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Introduction
One important feature of NR unified frame structure is support of eMBB and URLLC services in the same block of frequency resources. In RAN1#86 meeting, the followings were agreed for multiplexing of eMBB and URLLC in DL [1]:
	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 



In this contribution, we discuss several numerology options for efficient eMBB and URLLC multiplexing in DL and make comparison among resource sharing mechanisms.

Discussion
Numerology options for eMBB and URLLC multiplexing
Basic time domain units composing NR frame structure, i.e., subframe, slot, and mini-slot, were determined in the last meeting (FFS: mini-slot duration), and also slot aggregation was agreed to be supported. According to this, various options can be considered for eMBB and URLLC multiplexing depending on combination of subcarrier spacing, CP overhead, and the choice of scheduling units. From our perspective, the following three cases are considered to be the most relevant among the possible candidates.
· Type 1: Same subcarrier spacing and same CP overhead
· Type 1-1: Slot for eMBB and mini-slot for URLLC (e.g., 15kHz subcarrier spacing)
· Type 1-2: Multi-slot (slot aggregation) for eMBB and slot for URLLC (e.g., 60kHz subcarrier spacing)
· Type 2: Different subcarrier spacing and same/different CP overhead
· Type 2-1: Slot of smaller subcarrier spacing for eMBB and slot of larger subcarrier spacing for URLLC (e.g., 15kHz and 60kHz subcarrier spacing)
However, in the case of TDM, Type 2-1 is not efficient since a URLLC slot does not exactly fit into the integer number of eMBB symbol, which incurs spectral efficiency loss or larger eMBB performance degradation. Meanwhile, since using the same subcarrier spacing does not suffer from this problem, Type 1-1 and Type 1-2 are well applicable for both FDM and TDM. Since it is expected that Type 1 family and Type 2 family for TDM will have different impact on design of control channel structure and resource allocation mechanism, we propose to restrict the use case of Type 2, i.e., the case of different subcarrier spacing, to the pure FDM only.
The necessity and benefit of other scenarios not mentioned above, e.g., same subcarrier spacing with different CP overhead or use of mini-slot with different subcarrier spacing, seems not clear. Thus it is suggested to down-select the cases to the above list, i.e., Type 1-1, Type 1-2, and Type 2-1.
Proposal 1: Support FDM, TDM, and FDM+TDM when eMBB and URLLC are multiplexed using the same subcarrier spacing, and support FDM only when they are multiplexed using different subcarrier spacing.
Proposal 2: For the case of same subcarrier spacing, support mechanisms for eMBB slot and URLLC mini-slot multiplexing (Type 1-1) and eMBB multi-slot and URLLC slot multiplexing (Type 1-2).
Proposal 3: Different CP overhead is not supported for the case of same subcarrier spacing.

Resource sharing mechanisms in DL
Assuming eMBB slot and URLLC mini-slot as in Type 1-1 as an example, the following schemes can be considered to support URLLC transmission.
· Semi-static resource reservation in a FDM fashion
· Dynamic resource reservation in a FDM fashion
· Semi-static mini-slot reservation (on top of semi-static FDM)
· Dynamic mini-slot reservation (on top of semi-static FDM)
· Dynamic mini-slot level resource overlapping (e.g., puncturing, superposition, etc.)
Basically FDM has a drawback in resource utilization efficiency in the case of low arrival rate of URLLC traffic. Yet if a small bandwidth is reserved for URLLC, multiple mini-slots may be occupied by a single packet transmission, which increases the scheduling latency. At the same time, each mini-slot transmission may not be reliable due to not sufficient number of REs. Therefore we think that pure FDM manner is not sufficient and it is compulsory to support mini-slot level TDM operation to simultaneously support eMBB and URLLC.
Mini-slot reservation (TDM or TDM+FDM) can resolve the trunking efficiency issue of pure FDM. Compared to semi-static configuration, dynamic resource reservation enables faster and adaptive scheduling reflecting the URLLC traffic condition and the buffer status. An example of dynamic signaling is that a DCI per slot or group of slots indicates the mini-slot index/indices.
The reserved URLLC resources can be utilized in two ways. If URLLC data to be transmitted exists at the mini-slot scheduling moment, the URLLC data is scheduled on the reserved resources. If not, the reserved resources can be used to transmit additional eMBB data. For example, gNB can schedule additional eMBB data on a reserved mini-slot to already scheduled eMBB UE in the same slot.
Dynamic resource overlapping [2, 3] is optimal in terms of UP latency since it offers URLLC transmission opportunity basically in any time instance within DL data region. However, there are many challenges to ensuring performance of ongoing eMBB transmissions. Channel coding, rate matching, and HARQ procedure for eMBB are major part to be improved, and more complex gNB scheduler (e.g., OLLA, MU-MIMO) and UE receiver techniques are needed as well. In contrast, the resource reservation approach does not require these burdens. In addition, it provides UE power saving since the control region that UE should monitor is greatly reduced. For example, eMBB UE only needs to monitor slow DCIs, and URLLC UE monitors fast DCIs within only the reserved mini-slots in addition to slow DCIs.
Table 1 provides a simple UP latency comparison among the schemes in DL unloaded condition. Applied assumptions include 15kHz subcarrier spacing, 14 symbol slot duration and 2 symbol mini-slot duration, URLLC transmission bandwidth of 5MHz for FDM and 15MHz for others, packet size of 50 bytes, MCS of QPSK and 1/6 code rate, first two OFDM symbols per slot as control region, mini-slot control overhead of 25%, BLER of 1%. Based on the assumptions, each packet transmission occupies three mini-slots for FDM and a single mini-slot for other schemes. For TDD, all subframes are set to special subframe with D:G:U=10:2:2. The frame alignment delay calculation is based on assumption of Fig. 1.
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	Delay components
	Dynamic TDM
	Semi-static TDM
	FDM
	Dynamic overlapping

	Frame alignment
	FDD
	314.3us
	500us
	91.8us
	91.8us

	
	TDD
	314.3us
	500us
	193.9us
	193.9us

	Tx processing (0.5 mini-slot)
	71.4us
	71.4us
	71.4us
	71.4us

	Transmission (1 or 3 mini-slots)
	142.9us
	142.9us
	428.7us
	142.9us

	Rx processing (0.5 mini-slot)
	71.4us
	71.4us
	71.4us
	71.4us

	HARQ reTx (2 mini-slots * BLER 1%)
	2.9us
	2.9us
	2.9us
	2.9us

	UP latency
	FDD
	0.60ms
	0.79ms
	0.67ms
	0.38ms

	
	TDD
	0.60ms
	0.79ms
	0.77ms
	0.48ms





[bookmark: _Ref462922085]Fig. 1. Frame alignment assumption
Under the analysis, the dynamic TDM provides 0.6ms average latency which is slightly larger than the NR requirement of 0.5ms. However, the real values will depend on the detailed specification design and actual Tx/Rx processing delay. If a 7 symbol slot with 60kHz subcarrier spacing is used as the smallest scheduling unit for URLLC, then the latency will be smaller. It is observed that the semi-static TDM and the FDM is worse than the dynamic TDM due to large frame alignment delay and large transmission delay, respectively. As expected, dynamic resource overlapping performs best, however, the latency gap from the dynamic TDM is decreased in TDD due to additional frame alignment delay. The gap may be further reduced if the traffic load is taken into account.
One potential burden of dynamic mini-slot or slot reservation is L1 signaling overhead for the resource indication. To reduce the control overhead, semi-static signaling can be combined together with the dynamic signaling. For example, default mini-slot(s) are configured by semi-static signaling and L1 control information can be occasionally transmitted only when the reservation configuration needs to be changed.
Observation 1: Dynamic URLLC resource reservation in Type 1-2 and Type 1-2 provides better resource utilization efficiency and scheduling latency over FDM, and can avoid complex operations to recover the damaged or interfered eMBB transport block by resource overlapping.
Observation 2: The UP latency of dynamic URLLC resource reservation is generally worse than that of resource overlapping, but the gap depends on the time-domain configuration of DL and UL data regions.
Proposal 4: Introduce dynamic signaling for mini-slot (Type 1-1) or slot (Type 1-2) reservation for URLLC in NR.
Proposal 5: If dynamic resource overlapping is supported in NR, it is optional to UE, i.e., UE performs the related behavior only when configured.

Conclusion
In this contribution, we discussed resource sharing mechanisms between eMBB and URLLC in the same NR carrier. Our observations and proposals include:
Proposal 1: Support FDM, TDM, and FDM+TDM when eMBB and URLLC are multiplexed using the same subcarrier spacing, and support FDM only when they are multiplexed using different subcarrier spacing.
Proposal 2: For the case of same subcarrier spacing, support mechanisms for eMBB slot and URLLC mini-slot multiplexing (Type 1-1) and eMBB multi-slot and URLLC slot multiplexing (Type 1-2).
Proposal 3: Different CP overhead is not supported for the case of same subcarrier spacing.
Observation 1: Dynamic URLLC resource reservation in Type 1-2 and Type 1-2 provides better resource utilization efficiency and scheduling latency over FDM, and can avoid complex operations to recover the damaged or interfered eMBB transport block by resource overlapping.
Observation 2: The UP latency of dynamic URLLC resource reservation is generally worse than that of resource overlapping, but the gap depends on the time-domain configuration of DL and UL data regions.
Proposal 4: Introduce dynamic signaling for mini-slot (Type 1-1) or slot (Type 1-2) reservation for URLLC in NR.
Proposal 5: If dynamic resource overlapping is supported in NR, it is optional to UE, i.e., UE performs the related behavior only when configured.
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