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1. Introduction

As a new feature of NR, multiplexing of different services or numerologies has attracted much attention, the following agreements has been made since RAN1#86,
	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


	Related agreements at the RAN1#86bis meeting:

	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


	Related agreements at the RAN1#87 meeting:

	Agreements:
· For DL, dynamic resource sharing between URLLC and eMBB is supported by transmitting URLLC scheduled traffic

· URLLC transmission may occur in resources scheduled for ongoing eMBB traffic


In this contribution, we will discuss two possible schemes for resource sharing of eMBB and URLLC in downlink transmission, which are 1) URLLC overlapping with resources of ongoing/scheduled longer eMBB transmission and 2) non-overlapping approach by scheduling.
2. Discussion on multiplexing of eMBB and URLLC in DL
The distribution of different services in different areas and different network deployment may vary. When the URLLC service appear randomly, it is inefficient to reserve or pre-allocate some resources for URLLC. Allow the unexpected URLLC transmission occurring in resources scheduled for ongoing eMBB traffic is more efficient. When there are persistent URLLC services resource requirement, non-overlapping approaches by scheduling can be considered, to ensure the requirement of URLLC without degrading the performance of eMBB. The detailed design for such two schemes are discussed in the following.
2.1 URLLC overlapping with resources of ongoing eMBB transmission
When there are no reserved resource or not enough reserved resource for URLLC service, preemption or superposition may be required. In this contribution, the preemption is focused, and the superposition scheme is left for further study. The preemption of URLLC will degrade the decoding performance of the ongoing eMBB transmission. By informing the exact punctured resources to eMBB UEs, the time required by retransmission (if happened) will be reduced and spectrum efficiency can be improved for eMBB [1]. In this section, how to inform the punctured resources to eMBB UEs are discussed.
The following four options are possible to inform the preempted resources to the eMBB UEs, 
· Option 1: inform on resources of the punctured OFDM symbols;

· Option 2: inform at the end of eMBB scheduling interval;

· Option 3: inform in the next eMBB scheduling interval;

· Option 4: inform when the retransmission of corresponding eMBB data happens.
For option 1, when the eMBB UE failed in decoding, it may need to examine the preemption indication in every possible URLLC scheduling interval, the blind decoding complexity is high for eMBB UEs. On the other hand, during one eMBB interval, the preemption may happen more than once, indication for every preemption independently may involve higher overhead than an overall indication when gNB has known all the pre-emption.  
For option 2, a predefined resource can be used to transmit the indication to reduce the blind detection complexity. At the end of current eMBB interval, the gNB has all the preemption information for the current eMBB interval to determine indication message, and some additional information can also be added according to how much resource is punctured. Such information would help eMBB UE to improve its decoding performance. It can be further considered that, if the gNB assures that URLCC puncturing will make eMBB data undecodable, gNB also indicates to the eMBB UE that current DL transport block will be retransmitted in certain consequent subframe(s), which may help to save some A/N feedback for eMBB UEs and reduce retransmission latency.
For option 3, the gNB also has all the preemption information for the last eMBB interval to determine indication message. The problem is, in some case, the next one or several slots after the eMBB DL scheduled interval may be uplink, then the information will be delayed. If the next DL interval is later than the HARQ-ACK feedback uplink interval, and if a NACK is transmitted for the preempted DL interval, the gNB will prepare for the retransmission. In this way, the later preemption indication is not used to improve the decoding performance of the first transmission, the benefit of reducing number of HARQ retransmissions has not been fully exploited and the performance of such scheme is similar as Option 4. 
For option 4, indication when retransmission happens can avoid pollution for combining data, but no help for the eMBB decoding when preemption happens, which may cause more retransmission compared with option 1/2.
Considering the above analysis, option 2 is slightly preferred, as the preemption information can be known as early as possible to improve decoding performance of preempted eMBB data. The complexity of UE monitoring such information can be reduced by configuring an indication resource and informing it to UE, whether the resource configuration is semi-static or dynamic can be further studied. 
As tothe resource configured for the indication information of option 2, e, as its presence is known to UEs to reduce monitoring complexity, it can be reserved without eMBB data. However, in order to make the resource utilization more efficiency, it can also be utilized for transmission of eMBB data when no preemption happens; in such case, whether the resource are used by preemption indication or eMBB data can be blindly decoded by UE. 
For the indication information content, the time and frequency location should be included. The indication granularity for time can be OFDM symbols or mini-slots, if scheduling of URLLC is based on mini-slots. For frequency location indication, if pure TDM multiplexing is adopted, no detail frequency information is needed in addition to time information. However, if FDM is also used, multiplexing can be based on PRBs level in frequency domain, since finer indication helps for better improvement of pre-empted UE’s decoding performance. An example is given in figure.1 to show TDM multiplexing in TDD system with self-contained URLLC and FDM multiplexing in FDD systems. Apparently, if mini-slot level self-contained transmission is not necessary for URLLC, FDM can also be used in TDD systems, where frequency indication is also needed.
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Figure 1. TDM and FDM multiplexing of URLLC and eMBB
In order to minimize the influence for eMBB RS measurement, the preemption should distinguish some periodic RS and rate match around them if the same numerology is used, FFS when different numerologies are used since the REs are not one to one mapping.
Proposal 1: Indication of preempted resources by URLLC to eMBB UEs is needed to improve decoding performance for eMBB UEs.
Proposal 2: The indication is preferred to be at the end of eMBB scheduling interval.
Proposal 3: When preemption happens, rate matching around periodic RS needs to be considered.
2.2 Non-overlapping approaches by scheduling
Non-overlapping approaches by scheduling means to separately allocate resources for eMBB and URLLC, in semi-static or dynamic ways. For such scheme, both TDM and FDM based resource partition between eMBB and URLLC can be considered. 
For TDM solution, to avoid decoding performance loss for the eMBB interval, scheduling based approaches shall avoid happening of preemption as much as possible. Adjusting the scheduling interval of eMBB to be the same as URLLC can make the multiplexing of them more flexible, and eMBB can share the physical channel left by URLLC in the same interval. It is better for eMBB user experience since eMBB transmission will not be delayed with existence of URLLC services. However, as scheduling is based on short transmission interval, the control overhead will be high for large data eMBB transmission, and existence of GP also reduce resource utilization, so when to do such adjustment need to be further studied considering system efficiency. 
For FDM solution, when self-contain is not essential for URLLC to interrupt one downlink or uplink eMBB transmission, which means no downlink-uplink interference, FDM will be a simple way and efficient way to ensure timely transmission of URLLC services, and transmission of eMBB can also happen at the same time, this is good for eMBB user experience. 
Regarding to the resource allocation method, semi-static, dynamic and combined ways should be further studied. If URLLC service has static resource requirement, semi-static configured URLLC subbands can be used. For persistent but dynamic changed URLLC resource requirement, dynamic resource configuration is essential to avoid resource pre-emption and ensure high efficiency. Combined method can also be used to dynamic change URLLC resources, but it is a tradeoff scheduling flexibility and control overhead. Two-level DCI studied in LTE R15 low latency can be a reference for dynamic and combined method, where DCI transmitted in eMBB interval level can be used to dynamically change size of multiplexed URLLC subbands. 
Proposal 4: Both FDM and TDM based multiplexing of eMBB and URLLC should be further studied. For the resource allocation of FDM multiplexing, semi-static, dynamic and combined scheduling of URLLC resources should be further studied.
3. Conclusions 
In this contribution, we discuss resource sharing of eMBB and URLLC in DL, the following proposals are made:
Proposal 1: Indication of preempted resources by URLLC to eMBB UEs is needed to improve decoding performance for eMBB UEs.

Proposal 2: The indication is preferred to be at the end of eMBB scheduling interval.

Proposal 3: When preemption happens, rate matching around periodic RS needs to be considered.

Proposal 4: Both FDM and TDM based multiplexing of eMBB and URLLC should be further studied. For the resource allocation of FDM multiplexing, semi-static, dynamic and combined scheduling of URLLC resources should be further studied.
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