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Introduction
In the 5G NR study item, the DL eMBB and URLLC multiplexing has been extensively studied and several agreements are achieved and the main ones related to this contribution are listed as follows
	· 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 
· 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 
· 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 paper, we will discuss about the eMBB and URLLC multiplexing issue under mixed numerology. 

Discussion
The DL eMBB and URLLC multiplexing can be implemented by using the same subcarrier spacing (SCS) or different SCS. For the same SCS case, to well satisfy the requirements of high throughput for eMBB and low latency for URLLC simultaneously, eMBB data can be transmitted per slot while URLLC data can be transmitted per mini-slot as shown in Fig. 1. The eMBB and URLLC can be multiplexed in TDM or FDM manners. In this case, the URLLC mini-slot can be well aligned to the eMBB OFDM symbol boundary and thus the unbroken OFDM symbols can be transmitted for both eMBB and URLLC. 


Figure 1. eMBB and URLLC multiplexing under the same SCS case
For the different SCS case, the eMBB and URLLC multiplexing becomes more complicated. Two possible methods can be adapted.
1) eMBB data are transmitted using slot structure and URLLC data are transmitted using mini-slots.
2) Both eMBB data and URLLC data are transmitted using slots.
When mini-slot is used for URLLC transmission, the mini-slot can occupy the whole or part eMBB OFDM symbol, which depends on the starting position of mini-slot and the mini-slot length. For example, when the SCS of eMBB is 15KHz and the SCS of URLLC is 60KHz, the length of one eMBB OFDM symbol equals to that of four URLLC OFDM symbols. As shown in Fig. 2, when the starting position of mini-slot is the eMBB OFDM symbol boundary and the mini-slot length is the multiple of eMBB OFDM symbol length, the URLLC mini-slot can occupy the whole eMBB OFDM symbol. 
When both eMBB and URLLC data are transmitted using slots, according to the agreement, the slot length will be 7 or 14 OFDM symbols for the SCS up to 60 KHz with normal CP. As illustrated in Fig. 3, the partially occupied eMBB OFDM symbol will always appear.
In summary, the whole eMBB OFDM symbol occupation only appears in method 1 and the partial eMBB OFDM symbol occupation may appear in method 1 and definitely appears in method 2. 
Compared with the whole eMBB OFDM symbol occupation, partial eMBB OFDM symbol occupation has the following disadvantages.
a) When eMBB and URLLC are multiplexed in TDM manner, the partial occupied eMBB OFDM symbol cannot be correctly decoded with high probability and the remaining time resource in the partially occupied eMBB OFDM symbol will be wasted. As shown in Figs. 2 and 3, the colored parts will be wasted for URLLC mini-slot 2 and slot 2, respectively. 
b) When eMBB and URLLC are multiplexed in FDM manner, because URLLC transmission time is shorter in partial eMBB OFDM symbol occupation case, the URLLC signal has more interference leakage to eMBB data and more guard bandwidth is needed to prevent mutual interference.
Since the mini-slot can be configured with length of 1 OFDM symbol to slot length, it has more flexibility to avoid the eMBB OFDM symbols are partially occupied. From the above analysis, we have the following proposal.
 Proposal 1: When the DL eMBB and URLLC services are multiplexed in the same carrier with different numerology, the mini-slot structure is suggested to be used for URLLC transmission. 



Figure 2. eMBB and URLLC multiplexing with mini-slot based URLLC transmission


Figure 3. eMBB and URLLC multiplexing with slot based URLLC transmission

When the partial occupied eMBB OFDM symbols appear, we can adopt some methods to alleviate the negative impact.
a) When eMBB and URLLC are multiplexed in TDM manner, we can enhance the eMBB throughput based on the total length of all remaining fractional parts of the eMBB OFDM symbols. 
i. When the length is much shorter than one eMBB OFDM symbol, the whole eMBB OFDM symbol can be punctured to save energy at both gNB and UE sides. An illustration is shown in Fig. 4.


Figure 4. eMBB puncturing process for case i
ii. When the length is only a littler shorter than one eMBB OFDM symbol, gNB can still transmit the remaining part because the UE has high probability to correctly decode the eMBB data. An illustration is shown in Fig. 5.


Figure 5. eMBB puncturing process for case ii
iii. When the length is longer than one eMBB OFDM symbol, there will be two partially occupied eMBB OFDM symbols as shown in URLLC mini-slot 3 of Fig. 6. We can flit the latter part of the first partially occupied eMBB OFDM symbol to the end of the last partially occupied eMBB OFDM symbol as shown in Fig. 6. The length of flitting part is equal to the remaining length of the last partially occupied eMBB OFDM symbol. The UE side operation is shown in Fig. 7, the latter part of the last partially occupied eMBB OFDM symbol is flitted to the end of the first partially occupied eMBB OFDM symbol. The length of flitting part is equal to the punctured length of the first partially occupied eMBB OFDM symbol.



Figure 6. eMBB transmitting process at gNB side for case iii


Figure 7. eMBB receiving process at UE side for case iii
b) When eMBB and URLLC are multiplexed in FDM manner, some filtering method can be applied to the URLLC services to alleviate the interference to eMBB so that the guard bandwidth can be reduced. Some operation in case a) i and ii can also be applied for FDM operation. 

Observation 1: Some methods can be used to alleviate the negative impact of partially occupied eMBB OFDM symbols and enhance the eMBB throughput.
Conclusion
In this contribution, we discuss about the DL eMBB and URLLC multiplexing under mixed numerology. Based on the analysis on the mini-slot and slot-based transmission of URLLC services, we have the following observations and proposals:
Proposal 1: When the DL eMBB and URLLC services are multiplexed in the same carrier with different numerology, the mini-slot structure is suggested to be used for URLLC transmission. 
Observation 1: Some methods can be used to alleviate the negative impact of partially occupied eMBB OFDM symbols and enhance the eMBB throughput.
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