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1. Introduction

At RAN1#85, the following observations were made [1].
	Observations:

· At least in AWGN channels:

· For large information block sizes, all candidate channel coding schemes show comparable link performance 
· Further study is required on all potential coding schemes in order to determine which coding scheme(s) should be supported, including: 
· Implementation details should be provided for the decoding algorithms used in the simulation results, e.g. survey on the existing implementation efforts


Moreover, as metrics of URLLC, the following agreements were made

	Agreements:
The following performance metrics are defined for evaluation and feature selection in RAN1 (FFS the method of evaluation, including whether SLS are required): 

· URLLC capacity is defined as delivered traffic given the (L, R) constraint

· Denoted as C(L,R) 

· URLLC/ eMBB multiplexing capacity is defined as the simultaneously delivered URLLC capacity C(L,R) and eMBB capacity T


This agreement implies that URLLC and eMBB can be multiplexed simultaneously. In this contribution we provide our views on channel coding scheme for eMBB considering the coexistence with URLLC service. 
2. Channel coding unit for eMBB and URLLC
The user plane latency requirement for eMBB is relatively delay tolerant compared with URLLC.  According to the agreement reached at RAN #71 [2], for URLLC, "the target for user plane latency should be 0.5ms for UL, and 0.5ms for DL, while for eMBB (and mMTC) ", the target for user plane latency should be 4ms for UL, and 4ms for DL." Furthermore the channel coding unit for eMBB in time domain may be longer than the one for URLLC, and least for certain mission critical use cases.
Also, it is evident that with spectrum always at a premium it is desirable to flexibly use time/frequency/spatial resources to accommodate the various services envisioned for NR.  
Observation 1:
· Channel coding Transport Blocks for eMBB in time domain may be longer than those for URLLC.
During a transmission of a single Transport Block for eMBB, an URLLC transmission may show up suddenly.
Observation 2:
· During a transmission of a single Transport Block for eMBB, it may be necessary to transmit a URLLC message.
3. Coexistence of eMBB and URLLC
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	Figure 1. Coexistence of eMBB and URLLC services


A possible way for coexistence of eMBB and URLLC services is to reserve URLLC resources when eMBB is scheduled. Another way is to override ongoing eMBB signal with URLLC signal as shown in Fig. 1. These options are not exclusive with each other, and both could be applied at the same time, with the objective of efficiently using the medium "most of the time" when URLLC traffic is relatively low, but able to override eMBB transmissions when URLLC traffic warrants more resources.
Observation 3:
· eMBB and URLLC services can coexist within the same carrier by:
· option 1: exclusively reserved URLLC resources, and/or
· option 2: overriding eMBB signal with URLLC signal.
4. Performance evaluation of eMBB with overriding URLLC signal
4.1. Modeling of eMBB with overriding URLLC signal
In many cases, transport block (TB) size of an eMBB service can be very large (e.g. up to 60K). Segmentation is always necessary to divide the whole TB into multiple code blocks (CBs). Channel coding is performed per CB and then all the CBs are concatenated in a single codeword (CW). Thus, even one code block error leads to TB-level error. Fig. 2 shows a simplified procedure of coding and L1 mapping for one layer. The existing LTE channel coding does not have interleaving across CBs for downlink.
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	Figure 2. A simplified illustration of channel coding and L1 mapping for one layer. (some processes such as modulation are omitted here)


If URLLC service is overriding eMBB service in the same pool of resource, it may occupy an OFDM symbol, part of an OFDM symbol or some RBs, which have been allocated for eMBB service. Fig. 2 shows examples of bursty URLLC L1 mapping.
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	Figure 3. Examples of bursty URLLC L1 mapping (red part denotes URLLC)


To model and evaluate the bursty URLLC impact, three different cases can be taken into account:
1. Puncturing model

URLLC and eMBB services are from the same eNB (or the same UE if uplink), then URLLC TB can just replace some parts of the eMBB TB. The eMBB receiver decodes as usual and derives LLRs by assuming there is no URLLC service.

2. Additive interference model

URLLC comes from the neighbor cell (or another UE if uplink), then URLLC service is treated as additive noise to eMBB service. The eMBB receiver decodes as usual and derives LLRs by assuming there is no URLLC service.
3. Erasure model

No matter whether eMBB service is punctured or interfered by bursty URLLC, eMBB receiver may know the position of the bursty URLLC and decodes by using 0 LLRs to replace the URLLC part.

Proposal 1:
· RAN1 should consider the use of mechanisms to allow contemporaneous coexistence of eMBB and URLLC services.

4.2. BLER performance of eMBB signal overridden with URLLC signal.
Given that eMBB signal is overridden with URLLC signal (i.e. option 2 in Section 3), the legacy LTE code block concatenation mechanism (i.e. sequentially concatenating outputs for the different code blocks) causes significant performance degradation. 
To simulate the bursty URLLC impact on eMBB transmission, we consider eMBB TB with size 61200. Then we have 10 CBs with size 6144 according to current LTE segmentation. After turbo coding, rate matching, concatenation and L1 mapping, the CW is filled into 12 OFDM symbols. In addition to AWGN channel, URLLC randomly occupy one (or half) OFDM symbol, which has been allocated to an eMBB transmission. Three different models are evaluated. For additive interference model, power is set as 0 dB. The simulation results are shown in Fig. 4 and Fig. 5. We can see the performance degradation of eMBB transmission is severe with the bursty URLLC impact.
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	Figure 4. BLER performance of eMBB with bursty URLLC (legacy turbo with 1/2 coding rate)
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Figure 5. BLER performance of eMBB with bursty URLLC (legacy turbo with 1/3 coding rate)

Observation 4:
· Given that eMBB signal is overridden with URLLC signal, the legacy LTE code block concatenation mechanism (i.e. sequentially concatenating outputs for the different code blocks) causes significant performance degradation.
5. Using Outer Codes to handle bursty URLLC impact

Bursty URLLC impact causes BLER performance degradation on eMBB transmission, since each CB is coded independently and even one CB error leads to TB-level error. One possible way is to provide redundancy among different CBs so that the corrupted CB can be recovered by other CBs which have been decoded successfully. Outer coding may be a candidate.

To make a fair comparison with legacy turbo code, the overall coding rate by the combination of outer code and inner code is kept the same as that of legacy turbo code. Thus, the original information bits are same and the final CW lengths are same. For example, there are 10 CBs in one eMBB TB and we want to produce two more redundant CBs, so the outer coding rate is 5/6. If the overall coding rate is fixed as 1/2, then the inner coding rate should be 3/5. We continue to use the simulation models above. The inner code is LTE turbo code and the outer code is a simple linear block code x-oring outputs from successive code blocks from a given transport block (which admittedly may under certain circumstances violate the 4ms requirement for PPDU transmission.) See details for the specifics of the code in the Annex.  The simulation results are shown in Fig.6 and 7.
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Figure 6. BLER performance with outer code (1/2 overall coding rate, one bursty symbol)
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Figure 7. BLER performance with outer code (1/2 overall coding rate, half bursty symbol)

We note that in comparison to Figures 4 the results in Figures 6 and 7 are around 1.2dB worse than the rate 1/2 turbo code. This is not surprising as:

· No attempt has been made yet to optimize the particular block code used.
· No attempt has been made yet to optimize the decoder, which are separately decoded at this time.
The above caveats and performance loss notwithstanding, we have demonstrated that there is at least initial feasibility of the concept of an outer code for this application.  However, clearly we should adopt such outer codes if the combined outer/inner code performance is comparable to LTE's turbo code obviously.

In addition, we note that it may not be absolutely necessary to have an outer code in order to enable URLLC puncturing of eMBB transmissions with performance as good or better than legacy here.  That depends in part on how resources might be configured for use of both URLLC and eMBB; if for example the Outer Code is such that it incurs a 1.2dB loss for 10% of the eMBB resources and the probability of the use of eMBB resources for URLLC is 0.1, clearly the overall BLER for eMBB will be negligibly close to legacy performance.  Given the potential for flexible use of resources as well as the potential for improvement, we recommend adopting a scheme such as this for NR.
6. Conclusion
Proposal 1:

· RAN1 should consider the use of mechanisms to allow contemporaneous coexistence of eMBB and URLLC services.

Proposal 2:
· RAN1 should consider outer codes for eMBB/URLCC coexistence if the performance of the combined outer/inner codes is at least be comparable to legacy LTE FEC code performance.
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8. Annex
	Parameters
	Assumptions

	TB size
	61200 bits

	Code block segmentation size
	6144 bits

	The number of OFDM symbols per TB
	12 symbols

	Rank
	1

	CRC length
	24 bits

	Modulation
	QPSK

	Overall coding rate
	1/3 or 1/2

	Inner code for eMBB service
	LTE Turbo code (mother rate 1/3)

	Outer code for eMBB service
	Linear block code by XOR operation

	Channel
	AWGN

	URLLC burst
	Full bandwidth or half bandwidth of 1 OFDM symbol length per TB,

	Outer Code
	CB11=CB1+CB2+CB3+...+CB10 (XOR operations among all the CBs)

CB12=CB2+CB4+CB6+CB8+CB10 (XOR operations among all the even CBs)
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		QAM		Rate		Info Blocklength		Es/No		BLER

		4		0.50		6144		1.607560211		1

		4		0.50		6144		1.707560211		1

		4		0.50		6144		1.807560211		1

		4		0.50		6144		1.907560211		1

		4		0.50		6144		2.007560211		1

		4		0.50		6144		2.107560211		1

		4		0.50		6144		2.207560211		0.986

		4		0.50		6144		2.307560211		0.5353333333

		4		0.50		6144		2.407560211		0.0986666667

		4		0.50		6144		2.507560211		0.025

		4		0.50		6144		2.607560211		0.012

		4		0.50		6144		2.707560211		0.0116666667

		4		0.50		6144		2.807560211		0.0063333333

		4		0.50		6144		2.907560211		0.0053333333

		4		0.50		6144		3.007560211		0.0056666667









Notes

				Type:		Turbo Code (inner) Block Code (Outer)

				Source Contribution: 		R1-167617

				Decoder:		Max Log Map, Parity Check

				#Iterations (max):		8

				PCM description:		N/A

				Blocklength scaling:		N/A






