Page 1
[bookmark: OLE_LINK14][bookmark: OLE_LINK15]3GPP TSG-RAN WG1 #77	R1-1702640
13th - 17th February 2017
Athens, Greece

[bookmark: Source]Agenda item:	8.1.3.4.2
Source: 	Qualcomm Incorporated
Title: 	UL URLLC/eMBB dynamic multiplexing
[bookmark: DocumentFor]Document for:	Discussion/Decision
Introduction
In RAN#86, the system-level simulations of downlink URLLC [1] show that statically multiplexing eMBB and URLLC transmissions is inefficient in system resource utilization. Subsequently, dynamic multiplexing between eMBB and URLLC on the downlink was agreed in RAN1#86bis and RAN1#87:
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:
· 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
Notice that the URLLC transmissions on the downlink are grant-based. On the uplink, grant-free schemes for URLLC were agreed to be supported in RAN1#87 [2]:
Agreements:
· At least an UL transmission scheme without grant is supported for URLLC
· Resource may or may not be shared among one or more users 
· FFS: resource configuration details
· FFS other details of design

In this contribution, we examine the need of dynamic multiplexing between eMBB and URLLC transmissions on the uplink that are grant based.
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It was agreed that dynamic multiplexing between eMBB and URLLC is supported on the downlink as shown in Section 1. For uplink URLLC and eMBB transmissions, it is important to manage inter-cell interference via power control at the UEs. In the interference-limited regime, UEs can target a lower received data SINR at the gNB and/or apply proper path-loss compensation to reduce IoT in neighboring cells. It means that achieving high system reliability for URLLC requires more frequency-domain resources to be allocated to an UL transmission instead of simply boosting power on narrowband allocation resource. As a result, wideband resource may need to become available for URLLC UL transmission as well in order to achieve high reliability with low latency. Dynamic multiplexing between eMBB and URLLC is suitable to achieve large bandwidth pre-emption in order to achieve with high system resource utilization. In contrast, if uplink resources are statically or semi-statically reserved for URLLC, either the overall system utilization is very low (reserving too much bandwidth to URLLC) or the URLLC capacity is significantly reduced (reserving too little bandwidth to URLLC) as shown similarly in the downlink study [1].
Proposal 1: Dynamic multiplexing between eMBB and URLLC should be considered in NR uplink.
Grant-based and grant-free schemes for UL URLLC
In grant-based URLLC transmissions on the uplink, scheduling requests are sent from UEs to gNB for newly arrived packets, and the gNB responds by sending UL grants to the UEs. Since grant resources are orthogonal, there will be no collisions among transmissions from URLLC UEs in the serving cell, simplifying the decoding implementation at the gNB and improving system reliability. On the other hand, grant-free UL transmissions may result in collisions that adversely affect the tail behaviour of URLLC UEs. Nevertheless, grant-free transmissions do reduce initial transmission latency and can be used for new transmissions opportunistically.
Observation 1: Grant-based uplink transmissions for URLLC avoid collisions, improve system reliability, and simplify decoding implementation at the gNB. Grant-free UL transmissions may result in collisions that adversely affect the tail behaviour of URLLC UEs. Nevertheless, grant-free transmissions do reduce initial transmission latency and can be used for new transmissions opportunistically.
In the context of the eMBB and URLLC multiplexing on the uplink, eMBB transmissions are scheduled in slots and URLLC transmissions in mini-slots. Consider the scenario that there is an ongoing eMBB UL burst when a URLLC UE initiates a grant-free UL transmission in the same cell. eMBB UE may completely jam URLLC transmissions and reducing overall system capacity of URLLC service. In contrast, grant-based schemes may allow the gNB to suspend ongoing eMBB transmissions, e.g., via indication channels (similar to those agreed for DL URLLC pre-emption indication) [3], in the time-frequency resources scheduled to URLLC UEs in the UL grants. As a result, system reliability and hence the URLLC capacity can be improved.
Observation 2: grant-based schemes may allow the gNB to suspend ongoing eMBB transmissions and improving the URLLC UE reliability and overall system capacity.
One potential benefit of grant-free transmissions is the latency reduction in the handshake between UEs and gNB regarding scheduling requests and UL grants. UEs will have more delay budget to complete UL transmissions within the hard deadline requirement. Yet, the performance study [4] shows that grant-free URLLC UL transmissions have limited performance gains as compared to grant-based schemes. To further investigate this topic, the potential benefits of grant-free transmissions should be carefully studied, for which grant-based schemes should be used as benchmarks.
Observation 3: Due to increased complexity and potentially limited performance gains, grant-free transmissions should be carefully studied and benchmarked against grant-based schemes.
From the above observations, we have the following proposal.
Proposal 2: Grant-based schemes for UL URLLC transmissions should be considered. The potential performance gains of grant-free methods should be carefully studied and benchmarked against the grant-based ones.
Conclusion
Observation 1: Grant-based uplink transmissions for URLLC avoid collisions, improve system reliability, and simplify decoding implementation at the gNB. Grant-free UL transmissions may result in collisions that adversely affect the tail behaviour of URLLC UEs. Nevertheless, grant-free transmissions do reduce initial transmission latency and can be used for new transmissions opportunistically.
Observation 2: grant-based schemes may allow the gNB to suspend ongoing eMBB transmissions and improving the URLLC UE reliability and overall system capacity.
Observation 3: Due to increased complexity and potentially limited performance gains, grant-free transmissions should be carefully studied and benchmarked against grant-based schemes.
Proposal 1: Dynamic multiplexing between eMBB and URLLC should be considered on the uplink.
Proposal 2: Grant-based schemes for UL URLLC transmissions should be considered. The potential performance gains of grant-free methods should be carefully studied and benchmarked against the grant-based ones.
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