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Introduction
This paper is revision of R1-1800057. At RAN #78, the scope for URLLC work in Rel-15 was endorsed in [1] and the following was agreed to be included
· Study and specify if gains are identified
· Handle UL multiplexing of transmission with different reliability requirements (including the potential need for UL UE pre-emption) 
This paper focuses on UL multiplexing between URLLC and eMBB.
[bookmark: _Ref129681832]UL multiplexing of eMBB and URLLC
A typical performance requirement for URLLC is 99.999% within 1ms. Due to such high requirements, the resources allocated to URLLC packets are preferably to be much narrower in time domain and wider in frequency domain than those needed by eMBB packets.
URLLC traffic could be periodic and sporadic. The periodic URLLC could be predictable. Using dedicated wide-band resource to support periodic URLLC traffic is an efficient manner. What is more difficult is how to efficiently meet the high requirement for the sporadic URLLC traffic which is usually unpredictable. Reserving wide-band resource in each millisecond for sporadic URLLC traffic would cause a considerable waste. Therefore, at least for sporadic URLLC traffic, multiplexing of eMBB and URLLC needs to be considered.
Below we discuss UL multiplexing from inter-UE (eMBB and URLLC traffic originates from different UEs) and intra-UE (eMBB and URLLC traffic originates from same UE) perspective respectively.
Inter-UE multiplexing
Inter-UE eMBB and URLLC UL multiplexing in shared resources can be achieved by different ways, such as Option 1) Stop eMBB transmission when URLLC transmission occurs in overlapping resources, and Option 2) Allow overlapping between eMBB and URLLC transmissions. As expected, Option 1) would require signaling to the eMBB UEs to stop an ongoing transmission so that collision with URLLC traffic can be avoided. Whereas in case of Option 2) some collisions are expected. Below, we discuss these options in more details.
Discussion on UL pre-emption indication
If eMBB transmission is scheduled for multiple slots, its transmission can be stopped when a grant has been allocated to incoming URLLC traffic to transmit on the same resources. As can be seen below in Figure 1, eMBB transmission is scheduled by aggregating six slots. The fourth slot is used for URLLC traffic, by postponing/stopping eMBB transmission, which resumes in next slot.
Although stopping signaling is a potential solution for UL multiplexing of grant-based eMBB and URLLC transmission, the following challenges should be considered. 
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Figure 1:  eMBB transmission is paused/stopped when URLLC packet arrives.
1) The UL pre-emption indication cannot work when the URLLC traffic is based on UL GF transmission. Since it is not possible for the gNB know in advance whether there will be any URLLC traffic, hence it is impossible to stop the eMBB traffic. On the other hand, the URLLC UE is not aware of where the eMBB transmission is present or not, and the power of it. It is also difficult for URLLC UE to transmit with proper power to guarantee the reception of data.
2) The indication needs to be signaled frequently since URLLC transmission duration can be much smaller, e.g. 2 OFDM symbols. This causes significant signaling overhead, increased blind detection, and power consumption at the configured UE that is monitoring the indication. As URLLC packet could be scheduled at any or every few symbols to reduce latency, this implies eMBB UEs would need to monitor at periodicity that is as short as the shortest possible URLLC packet transmission duration.  
3) The reliability requirement of the indication signaling is quite high. This is because if eMBB UE fails to detect/decode the signaling, it implies uncontrolled collision between URLLC and eMBB transmission, and consequently, reliability of URLLC transmission may not be guaranteed. 
4) High reliability requirement implies for time-frequency resources needed for PDCCH carrying the indication, or higher aggregation level. This may cause blocking of other PDCCH transmission sharing the same CORESET. 
5) To inadvertently impact eMBB UEs that are not required to stop/postpone transmission, the granularity of indication needs to be very fine. This in turn requires higher payload for the PDCCH. If a high payload PDCCH is signaled every few symbols, this would have significant impact system resource efficiency, as those time-frequency resources cannot be used for data transmission. On the contrary, if small payload PDCCH is used, i.e. if only coarse granularity of indication is supported such as indicating whole bandwidth part is impacted, this could impact multiple eMBB packet transmissions and potentially stop some transmission which did not have any overlapping resource assignment. Hence, there is concern on both approaches.    
6) It is not clear whether additional signaling is needed to notify eMBB UEs to resume transmission, if the UEs received an indication to stop transmission before. If used, this further increases signaling overhead and complicates UE operation. 
7) The processing delay of the UL pre-emption indication should be considered. It is possible that when the UE is ready to stop the current eMBB transmission as indicated by the UL pre-emption indication, URLLC transmission has already begun. The interference from eMBB to URLLC is inevitable in this case. 
8) For a TDD UE and FDD with half-duplex, the eMBB UE will not be able to transmit and listen to the downlink at the same time. Therefore, UL pre-emption indication does not work properly for these UEs.
Other than the above technical issues, standardization efforts would be significant to formalize UL pre-emption indication/stopping and/or resume signaling, such as the details of L1 signaling and time-frequency resource addressed by the signaling etc. Below we discuss alternative mechanisms that can be viable solution and would require less specification effort, given the time remaining in R15 and at least include basic support for UL multiplexing into the specifications. 
Proposal 1: UL pre-emption indication is not supported in R15.

[bookmark: OLE_LINK3]In Option 2) eMBB UEs may be unaware of resource sharing with URLLC transmission, hence some collision may take place. One additional option not discussed in more detail is that advanced receivers can be used at the gNBs. An advanced receiver (or even NOMA) could be an enabler for UL multiplexing of eMBB and URLLC in inter-UE case. 
[bookmark: _GoBack]Below, we discuss Option 2) in details.
Coexistence of eMBB/URLLC in UL with controlled collision
NR may support diverse kinds of traffic in a common carrier with same or different numerology. To satisfy the URLLC latency, shorter transmission interval can be adopted by using larger SCS in a separate BW part than eMBB which may use smaller SCS such as 30 kHz or 15 kHz. For smaller SCS, URLLC transmission can be based on mini-slot or symbols-based duration. Here, we assume eMBB adopts grant-based transmission and consists of significantly larger packets than URLLC, i.e., scheduling interval of eMBB is longer than URLLC transmission interval. 60kHz is a suitable numerology to ensure latency of URLLC transmission [2]. Below, we discuss coexistence of grant-free URLLC and grant-based eMBB transmissions, where eMBB packets can be transmitted primarily in 30kHz SCS bandwidth (BW) part and URLLC transmission is made in 60kHz SCS BW part.
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Figure 2: Separate BW parts are configured for eMBB and URLLC packet transmissions.
Semi-static resource sharing between grant-based eMBB and grant-free URLLC
URLLC UEs transmit in semi-statically configured resources and resources can be shared among different URLLC UEs for transmission. As UL eMBB transmission may not be dynamically punctured, in the carrier BW, semi-static resource sharing can be adopted between eMBB and URLLC, where certain BW part is configured for grant-free URLLC transmission. As URLLC traffic can be aperiodic, eMBB traffic could be scheduled in the URLLC band to improve resource utilization efficiency, depending on URLLC load statistics and reliability requirements. As a result, NW assigns resources to eMBB transmission maintaining controlled collision between eMBB and URLLC traffic by exploiting the grant-free resources configuration for URLLC transmission. Figure 3 shows an example of resource configuration where some part of URLLC region is reserved for grant-free transmission only, and some part is used as co-existence region where eMBB traffic can be scheduled[footnoteRef:1]. Hence, three possible scenarios are identified in the URLLC only region:  [1:  BW partitioning between reserved and coexistence region is logical, i.e., resources may not be grouped in contiguous manner always.] 

1) eMBB packets do not collide with URLLC;
2) URLLC traffic only in some reserved resources;
3) Collision of URLLC and eMBB packets may be observed. 
If eMBB UEs are scheduled in a region where collision with URLLC may happen, power control mechanisms can be adopted for eMBB and/or URLLC transmissions. For example, eMBB UEs may be configured to adjust power to a certain level if they are scheduled in coexistence region.
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Figure 3: URLLC region consists of a reserved region and a co-existence region. Co-existence region may observe some collision between eMBB and URLLC transmission.
On grant-free resource, when there is a UL grant, it must be for eMBB transmission. The transmission power of eMBB on grant free region should be limited in order not to incur strong interference.
It may be possible that grant-free resources are grouped, which may facilitate resource sharing and/or controlling collision between grant-free and grant-based UL transmission. For example, an original grant-free transmission and a first set of grant-free re-transmissions may occur over a first group of time and/or frequency resources and a second set of grant-free re-transmissions may occur over a second group of time and/or frequency resources, cf. Figure 4. Avoiding collision for original and initial set of grant-free re-transmissions may be more important for achieving target reliability within latency bound. UE may receive a resource configuration which allows for such resource hopping for one or more repetitions.
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Figure 4: A set of URLLC re-transmissions/repetitions can be made in a portion of GF resources where eMBB transmission is made as well.
Observation 1: To ensure reliability of URLLC services and control collision, eMBB transmission may only be allowed to overlap with some set of URLLC re-transmissions/repetitions, which can be transmitted over a portion of GF resources. Grouping resources for this purpose ensures that original and some initial set of repetitions/re-transmissions are transmitted in reserved resources and thus avoid collision with eMBB transmissions. 
Simulation results
Below, we show LLS results for URLLC and eMBB with controlled collision in coexistence region. We assume URLLC packet has four transmissions and some of its transmission may collide with eMBB data. Partial overlap can occur in time/frequency/power domain. For 60 kHz SCS and 7-symbols non-slot based scheduling, we assume one URLLC packet occupies 5 RB in each transmission and eMBB packet occupies 10 RB. We evaluate performance for a scenario where time/frequency resource is shared among 4 URLLC UEs and URLLC packets may observe eMBB interference in one or two transmissions out of four, i.e., partial overlap in time/frequency resources and there are some reserved areas where URLLC do not observe collision with eMBB (by pre-configured resource assignment). 5 RB of eMBB data may collide with URLLC. Another option we explore is that eMBB transmit power can be controlled over the suspected collision region. In this example, 5 RB of eMBB data may reduce power to 80%, other 5 RBs do not observe power reduction. Advanced receiver is assumed for collision handling and interference cancellation. Detail simulation parameters are provided in Appendix. In Figure 5, we show URLLC BLER performance with 4 transmissions and URLLC UEs are decoded first treating eMBB as interference. 
We observe that URLLC performance degrades very little compared to no collision, when one of its transmission (i.e., 25%) overlaps with eMBB which has power reduced to 80%. If 25% overlap is used with same power or 50% overlap is used with 80% power, performance is still reasonable, with less than 0.5 dB loss. 
In Figure 6, we show eMBB performance where 5 out of 10 RB data may observe power reduction. We observe that partial power reduction causes small performance loss, with less than 0.5 dB. Hence, allowing eMBB data to use coexistence region in a controlled manner improves the capacity of the coexistence region.
Observation 2: Resource efficiency can be improved by multiplexing eMBB and grant-free URLLC in UL with controlled collision.
· Collision can be controlled by semi-static resource assignment, e.g., partial overlap in resources (time/frequency/power) assigned to eMBB and URLLC transmission such that performance of each will not be degraded much.
              [image: ]
Figure 5: URLLC Performance with controlled collision with eMBB in coexistence region 
               [image: ]
Figure 6: eMBB Performance in coexistence region, with partial power control.
Proposal 2: For inter-UE multiplexing, NR supports UL coexistence of eMBB and URLLC, where resource can be partially overlapped between eMBB and URLLC transmissions.
· NR identifies enabling mechanisms for such operation 
Power control mechanism for coexistence of eMBB/URLLC 
Power control mechanism for grant based UE
As identified above, pre-emption based coexistence for grant-based eMBB and grant-based URLLC transmission may not be profitable. One alternative can be avoiding transmitting such indication and instead, allow for controlled overlap in resource scheduling. 
In case of coexistence of grant-based eMBB and grant-based URLLC transmission, when URLLC and eMBB packets are scheduled on the same resource, the URLLC which is typically scheduled later than eMBB can apply a relatively high power. Therefore, it should be possible to indicate different sets of power control parameters dynamically. One possible solution could be that a DCI signaling indicates parameter set {P0 and alpha} explicitly, or reusing other DCI fields to indicate different parameter set {P0 and alpha} implicitly.
Power control mechanism for grant free UE
In case of coexistence of grant-based eMBB and grant-free URLLC transmission, eMBB UEs scheduled in the configured GF resources, may apply a power back-off mechanism based on prior semi-static signaling. The problem with this solution is that when there is no URLLC transmission on the grant free resource where eMBB transmission is scheduled, decreasing the power could cause the vain loss of eMBB energy. 
Another method is to boost the power of URLLC transmission, when gNB schedules overlapping resource for grant based eMBB UE with grant free UE.  Considering that gNB has the control whether it schedules grant based eMBB UE on the configured resource for the grant free UE before the potential grant free transmission, the grant free UE can be indicated when it should boost its power, e.g., based on configured different set of open loop power control parameters. 
Proposal 3: Grant free UE can be indicated by gNB which set of power control parameters to be used for its transmission.  
Intra-UE multiplexing
Intra-UE multiplexing means that a user has an on-going eMBB UL transmission when a URLLC UL transmission arrives in its buffer. In this case, the resource for the URLLC transmission could be assigned by the gNB or selected by the user-self. For instance, the user could reuse its eMBB resource for the urgent URLLC transmission.
If separate resources are assigned for URLLC transmission, the resource of eMBB and URLLC would be overlapped in time domain but non-overleaped in frequency domain. In this case, how to operate power control and how to allocate UL power between eMBB and URLLC transmissions need further considerations and discussions. One principle should be followed that URLLC traffic should have higher priority.
If reusing eMBB resources for URLLC transmission, some of resources of eMBB and URLLC would be overlapped in both time domain and frequency domain. In this case, how to operate the overlapped transmissions needs to be specified, e.g., the URLLC transmission could puncture or be superposed with an eMBB transmission. Puncturing is a simple alternative and requires limited standardization efforts. Superposition can provide some additional throughput improvement compared with puncturing. Especially, in intra-UE multiplexing case, two signals superposed together originate from a single source. Therefore, RS can be shared between them. Specific designs required by intra-UE superposition are less than those needed for the inter-UE case. Further evaluations and discussions are necessary in order to decide which scheme should be adopted in NR, i.e., puncturing, superposition or both puncturing and superposition.
Proposal 4: For intra-UE multiplexing of eMBB and URLLC transmissions, NR considers URLLC traffic punctures or/and is superposed with the on-going eMBB transmission.

Conclusion
In this contribution, we provide our views on the design of the UL multiplexing of eMBB and URLLC. We have the following observations and proposals:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Observation 1: To ensure reliability of URLLC services and control collision, eMBB transmission may only be allowed to overlap with some set of URLLC re-transmissions/repetitions, which can be transmitted over a portion of GF resources. Grouping resources for this purpose ensures that original and some initial set of repetitions/re-transmissions are transmitted in reserved resources and thus avoid collision with eMBB transmissions.
Observation 2: Resource efficiency can be improved by multiplexing eMBB and grant-free URLLC in UL with controlled collision.
· Collision can be controlled by semi-static resource assignment, e.g., partial overlap in resources (time/frequency/power) assigned to eMBB and URLLC transmission such that performance of each will not be degraded much
Proposal 1: UL pre-emption indication is not supported in R15.
Proposal 2: For inter-UE multiplexing, NR supports UL coexistence of eMBB and URLLC, where resource can be partially overlapped between eMBB and URLLC transmissions.
· NR identifies enabling mechanisms for such operation 
Proposal 3: Grant free UE can be indicated by gNB which set of power control parameters to be used for its transmission.  
Proposal 4: For intra-UE multiplexing of eMBB and URLLC transmissions, NR considers URLLC traffic punctures or/and is superposed with the on-going eMBB transmission.
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Appendix
Table A-1: Simulation parameters used in LLS evaluation.
	Parameter
	Value

	Carrier frequency
	4 GHz

	User bandwidth
	5 RB (URLLC), 10RB (eMBB)

	Modulation and coding
	½, QPSK(URLLC), ½ 16 QAM, 64 QAM (eMBB)

	URLLC re-transmission scheme
	IR, Number of transmissions = 4

	Number of URLLC UE collision
	4

	Channel model
	TDLA, 3km/h

	SNR range
	-10 dB to 10 dB

	Subcarrier spacing
	60KHz

	TTI length
	0.125 ms

	OFDM symbols per TTI
	7

	OFDM symbols for reference signals
	1

	BS Antenna configuration
	4 Rx

	UE antenna elements
	1 Tx

	Multiple access scheme
	OFDMA

	
	

	
	

	
	

	Channel estimation
	Ideal
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