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1. Introduction
In RAN1#86bis, the followings are agreed. 
Agreements:
· Slot aggregation is supported

· Data transmission can be scheduled to span one or multiple slots

Agreements:
· Explicit signaling to NR UEs can indicate reserved resources

· The details on signaling information and transmission are FFS 

· e.g. granularity for blank resource indication

· e.g. RRC signaling and/or L1 signaling (including DL control information)

· e.g. broadcast and/or unicast signaling

· e.g., whether this signaling is applicable to UE UL operation and/or DL operation and/or sidelink operation

· FFS: combination of above signaling

· FFS: time and frequency granularity

2. Discussion

2.1. Slot Size
It was agreed to support 7 and/or 14 for slot size with possible down selection for different subcarrier spacings. One slot can be used for one scheduling unit, or TTI. In terms of the usefulness of 7 OFDM symbol slot, in our view, is very restricted. In LTE, 7 OFDM symbol sTTI is adopted as it can reduce latency and enhance network throughput. However, it is also observed that similar latency reduction and network throughput enhancement can be also achieved by reducing processing time between control and data, and data and HARQ-ACK. Smaller size of slot would increase control overhead, RS overhead, signaling overhead, and possibly DL-UL switching gap overhead. If typically 14 OFDM symbols are used for scheduling unit, and DL-UL switching unit, it is desirable to support only 14 OFDM symbols as a slot size. 
It has been discussed that 7 OS slot size is necessary for URLLC support, particularly, in higher subcarrier spacing such as 60 kHz. URLLC handling, in our view, can be done via mini-slot. The size of mini-slot should be carefully designed in consideration of multiplexing with different usage scenarios such as eMBB. 

Furthermore, when different number of slot sizes are supported and the size is configurable, it is necessary to determine “default” slot size for scheduling common data such as SIB, RACH related messages, and paging. Furthermore, for inter-cell coordination/cooperation such as PRS, MBMS, ICIC, CoMP, etc., unless it is always based on subframe, default slot size which are widely used/assumed would be necessary. At least when 15 kHz is used, this default slot size should be same as subframe length which is essential to support potential inter-cell coordination/cooperation between NR and LTE. 
Proposal 1: Downselect 14 OFDM symbols as a slot size at least for 15 kHz NCP. 

Proposal 2: Default slot size is assumed to be 14 OFDM symbols for 15 kHz, 30 kHz and 60 kHz NCP. 

2.2. Slot Aggregation
In last meeting, slot aggregation was agreed to be supported in NR. In terms of slot aggregation, multiple aspects can be considered. Firstly, a UE may be configured with monitoring control channel in every slot or multiple slots. Supporting multiple slots can help UE battery saving, particularly, when a UE is scheduled with a TB spanning multiple slots. 

Proposal 3: A UE can be configured to monitor control channel in every slot or every multiple slots.  
Secondly, as discussed in our companion contribution [1], slot aggregations can be used to determine DL:UL resource allocation, particularly for inter-cell coordination purpose. Moreover, when signaling is considered to indicate DL-UL type, to minimize signaling overhead to indicate DL-UL type in every slot, particularly with large subcarrier spacing, it is also considerable to define slot group where DL-UL type within the slot group can be indicated in every slot group period instead of every slot. 
Proposal 4: Slot-grouping is introduced where DL-UL type indication can be applied within slot-group duration.

2.3. Mini-slot
To meet URLLC requirement, generally, TTI duration should be smaller than 0.2msec [2]. To support diverging cases where UE may support a restricted set of numerologies and different delay spread environments, it is necessary to support TTI smaller than 0.2msec with subcarrier spacing equal to or larger than 15 kHz. In this sense, we consider that at least 2 symbol size should be supported to meet the latency requirement for 15 kHz. For 30 kHz and 60 kHz, it is beneficial to support 4 and 8 OFDM symbols for TRU sizes which correspond to 2 OFDM symbol based on 15 kHz. More generally, it is considered to define a mini-slot size corresponding to 2 OFDM symbol based on the numerology used for eMBB. The reason is to allow efficient TDM multiplexing of URLLC and eMBB. In terms of scheduling of eMBB, it is also considerable to utilize either large SU size or small SU size (i.e., 14 or 2 OS). In case small TRU size is used, for eMBB scheduling multi-TTI scheduling can be utilized which can allow efficient multiplexing between eMBB and URLLC in the same NR carrier.  
Proposal 5: Support mini-slot size of 2 or multiple of 2 OFDM symbols. For TDM multiplexing eMBB and URLLC, scheduling eMBB utilizing multiple small TRUs should be supported. 
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Figure 1. Illustration of different TRUs
 Figure 1 shows an example of different TRUs. Smaller size of TRU less than 14 OS may be defined only for a limited set of numerologies supported by the carrier, rather than for all numerologies. The main purpose of small TRU size is to support for URLLC, small TRU size is defined for the numerology(s) used for URLLC only. 

2.4. Guardband Handling
In the last meeting, it was discussed whether/how to handle guard band in cases where single or multiple numerology is used in a NR carrier. In case single numerology is used, resource block can be formed by excluding guard band, and thus, waste with guardband can be minimized. In case, multiple numerologies can be used within a NR carrier, the overlap can be minimized by shifting RB grid. 
For example, in case FDM among different numerologies are configured rather dynamically, the guard band can be applied to the smaller subcarrier spacing to minimize the overhead. In case, the network cannot utilize all the resources with smaller subcarrier spacing, then extra resource can be remained which may not be used as shown in Figure 2. The issue can be resolved by forming resource grid of larger subcarrier spacing from the starting of allocated frequency rather than forming the RB grid in a nested manner. 
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Figure 2. Illustration of unused resource with guard band
If this issue can be resolved by scheduling, we do not see any strong need to introduce any other mechanism to handle the guard band. 
Proposal 6: Indeed, utilization of guard band is essential, consider forming RB grid effectively to minimize guard band.
2.5. Slot Types

The slot structure should be flexible to indicate (1) DL burst only (2) UL burst only (3) DL burst – GP – UL burst and (4) overlapped DL burst and UL burst. Also, the size of DL burst and UL burst can be dynamically changed via scheduling to allow efficient multiplexing with other services and other links. In that sense, it becomes very inefficient to define a prefixed set of slot patterns/types. So, we propose the following two slot types shown in Figure 3 which can be overlaid to define a slot type. 
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Figure 3. Basic structure to define a TRU type
With these two basic structure where GAP can be zero values, Figure 4. shows an examples of different patterns in unpaired and paired spectrum. 
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Figure 4. Various TRU types with DL burst and UL burst structure

To allow full flexibility including forward compatibility, we propose to adopt the basic DL burst and UL burst structure where GAP size can be dynamically adjusted by the scheduling information or semi-statically configured and two structures can be overlaid in the case of unpaired spectrum or flexible duplex operation in a band. 

Proposal 7: Two structures - DL + gap and gap + UL + gap – are used to represent any DL/UL combination within a TRU in overlaid manner between DL and UL.  

2.6. Indication of reserved resource

As agreed in the last meeting, explicit indication to a UE on reserved resource is essential. Explicit indication via semi-static signalling may not be sufficient as there are other cases where resources are reserved which would not be efficient to reserve semi-statically. One example is to multiplex eMBB and URLLC downlink where if the network knows URLLC traffic presence before transmitting eMBB data, it can indicate reserved resource for URLLC in the slot. Another example is to allow dynamic resource sharing between backhaul and access links where dynamic indication of resources used for backhaul signaling would be essential. With many use cases, we consider that semi-static configuration of reserved resources are not sufficient. 
Proposal 8: Dynamic indication of reserved resources should be supported in NR.  

When dynamic indication is adopted, we consider possibly two approaches. One is to indicate “available resource” within a slot by scheduling and indication of starting and ending OFDM symbols of data transmission within a slot. Another approach is to consider cell-specific common signaling to indicate resource map usable for UEs, which may require different signaling and/or interpretation per different usage scenarios (e.g., URLLC UEs may ignore or may not read reserved resource indication for eMBB). If indication is adopted, both time and frequency, and also possibly spatial domain resources can be indicated for the reserved resources. 

Proposal 9: Dynamic indication based on scheduling is considered as a starting point for reserved resource indication. Further consider introducing cell-specific dynamic signaling if scheduling based approach is not sufficient.   

3. Conclusions

We discussed remaining issues on frame structure, and proposed the followings. 
Proposal 1: Downselect 14 OFDM symbols as a slot size at least for 15 kHz NCP. 

Proposal 2: Default slot size is assumed to be 14 OFDM symbols for 15 kHz, 30 kHz and 60 kHz NCP. 

Proposal 3: A UE can be configured to monitor control channel in every slot or every multiple slots.  
Proposal 4: Slot-grouping is introduced where DL-UL type indication can be applied within slot-group duration.

Proposal 5: Support mini-slot size of 2 or multiple of 2 OFDM symbols. For TDM multiplexing eMBB and URLLC, scheduling eMBB utilizing multiple small TRUs should be supported. 

Proposal 6: Indeed, utilization of guard band is essential, consider forming RB grid effectively to minimize guard band.
Proposal 7: Two structures - DL + gap and gap + UL + gap – are used to represent any DL/UL combination within a TRU in overlaid manner between DL and UL.  

Proposal 8: Dynamic indication of reserved resources should be supported in NR.  

Proposal 9: Dynamic indication based on scheduling is considered as a starting point for reserved resource indication. Further consider introducing cell-specific dynamic signaling if scheduling based approach is not sufficient.   
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