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1 Introduction
During RAN1#86bis and RAN1#87 meeting, resource sharing and multiplexing between eMBB and URLLC in DL transmission were discussed [1, 2]. Furthermore, in RAN1#87 meeting, grant-free based transmission is supported for UL URLLC transmission due to the benefit in reduced latency. The related agreements are listed below:

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
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:
· 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:
· 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

Additionally, the problem of DL eMBB transmission punctured by ongoing DL URLLC is important and many solutions are proposed in the previous meeting. However, there is no such agreement on UL URLLC multiplexing with eMBB. Since the transmission reliability and latency requirement of URLLC are same for DL and UL, multiplexing between eMBB and URLLC in uplink also needs to be investigated. In this contribution, we focus on the multiplexing issues in uplink transmission and present our views.
2 Discussion
As required by ITU, 5G NR may support diverse traffic types in a common carrier with same or different numerology. Different traffic types have different KPI requirements, e.g., compared to eMBB, URLLC requires quite shorter latency tolerance and ultra higher transmission reliability. To be specific, one-way user plane latency for URLLC design target should be 0.5ms for both UL and DL; while this criterion for eMBB is relaxed to 8 times, i.e., 4ms for both UL and DL. The detailed description on the KPI of NR in user plane latency is described in TR38.913 [3].
Additionally, for the requirement on transmission reliability, 32 bytes of URLLC traffic should have transmission successful probability reached to 1-10-5 within the duration of 1ms. Usually, the transmission successful probability for UL eMBB data transmission is 1-10-1. The two stringent requirements on transmission reliability and low latency bring too much challenge for the design of URLLC. 

Due to the stringent URLLC latency requirement, conventional SR triggered and scheduling-based UL transmission may not be fast enough to guarantee the URLLC traffic transmitted within the duration of 0.5ms after the UL traffic is pushed to the buffer for transmission. For the purpose of fast UL transmission, grant-free based UL transmission is proposed by many companies and extensively discussed in RAN1. Since UE working in grant-free UL transmission mode can transmit UL data as soon as the UL traffic is pushed to buffer, grant-free based URLLC transmission can satisfy the latency requirement in UL. Meanwhile, scheduling based uplink transmission with orthogonal resource allocation is more suitable for eMBB UL so as to provide seamless coverage and very high user experienced data rate.
On the other hand, when NR  provides diversified services in a single carrier, the potential collision between UL URLLC and UL eMBB should be avoided. Especially, transmission reliability for URLLC needs to ensure the successful transmission probability is (1-10-5). Because of the strict reliability requirement, some time-frequency resources or resource pools should be specifically reserved or allocated for grant-free based UL URLLC transmission in order to avoid potential resource collision between UL URLLC and eMBB. Moreover, to avoid the misunderstanding between gNB and URLLC UE on the used transmission resource, the reserved resource or allocated resource pool for grant-free UL URLLC transmission should be preconfigured by gNB and indicated to URLLC UE so that the URLLC UE can know the resource pool and transmit its data within the resource pool without waiting for UL grant. This is similar to resource pool configuration and indication in Rel-12 D2D communication and Rel-13 V2V communication in LTE-A. A common understanding between eNB and UE or Tx UE and Rx UE can be reached this way. On example for resource pool of UL URLLC multiplexed with eMBB is shown in Figure 1. In Figure 1, subcarrier spacing is different for URLLC and eMBB, e.g., 30KHz for URLLC and 15KHz for eMBB.  Meanwhile, the bandwidth for URLLC needs to be contiguous in frequency domain in order to avoid the resource fragmentation. This orthogonal resource partition can avoid the resource collision between URLLC and eMBB.
Proposal 1: Resource pool configuration needs to be supported for grant-free based UL URLLC transmission.
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Figure 1: Resource pool configuration for grant-free based UL URLLC transmission
UL eMBB transmission uses scheduling-based transmission mechanism, i.e., it is allowed to transmit uplink data only upon reception of UL grant sent from gNB. Such scheduling-based UL transmission works in RRC-connected mode and has specific UL timing advance (TA) adjustment from gNB to UE in order to align the received timing at gNB side. However, URLLC UE working in UL grant-free based transmission may have no such timing advance adjustment command or continuous timing advance adjustment command from gNB. In that sense, URLLC UE working in UL grant-free transmission can only start its UL transmission based on its DL timing.

Hence, UL grant-free URLLC transmission may suffer from interference from an UL eMBB transmission immediately following it due to different uplink timing references between UL URLLC UE and UL eMBB UE. The example is shown in Figure 2. UL grant-free URLLC uses DL timing and UL eMBB uses UL timing with TA so that there is overlapping between the two transmissions. This interference takes place in the last part of UL URLLC transmission. The problem is the duration of such overlapping part is unknown. Based on the learning from Rel-12 D2D communication, such overlapping may be up to one symbol duration (about 70us based on 15KHz subcarrier spacing). Due to possible different numerologies for UL URLLC and eMBB, the overlapping part may be two symbols when URLLC uses 30KHz subcarrier spacing. The interference to URLLC may be more severe if it uses 60KHz subcarrier spacing or mini-slot with one or two symbols as a TTI.
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Figure 2: UL URLLC interfered by following eMBB transmission

To guarantee the transmission reliability of URLLC, there are two alternatives to avoid such interference between grant-free based UL URLLC and scheduling based eMBB. 

Alternative 1: TA assistance for grant-free UL URLLC UE
For grant-free based UL transmission without any timing advance (TA) assistance, different URLLC UE signals transmitted in the same subframe may arrive at the serving gNB with different timing offset. In case of OFDM based waveform, if the timing offset between different UEs is larger than the range of CP, superposed signals of multiple UEs on same resource will increase the gNB blind detection complexity due to severe interference and lead to performance loss. 
Maintenance for UL synchronization to guarantee the arrival timing offsets among multiple grant-free URLLC UEs kept within a cyclic prefix will not only reduce gNB blind detection complexity and improve the probability for correct decoding of UL URLLC signal but also avoid the overlapping between UL grant-free URLLC and the following eMBB. Therefore, UL synchronization needs to be maintained for grant-free based URLLC transmission.

Proposal 2: UL synchronization maintenance is supported for grant-free based uplink URLLC transmission.
Alternative 2: Blanking the first symbol of UL eMBB for collision avoidance
Considering much higher reliability required for URLLC transmission than that required for eMBB transmission, to be on the safe side, the potential overlapping between UL URLLC and eMBB transmission is avoided by puncturing or rate matching the first symbol of UL eMBB transmission if the eMBB transmission immediately follows UL grant-free URLLC transmission. 
Proposal 3: Collision between UL URLLC and following eMBB can be avoided by blanking the first symbol of eMBB.
3 Conclusion

In this contribution, we focus on possible issues of the multiplexing between eMBB and URLLC in uplink and present our views. Based on the above analysis in Section 2, we have below proposals:
Proposal 1: Resource pool configuration needs to be supported for grant-free based UL URLLC transmission.

Proposal 2: UL synchronization maintenance is supported for grant-free based uplink URLLC transmission.
Proposal 3: Collision between UL URLLC and following eMBB can be avoided by blanking the first symbol of eMBB.
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