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1 Introduction
 It was agreed in RAN1 #86b as following:
Agreements:
· For SCS of up to 60kHz with NCP, y = 7 and 14
· FFS: whether/which to down select for certain SCS(s)
· For SCS of higher than 60kHz with NCP, y = 14
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
This contribution discusses the further design of the eMBB and URLLC frame structure and addresses also multiplexing issues.
2 Discussion
The subframe duration defines a reference time for the frame structure. Slots and mini-slots are both counted by their number of symbols. Thus, the detailed frame structure design for eMBB and URLLC is based on the concept of slots and/or mini-slots. 
eMBB frame structure
For eMBB services using the SCS of up to 60 kHz, the number of OFDM symbols in a slot can be 7 or 14. The mini-slot may be mainly used for URLLC, and 2 OFDM symbols can be considered.
For eMBB, the target for user plane latency should be 4 ms for UL and 4 ms for DL [1]. Latency is not so urgent for eMBB. Instead, eMBB will target more on spectrum efficiency, with target peak data rates of 20 Gbps for downlink and 10 Gbps for uplink. Shorter scheduling units result in more gap overhead, UL/DL turn-around time and less efficiency of the transmission block. Thus a 7 or14 symbol slot (SCS<60 kHz) should be able to be aggregated to a longer duration for scheduling.  The number of slots in one scheduling unit depends on the specific scenarios. Some examples of eMBB scheduling units for different scenarios are shown in Figure 1.


Figure 1: examples of scheduling unit for eMBB
Note: one scheduling unit can be a slot (or a mini-slot). 
URLLC frame structure
For the reference numerology with subcarrier spacing 15 kHz, the scheduling unit for URLLC transmission can be achieved based on two possible methods: (1) further reducing the number of symbols, compared with the number of symbols in slot, (2) using wider SCS to reduce symbol length with the similar number of symbols as the slot for the eMBB.
A Mini-slot is used for URLLC to reduce the number of symbols of the scheduling unit. This can be applied for smaller SCS like 15 kHz. For 15 kHz SCS, two symbols span 0.14 ms. Such duration allows roughly 2 retransmissions within 1 ms.  It is possible to multiplex control, RS and data in 2 symbols and thereby allowing a fast processing on the UE side. It is also compatible with short TTI in LTE. The mini-slot can be applied in FDD systems. However, for TDD, it is impossible to accomplish downlink to uplink switching within 2 symbols. Then, bundling HARQ feedback of multiple mini-slots can be used.
When using the slot format for URLLC transmission, a wider SCS has to be used to reduce the symbol length. It may have the similar number of symbols as the slot for the eMBB. In different scenarios, a slot can include different numbers of symbols. Assuming that URLLC traffic is configured 60 kHz subcarrier spacing, a slot can include 7 OFDM symbols as baseline. As an example in TDD, the structure can be 1-symbol DL control, 4-symbol DL data, 1-symbol gap and 1-symbol UL control.


URLLC services multiplexed within eMBB DL part
URLLC requires much shorter latency than that for eMBB. When eMBB and URLLC are concurrent, URLLC should be scheduled with priority. As a possible transmission method, URLLC services can puncture in the resource already allocated for eMBB so as to meet the latency of URLLC. It is suitable for sporadically URLLC data arrival,
For an eMBB UE, there are two options for the processing: 
· Option1: The eMBB UE does not know which resources are occupied by URLLC. Then, it may attempt HARQ soft combining of the first transmission and second transmission, including the damaged data.
· Option2: The eMBB UE knows exactly which resources are occupied by URLLC. For the first transmission, it drops the parts collided with URLLC data. And HARQ soft combining will exclude the damaged data.
Option 1 will have a negative performance impact on the performance. The link level simulations in figure 2 and figure 3 shows that the time for retransmission will be reduced and spectrum efficiency can be improved with option 2.
[image: ]
Figure 2: relative throughput of eMBB when punctured by URLLC
[image: ]
Figure 3: performance of eMBB when punctured by URLLC
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Note: in figure2, the relative throughput = TTI with correct detection/total TTI
Observation 1: If the position infromation of URLLC could be informed to eMBB UE, then the performance of eMBB UE can be improved significantly.
For the indication of the position of URLLC, there are two ways: one is to indicate it in the DCI of the next scheduling unit. The other one is to let the eMBB UE know the position of URLLC at the time when the URLLC is scheduled. For the latter one, an eMBB UE discovers the presence of a URLLC service when it is receiving its data. It can then receive only data not punctured even in the initial transmission. Thus, the service efficiency can be further improved. 
Proposal 1: The puncture position information of URLLC should be known by eMBB UE at the first transimission 
When it is supported that the URLLC puncture the eMBB in the gNB, there are two cases for the downlink resource with a time length equal to the scheduling interval for the eMBB UE. One case is the resource is only used for the eMBB UE. The other case is the resource is shared between the URLLC UE and the eMBB UE. Then the URLLC UE can puncture the eMBB’s transmitting the downlink data. For the shared resource case, the eMBB UE need detect the puncture position and decode the received data excluding those data on the puncture position. A signal for notifying whether it is possible that the URLLC traffic will puncture the eMBB data on the shared resource is needed. When the gNB does not support the URLLC traffic puncturing the eMBB data, the gNB also can broadcast to all the eMBB UEs.
In the downlink, the dedicate resource for the eMBB UE and the shared resource for the eMBB UE and the URLLC UE can be multiplexed in the FDM way in Figure 4. When the gNB schedules the eMBB UE using the resource which is in the dedicate resource region, the eMBB UE need not detect the puncture position. And the shared resource can be adjusted according the URLLC traffic load. 


Figure 4: FDM for the shared resource and the dedicated resource
Another method is that the downlink control information in the PDCCH indicates whether it is possible the eMBB data is punctured by the URLLC traffic. If the DCI indicates the scheduled eMBB data will not be punctured, the eMBB UE receiving the eMBB data will not detect the puncture position. By this way, the gNB need not define a dedicated resource region for eMBB traffic, all the downlink resource can be shared between the eMBB UE and the URLLC UE.
Proposal 2: RAN1 study the introduction of a mechanism to notify the eMBB UE whether it is punctured in the resource which already has been assigned to transmit the eMBB data. 
The mechanism for the gNB notifying the puncture position to the eMBB UE should be considered in designing the frame structure. When the URLLC traffic is puncturing the eMBB data, there are three kinds of method to notify the puncture position in general.

Option 1: transmitting the puncture position information in the URLLC slot
When URLLC traffic punctures the eMBB data, the gNB broadcasts a signal to all the eMBB UEs, indicating the positon of the URLLC traffic as in the figure 5. After the eMBB UEs receive the puncture position, the eMBB UEs decode the received data excluding those data on the puncture position.


Figure 5: transmitting the puncture position information in the URLLC slot
Option 2: reserving the resource for transmitting a signal for assisting the eMBB UE to detect where the URLLC traffic is puncturing the eMBB data or transmitting the puncturing position information 
When it is possible that the URLLC traffic punctures the eMBB data, the gNB reserves some resource for transmitting a signal for assisting the eMBB UE to detect where the URLLC traffic is puncturing the eMBB data or transmitting the puncture position information. For the Figure 6 on the left, some resource elements is reserved for muting, when the eMBB UEs receive some data on the reserving resource position, the UE will consider the eMBB data be punctured by the URLLC traffic. According to the position for the reserved resource elements, the eMBB UE can decide the puncture position. For the Figure 6 on the right, some resource elements in the last one or two symbol is reserved for transmitting the puncture position information. When the eMBB UEs receive the puncture position information on the reserve resource position, the UE will consider the data to be punctured by the URLLC traffic.


 
Figure 6: reserving the resource for notifying the puncture
Option 3: puncturing the predefine resource position for indicating where the URLLC traffic is puncturing the eMBB data or transmitting the puncture position information
When it is possible that the URLLC traffic punctures the eMBB data, the gNB can puncture the predefined resource position for indicating where the URLLC traffic is puncturing the eMBB data or transmitting the puncture position information. For the Figure 7 on the left, when the URLLC traffic punctures the eMBB data, the gNB will mute some resource elements on the predefined resource position. If the eMBB UE detects the muting on the predefined position, it will consider the eMBB data be punctured by the URLLC traffic. According to the muting position, the eMBB UE can decide the puncture position. For the Figure 7 on the right, some predefined resource elements in the last one or two symbols are punctured for transmitting the puncture position information, when the eMBB UEs receive the puncture position information on the predefined resource position, the UE will consider the data to be punctured by the URLLC traffic.


 
Figure 7: puncturing the predefine resource position for notifying the puncture
Proposal 3：RAN1 further select the method of notifying the puncture position
Data arrival for URLLC will impact the overall latency. As a latency critical service, it may occur at any time instance and require immediate scheduling opportunity. On defining of transmission opportunity, there are two options:
Option1: The scheduling unit of URLLC can start at any eMBB symbols within eMBB numerology slot.
Option2: The scheduling unit of URLLC should start at some given eMBB symbols within eMBB numerology slot.
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]For option1, the URLLC UE has to monitor downlink control channel symbol by symbol, which brings much complexity and can consume much energy. Moreover, this will also have more overhead for notifying the puncture position. For option2, URLLC should start at some given eMBB symbols within the slot of eMBB. In such way, URLLC UE only monitors some given OFDM symbols, which can reduce complexity and energy.
Proposal 4: URLLC services should start at some given eMBB symbols within eMBB numerology slot.


Figure 8: an example of multiplexing for URLLC and eMBB

Special cases 
There could be cases where puncturing is not needed, e.g. when the DCI/UCI of URLLC and eMBB could be multiplexed in the same resources pool with the same numerology. Then, as long as the DCI/UCI uses different resources for different UEs, puncturing can be avoided. In such case, the eMBB UE would skip the slot (or mini-slot) of URLLC. The resource allocated to eMBB in the DCI will not include resources that are occupied by the URLLC service.


Figure 9: an example of DCI of URLLC and eMBB multiplexed in the same resources 
In Figure 10, the PUSCH of URLLC is delayed by k slot or mini-slot, and k can be 1or 2. Especially, the UL part of URLLC can be multiplexed with eMBB in the UL part if the latency restriction still allows this.



Figure 10: an example of delay feedback for URLLC
In Figure 9 and Figure 10, the same numerology is used for control of URLLC and eMBB.
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Observation 2: If the numerologies used for control information for URLLC and eMBB are the same, puncturing may be avoided.
Proposal 5: Control channel for URLLC can reuse the numerology of eMBB to avoid puncturing in some cases.
In the case as shown in figure 9, URLLC occupies the first mini-slot (or slot) of the scheduling unit for eMBB. The gNB can transmit eMBB DCI after the URLLC scheduling unit. Accordingly, the UE can monitor DCI in the next possible mini-slot (or slot) without further delay. There is no need to puncture.


Figure 11: an example of URLLC in the front resource of eMBB 
3 Conclusion
In this contribution we illustrated basic frame structure design for eMBB and URLLC services based on current concept of subframe, slot and mini-slot. We also further discussed how to multiple them to fully utilize the NR carrier. As summary, we have proposals and observations:
Observation 1: If the position infromation of URLLC could be informed to eMBB UE, then the performance of eMBB UE can be improved significantly.
Observation 2: If the numerologies used for control information for URLLC and eMBB are the same, puncturing may be avoided.
Proposal 1: The position information of URLLC should be known by eMBB UE at the first transimission
Proposal 2: RAN1 study the introduction of a mechanism to notify the eMBB UE whether it is punctured in the resource which already has been assigned to transmit the eMBB data. 
Proposal 3：RAN1 Further selects the method of notifying the punctured position
Proposal 4: URLLC services should start at some given eMBB symbols within eMBB numerology slot.
Proposal 5: Control channel for URLLC can reuse the numerology of eMBB to avoid puncturing in some cases.
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