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In RAN#71, the technology study item for 5G new RAT (NR) has been approved [1]. One important aspect is the channel coding design to meet new requirements from new service verticals in 5G.
Outer erasure code for 5G new service use cases
The fifth generation wireless systems with a new air interface are being considered for standardization within 3GPP [1]. In order to support new service verticals in a unified 5G air interface framework and to support 5G in new deployment scenarios, new requirements need to be defined for channel code.
In this paper, the study focuses on new channel code design use cases, service requirements and key performance metrics. Note that, the proposed channel coding study item is regarding outer erasure code, which is different from classic PHY layer channel coding [2]. The use cases and new requirements of the outer erasure coding can be summarized below, along with their justification for use in a wireless network:
· Outer erasure code for bursty puncturing/interference mitigation/recovery:
· To sustain eMBB spectrum efficiency and other QoS in the presence of URLLC bursty puncturing/interference
· To combat WiFi-type bursty interference in unlicensed band
· To enable efficient spectrum sharing between low latency high priority and normal latency low priority users in a shared spectrum access scenario
· To sustain eMBB spectrum efficiency in the presence different types of bursty interference (either from future 5G waveforms and or in potential future deployment scenarios)
· Outer erasure code to decouple bursty interference/puncturing recovery process from regular PHY layer demod/decode and PHY layer HARQ processing:
· To support for pipeline processing and low latency decoding at PHY to enable single interlace HARQ (as oppose to deep interleaving, which introduces delay and buffering)
· To recover lost code blocks due to bursty puncturing at MAC layer and decouple the CB erasure recover from PHY layer HARQ process
· Outer erasure code to mitigate bursty interference/puncturing with low uplink feedback and downlink signaling overhead:
· To reduce  the amount of CB-level ack information feedback (only number of CB parities needed instead of CB Ack bitmap needs to be fed back)
· To reduce DL control overhead for PHY HARQ process management
· Outer erasure code to reduced latency and buffering:
· Outer erasure code to enable fast PHY HARQ turn-around.
· Outer erasure code across multiple carriers/multiple HARQ interlaces to reduce ARQ latency and buffering due to reordering.
· Outer erasure code over broadcast channel to combat bursty interference, time selective fading and shadowing
Outer Erasure Code Performance Requirements
The proposed study item needs to evaluate different coding schemes as candidate outer erasure codes. The erasure code is expected to achieve high coding efficiency, high reliability with low latency. It should require a low encoding/decoding complexity and low UL/DL control/signaling overhead.
Potential candidates for outer erasure code are: Reed-Solomon code, raptor code and other types of erasure codes
Evaluation Methods
Evaluation consideration of performance evaluation of outer erasure code could be at link-level (and/or at the system-level). Evaluation at the link-level could be done using typical link-level evaluation scenario with additional bursty interference/puncturing modeling.
Evaluation metrics of erasure code includes: 
1) spectrum efficiency gain from outer erasure code
2) Reliability and latency gain from outer erasure code
3) UL and DL control/signaling overhead associated with outer erasure code
4) Decoding complexity associated with outer erasure code
[bookmark: _Ref378529477]Conclusions
Proposal 1: Outer erasure codes should be considered as part of 5G SI 
Proposal 2: To use outer erasure code to combat bursty puncturing/interference to achieve high efficiency, reliability with low latency and low uplink feedback and downlink signaling overhead
Proposal 3: To use outer erasure code to reduced latency and buffering requirements
Proposal 4: To use outer erasure code over broadcast channel to combat bursty interference, time selective fading and shadowing
Proposal 5: Outer erasure codes should be designed with rate compatibility, support outer HARQ on top of PHY inner HARQ. Erasure coding and the corresponding outer HARQ process can be enabled/disabled efficiently with low signaling overhead
Proposal 6: Outer erasure code performance should be evaluated based on key metrics such as spectrum efficiency, reliability, latency, overhead and encoding/decoding complexity
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