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1. Introduction
At the RAN1#86 meeting, the following agreements related to URLLC and eMBB multiplexing were approved:

· 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

At the RAN1#86bis meeting, the following agreements related to URLLC and eMBB multiplexing were approved:
· 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
In this contribution, two superposition-based dynamic resource sharing methods for eMBB/URLLC in DL are introduced, which have low effect on eMBB performance.
2. Discussion
In LTE, multiuser superposition transmission (MUST) has been studied. Here, we first discuss the application of MUST to multiplex URLLC and eMBB. Furthermore, another superposition method based on orthogonal codes is discussed. 
MUST-based dynamic resource sharing
MUST also can be named as hierarchical modulation. Fig. 2 illustrates one example for multiplexing eMBB and URLLC using hierarchical modulation method. Here, we assume the URLLC UE with excellent channel quality will be paired with eMBB UE to use this method. When the same resource is shared by eMBB and URLLC, the URLLC data is mapped using the lower two bits of 16QAM while the eMBB data is mapped using the upper two bits of 16QAM. Here, QPSK is used for eMBB data. Thus, eMBB data will not be punctured and still can be transmitted when URLLC data is transmitted. If the URLLC control channel is also multiplexed with eMBB data using MUST, the eMBB UE does not need to read control information for URLLC but just receives data as scheduled by the eMBB control channel.
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                                              Fig.2. MUST-based multiplexing method
Orthogonal code based dynamic resource sharing  

Same as the MUST-based method, this subsection introduces another superposition-based multiplexing method using orthogonal codes. 
Some resource regions are tentatively reserved for URLLC traffic. eNB assigns different orthogonal codes for URLLC DL data and eMBB DL data transmission using the same tentatively reserved resource when URLLC data exists. eMBB data and URLLC data are multiplexed using code division multiplexing (CDM) manner. The eMBB data is not preempted when URLLC data exists. It has little effect on the performance of eMBB DL data transmission while still satisfying the higher priority of URLLC. 








Fig.3. Orthogonal codes-based multiplexing method
As shown in Fig.3, the eNB does not need to let a UE receiving eMBB data know whether this is multiplexed with URLLC data, or which resource regions are used for multiplexing. Code multiplexing is applied to the eMBB data transmission based on all of the possible overlapping regions no matter whether the URLLC data exists or not. Same as the MUST-based method, if the URLLC control channel is also multiplexed with eMBB data using an orthogonal code, the eMBB UE does not need to read control information for URLLC but just receives data as scheduled by the eMBB control channel.
Proposal 1: The following two superposition-based methods should be further studied for multiplexing eMBB and URLLC data in the same resources:

· MUST-based method

· Orthogonal code-based method
3. Conclusion
In this contribution, the two multiplexing methods based on superposition for eMBB and URLLC in a NR carrier are discussed. The following proposal is given:
Proposal 1: The following two superposition-based methods should be further studied for multiplexing eMBB and URLLC data in the same resources:

· MUST-based method

· Orthogonal code-based method
References
[1] NTT DOCOMO, RP-160671, “New SID Proposal: Study on New Radio Access Technology,” RAN#71, March 2016. 

[2] 3GPP TR 38.913 V0.3.0 (2016-03), “Study on Scenarios and Requirements for Next Generation Access Technologies; (Release 14)”.

[3] Samsung, R1-1609059, “
Multiplexing URLLC and eMBB in DL,” RAN1#86bis, October, 2016.
eMBB Data


(16QAM, upper 2bit)





Control Channel for eMBB


(QPSK)





=





+





URLLC Data


(16QAM, lower 2bit)





eMBB Data


(QPSK)





Apply hierarchical modulation 





URLLC data


(Subslot)





Spreading region





Control


channel for eMBB





eMBB data


(Slot)





1Slot








1

