeword make use of others' information to update its own LLRs during iterative decoding. 
· Packet Coding for Retransmission
For packet coding, only parity block is transmitted in many cases for HARQ retransmission thus transmission efficiency is higher. Also, better code performance leads to higher throughput than traditional HARQ. Figure 3 shows the comparison of throughput between traditional/packet coding related HARQ.
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Figure 3 HARQ performance for packet coding 
Scenario 2: Low latency/Complexity 
In general, code performance gets better at the cost of higher complexity and larger latency as code length increases. In scenarios such as mMTC, performance and complexity should be balanced. Packet coding with numbers of smaller packets has similar performance with larger packet, meanwhile it reduces the complexity and delay caused by large code length. Figure 4 compares BLER of packet coding involving 8 small blocks with traditional turbo code with large TB size. The sum of information bit lengths of these 8 blocks is 6080 and for turbo code TB size is 6120. Code rate for packet coding and turbo coding are both 1/2.
· Latency
For packet coding, each related codeword is decoded immediately after it is received. This so called “on-the-fly decoding” helps to reduce the latency. In Figure 5, each codeword occupies a single OFDM symbol and is transmitted in order. When code block c0 is decoded at the receiver, OFDM symbol corresponding to code block c1 is received and demodulated simultaneously. Comparing with traditional decoding for TBs with large size, decoding latency for packet coding is significantly reduced.
· Complexity
For encoding of packet coding, only additional XOR operation is required to generate the parity block. On the other hand, the number of logic gates is reduced due to smaller size of each code blocks. Also, considering the on-the-fly decoding, hardware implementation can be simplified.
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Figure 4 Performance of packet coding with small blocks
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Figure 5 On-the-fly decoding based on packet coding
Observation 4: Packet coding can improve spectrum efficiency and throughput, as well as reduce the latency and complexity of encoder & decoder, while keeps similar performance with a long codeword. Furthermore, packet coding enables on-the-fly decoding which is critical for NR scenarios with tight complexity and latency targets. 
Proposal 2: Packet coding should be considered for 5G new RAT, to improve the error correction and HARQ performance and reduce complexity/ latency.

5. Conclusion
In this contribution, we discuss the motivation of introducing outer code for 5G new RAT, a new outer code referred to as “packet coding” is presented.  In summary, we have the following observations:
Observation 1: Bursty interference in NR scenarios would cause significant performance degradation with the existing RAT.

Observation 2: In NR scenario such as eMBB, transmission of a number of independent coded blocks would cause significant performance degradation with the existing RAT.
Observation 3: In NR scenario such as URLLC and mMTC, LTE coding and HARQ schemes may not be suitable to reduce latency and complexity.
Observation 4: Packet coding can improve spectrum efficiency and throughput, as well as reduce the latency and complexity of encoder & decoder, while keeps similar performance with a long codeword. Furthermore, packet coding enables on-the-fly decoding which is critical for NR scenarios with tight complexity and latency targets.
Based on the above observations, we have the following proposals:
Proposal 1: Outer code should be considered for new RAT.

Proposal 2: Packet coding should be considered for 5G new RAT, to improve the error correction and HARQ performance and reduce complexity/ latency.
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Appendix A

· Encoding of packet coding
A single parity code (SPC) is generated from other code blocks (FEC codewords) of a transport block. Denote the code blocks by
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. As shown in Figure A1, the parity block 
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 is generated by “XOR” operation on all other CBs, i.e., 
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. Note that CBs with indices ranging from 0 ~ K-1 are also FEC codewords. Packing coding corresponds to “XOR” operation here.
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Figure A1 Encoding of Packet Coding
· Decoding of packet coding
Iterative algorithm can be used for decoding, as the following steps show. 

1) Each FEC block (indices ranging from 0 ~ K-1) is decoded, then LLRs and hard decision bits are obtained. 

2) If all the blocks are decoded correctly, goes to step 4. Otherwise, the falsely decoded FEC block(s) is buffered.

3) SPC decoding is performed to update the LLRs of false FEC blocks, and then goes back to step 1.
· The updated LLR for the s-th code block can be calculated the following formula. 
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Where
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 is the LLR of the s-th code block before current iteration while 
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 is a weight factor. Let the set of correctly decoded code blocks be
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is a vector whose elements denote the number of  “1” in the same position of the code blocks in set 
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4) End decoding. 

· Bit selection for the first transmission
For the first transmission, bit selection from FEC code blocks and parity block may be necessary. Figure A2 shows one example, the portion in blue in blocks 
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 are selected for the first transmission while the portion in white are punctured and dropped. 
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Figure A2 Bits selection for the first transmission
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