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1   Introduction
RAN1 agreed on a definition of subframe duration in RAN1#86. In addition to this, certain aspects of ‘slot’ and mini-slot’ were agreed to be considered as starting points of NR frame structure.

In this document, we further discuss our views on flexible frame structure and control signalling for NR. In section 2.1 we discuss slot and mini-slot durations and their relationship to DL control signalling.  In section 2.2, we discuss resource allocation granularity for assigning DL/UL resources for data transmission. In section 2.3, we clarify our view on TTI duration. In section 2.4, we discuss the need for semi-static reservation of resources. Conclusions are provided in section 3.

2   Discussion

2.1 Slot and mini-slot based DL control
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Figure 1 –Illustration of  slot and mini-slot based DL control 
Given the agreements in RAN1#86, ‘subframe duration’ is 1ms for a reference numerology with 15kHz subcarrier spacing, and 1/2m ms for reference numerology with 2m *15kHz subcarrier spacing.
In RAN1#86, the notion of a ‘slot’ and ‘mini-slot’ were considered. While ‘subframe duration’ is defined using a reference numerology, ‘slot’ and ‘mini-slot’ are defined in terms of the numerology used for transmission. The numerology used for transmission of slot/mini-slot can be different from the reference numerology used for determining subframe duration.

‘slot’ and ‘mini-slot’ durations can be characterized as below

· Slot duration is y=7 OFDM symbols in the numerology used for transmission. 
· UE can be configured with a Mini-slot. Similar to slot, mini-slot corresponds to y’<y OFDM symbols in the numerology used for transmission 
· 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
· DL control signalling can be sent to the UE once every slot duration

· 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)
Figure 1 illustrates slot and mini-slot durations considering two example subcarrier-spacing values 15kHz and 60kHz. As shown in the figure, 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 carrier sense multiple access is needed or desirable (e.g. unlicensed spectrum). Configuring a mini-slot does not necessarily increase overhead (overhead would mainly depend on the resource granularity used for scheduling data transmissions). However, it can impact UE complexity and power consumption which can be addresses by designing appropriate control channel reception and DRX mechanisms. Also, UE implementation and testing complexity can be reduced by having similar control channel transmission structure for slot based and mini-slot based DL control.
2.2 Resource allocation units 

Another aspect that was discussed in RAN1#86 was resource allocation granularity, i.e., the granularity with which DL/UL resources can be assigned/granted to the UE for data transmission. Considering the wide range of use cases targeted for NR, flexible resource allocation granularity in both time and frequency domain is desirable.
In time domain, NR resources can be assigned in multiples of Time resource units (TRUs) or mini-TRUs. 
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Figure 2 –Illustration of  TRU based and mini-TRU based resource allocations

Time resource units (TRUs) and mini-TRUs can be characterised as below

· UE can be assigned DL/UL resources in multiples of TRUs. 
· 1TRU corresponds to all available OFDM symbols within one slot.

· For example, if the UE receives DL control in slot 1indicating 3 TRUs for DL reception, UE considers that all available OFDM symbols in 3 slots starting from slot 1 (i.e., slots 1,2,3) are assigned to it for DL reception.  
· UE can also be configured to receive mini-TRU based DL/UL resource assignments. 
· 1 mini-TRU corresponds to one OFDM symbol in the numerology used for transmission

Figure 2 illustrates a few example resource allocations that are possible using TRU based and mini-TRU based resource allocation granularity, and also using slot based and mini-slot based DL control channel transmission. Mini-slots and mini-TRUs need not be configured for all cases. However, they can be useful to serving UEs with latency critical traffic and also for operation in unlicensed spectrum especially for high load scenarios. While the figure illustrates DL resource allocations, same definitions are also applicable for uplink. However, for uplink, the time offset between the UL grant and the corresponding uplink transmission (TRU based or mini-TRU based) should also be signalled to the UE .

In frequency domain, similar to LTE, resources can be assigned to the UE in multiples of PRBs and PRB groups. 
2.3 TTIs
Another aspect that was discussed in RAN1#86 was the notion of transmission time interval (TTI). A “TTI” typically refers to the duration in which the UE can receive/transmit a transport block from higher layers (i.e., a MAC PDU from MAC layer). Therefore, TTI length depends on how TBs are mapped to TRUs/mini-TRUs assigned to the UE.  Details of this aspect can be considered in later stages of NR design.
2.4 UL resources and reserved resources

NR should support an operation mode where (time domain) resources reserved for UL are semi-statically indicated to the UE (as agreed in RAN1#86). 

Similar to semi-static reservation of UL resources, it should also be possible to semi-statically reserve time domain resources for other transmissions such as sidelink transmissions or backhaul transmissions. 

From a DL reception perspective, if the assigned TRUs for the UE overlap reserved resources (reserved for UL or for other purposes), the UE can consider OFDM symbols corresponding to the reserved resources as unavailable for DL data transmission. 

In addition to semi-statically reserved UL resources, another flexible and forward compatible approach for supporting UL transmissions is to let UE determine most of its UL transmission resources based on information received in L1 DL control signalling. Therefore, NR should also support an operation mode where no UL resources are pre-reserved using semi-static signaling. Following aspects should be considered for such an operational mode.
· For UL data transmission, TRUs/mini-TRUs (discussed in section 2.3) that the UE should use can be signaled in the UL grant along with the time offset between the UL grant and the allocated TRUs.

· For UL HARQ-ACK transmission (in response to DL data), considering the support for multi-TRU and mini-TRU allocations, the timing offset between DL grant and the corresponding HARQ-ACK (for data assigned by the DL grant) depends on the end point of DL data transmission, and therefore the timing offset can change dynamically. Also, the number of TRUs/mini-TRUs required for HARQ-ACK transmission depends on several factors including UE coverage and latency requirements. 

3   Conclusions

We propose the following
· slots and mini-slots
· Slot duration is y=7 OFDM symbols in the numerology used for transmission. 
· UE can be configured with a mini-slot. 
· mini-slot duration is y’=1 OFDM symbol in the numerology used for transmission. 
· It is preferable to support only 1 OFDM symbol mini-slot length. However, if multiple mini-slot lengths 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
· DL control signalling
· DL control signalling can be sent to the UE once every slot duration

· 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. 
· Resource allocation granularity

· UE can be assigned DL/UL resources in multiples of Time resource units (TRUs). 
· 1TRU corresponds to all available OFDM symbols within one slot 

· UE can also be configured to receive mini-TRU based DL/UL resource assignments. 
· 1 mini-TRU corresponds to one OFDM symbol in the numerology used for transmission

4   References

[1] RP-160671, “New SID Proposal: Study on New Radio Access Technology” NTT DoCoMo, RAN#71, Göteborg, Sweden, March, 2016.
Page 1 of 4

