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1. Introduction

Extensive discussion on channel coding scheme were carried in last RAN1 #84bis meeting and followings are the reached agreements on candidate coding scheme and channel coding scheme selection criteria:
	Agreements: 
· Candidates for 5G new RAT data transmission are identified as the following

· LDPC code 

· Polar code 

· Convolutional code (LTE and/or enhanced convolutional coding)

· Turbo code (LTE and/or enhanced turbo coding)

· Note: It is RAN1 common understanding that combination of above codes is not precluded

· Note: Outer erasure code is not precluded
· Selection of 5G new RAT channel coding scheme(s) will consider,
· Performance

· Implementation complexity 

· Latency (Decoding/Encoding)

· Flexibility (e.g., variable code length, code rate, HARQ (as applicable for particular scenario(s)))


In this document, we discuss NR KPIs in relation to channel coding scheme and our views on NR channel coding schemes.
2. Considerations on Channel Coding Scheme
2.1 Challenges from NR KPIs
Before directly discussing on channel coding scheme, it would be worthwhile to take a look into KPIs that mainly have impact on the channel coding scheme. Followings are the main KPIs that affect channel coding scheme of NR:

· Peak data rate 
· This KPI is defined in the TR 38.913[1] as follows:

Peak data rate is the highest theoretical data rate which is the received data bits assuming error-free conditions assignable to a single mobile station, when all assignable radio resources for the corresponding link direction are utilised (i.e., excluding radio resources that are used for physical layer synchronisation, reference signals or pilots, guard bands and guard times).

The target for peak data rate should be 20Gbps for downlink and 10Gbps for uplink.
· Low latency (user plane latency of 0.5ms for URLLC, 4ms for other services)
· This KPI is defined in the TR38.913[1] as follows:

(Omitted)

For URLLC the target for user plane latency should be 0.5ms for UL, and 0.5ms for DL. 

(Omitted)

For eMBB, the target for user plane latency should be 4ms for UL, and 4ms for DL.

· Ultra reliability 
· This KPI is defined in the TR38.913[1] as follows:

(Omitted)

The target for reliability should be 1-10-5 within 1ms.
(Omitted)

3GPP system shall support reliability up to be 1-10-5 within 1ms for use cases such as eHealth surgical robots operating mainly in very deep indoor environment. This reliability performance shall be supported together with user experienced data rate in the order of [300Mbps].
2.2 Observations on the KPIs
The KPIs listed above may not be easily satisfied with a single channel coding scheme without loss of performance and flexibilities that existing LTE coding scheme has provided. In addition, peak data rate KPI may not be mandated to all NR UEs, in other words, not all UE but high-end UE needs to support peak rate of 20Gbps. From the experience of LTE system design and deployment, it is not easily achieved that a single UE receives peak data rate with 20Gbps in a macro cell deployment but in a HetNet deployment, especially in indoor environment, a UE may be expected to support peak data rate of 20Gbps. On the other hand, from the definition of peak data rate described in [1], it is the highest theoretical peak data rate assuming error-free conditions when all resources are utilized. Thus it is understood as system-wise KPI rather than per UE KPI and it is definitely for eMBB usage scenario.
Regarding low user plane latency, it is also the usage scenario specific KPI; 0.5ms for URLLC and 4ms for eMBB. Low latency and ultra-reliability are required for URLLC usage scenario and the way to achieve the target value has some dependency on required data rate. 
Observation 1: KPI of peak data rate may not be per UE KPI but system-wise KPI.

Observation 2: Required data rate is not clear for URLLC usage scenario having 0.5ms latency and ultra- reliability requirements at this stage.

2.3 Views on the NR channel coding scheme

Based on the observations on the KPIs and considering tight interworking of NR and LTE, our views on the NR channel coding scheme is to keep the LTE turbo coding scheme as baseline and further study on the enhancement of the LTE turbo coding scheme and other coding schemes in order to meet the KPIs. As mentioned above, since the NR KPIs may not be easily achieved with a single coding channel scheme without cost of performance, complexity and flexibility, a combination of different channel coding schemes is a possible option to consider for NR. In addition, it is proposed that the combination of different coding schemes should be compared with a single coding scheme for a given usage scenario/use case in terms of UE complexity in consideration of tight interworking with LTE, throughput, and error rate performance with fine granularity of code rate and information block size. We can consider a combination of LTE (or enhanced) turbo coding scheme and other coding scheme, possibly simple LDPC coding scheme for eMBB usage scenario. Now that the requirements on the eMBB usage scenario are rather clearer than other usage scenarios at this stage, we discuss the combination of channel coding schemes focusing on the eMBB usage scenario. In order to combine different coding schemes, primary channel (p-PDSCH) and secondary channel(s-PDSCH) can be defined for data channel if necessary. Primary channel is used in PCell and secondary channel is used in SCell for the purpose of data rate boost. Combining different channel coding schemes implies the application of CA(Carrier Aggregation); different channel coding schemes are applied to each primary channel and secondary channel.  
As elaborated in the previous section, the required peak data rate cannot be easily achieved without aggregation techniques of carriers. In other words, the required peak data rate is expected to be achieved by the maximally aggregation of carriers in NR. It should be noted that capability of carrier aggregation (CA) is different per UE, especially in terms of number of carriers that the UE can aggregate. Therefore, maximum number of CA capability should be imposed on only high-end UEs, and these UEs should have a capability to meet the pear data rate with ability of adoption of different channel coding scheme per carrier, i.e. primary channel in PCell and secondary channel in SCell. A table below exemplifies a combination of different channel coding schemes and corresponding characteristics of channels and coding schemes. 
	
	Channel in Pcell (Primary Channel)
	Channel in Scell Secondary Channel 

	Information block size 
	Fine granularity
(e.g. multiple of 8) 
	Coarse granularity 
(e.g. multiple of 1024)

	MCS(i.e. coding rate)
	Fine granularity (e.g. 28 set)
	Coarse granularity (e.g. 8 set )

	RB assignment 
	1 RB granularity 
	N RB granularity

	Channel coding scheme 
	Turbo code
	LDPC


Table 1. Example of a combination of Turbo coding and LDPC for data channel for eMBB
Proposal 1: Baseline is to keep LTE turbo coding scheme.
Proposal 2: FFS on the enhancement of LTE turbo coding scheme and other coding schemes.
Proposal 3: Combination of different coding schemes should be compared with a single coding scheme for a given use case in terms of UE complexity, throughput, and error rate performance with fine granularity of code rate and information block size. 

. 
3. Conclusions

In this contribution, we discussed KPIs of NR and showed our views on channel coding schemes. Our observations and Proposals are as follows:
Observation 1: KPI of peak data rate may not be per UE KPI but system-wise KPI.

Observation 2: Required data rate is not clear for URLLC usage scenario having 0.5ms latency and ultra- reliability requirements at this stage.

Proposal 1: Baseline is to keep LTE turbo coding scheme.

Proposal 2: FFS on the enhancement of LTE turbo coding scheme and other coding schemes.

Proposal 3: Combination of different coding schemes should be compared with a single coding scheme for a given use case in terms of UE complexity, throughput, and error rate performance with fine granularity of code rate and information block size. 

. 
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