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1. Introduction

In last NR ad hoc meetings, the following agreements have been achieved on eMBB and URLLC multiplexing for DL [1]:

· For DL, support indication of time and/or frequency region of impacted eMBB resources to respective eMBB UE(s)

· FFS: Details of  the granularity for impacted region used in the indication 

· e.g., PRB (group)/symbol (group)/mini-slot (group)/CB (group)/TB/Slot

· The indication is transmitted at one of the following (will be down selected later)

· during current eMBB TTI

· after current eMBB TTI

· during  and after current eMBB TTI

· The indication is one of the following (will be down selected later)

· explicit

· implicit

· explicit and implicit
· DL dynamic resources sharing between eMBB and URLLC is supported without pre-emption by scheduling the eMBB and URLLC services on non-overlapping time/frequency resources.

· No specific specification work is expected  

· The above should be captured into TR 38.802

In this meeting, we will provide some considerations on the design of eMBB and URLLC multiplexing for DL.
2. Discussions 
According to the previous discussions, lots of consensuses have been reached on the eMBB and URLLC multiplexing for DL. One of the most important conclusions is that dynamic resource sharing on eMBB and URLLC in DL is mainly divided into two categories: preemption based transmission and scheduling based transmission.
2.1. Preemption based approach
Preemption based multiplexing can guarantee the latency requirements of URLLC service to the greatest extent. Once the URLLC service arrives, the most appropriate symbol could be selected to start related data transmission. But there are two obvious flaws in this way. One is for the ongoing business, such as eMBB services will have a direct interference. Another point is that in order to support URLLC services beginning at any OFDM symbol, the requirements for UE control channel detection will be very high. The high monitoring density of the control channel will undoubtedly bring great challenges to the power consumption for URLLC UE. If any type of UEs supports preemption based multiplexing, this is obviously an inappropriate approach.
Proposal 1: Preemption-based multiplexing for DL is only applicable to specific UE type(s).
The low delay characteristics of URLLC services make it necessary to use Mini-slot to carry on this kind of service. It is also applicable for eMBB and URLLC multiplexing. In order to ensure the reliability requirements of URLLC services, the basic transmission granularity for URLLC services should consider Mini-slot design, low coding rate and repetition transmission. This makes the granularity of URLLC services in frequency domain is much larger than the eMBB services. However, the exact granularity for URLLC services still needs FFS.
Proposal 2: Mini-slot is used as the baseline for preemption-based multiplexing.
Once the multiplexing of URLLC and eMBB occurs, the affected area of eMBB data could have different processing methods. One is puncturing the data of affected area and only sending the rest part of the data that is not affected. eMBB UE assuming that the entire region is eMBB data and the URLLC data is recognized as interference. This method has a great impact on the reliability of eMBB data, but because of no special treatment, there are no strong requirements on URLLC services indication. Another way is that once the multiplexing occurs, BS and eMBB UE make adjustment accordingly, such as BS uses other strategies but not only puncturing eMBB data. At eMBB UE side, some adjustments need to be done according to BS strategy. No matter what kind of strategy, UE needs to know the relevant information. For UE, regardless of whether the indication sent in the current TTI or after the TTI, the demodulation for current TTI is unavoidable treated as eMBB data only. When the URLLC and eMBB multiplexing indication is received, if the data is not received correctly, the received data is reprocessed. In the process of reprocessing, if the indication information contains less effective information, the value of indication is very limited.
At the BS side, once the preemption-based transmission for URLLC in the eMBB data region happens, if the eMBB data to be sent is reprocessed, such as according to the remaining resources after URLLC services transmission to make encoding and scheduling, it will be a big challenge for hardware processing capability. Besides, due to the time and frequency resource assumptions for URLLC transmission is uncertain, the available time for BS reprocessing is also difficult to determine. Therefore, when preemption-based multiplexing happens, the adjustments from the BS side are really limited. Accordingly, if multiplexing indication is transmitted in current eMBB TTI, it will also bring additional burden to BS processing. Therefore, based on the considerations on both UE and BS side, it is a more reasonable choice to make detail explicit indication after current eMBB TTI, according to occupation of URLLC services.
Proposal 3：The indication for DL eMBB and uRLLC multiplexing is explicitly transmitted after current eMBB TTI. 
2.2. Scheduling based approach

Scheduling based approach comparing with preemption-based approach has a slight disadvantage on delay for URLLC services. However, scheduling–based approach is more relaxed on UE control channel detection. Scheduling-based multiplexing will provide different services with different time /frequency resources and no extra overlap and interference appears. This will bring eMBB services performance advantage to scheduling-based approach. The main usage scenario for preemption-based approach is initial URLLC transmission while scheduling-based approach is more suitable for general URLLC data transmission. 
In the actual network, the requirements of delay and reliability are different for different services. Even for URLLC services, there are still different requirements for difference type of services. Based on the discussions on Mini-slot, the application scenarios of Mini-slot are not limited to URLLC services only. 

Observation 1: Scheduling-based multiplexing approach has more usage scenarios and should be supported by all UE types.

3. Conclusion
In summary, the following proposals and observations are provided for the design of eMBB and URLLC multiplexing:
Proposal 1: Preemption-based multiplexing for DL is only applicable to specific UE type(s).
Proposal 2: Mini-slot is used as the baseline for preemption-based multiplexing.
Proposal 3：The indication for DL eMBB and uRLLC multiplexing is explicitly transmitted after current eMBB TTI. 
Observation 1: Scheduling-based multiplexing approach has more usage scenarios and should be supported by all UE types.
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