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Introduction
This paper is the revision of R1-1801356. 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) 
In RAN1 #92, the following agreements were reached for UL multiplexing techniques in [2]
· Study the options to support dynamic resource sharing between eMBB UL and URLLC UL from different UEs (comparing with existing techniques)
· Option 1: eMBB UE cancels UL transmission when an indication is detected. Details to be discussed/clarified
· UE processing timeline for cancelation
· UE monitoring periodicity
· Group common or UE specific signalling (including the possibility to use eMBB scheduling DCI)
· reliability of indication
· Any impact due to timing advance
· Option 2: UL power control. URLLC UE transmits over the same resource with eMBB UE transmission. The transmission power for URLLC UL is boosted and/or transmission power for eMBB UL is reduced. Details need to be discussed/clarified
· Performance impact to eMBB/URLLC transmission
· How to signal the URLLC transmission power boosting
· How to signal the eMBB transmission power reduction after UL grant
· UE monitoring periodicity
· Processing timeline
· Feasibility of changing eMBB Tx power during the transmission 
· reliability of indication
· Any impact due to timing advance
· Other options including gNB receiver interference cancelation schemes are not precluded
· Aspects to be included in the study
· Processing timeline for grant-based procedure for URLLC in UL
· Applicability of the options to TDD and/or FDD can be studied
· Cases for GB-based & GF-based
[bookmark: _Ref129681832]A typical performance requirement for URLLC is a successful transmission rate of 99.999% within 1ms latency. Due to such high requirements, the resources allocated to URLLC packets are preferably to be much shorter in time domain and wider in frequency domain than those needed for eMBB packets.
URLLC traffic could be periodic and/or sporadic. The occurrence of periodic URLLC data is predictable. Using dedicated wide-band resources to support periodic URLLC traffic is an efficient manner. What is more difficult is how to efficiently meet the stringent requirements for the sporadic URLLC traffic which usually is unpredictable in its occurrence. Reserving wide-band resources in each millisecond to facilitate the potential transmission of sporadic URLLC traffic would cause a considerable waste. Therefore, at least for sporadic URLLC traffic, multiplexing of eMBB and URLLC needs to be considered.
In this contribution, we discuss UL multiplexing both from inter-UE (eMBB and URLLC traffics originate from different UEs) and intra-UE (eMBB and URLLC traffics originate from same UE) perspectives.
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 with power control. 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
The basic idea of UL PI is to stop an eMBB transmission which has already been scheduled when there is an incoming URLLC traffic scheduled on the same resources.  A typical scenario is that gNB first receives SR 1 from an eMBB UE and then transmits UL Grant 1 to schedule an eMBB PUSCH. After transmitting the UL Grant 1 (also before the transmission of eMBB PUSCH), gNB receives a new SR 2 from a URLLC UE which requires an urgent uplink transmission. Then gNB can transmit a new UL Grant 2 to URLLC UE, and schedule a PUSCH which overlaps with the previously scheduled eMBB PUSCH. Meanwhile, an UL PI will be transmitted to eMBB UE to cancel or interrupt the previously scheduled PUSCH. 
Although the UL PI seems to be appealing in the sense that it can perfectly eliminate the UL interference from eMBB UEs and protect URLLC transmission in some scenarios, this method is not a generic approach which applies well in all scenarios. The following aspects need to be carefully considered for the UL PI.
1) The UL pre-emption indication does not work when the URLLC traffic is based on UL GF transmission. Since it is not possible for the gNB to know in advance whether there will be any URLLC traffic, hence it is impossible to stop the eMBB traffic. 
2) In [3], it was proposed that the monitoring periodicity of UL PI should be the same as URLLC scheduling granularity. Some or most of eMBB UEs do not require the monitoring granularity of mini-slot level at all since it may incur higher signaling overhead and power consumption. Moreover, if there is no eMBB transmission, it is wasteful to monitor UL PI since the resource sharing between eMBB and URLLC UEs would not happen. Hence, eMBB UEs should not monitor UL PI with finer granularity until receiving the UL grant.
3) The reliability requirement of the indication signaling needs to be very high. This is because if eMBB UE fails to detect/decode the signaling, it implies an uncontrolled collision between URLLC and eMBB transmissions, and consequently the reliability of URLLC transmission may not be guaranteed. Moreover, the high reliability requirement implies that more time-frequency resources are needed for PDCCH carrying the indication, or higher aggregation levels are required. This may cause blocking of other PDCCH transmissions sharing the same CORESET.
4) The detailed signaling design for UL PI should be discussed further. On one hand, some companies propose to use group-common DCI, and a new PDCCH format similar to format 2_1 needs to be introduced. This unavoidably requires more standard work, e.g., more considerations on how to design DL PI and UL PI uniformly. Thus, the design of DL PI can be reused to reduce the standardization efforts. The preempted resource in reference UL resource is indicated by UL PI, an eMBB UE decides whether to cancel its UL traffic according to the indicated resource in UL PI. An eMBB UE will not monitor the UL PI if its PUSCH is not overlapped with the reference UL resource to reduce the number of BD. On the other hand, some companies propose to use UE-specific DCI to inform the UL PI, mainly referring to the intra-UE UL case. An enhanced scheme is required so that gNB can reschedule a new resource for the eMBB UE with a new UL Grant. The grant should not only schedule a new PUSCH in a non-overlapping resource but also indicate to the eMBB UE to cancel the previously scheduled PUSCH. By doing this, the data of eMBB UE can quickly be transmitted in the re-scheduled PUSCH resource. Alternatively, one may re-design the UL Grant to achieve the same function as group-common DCI, and use one extra bit or some implicit methods to indicate the UL Grant is actually an UL PI, while the allocated time-frequency resource for the ‘virtually scheduled PUSCH’ can be interpreted as the resource on which UE should remain silent, i.e. stopping any uplink transmission. However, all these methods mentioned above require to define extra conditions for UE to decide whether the previously scheduled or configured uplink transmission should be interrupted, resulting in either more extra bits in DCI or scheduling restriction. 
5) To prevent eMBB UEs from unnecessary stop/postpone transmission, the granularity of indication needs to be very fine. This requires higher payload for the PDCCH. If a high payload PDCCH is signaled every few symbols, this would have significant impact on 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. only coarse granularity of indication is supported for example to indicate the whole bandwidth part, this could impact multiple eMBB packet transmissions and potentially stop some transmissions due to the fact that a large region of resources are pre-empted. Hence, there is concern on both approaches.    
6) According to [4], additional signaling is needed to notify eMBB UEs to resume transmission, if the UEs received an indication earlier to stop transmission. This can further increase signaling overhead and complicate UE operation. 
7) The processing timeline of the UL pre-emption indication should be considered. When an eMBB transmission is interrupted by a URLLC transmission, UL PI has to be received and processed before the start of the URLLC transmission. 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. In addition, the timing advance should also be considered. An eMBB UE may not be capable of processing it in short time. 
8) For a UE capable of TDD 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. Later in this paper, we discuss alternative mechanisms that can be viable solution and would require less specification effort. 
Proposal 1: UL pre-emption indication is not supported in R15.
[bookmark: OLE_LINK3]In the following, we investigate further on option 2 for coexistence of grant-free URLLC and eMBB traffics. For this case, some collisions between eMBB and URLLC are allowed and enhanced power control schemes are used to cope with interference. Moreover, LLS results for URLLC and eMBB with controlled collision are shown. Some of its transmission may collide with eMBB data if URLLC packet has four transmissions . 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 RBs in each transmission and eMBB packet occupies 10 RBs. We evaluate the 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). The 5 RBs occupied by eMBB data may collide with URLLC data. Another option we explore is that eMBB transmit power can be controlled over the suspected collision region. In this example, the 5 RBs of eMBB data may reduce power to 80%, other 5 RBs do not reduce power. Advanced receiver is assumed for collision handling and interference cancellation. Detailed simulation parameters are provided in the Appendix. In Figure 1, we show the 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 2, we show eMBB performance where 5 out of 10 RBs may observe power reduction. We observe that the 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 1: 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 1: URLLC performance with controlled collision with eMBB in coexistence region 
               [image: ]
Figure 2: eMBB performance in coexistence region, with partial power control.
Proposal 2: For inter-UE multiplexing, NR supports UL coexistence of eMBB and URLLC, where resources for eMBB and URLLC transmissions can be partially overlapped.
· NR identifies enabling mechanisms for such operation 

It should be noted that one additional option not discussed in more detail is that advanced receivers can be used at the gNBs. An advanced receiver (or even NOMA techniques later in R16) could be an enabler for UL multiplexing of eMBB and URLLC in the inter-UE case. Below, we discuss Option 2) power control mechanism in details
Power control mechanism for coexistence of eMBB/URLLC 
Power control mechanism for grant based UE



[bookmark: _GoBack]In case of coexistence of grant-based eMBB and grant-based URLLC transmissions, when URLLC and eMBB packets are scheduled on the same time and/or frequency 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}. Another way is to use the TPC command field to adjust closed loop power control parameters. In the current table ‘Mapping of TPC Command field in DCI format 0_0, DCI format 0_1, or DCI format 2_2, having CRC parity bits scrambled by TPC-PUSCH-RNTI, or DCI format 2_3, to absolute and accumulated  values’ in [5], the values range is not capable to trace the change of BLER requirements of eMBB and URLLC transmission dynamically and compensate the change of required transmission power efficiently. Thus, enlarging the range of accumulated and absolute denoted by TPC command is a fair solution. This can be done by modifying the entries or extend the TPC command with more bits. As shown in Tables 1 and 2, the possible examples for modified and extended accumulated and absolute, respectively.
Table 1 	Modified Mapping of TPC command field
	TCP command field
	
accumulated [dB]
	
absolute  [dB]

	0
	-2
	-7

	1
	0
	-2

	2
	2
	2

	3
	5
	7



Table 2 Extended Mapping of TPC command field
	TCP command field
	
accumulated [dB]
	
absolute  [dB]

	0
	-3
	-8

	1
	-1
	-4

	2
	0
	-1

	3
	1
	1

	4
	3
	4

	5
	5
	8



Power control mechanism for grant free UE
The grant free resources are configured by the gNB to satisfy the performance requirement of URLLC. However, the GF URLLC transmission can be aperiodic and sporadic, so it is possible to have no transmission on the grant free resource for a long period of time, reducing the system efficiency. Therefore, gNB may schedule part of eMBB transmission on grant free resource to improve the system efficiency, which may result in potential collision between eMBB and URLLC, and degrade the URLLC transmission reliability. 
In this case, one possible solution is that grant free URLLC UE is configured with two sets of transmission power control parameters, corresponding to scenarios with and without eMBB collision, respectively. Thus, a mechanism to inform the grant free URLLC UE of the collision is needed. When gNB schedules grant based eMBB transmission on the configured resource for grant free UE, there is potential collision between eMBB transmission and grant free URLLC transmission. When sporadic URLLC transmission arrives, the scheduling information of eMBB is known, and an indication sending to grant free URLLC UE about this is necessary.  
In detail, as for the sets of power control parameter, one set of which corresponds to default power control parameter, named #1 TPC, and the other one corresponds to the power control parameter higher than default parameter set, named #2 TPC. As shown in Figure 3, when gNB schedules eMBB transmission on grant free resource,  it sends a broadcast signaling to grant free UEs to indicate the resource scheduled to eMBB transmission and is overlapped with configured resource for grant free UE. After receiving the resource indication, if the grant free UE has no transmission on the indicated resource, it will transmit data with the default power control parameter, #1 TPC. Otherwise, once the grant free UE needs to transmit data on the indicated resource, it will turn to the other power control parameter set, #2 TPC. With this method, the grant free UE can be precisely indicated when to change power. This effectively alleviates the impacts from the eMBB transmission on the shared resource, ensuring the reliability of grant free URLLC transmission. 
[image: ]
Figure 3 Power control method for Grant Free case

Another option could be that gNB sends a signaling to grant free UEs to indicate transmission power control parameter set directly. When the potential collision would happen, namely, eMBB traffic is scheduled on grant free resource,  gNB informs grant free UEs of power control parameter set, such as, open-loop {P0, } or closed-loop power control parameter accumulated and/or absolute to adjust transmission power of URLLC . If the grant free UE does not receive the signaling, it transmits data with default power control parameter. The function can be realized by DCI format 2_2 currently. 
Apart from power control parameter adjustment, to ensure the reliability of URLLC transmission, another method is that grant free UE sends data with lower MCS.  Grant free UE can be configured with two sets of MCS. One MCS set is the default one, e.g. MCS set #1 and another set, e.g. MCS set #2 corresponds to lower modulation order and/or lower coding rate than the default set. When eMBB is scheduled on grant free resource, gNB can indicate grant free UE which set of MCS to use accordingly.
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 itself. 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-overlapped in frequency domain. In this case, how to operate power control and how to share the UL power between eMBB and URLLC transmissions need further considerations and discussions. One principle that should be followed is that URLLC traffic should have higher priority.
If using eMBB resources for URLLC transmission, at least some of the resources for 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 handled in a MIMO layer together with an ongoing eMBB transmission. Puncturing is a simple option and requires limited standardization efforts. MIMO can provide some additional spectral efficiency and system throughput improvement compared with puncturing but less reliability. Especially, in the intra-UE multiplexing case, URLLC and eMBB signals originate from the same source. Therefore, RS can be shared between them. Specific designs required by intra-UE multiplexing are less than those needed for the inter-UE case. To satisfy both the reliability and the bounded latency requirement and to improve the spectral efficiency, a more resource efficient way of coexistence could be considered, e.g. a resource efficient adaptive HARQ transmission method. As depicted in Figure 4 the initial transmission of URLLC could be overlapped with eMBB with MIMO, i.e. and power control for MIMO layers could be considered to increase the reliability of URLLC transmission over eMBB . While in the retransmissions, URLLC reliability is increased by adapting the transmission method to SISO or diversity or by puncturing the eMBB transmission. Considering the stringent latency requirement of URLLC and the limited number of HARQ retransmission, the transmission method at each transmission should strictly follow the reliability target. The adaptation in the transmission method could also be studied for repetition scheme.
[image: ]
Figure 4 Adaptive HARQ Transmission of URLLC based on flexible reliability targets
The adaptive HARQ method could be studied together with MIMO transmission method for intra-UE multiplexing. For example, the  first set of transmissions/retransmission or repetition for URLLC may use a MIMO scheme with relaxed reliability target for both URLLC/eMBB coexistence. Then, the second set of re-transmissions may occur over a same or different group of time and/or frequency resources with higher reliability target using different transmission method. Thereby avoiding coexistence with eMBB for retransmission for higher reliability target is more important to achieve certain target reliability within the latency bound as shown in Fig 4. The UE may receive adaptation parameter such as transmission method dynamically signaled via DCI as part of resource efficient HARQ methodology. The decision to use this method based on the CSI feedback parameter such as RI and lower mobility.
Since we target intra-UE multiplexing, the channel condition for URLLC/eMBB remains same and also the limitation of channel capacity for the same UE is based on the SINR and hence coexistence between URLLC/eMBB should be further studied with various MIMO techniques.
 Further evaluations and discussions are necessary in order to decide which scheme should be adopted in NR, i.e., puncturing, MIMO transmission or adaptation between both MIMO and puncturing.
Proposal 4: For intra-UE multiplexing of eMBB and URLLC transmissions, NR considers that URLLC traffic can puncture and/or superpose on 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 observation and proposals:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Observation 1: 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 resources for eMBB and URLLC transmissions can be partially overlapped.
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 that URLLC traffic can puncture and/or superpose on 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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