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1 Introduction

In terms of frame structure and URLLC support in new RAT, following agreements were made in the last meeting [1]

	Agreements:
· Followings are considered as starting points of NR frame structure at least within the CP overhead 

· Subframe

· Already agreed upon

· Assume x=14 in the reference numerology for subframe definition (for normal CP)

· FFS: y=x and/or y=x/2 and/or y is signalled
· Slot

· Slot of duration y OFDM symbols in the numerology used for transmission

· An integer number of slots fit within one subframe duration (at least for subcarrier spacing is larger than or equal the reference numerology)

· The structure allows for ctrl at the beginning only
· The structure allows for ctrl at the end only
· The structure allows for ctrl at the end and at the beginning
· Other structure is not precluded

· One possible scheduling unit

· Mini-slot

· Should at least support transmission shorter than y OFDM symbols in the numerology used for transmission

· May contain ctrl at the beginning and/or ctrl at the end

· The smallest mini-slot is the smallest possible scheduling unit (FFS: smallest number of symbols)

· Note: the names are for the purpose of discussion. Whether some terms can be merged or not is FFS
· FFS whether NR frame structure needs to support both slot and mini-slot or these can be merged
Agreements:
· At least the following potential options should be considered

· At least for shorter transmission UL, semi-static resource sharing between URLLC and eMBB

· FDM and/or TDM manner

· UL grant-free transmission for URLLC

· Other schemes are not precluded

· Dynamic resource sharing between URLLC and eMBB

· For DL, mechanisms to schedule a transmission where the resources of it can overlap with resources of ongoing/scheduled longer transmission at least from network perspective

· FFS: A similar or same mechanism applicability to UL

· Preemption or superposition
· Other schemes are not precluded 

· Scheduling based approaches (e.g., by adapting transmission duration or by using different subbands) to allow multiplexing of different durations of transmission

· UL grant-free transmission for URLLC

· Other schemes are not precluded

· Other mechanisms are not precluded


In this contribution, we provide our views on multiplexing of eMBB and URLLC.

2 Overview on eMBB and URLLC multiplexing
The issue of URLLC support in case where eMBB and URLLC can be multiplexed in the same carrier can be a bit challenging as the subframe and numerology configuration suitable for URLLC may not be effective for eMBB. Furthermore, employing mini-slot structure desirable for low latency traffic for eMBB as well may not be effective due to higher control overhead. Thus, multiplexing of different numerologies and different TTIs (e.g., slot and mini-slot) to support resource sharing between eMBB and URLLC can be necessary. 

For the multiplexing of two usage scenarios, we consider the following cases in both paired and unpaired spectrum: eMBB DL burst – URLLC DL, eMBB DL burst– URLLC UL, eMBB UL burst – URLLC DL, and eMBB UL burst – ULLLC UL.
(1) eMBB DL burst – URLLC DL

To allow multiplexing eMBB and URLLC, both TDM and FDM approach can be considered. When FDM is considered, some frequency region can be reserved for possible URLLC DL scheduling in paired DL spectrum or unpaired DL burst. When TDM is considered, subframe may be divided into multiple mini-slots for URLLC, and then a few time slots can be reserved for URLLC traffic where eMBB downlink transmission will be rate matched on the reserved resources. This can be achieved by dynamically indicating start position and duration of eMBB data transmission. 
In case URLLC traffic may not occur so often, it is also considerable to allow URLLC data to pre-empt eMBB DL transmission (i.e., puncture eMBB transmission). Though this approach would affect eMBB DL data performance, when the same direction of URLLC and eMBB data multiplexing is considered, either TDM or FDM approach can be considered with or without explicit resource reservation. Similar mechanism can be also applied to eMBB UL burst and URLLC UL multiplexing.
(2) eMBB DL burst – URLLC UL

This type of multiplexing can occur both in paired and unpaired spectrum. In paired spectrum, if there are heavy on-going eMBB UL traffic, it is more desirable not to reserve or disturb on-going uplink. Rather, underutilized downlink spectrum can be shared with URLLC traffic. In such a case, URLLC UL can occur in DL spectrum. In unpaired spectrum, if this type of multiplexing is not supported, latency of URLLC UL cannot be guaranteed in certain scenarios. In terms of supporting multiplexing of eMBB DL burst and URLLC UL, the following approaches can be considered in unpaired spectrum or DL spectrum when URLLC UL and eMBB DL is shared in paired spectrum. 

· URLLC UL resource reservation in every subframe:
Similar to TDM between eMBB DL burst and URLLC DL, some portions can be reserved for URLLC UL in every subframe. In the reserved UL resource, the network can listen on any possible URLLC UL transmission including SR or contention based resource.

As reserving URLLC UL resource semi-statically leads inefficient resource usage, some better mechanisms of handling dynamic adaptation of URLLC UL portions can be considered by treating semi-static and dynamic URLLC UL resource differently. For example, SR resource or contention based resource which are configured semi-statically are assumed to be not used for eMBB DL transmission. For other potential URLLC UL resource for handling dynamic URLLC traffic via scheduling, it can be handled by the network. Semi-static URLLC UL resource will not be used for any DL data mapping whereas dynamic UL resource can be used for DL data mapping, though the data mapping can be first done in non-URLLC UL possible OFDM symbols and then mapped to URLLC UL possible OFDM symbols to possibly protect system bits. This can be done by indexing OFDM symbol index differently as shown in Figure 1. The DL data mapping can be done in order of OFDM symbol index. The idea is to map eMBB data to the OFDM symbols which will not be punctured by URLLC data, and then map to those OFDM symbols possibly shared with URLLC. The use of dynamic URLLC UL resources for eMBB data mapping can be determined by scheduling with DL burst length. 

· DL/UL FDM in a band:
Another approach to allow multiplexing URLLC UL and eMBB DL burst is to support DL/UL FDM in the same band. This would require necessary guard band and possibly some cancellation at the receiver side.
· Symbol TDM between DL and UL: 

Another approach is to allow very fast DL-UL switching in an OFDM symbol level and possibly within a symbol. By allowing DL and UL switching in every OFDM symbol with reducing OFDM symbol length using larger subcarrier spacing, this approach can support virtually simultaneous DL-UL transmission which can result in similar effect to FDM between URLLC UL and eMBB DL burst (or URLLC DL and eMBB UL burst).
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Figure 1. OFDM symbol index first in non-UL possible OS and second in dynamic UL-possible OS

(3) eMBB UL burst – URLLC DL

This type of multiplexing can occur in both paired and unpaired spectrum. In paired spectrum, to protect eMBB DL and also reduce the interference on URLLC DL transmission, utilizing uplink spectrum for URLLC UL as well as DL transmission can be considered. In unpaired spectrum, this type of multiplexing needs to be handled when the subframe is used for UL subframe. Though this type of multiplexing can be done via FDM or TDM, as URLLC DL is scheduled by the network, resource puncturing on eMBB UL burst can be considered as well where the impacted UL transmission can be retransmitted via the network scheduling. However, to reduce interference from eMBB UL transmission on URLLC DL, it is also considerable to reserve some URLLC DL resources in a symbol level or allow FDM between DL and UL in a band.
Proposal 1: Finer granularity TDM e.g., mini-slot or (sub-)symbol level DL/UL switching between eMBB and URLLC resource needs to be supported both DL and UL URLLC traffic and corresponding HARQ-ACK transmissions. 

Proposal 2: Utilizing paired UL spectrum to transmit URLLC DL should be further investigated. 

Proposal 3: Semi-static URLLC UL resource configuration within a subframe is necessary at least for SR or contention based uplink resource when URLLC is multiplexed with other usage scenarios in a NR carrier. 
3 eMBB data transmission with the impact of URLLC traffic
3.1 Impact of URLLC traffic on eMBB data transmission

To multiplex eMBB and URLLC in the same cell, it can be considered to allow URLLC data to pre-empt eMBB DL transmission (i.e., puncture eMBB transmission). In this case, a part of resources for eMBB data transmission are punctured and have interference from URLLC traffic, and performance of eMBB data transmission would be impacted. For the other case, URLLC traffic of neighbour cell also can impact to eMBB data. In other words, URLLC traffic from inter-cell can be interference to a part of resources for eMBB transmission and performance of eMBB would be degraded.

In this sub-section, we provide some evaluation results to estimate the impact of URLLC traffic to eMBB data transmission in above two scenarios. For the evaluation, we assumed that URLLC data with 2-symbol in time resource and the entire PRB in frequency resource is transmitted during eMBB PDSCH transmission. URLLC data is occurred periodically and aperiodically as agreed URLLC traffic model in [2] where SNR of URLLC transmission is same with eMBB data transmission for both of intra-cell and inter-cell scenario. For eMBB PDSCH transmission, a transport block consists of 10 code blocks is transmitted and 1 HARQ retransmission is assumed. Detailed evaluation assumptions based on the agreement in [1] and [2] are listed in Table 1 in Annex A.
When URLLC traffic is transmitted with 10 msec or 5 msec (mean) period, we can see that eMBB PDSCH performance is highly degraded in all evaluation cases even if 1 HARQ retransmission is assumed. Therefore, some methods to enhance eMBB data performance from URLLC traffic interference needs to be investigated. In the next section, we provide some schemes to enhance eMBB performance and corresponding performance gain.
Proposal 4: Schemes to enhance eMBB data performance from URLLC traffic impact needs to be investigated.
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(a) Periodic URLLC traffic
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(b) Aperiodic URLLC traffic
Figure 2. Performance of eMBB PDSCH with inter-cell URLLC traffic
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(a) Periodic URLLC traffic

[image: image5.emf]1.00E-03

1.00E-02

1.00E-01

1.00E+00

5 6 7 8 9 10 11 12 13 14 15

BLER

SNR

without URLLC traffic

with URLLC traffic (10msec mean period)

with URLLC traffic (5msec mean period)


(b) Aperiodic URLLC traffic
Figure 3. Performance of eMBB PDSCH with intra-cell URLLC traffic

3.2 eMBB data performance enhancement from the impact of URLLC traffic
To enhance eMBB data performance under URLLC traffic interference, we consider following solutions. 

· Scheme A: eMBB PDSCH puncturing in URLLC traffic resource
To reduce the impact from URLLC traffic, OFDM symbol(s) impacted by URLLC data or not used for eMBB data transmission are punctured and excluded from data decoding. For this scheme, OFDM symbol(s) location for puncturing needs to be indicated to UE especially in downlink case.

· Scheme B:  Inter-CB interleaving or distributed resource mapping of eMBB PDSCH 

When a transport block consists of multiple code blocks, distributing the impact from URLLC traffic to all code blocks to reduce transport block reception failure from a few number of erroneous code blocks can be considered. For this purpose, inter-CB interleaving can be applied. In this scheme, bit-level interleaving among multiple code blocks is performed in code block concatenation procedure as depicted in Figure 4. To achieve the same effect, distribution of time and frequency resource of each code block also can be considered by modifying resource mapping order. For example, when determine the next RE location for data resource mapping, both of time and frequency index can be increased. When it meets the resource boundary, time/frequency index can be wrapped around.
· Scheme C: CB-level retransmission of eMBB PDSCH

For another scheme to reduce the URLLC traffic impact, only erroneous code block(s) in the previous transmission can be retransmitted unlike to the entire code blocks are retransmitted in the legacy scheme. When code blocks are retransmitted, resource for a retransmitted code block can be increased (BLER performance gain) or total resource for retransmission can be reduced (spectral efficiency gain). This scheme may require UE feedback of the number or location of erroneous code blocks and eNB indication of the information about the code blocks for retransmission.
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Figure 4. An example of inter-CB interleaving
The performance of three schemes discussed above are evaluated in this sub-section. For the evaluation of Scheme A, any overhead to indicate OFDM symbol location for eMBB data puncturing is not assumed. For Scheme B, inter-CB interleaving among 10 code blocks of eMBB data is assumed. In case of Scheme C, the same amount of resources is assumed for eMBB PDSCH initial transmission and retransmission. Therefore, the amount of resource for each code block is increased when a part of code blocks among 10 code blocks are retransmitted. For example, if five code blocks are retransmitted, the resource for each code block is increased twice compared to the initial transmission. Evaluation results eMBB PDSCH performance with periodic inter-cell and intra-cell URLLC traffic are shown in Figure 5 and 6. Evaluation results for aperiodic URLLC traffic case are in Figure 7 and 8 in Annex B. 
From the evaluation results, we can find following observations.
(a) The performance gain of eMBB puncturing (Scheme A) depends on the RV value used for retransmission. When RV value is changed in retransmission, the performance of Scheme A does not show meaningful gain since this scheme punctures systematic bits transmitted in the initial transmission. Instead, if systematic bits are transmitted again in retransmission by fixing RV value to 0, performance gain is obtained in high SNR region. However, in low SNR region, performance is degraded since erroneous code blocks occurred by high noise level (not by URLLC traffic) cannot obtain coding gain by collecting various coded bits from RV changing. 
(b) Similar to Scheme A, the performance of CB-level retransmission in Scheme C also depends on the RV value used for retransmission. When RV value is changed in retransmission, coding gain can be obtained but moderation effect of interference level obtained in the initial transmission cannot be expected. Also, this transmission scheme shows similar performance with TB-level retransmission in low SNR region since almost all code blocks are failed to decode. In case of intra-cell scenario, Scheme C cannot overcome the impact of URLLC. When fixed RV value is applied in this scheme, additional performance gain can be achieved in high SNR region since the URLLC interference level is reduced by combining retransmitted code block(s) without interference. However, in low SNR region, the performance is degraded since erroneous code blocks occurred by high noise level cannot obtain coding gain. 
(c) Inter-CB interleaving in Scheme B reduces impact of URLLC traffic dramatically in case of inter-cell scenario. We can see that it narrows almost all performance gap occurred by URLLC traffic. However, because eMBB data bits are punctured in URLLC data resource, URLLC interference impact becomes higher in intra-cell scenario compared to inter-cell scenario. Therefore, the performance of this scheme does not show good performance such as inter-cell case and it becomes worse than Scheme A and C with fixed RV show in high SNR region. But is shows better performance than Scheme A and C with changed RV.

Our evaluation results show that inter-CB interleaving or distributed resource mapping in Scheme B which can reduce URLLC interference level outperforms other enhancement schemes in inter-cell scenario and comparable performance in intra-cell scenario. For inter-cell scenario, if URLLC interference power becomes lower, it is expected that the performance difference between three schemes becomes smaller. Also, the impact from URLLC traffic could be reduced by scheduling (e.g., TDM, FDM) in case of intra-cell scenario. Nevertheless, Scheme B seems appropriate to solve the problem from URLLC impact, since it still has better or comparable performance than other schemes and lowest specification impact.
Proposal 5: Inter-CB interleaving or distributed resource mapping should be considered to enhance eMBB data performance from URLLC traffic impact.
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(a) Periodic URLLC traffic with 10 msec period
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(b) Periodic URLLC traffic with 5 msec period
Figure 5. Performance of eMBB PDSCH with periodic inter-cell URLLC traffic
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(a) Periodic URLLC traffic with 10 msec period
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(b) Periodic URLLC traffic with 5 msec period
Figure 6. Performance of eMBB PDSCH with periodic intra-cell URLLC traffic

4 Conclusion 

In this contribution, we provide our views on multiplexing of eMBB and URLLC and evaluation results on URLLC impact on eMBB data transmission. From the discussion and evaluation, we obtained following proposals.
Proposal 1: Finer granularity TDM e.g., mini-slot or (sub-)symbol level DL/UL switching between eMBB and URLLC resource needs to be supported both DL and UL URLLC traffic and corresponding HARQ-ACK transmissions. 

Proposal 2: Utilizing paired UL spectrum to transmit URLLC DL should be further investigated. 

Proposal 3: Semi-static URLLC UL resource configuration within a subframe is necessary at least for SR or contention based uplink resource when URLLC is multiplexed with other usage scenarios in a NR carrier. 
Proposal 4: Schemes to enhance eMBB data performance from URLLC traffic impact needs to be investigated.

Proposal 5: Inter-CB interleaving or distributed resource mapping should be considered to enhance eMBB data performance from URLLC traffic impact.
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Annex A
Table 1. Evaluation assumptions
	Parameter
	Value

	Carrier frequency
	4 GHz

	System bandwidth
	20 MHz

	Antenna configurations
	2 Tx (eNB), 2 Rx (UE)

	Channel model and UE speed
	TDL 3km/h, nominal delay spread (100ns)

	Subcarrier spacing
	15 kHz (both for eMBB and URLLC)

	eMBB TTI length
	14 OFDM symbols (1 msec)

	eMBB PDSCH PRBs
	100 PRBs

	eMBB PDSCH transmission scheme
	SFBC

	eMBB PDSCH transport block size
	57336 bits

	eMBB PDSCH modulation order
	64 QAM

	eMBB PDSCH HARQ retransmission
	1 retransmission

	The number of eMBB PDSCH code blocks
	10

	URLLC TTI length
	2 OFDM symbols

	URLLC PDSCH PRBs
	100 PRBs

	URLLC PDSCH arrive rate
	Periodic with 5/10 msec period

Aperiodic (Poisson arrival) with 5/10 msec mean period

	URLLC PDSCH SNR
	Same with eMBB PDSCH

	Receiver type
	MMSE

	Channel estimation
	Realistic


Annex B
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(a) Aperiodic URLLC traffic with 10 msec period
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(b) Aperiodic URLLC traffic with 5 msec period
Figure 7. Performance of eMBB PDSCH with aperiodic inter-cell URLLC traffic
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(a) Aperiodic URLLC traffic with 10 msec mean period
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(b) Aperiodic URLLC traffic with 5 msec mean period
Figure 8. Performance of eMBB PDSCH with aperiodic intra-cell URLLC traffic
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