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1. Introduction 
In RAN1#86 we agreed the following:
· 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

This contribution discusses some aspects of resource sharing between URLLC and eMBB.
2. Discussion
The targeted use cases for NR are eMBB, URLLC and Massive MTC [1], where they operate within a single technical framework.  Hence, the transmission for these use cases are expected to be multiplexed within a carrier.  In this contribution, we focus on the multiplexing of eMBB and URLLC.
eMBB is expected to support peak data rates of 20 Gbps in the downlink, where a long transmission with small control overhead would be beneficial.  On the other hand, URLLC has ultra-low latency with user plane latency of 0.5 ms, which would benefit from a short transmission.  The multiplexing of eMBB and URLLC can be performed using orthogonal resources or by overlapping URLLC transmissions onto the longer eMBB transmissions.
2.1 Orthogonal Multiplexing

URLLC and eMBB can be multiplexed using TDM or FDM [2].  In using TDM, two possible options are:

1) Option 1: Reserve short time resources such as mini-slots for URLLC.  A transmission such as eMBB that occupies a long transmission time would therefore be transmitted in a discontinuous manner as shown in Figure 1.
2) Option 2: Schedule eMBB and URLLC using a short scheduling time interval, e.g. mini slots as shown in Figure 2. 
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Figure 1: Option 1: Reserved time resourcse for URLLC
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Figure 2: Option 2: Mini slot scheduling interval

Option 1 does not utilise the resources efficiently especially since URLLC transmission is sporadic and may not occur very often.  Such transmission also leads to delay in eMBB transmission.  Option 2 does not reserve any resources but allows more frequent scheduling in time.  However, the eMBB transmission would be broken down into multiple scheduling units which may lead to high overhead.  Hence, TDM does not efficiently utilise the resources in multiplexing eMBB and URLLC.
Observation 1: TDM does not efficiently utilises the resources in multiplexing eMBB and URLLC.

In using FDM, a portion of frequency resource can be reserved for URLLC.  As in TDM, reserving a set of resource for a specific service does not utilise the resource efficiently especially if URLLC transmission is sporadic.  URLLC may also use a different subcarrier spacing, e.g. a large subcarrier spacing, than that used by eMBB and hence guard tones would be required.  It is beneficial that URLLC occupies a wide bandwidth to take advantage of frequency diversity and to enable the transmission of URLLC to complete quickly and hence FDM with eMBB in this case may not be beneficial.

Observation 2: It may not be beneficial to FDM eMBB and URLLC.

2.2 Overlapping URLLC & eMBB Transmissions

Since URLLC has very low latency and reserving time or frequency resources for URLLC does not utilise the resource efficiently, if there is no available resource, the URLLC transmission can overlap that of an ongoing eMBB transmission as shown in Figure 3.  The URLLC can puncture or superpose the resources that it occupies in the eMBB transmission.  The drawback of this approach is that the eMBB transmission will be corrupted by the URLLC transmission, which may lead to the eMBB UE failing to receive the eMBB transmission.  It is therefore beneficial that eMBB transmission can repair the portion that was corrupted by the URLLC transmission.
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Figure 3: URLLC overlap an ongoing eMBB transmission

The repairing of eMBB transmission can be corruption unaware or corruption aware.  
In corruption unaware repair, the UE is unaware of the overlapping URLLC transmission and would rely on HARQ retransmission or the robustness of the coding.  HARQ retransmission of an eMBB transmission can consume a lot of resources especially if eMBB transmission can occupy multiple subframes to carry large TBS.  An outer code can be applied to improve eMBB reception in case of corruptions due to URLLC [3] but this may lead to higher latency when the UE needs to receive all the code blocks used in the outer code before it can decode the eMBB transmission (i.e. when UE fails to decode one of the code blocks).

In corruption aware repair, the UE receiving the eMBB transmission is aware that this transmission is corrupted by an overlapping URLLC transmission and hence can take steps to repair such a corrupted transmission.  In [4] it is shown that for large throughput, which is typical of eMBB, corruption aware shows significant throughput performance compared to corruption unaware repair.  It is therefore beneficial that the UE receiving eMBB transmission is aware that this transmission is corrupted by an overlapping URLLC transmission.
Observation 3: It is beneficial that the UE receiving eMBB transmission is aware that this transmission is corrupted by an overlapping URLLC transmission.

Since the URLLC transmission is not known when the eMBB transmission is scheduled, the corruption in eMBB transmission would need to be informed to the UE after the URLLC transmission.  One way to achieve this is to include a control channel at the end of the eMBB transmission frame to provide corruption repair information to the UE as shown in Figure 4.  The repair information can indicate the resources punctured by the URLLC transmission so that the UE can apply classic puncturing of these symbols (inserting zero LLRs for the corrupted symbols), rather than the system applying brute force puncturing.  If the URLLC is superposed onto the eMBB transmission, this repair information can contain scheduling information of the URLLC transmission so that the UE can perform interference cancellation on the corrupted region.
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Figure 4: Corruption repair information

Proposal 1: Introduce a downlink control channel at the end of an eMBB transmission frame structure to provide repair information on any overlapping URLLC transmission.

3. Conclusion

In this contribution we discuss ways of multiplexing URLLC and eMBB transmission. We observe the following:
Observation 1: TDM does not efficiently utilises the resources in multiplexing eMBB and URLLC.
Observation 2: It may not be beneficial to FDM eMBB and URLLC.

Observation 3: It is beneficial that the UE receiving eMBB transmission is aware that this transmission is corrupted by an overlapping URLLC transmission.

We therefore propose that:

Proposal 1: Introduce a downlink control channel at the end of an eMBB transmission frame structure to provide repair information on any overlapping URLLC transmission.
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