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1. Introduction
NR is targeting to support broad range of vertical services categorized by eMBB, mMTC and URLLC by a single technical framework [1]. Supporting vertical services by single radio interface is also attractive from operational point of view. However, there would be several challenges to achieve efficient multiplexing of vertical services. In RAN1#86, several scheduling options have been identified for further discussion [2]. Multiplexing of eMBB and URLLC is discussed because of potentially small volume of traffic for URLLC. In this contribution, we provide our views on the multiplexing mechanism for eMBB and URLLC.

	Agreements:
· 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 schemes are not precluded

Other mechanisms are not precluded


2. Scheduling unit for URLLC
For eMBB, scheduling unit of 7 symbols or more will be typically used for normal traffic. Assuming that a slot length is fixed in the number of OFDM symbols regardless of sub-carrier spacing value, the sub-carrier spacing for the operating carrier will determine the length of a slot for the given sub-carrier spacing. We consider that a scheduling unit based on a slot is composed of one or more number of slots, and the resulting scheduling unit duration should be around 0.125ms ~ 1ms depending on the sub-carrier spacing [3]. With the shortest scheduling unit duration, it is not impossible to realize U-plane latency shorter than 0.5 ms which is requirement of U-plane latency for URLLC if much shorter processing time at gNB/UE is assumed [4]. However, widening SCS may not be a good option for URLLC in some scenarios. For example, wider SCS loses link-budget and robustness for severe channel frequency-selectivity in general. Furthermore, higher CP overhead may be necessary to avoid performance degradation due to ISI resulting from delay paths exceeding CP length. Therefore, support of scheduling unit much shorter than that for the typical eMBB without widening SCS is desirable for URLLC. Such shorter scheduling unit with narrower SCS can also be used for the purpose of eMBB latency reduction, as will be supported for LTE in the WI of shortened TTI and processing time for LTE [5]. Such scheduling unit can be defined as the “mini-slot”, which could have 2 symbols. 
In summary, potential URLLC scheduling unit can be realized by several options as follows. 
· Option 0: Scheduling unit having 7 symbols or more (slot-level scheduling, as for eMBB)

· With wider SCS (e.g., 60kHz or more)
· Option 1: Scheduling unit having 2 symbols (mini-slot-level scheduling, as for eMBB latency reduction)
· With narrower SCS (e.g., 15kHz or 30kHz)
3. Multiplexing mechanism for eMBB and URLLC
We discuss multiplexing mechanism of eMBB and URLLC in this section. FDD carrier case and TDD carrier case is separately discussed. Although FDM and TDM is considered in the following, SDM and superposition is additionally considered for capacity enhancement if potential drawback on reliability is acceptable level.

3.1. FDD
For FDD carrier, full duplex property allows UL and DL transmission/reception at any time instance. Therefore, FDD will be easier deployment option than TDD. 
Case 1: Common scheduling unit for eMBB and URLLC
In case of common scheduling unit for eMBB and URLLC, slot based scheduling with sufficiently wide SCS or mini-slot based scheduling with narrower SCS is assumed for both eMBB and URLLC. Using mini-slot based scheduling unit for eMBB all the time may not be effective since splitting data into many number of small blocks results in spectral efficiency loss due to splitting. Assuming this is feasible for slot based scheduling with wider SCS, this case only possible for relatively higher frequency. Even though scheduling unit is aligned between eMBB and URLLC for case 1, potentially different processing time is considered between eMBB and URLLC.
For downlink, gNB can prioritize the scheduling for URLLC as long as QCI-like mechanism is supported in NR. For uplink, similar can be applied to grant based scheduling. However, it is possible that uplink scheduling timeline is different between eMBB and URLLC. If shorter scheduling timeline is supported and configured for URLLC, some uplink resource needs to be reserved for URLLC when gNB schedules uplink resource for eMBB. In case of longer scheduling timeline for URLLC, e.g., grant free transmission, some uplink resources can be already configured for a resource pool for URLLC transmission. As long as dynamic update of the resource pool is not supported, gNB scheduler may not dynamically allocate the resource in the URLLC resource pool for eMBB.
Case 2: Independent scheduling units for eMBB and URLLC
In case of different scheduling unit between eMBB (e.g., slot) and URLLC (e.g., mini-slot) for FDD, we only need to consider the multiplexing in the same transmission direction, e.g., DL mini-slot in a DL slot and UL mini-slot in a UL slot as shown in Figure 1 (a) (b). 
For downlink, mini-slot scheduling occasion can occurred within a scheduled slot. If sufficient resource is not available, scheduled resource for eMBB can be dynamically punctured by network implementation. DL throughput of eMBB can be impacted due to the puncturing. For uplink, UE may not be able to cease a transmission of scheduled slot. Therefore, some uplink resources will be semi-statically blanked so that slot and mini-slot is TDM/FDMed. UL throughput of eMBB can be limited due to the semi-static blanking. For further optimization, feasibility of dynamic cancellation of a transmission of scheduled slot can be studied.
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	(a) DL mini-slot in DL slot
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Figure 1: Multiplexing of different scheduling unit
Observation 1: With necessary blanking/puncturing, FDD carrier can support multiplexing of eMBB and URLLC. Either common or different scheduling unit can be utilized for eMBB and URLLC.
3.2. TDD

For TDD, additional aspects needs to be considered compared to FDD. Essentially, half duplex constraint requires frequent UL/DL switching to ensure low latency in uplink and downlink. Although dynamic TDD can be a solution to reduce average latency, alignment of transmission direction between eMBB and URLLC needs to be considered. In the following, we discuss only additional aspects compared to FDD case.
Case 1: Common scheduling unit

Similar to FDD case, slot based scheduling with sufficiently wide SCS is assumed in this case. UL/DL direction is decided per slot basis and a structure with downlink and uplink in a slot will relax the required condition on SCS. Since UL/DL direction and slot structure will be optimized for URLLC operation, eMBB throughput may be degraded compared to eMBB only operation in a carrier.
Case 2: Multiple scheduling units

Without UL/DL configuration per mini-slot, scheduling flexibility of mini-slot is highly limited is it is not possible to satisfy the latency requirement. Therefore, transmission direction of slot and mini-slot can be different as shown in Figure 1 (c), (d) in case of multiple scheduling units. For downlink mini-slot in an uplink slot, since transmission of scheduled uplink slot cannot be terminated, several symbols needs to be semi-statically blanked. Considering tight latency requirement for URLLC, available symbols for uplink slot will be very limited. Similar can be applied to uplink mini-slot in a downlink slot if gNB is unaware of timely (e.g., per symbol basis) UL traffic for URLLC. In summary, frequent UL/DL switching shorter than slot will degrade the resource efficiency. Furthermore, inter-cell interference and inter-operator interference needs to be considered. For example, if transmission directions are not aligned in a slot, it is difficult to protect UL/DL control signaling for mini-slot from inter-cell interference. Therefore, we consider that multiple scheduling units for TDD is challenging for multiplexing of eMBB and URLLC. Since slot based scheduling may not always satisfy the latency requirement of URLLC, wider SCS than that of FDD and/or slot structure with DL and UL needs to be considered. For the latter case, some resource inefficiency due to UL/DL switching is inevitable.
Observation 2: TDD UL/DL switching per slot highly limits the scheduling flexibility of mini-slot and scheduling latency will be increased. On the other hand, frequent TDD UL/DL switching shorter than slot will degrade the resource efficiency.
Observation 3: If UL/DL mini-slot can be multiplexed in any slots for any direction, significant number of symbols need to be reserved for mini-slot and resource efficiency is highly degraded. 
Observation 4: Common scheduling unit between eMBB and URLLC is beneficial for TDD.

Proposal 1: For TDD, URLLC operation is optimized for the scenario of a URLLC dedicated carrier and/or slot based scheduling for both eMBB and URLLC. Wider SCS than that of FDD and/or slot structure with DL and UL needs to be considered.
Proposal 2: For TDD, impact on reliability due to inter-cell and inter-operator interference needs to be studied.

3.3. Other uplink related issues

For URLLC operation, we consider that several scheduling enhancement needs to be discussed for uplink. Especially scheduling mechanism to support/ensure low-latency needs to be studied.
Resource allocation mechanism

For uplink resource allocation, pre-scheduling/SPS with uplink skipping will be considered as baseline since it is also assumed for LTE latency reduction and uplink latency is highly reduced. Regarding grant free uplink, motivation to consider grant free uplink on top of SPS needs to be clarified. Comparison of uplink SPS in LTE and grant free uplink is summarized in I. Thanks to the uplink transmission without uplink grant (Note: it is a definition of grant free uplink) uplink SPS will achieve both low latency and less signaling overhead. The only issue on latency is latency due to SPS activation, which can be avoided by network implementation. However, if UL transmission for URLLC is not predictable and infrequent, significant portion of uplink resource will be unused due to uplink skipping, which is also a common feature of grant free uplink. In other words, capacity will be degraded if SPS is applied for URLLC. Therefore, we consider that area for further enhancement is uplink capacity. 
Table I: Comparison of SPS and grant free uplink
	
	Uplink SPS (in LTE)
	Grant free uplink

	Uplink transmission without uplink grant
	Supported
	Baseline

	Uplink skipping
	Supported (with implicit release)
	Baseline

	Dynamic update of time/frequency resource 
	Supported 
	Not assumed (optional)

	Dynamic activation/de-activation
	Supported
	Not assumed (optional)

	Multiple access
	Orthogonal 
	Orthogonal or non-orthogonal 


If grant based uplink can support sufficiently short latency, it would be a straightforward solution. Shorter timeline for SR, BSR and uplink grant needs to be investigated. Another approach will be non-orthogonal multiple access for grant based and grant free uplink. However, it may not be a specific enhancement for URLLC operation and impact on reliability needs to be evaluated. 
Observation 5: Pre-scheduling/SPS with UL skipping can avoid the additional latency on uplink transmission due to SR, BSR and UL grant.

Observation 6: UL skipping may degrade the uplink capacity. Grant based uplink or non-orthogonal multiple access can be considered as further enhancement with feasibility study.
Proposal 3: For URLLC, pre-scheduling/SPS with UL skipping is considered as baseline of UL scheduling.
Mini-SR with SR period shorter than a slot

As discussed above, mini-SR with SR period shorter than a slot can reduce the latency for grant based uplink. If resulting latency is feasible for URLLC, capacity degradation due to uplink skipping can be avoided. Mini-UL grant will be necessary together with mini-SR. Trade-off between overhead of mini-SR/mini-UL grant and unused UL data resource by UL skipping needs to be studied. 
Co-existence of UL eMBB/URLLC from UE perspective

Since single UE can have both eMBB and URLLC traffic, co-existence of eMBB and URLLC from UE perspective needs to be considered. For downlink, gNB may handle the co-existence based on QCI-like mechanism. On the other hand, for uplink, gNB may have limited information/control on uplink data associated to SR or mapped to scheduled resource. If single resource allocation policy is assumed, any UL resource allocation for the UE operating URLLC needs to satisfy the URLLC requirement; which will degrade the spectrum efficiency. So independent scheduling policies should be supported for eMBB and URLLC traffic. If grant based scheduling with SR is supported for URLLC, the gNB should be able to identify associated traffic type (eMBB or URLLC) to the SR. Similarly, when an uplink resource is scheduled to an UE, the UE should be able to decide whether the resource can be utilized for URLLC.
Observation 7: An UE can be served with both eMBB and URLLC services. If the UE transmit URLLC related data on UL resource scheduled for eMBB services, URLLC requirement on latency and/or reliability may not be satisfied.

Proposal 4: For URLLC, mechanism to avoid URLLC transmission on the uplink resource(s), which cannot satisfy the latency and/or reliability requirement, should be studied.

4. Conclusion
In this contribution, we discuss the multiplexing mechanism for eMBB and URLLC. Several aspect related to uplink scheduling is also discussed. Observations and proposals are summarized below.
· Observation 1: With necessary blanking/puncturing, FDD carrier can support multiplexing of eMBB and URLLC. Either common or different scheduling unit can be utilized for eMBB and URLLC.
· Observation 2: TDD UL/DL switching per slot highly limits the scheduling flexibility of mini-slot and scheduling latency will be increased. On the other hand, frequent TDD UL/DL switching shorter than slot will degrade the resource efficiency.
· Observation 3: If UL/DL mini-slot can be multiplexed in any slots for any direction, significant number of symbols need to be reserved for mini-slot and resource efficiency is highly degraded.
· Observation 4: Common scheduling unit between eMBB and URLLC is beneficial for TDD.
· Observation 5: Pre-scheduling/SPS with UL skipping can avoid the additional latency on uplink transmission due to SR, BSR and UL grant.
· Observation 6: UL skipping may degrade the uplink capacity. Grant based uplink or non-orthogonal multiple access can be considered as further enhancement with feasibility study.
· Observation 7: An UE can be served with both eMBB and URLLC services. If the UE transmit URLLC related data on UL resource scheduled for eMBB services, URLLC requirement on latency and/or reliability may not be satisfied.
· Proposal 1: For TDD, URLLC operation is optimized for the scenario of a URLLC dedicated carrier and/or slot based scheduling for both eMBB and URLLC.
· Proposal 2: For TDD, impact on reliability due to inter-cell and inter-operator interference needs to be studied.
· Proposal 3: For URLLC, pre-scheduling/SPS with UL skipping is considered as baseline of UL scheduling.
· Proposal 4: For URLLC, mechanism to avoid URLLC transmission on the uplink resource(s), which cannot satisfy the latency and/or reliability requirement, should be studied.
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