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1   Introduction
In RAN1#86bis, a working assumption was made that both slots and mini-slots are supported. In this document we further discuss our view on some remaining aspects of NR frame structure. In section 2.1 we describe mini-slot details. In section 2.2 we discuss resource allocation granularity and the notion of ‘slot aggregation’.

2   Discussion

2.1 Mini-slot details
As discussed in [1], we propose that a 1 OFDM symbol mini-slot should be supported. Defining a 1 symbol mini-slot allows continuous opportunities to send DL control to the UE. This is suitable for supporting latency critical traffic applications, and also for operating in spectrum where CSMA is needed or desirable (e.g. unlicensed spectrum). For scenarios where continuous scheduling is not required, 1symbol mini-slot can be configured together with an appropriate DRX configuration to reduce UE power consumption impact.
‘mini-slots’ can be characterized as below

· UE can be configured with a mini-slot via higher layers
· It is desirable to minimise the number of supported mini-slot lengths, i.e., only a 1 symbol mini-slot duration should be supported.
· However, if multiple mini-slot lengths are defined (e.g. if 1 symbol and 2 symbol mini-slots are defined), the UE can be configured with only one mini-slot length at any given time. 
· Mini-slot configuration should be supported at least for subcarrier spacing <=30kHz
· If the UE is configured with a mini-slot, DL control signalling can be sent to the UE once every mini-slot
· If start of every slot does not align with a mini-slot (e.g. for 2 symbol mini-slot) DL control signalling can be sent to the UE once every mini-slot and once every slot (shown in Figure 1 of [1])
Proposal 1: 1symbol mini-slot duration should be supported.
2.2 Resource allocation granularity
Resource allocation granularity is the granularity with which DL/UL resources can be assigned/granted to the UE for data reception/transmission. In the frequency domain, resources can be allocated at RB-level granularity.  
As discussed in [1], we propose that time-domain resources can assigned at two different granularity levels – slot level granularity and symbol level granularity. In order to provide full flexibility for NR, it is desirable to de-link resource allocation granularity from slot-based vs. mini-slot based control channel reception. i.e., even if a UE is not configured with mini-slots, the control signalling (received at the beginning of a slot) should be able to assign resources with either slot-level or symbol level granularity. This allows the scheduler to flexibly schedule the time occupied for transmission which is necessary for CSMA-based transmissions. Similarly, for the case where UE is configured with a mini-slot and receives control signalling in a mini-slot, it should be possible to assign resources with either slot-level or symbol level granularity. This helps in minimising control overhead when relatively long transmission durations are assigned to the UE. 

Figure 1 shows some examples of the proposed flexible resource allocation approach. In order to de-link the resource allocation units from slot and mini-slot terminology, we use the terms TRU (time resource unit) and mini-TRU. 1TRU corresponds to same number of OFDM symbols in 1 slot. 1mini-TRU corresponds to 1 OFDM symbol. 
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Figure 1 –Illustration of flexible time domain resource allocation for NR 


Proposal 2-1: slot based control signalling should be able to assign resources with either slot-level or symbol level granularity.

Proposal 2-2: mini-slot-based control signalling should be able to assign resources with either slot-level or symbol level granularity.
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Figure 2 –Scheduling in presence of ‘slot aggregation’ 
The following was agreed in RAN1#86bis

•
Slot aggregation is supported

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

As discussed earlier, it should be possible to assign resources spanning multiple slots using one control message and the notion of ‘slot aggregation’ is supported for this purpose. However, ‘slot aggregation’ should be a UE specific attribute, i.e., it should be possible to simultaneously schedule UEs with different levels of aggregated slot assignments as shown in Figure 2a. Also, ‘slot aggregation’ should be de-linked with the rate at which DL control is monitored by the UE. For example, the scenario shown in Figure 2b should not be precluded. i.e., even if sometimes the UE is assigned resources spanning multiple slots, the UE is generally expected to monitor DL control on a per-slot basis. For the case where UE is already receiving data in a slot, e.g. slot 1 in Figure 2b, the UE may be allowed to skip monitoring control for that slot. However, this may not always be the case, and sometimes the UE may be expected to receive control even while receiving data (e.g. parallel reception of eMBB and URLLC traffic).
Proposal 3-1: ‘Slot aggregation’ is a UE specific attribute.

Proposal 3-2: ‘Slot aggregation’ does not define the periodicity of monitoring DL control.

3   Conclusions

We propose the following
Proposal 1: 
· 1symbol mini-slot duration should be supported. 
· When the UE is configured with a mini-slot, DL control signalling can be sent to the UE once every mini-slot.
Proposal 2: 
· Slot based control signalling should be able to assign resources with either slot-level or symbol level granularity.
·  Mini-slot based control signalling should be able to assign resources with either slot-level or symbol level granularity.

Proposal 3: 
· ‘Slot aggregation’ is a UE specific attribute.
·  ‘Slot aggregation’ does not define the periodicity of monitoring DL control.
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