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1. Introduction

After much ado, in RAN1 #87 [1] and RAN #74 [2] an agreement was made to have agenda time in this meeting for potential solutions for eMBB and URLLC multiplexing.  In addition, since RAN1 #85[6], and in the meetings thereafter, there have been a plethora of contributions related to the usage of outer codes for preventative proactive protection against the pernicious effects of puncturing eMBB transmissions with URLLC transmissions. 

Also, in RAN1 #86bis [5] settled on the use of LDPC for long block lengths. In this contribution we present updated results from [7].  While [7] demonstrated beneficial effects for the use of outer coding for URLLC puncturing with eMBB, it did so under the assumption that an LTE turbo-code was used for eMBB.  In this contribution we consider the puncturing problem assuming LDPC codes are used.
2. Channel coding latency for eMBB and URLLC
The relevant passage from [4], from section 7.5, is:

3. Review of Modalities of 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 1:
· 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. 3 shows examples of bursty URLLC L1 mapping.
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	Figure 3. Examples of bursty URLLC L1 mapping (red part denotes URLLC)


4.2. BLER performance of eMBB signal preempted by URLLC signal.
Here is the agreement in RAN1 #87 meeting:

	· For DL, dynamic resource sharing between URLLC and eMBB is supported by transmitting URLLC scheduled traffic
· URLLC transmission may occur in resources scheduled for ongoing eMBB traffic


The case where eMBB signal is overridden with URLLC signal (i.e. option 2 in Section 3) should be evaluated.

In this section, preemption-based multiplexing of eMBB and URLLC in DL is discussed. If there is no indication of URLLC presence/position to eMBB UE(s), eMBB UE(s) will use the ‘wrong’ LLRs for decoding. If there is an indication of URLLC presence/position to eMBB UE(s), eMBB UE(s) will use the 0 LLRs to replace the ‘wrong’ LLRs. 

To simulate the bursty URLLC impact on eMBB transmission, we consider eMBB TB with size 61200. We assume that the segmentation is same as LTE, then we have 10 CBs with size 6144. After LDPC coding, rate matching, concatenation and L1 mapping, the CW is filled into 12 OFDM symbols. In addition to AWGN channel, URLLC randomly occupy one OFDM symbol, which has been allocated to an eMBB transmission. The simulation results are shown in Fig. 4 and Fig. 5.
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Figure 4. BLER performance of eMBB with bursty URLLC (1/2 overall coding rate)
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Figure 5. BLER performance of eMBB with bursty URLLC (1/3 overall coding rate)
From Fig. 4 and Fig. 5, we see that LDPC cannot work for long TB length with segmentation under the impact of bursty URLLC, no matter whether the eMBB UE knows the position of the URLLC traffic or not. Additionally, even though we apply TB-level interleaving, if there is no indication of the bursty URLLC position, the distributed ‘wrong’ LLRs among all the CBs degrade the performance significantly. Here, TB-level interleaving means interleaving across all coded information (code blocks) that represents the information in a TB.
Observation 2: 

· The legacy LTE code block concatenation mechanism (i.e. sequentially concatenating outputs for the different code blocks) cannot combat the bursty URLLC.
Observation 3:

· Without the indication of the bursty URLLC to eMBB UE(s), TB-level interleaving fails to combat the bursty URLLC.
On the contrast, outer code helps combat the burst URLLC impact without the knowledge of URLLC presence/position.

Observation 4:

· Without the indication of URLLC presence/position to eMBB UE(s), outer code helps combat the burst URLLC impact.
If there is an indication of URLLC presence/position to eMBB UE(s), eMBB UE(s) can use 0 LLRs to replace the ‘wrong’ LLRs, then TB-level interleaving works. In fact, when 0 LLRs are distributed among all the CBs, it is equivalent to the rate matching of channel coding. In our example, 1 OFDM symbol (out of 12 OFDM symbols) is punctured by URLLC, so we need 4 bits overhead to indicate the position of bursty URLLC.
Observation 5:

· TB-level interleaving helps combat the bursty URLLC impact when eMBB UE knows the position of the burst URLLC, which introduces additional signaling overhead.
From Fig. 4 and Fig. 5, the performance of TB-level interleaving is slightly better than the performance of outer code, but it is not always true. The performance of outer code depends on the selection of inner/outer coding rate and the decoding method. In our simulations, outer coding rate is fixed as 5/6. Only CB-level XOR operations among decoded CBs are applied for outer code decoding, which is hard decoding.
The benefit from outer code is that we do not need the indication of URLLC presence/position and the receiver can decode CBs one by one without waiting. 
However, for the usage of TB-level interleaving, the receiver should wait until the whole TB is received and then applies de-interleaving and decoding. Moreover, we need additional signaling to indicate the presence/position of the bursty URLLC.

Proposal 1:
· RAN1 should decide that outer codes are a candidate to realize URLLC/eMBB multiplexing for NR.
5. Conclusion
Observation 1:
· 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.
Observation 2: 

· The legacy LTE code block concatenation mechanism (i.e. sequentially concatenating outputs for the different code blocks) cannot combat the bursty URLLC.

Observation 3:

· Without the indication of the bursty URLLC to eMBB UE(s), TB-level interleaving fails to combat the bursty URLLC.
Observation 4:

· Without the indication of URLLC presence/position to eMBB UE(s), outer code helps combat the burst URLLC impact.
Observation 5:

· TB-level interleaving helps combat the bursty URLLC impact when eMBB UE knows the position of the burst URLLC, which introduces additional signaling overhead.
Proposal 1:
· RAN1 should decide that outer codes are a candidate to realize URLLC/eMBB multiplexing for NR.
6. References
[1] RAN1 #87 Draft Meeting Report

[2] RAN#74 Draft Meeting Report
[3] RP-162574, Discussion on NR prioritization, NTT DOCOMO.

[4] 3GPP TR 38.913 v14.0.0 Study on Scenarios and Requirements for Next Generation Access Technologies; (Release 1)
[5] RAN1 #86bis Meeting Report

[6] RAN1 #85 Meeting Report
[7] R1-167617, Channel coding schemes for eMBB and URLLC Coexistence, Sharp, MTI

[8] RP-160554, CR on User Plane Latency Requirements, Deutsche Telekom
[9] R1-164703, Outer erasure code use cases and evaluation assumptions, Qualcomm Incorporated
[10] R1-164280, Consideration on Outer Code for NR, ZTE
[11] R1-164667, Outer erasure code for efficient multiplexing, InterDigital Communications
[12] R1-1611112, Consideration on LDPC design for NR, ZTE, ZTE Microelectronics
7. Annex
a. Simulation assumptions
	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
	LDPC code (R1-1611112)

	Outer code for eMBB service
	Linear block code by XOR operation

	Channel
	AWGN

	URLLC burst
	1 OFDM symbol length per TB,


The time it takes to successfully deliver an application layer packet/message from the radio protocol layer 2/3 SDU ingress point to the radio protocol layer 2/3 SDU egress point via the radio interface in both uplink and downlink directions, where neither device nor Base Station reception is restricted by DRX.


For URLLC the target for user plane latency should be 0.5ms for UL, and 0.5ms for DL. Furthermore, if possible, the latency should also be low enough to support the use of the next generation access technologies as a wireless transport technology that can be used within the next generation access architecture.


NOTE1:	The reliability KPI also provides a latency value with an associated reliability requirement. The value above should be considered an average value and does not have an associated high reliability requirement.


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


NOTE2:	For eMBB value, the evaluation needs to consider all typical delays associated with the transfer of the data packets in an efficient way (e.g. applicable procedural delay when resources are not preallocated, averaged HARQ retransmission delay, impacts of network architecture).
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