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Introduction

In the previous meeting, multiplexing eMBB and URLLC was one of the focuses in the discussion about NR frame structure and numerology. In addition, the L1/L2 control channel design also considered corresponding design to effectively support URLLC, which is a newly introduced feature after LTE.

This contribution provides some considerations and analysis on how to support the multiplexing/coexistence of eMBB and URLLC in a wider scope.

As a background, the following agreements are listed to facilitate discussions [1]:

Agreements:
· From network perspective, multiplexing of transmissions with different latency and/or reliability requirements for eMBB/URLLC in DL is supported by  
· Using the same sub-carrier spacing with the same CP overhead
· FFS: different CP overhead
· Using different sub-carrier spacing 
· FFS: CP overhead
· NR supports both approaches by specification
· NR should support dynamic resource sharing between different latency and/or reliability requirements for eMBB/URLLC in DL 

Agreements:
· Consider further the tradeoffs for meeting URLLC requirements for the following.
· Semi-static resource allocation for UL data transmission.
· Dynamic indication of available resource (e.g., by broadcast DCI) for UL data transmission.
· Normal SR-based transmission
· Other solutions are not precluded

Agreements:
· Study how to meet RAN requirements on latency and reliability using at least one HARQ retransmission for DL data and UL data
· Further study TTI duration and achievable latency based on at least one retransmission
· Further study details of HARQ operation in DL and UL taking into account reliability of overall HARQ signaling procedure (control, data and feedback channels)
· This does not preclude studying single transmission to meet the RAN requirements on latency and reliability




Discussion

· 2.1 DL eMBB and URLLC multiplexing for different UEs

As discussed by many companies, due to the latency requirement, the URLLC transport block sometimes needs to utilize the resource that has been scheduled to eMBB transport block.
[image: ]                                                                                              Figure.1 An example of eMBB and URLLC multiplexing

We assume overlapping eMBB and URLLC transmissions are scheduled to different UEs served by a gNB. As shown in Figure.1, the URLLC service may use different numerologies to meet its latency and reliability requirements. It could either be the same or different with the numerology of the multiplexed eMBB transmission, which was agreed in the previous meeting.
In this context, the gNB could choose to puncture the overlapped eMBB transmission and allocate the power & resource to the inserted URLLC data. This can best ensure the reliability of URLLC reception with short latency. 
It is noted that the puncturing implementation from gNB side would be different under different numerology hypothesis. If we assume the URLLC transport block#1 in Figure 1 utilizes the same numerology as eMBB, puncture is done in the frequency domain before IFFT. However, if the URLLC TB#2 in Figure 1 employs larger subcarrier spacing than eMBB for shorter symbol length, which is normally the case, the puncturing operation would not be that straight forward. As shown in Figure.2, where the eMBB symbol length is four times of that of URLLC, if the gNB wants to puncture the eMBB transmission in certain sub-bands with one, two or three URLLC symbols, the puncturing operation would be more complicated since it cannot be handled purely in the frequency domain. Time domain filtering may also be needed. Hence this processing is up to gNB implementation on how to best protect URLLC transmission but with as little impact to eMBB as possible.

[image: ]                                                                                                                                                      Figure 2. Examples of eMBB puncturing to guarantee URLLC transmission

From the eMBB receiving UE’s point of view, the cost would be the performance loss of eMBB traffic due to the contamination from inserted URLLC transmission. The degree of the impact depends on the eMBB UE’s channel condition, the amount of the punctured resource, URLLC power spectrum density and also the MCS used by eMBB traffic. There are some potential methods to improve the eMBB performance via making UE be aware of the interference from URLLC before demodulation and decoding, e.g. indicating URLLC puncturing related information to eMBB receiver(s) through DL control channel, UE detecting possible URLLC transmission by front-loaded RS or power fluctuation, and etc. Similar to the puncturing operation at the transmitter side, the processing at the receiver side is also coupled with the numerology combination of the URLLC and eMBB. Based on the above discussion, we have:

[bookmark: OLE_LINK29][bookmark: OLE_LINK30]Proposal 1: To support effective multiplexing eMBB and URLLC in DL, the details of resource puncturing at transmitter, control procedure to assist receiver and also proper numerology setting should be studied.

· 2.2 DL eMBB and URLLC multiplexing for a single UE

There may be cases that an upcoming URLLC packet is to be delivered to a UE by using a portion of resource that has already been scheduled for its own DL eMBB transmission.  This may be caused by lack of resource in the near future symbols. The gNB can then choose to puncture the eMBB resource of the URLLC target UE. One obvious advantage is that the receiving UE can naturally acquire puncturing related information to help decode the eMBB TB. In this case, it is better for gNB to use same subcarrier spacing for two services as a starting point for simple implementation. However we are open with study on different numerologies.

Proposal 2: To ease gNB implementation, for multiplexing eMBB and URLLC in DL, it is better to firstly consider puncturing eMBB transmission belonging to the URLLC target UE.

· 2.3 UL eMBB and URLLC multiplexing from different UEs

With similar reasons of latency requirements for the DL case, a certain UE can possibly be indicated by gNB to transmit UL URLLC packet using resource overlapped with other UEs’ eMBB transmission. In this case, puncturing at transmitter side is not a natural option due to the separate operation from two UEs, which is different from DL case.
However, the gNB side has the full knowledge of the overlapping and can do the puncturing at receiver for eMBB. Or it can also decode URLLC firstly and do cancelation before decoding eMBB TB. This is up to gNB capability and the scheduling strategy to consider such IC operation.
Besides the performance loss of eMBB transmission, the performance of URLLC TB may also be degraded under this superposition assumption. Hence to guarantee the URLLC traffic reliability, puncturing at UE side is one possible option. This needs eMBB UE monitor and decode UL grant for URLLC to acquire necessary information. Justification is needed on introducing such procedure.
In addition, grant-free transmission is also a promising mechanism to achieve short latency. The UE can be configured to sporadically transmit URLLC TB in the reserved resource or resource superpostioned with other transmissions. Study is also needed on necessary control procedure and gNB implementations to justify each possible option.

· 2.4 UL eMBB and URLLC multiplexing from a single UE

This scenario is mainly derived from the eMBB and URLLC services for a single UE that arrive simultaneously in UL. For multiplexing eMBB and grant-based URLLC, the handling is straight forward since the UL grant for URLLC signals to the UE in DCI on how to puncture on the resource scheduled for eMBB. The gNB receiver is also fully aware of which part of the received signal to give up before decoding.
If the UE is configured with grant-free resource and operation for URLLC, the gNB needs to always detect the presence of URLLC burst first and then proceed to the eMBB decoding. By this mean, the resource reserved for grant-free transmission actually can be shared by the eMBB and URLLC of the same UE dynamically.

Proposal 3: To support effective multiplexing eMBB and URLLC in UL, the details of resource puncturing at transmitter or receiver, control procedure and also possible grant-free operation should be studied.
  
Conclusions
In this contribution, the multiplexing of eMBB and URLLC is discussed and analyzed in different scenarios. The following proposals are highlighted:
Proposal 1: To support effective multiplexing eMBB and URLLC in DL, the details of resource puncturing at transmitter, control procedure to assist receiver and also proper numerology setting should be studied.
Proposal 2: To ease gNB implementation, for multiplexing eMBB and URLLC in DL, it is better to firstly consider puncturing eMBB transmission belonging to the URLLC target UE.
Proposal 3: To support effective multiplexing eMBB and URLLC in UL, the details of resource puncturing at transmitter or receiver, control procedure and also possible grant-free operation should be studied.
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