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Introduction
It is agreed in RAN1#86 that [1]
· 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 mechanisms are not precluded.
Furthermore,  the following agreements were reached for UL grant-free transmission [1]:
· Continue study at least the following: 
· Retransmission/repetition and potential combining, e.g. HARQ
RAN1#86bis has agreed the following [2]
· Slot aggregation is supported
· Data transmission can be scheduled to span one or multiple slots
and consideration for further tradeoffs for meeting URLLC requirements for the following [2]
· 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
and the following was agreed regarding slot duration [2]
· For SCS of up to 60kHz with NCP, y = 7 and 14
· FFS: whether/which to down select for certain SCS(s)
· For SCS of higher than 60kHz with NCP, y = 14

Based on these agreements, this paper focuses on UL URLLC multiplexing considerations in NR. 

 
[bookmark: _Ref129681832]Coexistence of eMBB/URLLC in UL
NR may support diverse kinds of traffic in a common carrier with same or different numerology. Different traffic types, e.g., eMBB and URLLC have different KPI requirements and URLLC requires much shorter latency than eMBB. To satisfy the URLLC latency, shorter transmission interval can be adopted by using larger SCS in a separate sub-band than eMBB which may use smaller SCS such as 30kHz. However, as URLLC traffic can be sporadic in nature and may contain short packets, static FDM partitioning of URLLC and eMBB in different sub-bands may not result in profitable resource utilization, cf. Figure 1. Hence, it may be desirable that eMBB and URLLC may coexist within same set of time-frequency resources.
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                           Figure 1: Static FDM of eMBB and URLLC.
As discussed in [3], URLLC in UL may adopt grant-free transmission. URLLC UEs transmit in pre-configured mapped resources and may potentially collide with each other. Some eMBB traffic can be scheduled in the URLLC band, depending on URLLC load statistics. UL coexistence may not be dynamically controlled or punctured. Pre-configured coexistence can be adopted, where eMBB assignment assumes controlled collision between eMBB and URLLC traffic by exploiting the known URLLC UE mapping, cf. Figure 2, where three possible scenario is identified in the URLLC only region; eMBB packets does not collide with URLLC, URLLC traffic only in some reserved resources, collision of URLLC and eMBB packets. Some resources may be reserved for URLLC only, some resources may observe collision. Similar mechanisms can be applied for TDD framework as well, cf. Figure 3.
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Figure 2: eMBB traffic assigned in URLLC region may or may not observe collision with URLLC.
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Figure 3: Selective eMBB traffic assignment in URLLC regions; (left) self-contained UL duration, (right) UL only duration. 
It may also be possible that at each URLLC slot, new and re-transmission regions are identified. This facilitates controlled eMBB/URLLC coexistence (i.e., with partial collision), e.g., a) new transmission zone may observe coexistence but not the re-transmissions, or b) new and first re-transmission zones may potentially overlap with eMBB transmission but not second re-transmission. In Figure 4, an example is shown where eMBB is not assigned in the 2nd re-transmission region at all, where only new and first re-transmission regions may observe coexistence. Depending on the URLLC load and traffic requirements, area of new and re-transmission zones can be configured semi-statically.
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     Figure 4: Semi-static and selective eMBB traffic assignment in URLLC regions
As mentioned in [4], URLLC UE may adopt A/N-less and/or A/N-based re-transmissions. It is possible that not all URLLC UEs are configured with same number of A/N-less re-transmissions or UEs may not need re-transmissions if it receives an Ack. Hence, some re-transmission regions can be under-utilized. To this end, it is beneficial to consider transmission mechanism on how to improve resource utilization or mitigate interference for UL coexistence with semi-static resource partitioning. For example, instead of fully muting eMBB in some regions, some power control for superposition can be adopted for controlled collision with URLLC such that URLLC BLER is not degraded much. 
Below, we show LLS results for URLLC and eMBB for controled collision in coexistence region. We assume URLLC packet has four transmissions and some of its transmission may collide with eMBB data. For 60kHz SCS and 7-symbols slot, we assume one URLLC packet occupies 5RB in each transmission and eMBB packet occupies 10RB. We evaluate performance for a scenario of 4 URLLC UE collision and URLLC packets may observe eMBB interference in one or two transmissions out of four, i.e., there are some reserved areas where URLLC do not observe collision with eMBB (by pre-configured resource assignment). 5RB of eMBB data may collide with URLLC. eMBB transmission can be preconfigured that if it expects collision over part of its resources, it may reduce power over those region. In this example, 5RB of eMBB data may reduce power to 80%, other 5RBs 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 if URLLC performance degrades very little compared to no collision, when one of its transmission (i.e., 25%) overlap 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, less than 0.5dB loss. In Figure 6, we show eMBB performance where 5 out of 10RB data may observe power reduction. We observe that partial power reduction causes small performance loss, less than 0.5dB. Hence, allowing eMBB data to use coexistence region in a controlled manner improves the capacity of the coexistence region.
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Figure 5: URLLC Performance with controlled collision with eMBB in coexistence region 
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Figure 6: eMBB Performance in coexistence region, with partial power control.
Observation 1: Controlled collision between scheduled eMBB and grant-free URLLC transmission in UL Coexistence region may improve multiplexing efficiency, without much degradation of URLLC and eMBB performance.
Proposal 1: NR should support pre-configured/semi-static resource sharing for controlled coexistence of eMBB and URLLC in UL.           
	It may also be possible that bi-directional URLLC traffic needs to be supported simultaneously or same carrier supports heavy DL eMBB and UL URLLC with short packets. FDD can support this coexistence easily. However, for TDD, the network needs to take into account the DL/UL load distributions and may configure bidirectional sub-frame with suitable DL/UL split. An example in shown in Figure 7, where four symbols with 60kHz SCS are used to support UL URLLC traffic. DL eMBB may use 30kHz and also maybe opportunistically scheduled in 60kHz URLLC region, cf. [5] where DL multiplexing schemes are discussed.  UL multiplexing schemes as mentioned above can be applied here as well, i.e., if needed, UL eMBB short packets may be scheduled in UL URLLC region. UL symbols may switch to 60kHz (i.e., two 30khz symbols with switch to four 60Khz symbols, or one symbol of 60kHz can be used as GP and five symbols of 60kHz can be used for UL) so that URLLC can transmit over larger BW for diversity. Number of UL and DL symbols and switching frequency can be configured to satisfy the latency requirement of incumbent DL and UL URLLC traffic. 
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Figure 7: Bi-directional SF can be used with configurable DL/UL split to support simultaneous UL and DL URLLC or UL URLLC with DL eMBB. 
Observation 2: SF with configurable DL/UL split can be used to support bidirectional URLLC traffic, or UL URLLC coexisting with DL eMBB.
 Conclusion
In this contribution, we provide our views on the UL URLLC multiplexing design. We have the following proposal.
Observation 1: Controlled collision between scheduled eMBB and grant-free URLLC transmission in UL Coexistence region may improve multiplexing efficiency, without much degradation of URLLC and eMBB performance.
Observation 2: SF with configurable DL/UL split can be used to support bidirectional URLLC traffic, or UL URLLC coexisting with DL eMBB.
Proposal 1: NR should support pre-configured/semi-static resource sharing for controlled coexistence of eMBB and URLLC in UL.
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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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