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Background
In RAN1-86b, the following were the agreements and working assumptions on frame structure and subframe/slot and mini-slot definitions:

Working assumptions:
· The NR frame structure should support both slots and mini-slots
· FFS: Timeline granularity for monitoring control of the mini-slot
· FFS: Terminologies of mini-slot

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 gNB perspective, DL control signalling can be located at the first OFDM symbol(s) in a slot and/or mini-slot
· FFS: From gNB perspective, DL control signalling can be located over the slot and/or mini-slot

Agreements:
· NR should support both data and control with the same numerology
· Study impact and benefits of allowing the transmission of DL control information and data transmission to a UE within the same slot interval using different numerologies in TDM or FDM manner
· Above may apply both slot and mini-slot
· Study impact and benefits of allowing the transmission of uplink control information and data transmission from a UE within the same slot interval using different numerologies in TDM or FDM manner
· Above may apply both slot and mini-slot
· Followings applies both DL and UL
· The associated DM-RS for data/control transmission still uses the same numerology as the data/control transmission
· FFS: Control channel performance under different numerologies, Overhead saving, Control channel capacity; Quantify timeline saving, UE complexity


Need for temporal granularity in mmW

In MMW architectures, analog beamforming is expected to be the primary method of beamforming. Frequency multiplexing many users within the same symbol by widening the beam is inefficient, and TDM of users is preferable.
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Figure 1: TDM of users vs. FDM of users in mmw

However, in order to provide sufficient scheduling granularity, we would like to allow smaller intervals/mini-slots that can be scheduled towards a given user. According to the earlier agreements, a single slot for typical mmw use case may be 14 symbols long (120kHz subcarrier spacing). 

Multiple smaller transmission units or mini-slots can be defined inside a typical MMW slot. The following section describes possible options for the definition of mini-slots.
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Mini-slot definitions for mmW

A typical slot may contain a DL control region at the beginning of the slot and an UL control region in the end. Within this slot, there can be more than one mini-slot. In one possible option (Option 1), the DL and UL control is beamformed in a common manner for the whole slot. 

An advantage with this approach is that the number of mini-slots within the slot does not affect the numerology/number of symbols of the DL or UL control. 
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Option 1

Another option (option 2) is for the control symbols on DL and/or uplink to be reserved for each mini-slot. Thus, the DL beams and data beams can be chosen on a per user basis, and the full beamforming gain can be made available; however a split symbol or multi symbol approach would have to be utilized and more information regarding the control structure needs to be communicated.
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Option 2


In option 3, the DL control beams are provided at the beginning of each mini-slot. In this case, the DL control and the data are contiguous per user and sharing of reference signals between DL and data is possible if the beams are also the same. However, there is an impact on the wake-up/sleep aspects of the receiver – as the UE may be scheduled at any potential mini-slot start location. The UL can still be aggregated (on a per direction split symbol or a common beam) at the end of the slot – thus the gap for DL  UL transition is required only once.
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Option 3

Option 4 is a fully flexible option where each mini-slot has a DL control region, data transmission region and a UL control region. While this offers the most flexibility, the issues with wake-up/sleep as well as the overhead of the gap is increased.
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Option 4




Some key considerations for the mini-slot definition:

· Scheduling of mini-slots in MMW: Sharing of the same control symbol for scheduling multiple users (through the same port) implies loss of beamforming gain. Splitting the control symbol into multiple smaller control symbols allows for TDMing of the control on a per direction basis, but the shorter symbols have lesser protection against delay spread (assuming a fixed cyclic prefix overhead)
· Reference signals for the mini-slots: The reference signals for the demodulation of the mini-slot is provided on a per-mini slot basis. For option 3 and 4, in the case where the same beams are used for DL control and data, it is possible to share the reference signals.
· Power consumption and sleep/wake-up considerations: An advantage with aggregating all the DL control symbols at the beginning of a slot is the ability for a UE to only observe the first part of a slot/aggregation of slots and return to sleep if none of the mini-slots were intended for it. In option 3 or 4, there are multiple locations within the slot where a UE may have to check if it was scheduled.
· Overhead for turnaround and ACK latency: The overhead and ACK latency tend to trade off against each other. While options (1 -3) allow for amortizing a single gap for transmitting multiple downlink transmissions before receiving UL control from corresponding UEs, the latency is increased.
Conclusions and proposals:

Multiple mini slot structures were described and the relative merits and disadvantages discussed. 

Proposal 1: Support a structure with data demodulation reference signals on a per mini-slot basis. 

Proposal 2: Support ability to share reference signals across mini-slots if using the same beamforming.

Proposal 3: Study the proposed options for mini-slot configurations and down-select options 
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