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Introduction
In RAN1 #86b the following was agreed [1]:
Agreements:
· Alignment within a subframe
· Symbol level alignment across different subcarrier spacings with the same CP overhead is assumed within a subframe duration in a NR carrier
· FFS: Unlicensed spectrum case
· For normal CP family, the following is adopted
· For Fs = 15 kHz * 2n (n is non-negative integer), 
· Each symbol length (including CP) of 15 kHz equals the sum of the corresponding 2n symbols of Fs
· Other than the first OS in every 0.5msec, all OFDM symbols within 0.5msec have the same size
· The first OS in 0.5msec  is longer by 16 Ts (assuming 15 kHz and FFT size of 2048) compared to other OSs
· 16 Ts is used for CP for the first symbol
· For Fs = 15 kHz * 2n (n is a negative integer)
· Each symbol length (including CP) of Fs equals the sum of the corresponding 2-n symbols of 15 kHz

The agreement above left the case of symbol level alignment as addressed in the above agreement for further study for the case where the NR carrier is operating in unlicensed spectrum. In this contribution we discuss whether there is any need for the case of operation in unlicensed spectrum to be different regarding such alignment than the case of operation in licensed spectrum.
Discussion
When operating in unlicensed spectrum, multiple operators may use the same carrier frequency in an unplanned manner. This is a critical difference from operation in licensed spectrum where an operator may plan the network on a carrier to control the interference suffered from other nodes. Therefore, the most prevalent technologies that use unlicensed spectrum adopt so-called listen-before-talk (LBT) schemes which sense the carrier and transmit on the carrier only if the carrier is sensed to be idle. For such methods to ensure effective coexistence on the carrier, especially at high traffic loads, it is beneficial for a node that successfully completes a LBT procedure to transmit immediately. This allows other nodes that are attempting access to the carrier to sense the transmission from this node and wait until the transmission completes. If a node chooses to wait for some time before it transmits after successfully completing the LBT procedure, it must effectively extend the LBT procedure to ensure the carrier is idle prior to transmission at a later point in time. This results in the node performing an LBT procedure that is more conservative than required which can in certain situations lead to reduced access to the carrier. 

Design of communication systems can broadly follow two approaches. In one approach, the system is fully asynchronous, in that, a transmission can start at any time. In an alternate approach, a transmission is allowed to start only at some discrete instances in time, so that, there is a notion of some timing on the channel that is adhered to. While there are some advantages to the asynchronous approach when operating in unlicensed spectrum, as discussed above, there are also significant advantages to having a discrete timing for start of transmissions on a carrier. When transmissions start at a distinct time, this can improve the sensitivity at the receiver since uncertainty on the starting point of transmissions is significantly reduced. It also reduces receiver complexity as well as power consumption. These are significant benefits and cellular system design has typically used timed transmissions in order to accrue these benefits.

Recently, cellular technologies have been adapted to operate in unlicensed spectrum. Specifications have been developed in 3GPP to introduce LTE into unlicensed spectrum in the form of licensed-assisted access (LAA) where the carrier aggregation framework is used to aggregate carriers in unlicensed spectrum with one or more carriers in licensed spectrum. In the LAA context, the advantages and disadvantages of having a timed approach to transmissions have been discussed. Considering that LTE and LAA have normally used a subframe timing of 1 ms, which is a reasonable fraction of a typical transmit opportunity on a carrier in unlicensed spectrum, the disadvantages that this poses in terms of system overhead in situations where the eNB must transmit before a subframe boundary have been discussed. In order to minimize such overhead, the ability to start transmission on slot boundaries instead of subframe boundaries was added to LAA. Further developments in LTE will result in provision of transmission time instances with even finer granularity in the future. While LAA can coexist well with other technologies in unlicensed spectrum even with a transmission timing granularity of 1 ms, this finer granularity will help to minimize system overhead even further and improve LAA performance.

Considering the discussion above, it is clear that synchronous timed transmissions provide significant benefits. While fully asynchronous transmission on a carrier can allow for a minimum amount of overhead with respect to access to the carrier, it can potentially increase the overall overhead in the system due to the lack of the performance benefits of timed transmissions discussed earlier. Therefore, it is desirable to strike a trade-off which is able to maximize overall system performance and coverage when operating in both licensed and unlicensed spectrum. This entails the use of discrete transmission timing but with a fine granularity so that the duration of the interval between two possible start times is as small a fraction as possible of the typical occupancy times on the carrier. 

The concept of mini-slots or sub-slots has been agreed in NR and further desirable characteristics of these slots has been elaborated upon in [2]. A key desirable characteristic for these sub-slots is to be able to start these sub-slots on any OFDM symbol boundary. This would allow very fine granularity for timed transmissions while at the same time significantly minimizing overhead related to channel access for operation in unlicensed spectrum thus enhancing performance while maintaining the ability to coexist with other technologies. We therefore make the following proposals.

Proposal: A sub-slot should be allowed to start at ‘any’ OFDM symbol to allow effective operation in unlicensed spectrum

Proposal: Symbol level alignment across different subcarrier spacings with the same CP overhead is assumed within a subframe duration on a NR carrier operating in unlicensed spectrum.


Conclusions
We discussed whether symbol level alignment should apply to NR carriers operating in unlicensed spectrum. Based on the discussion we propose the following.

Proposal: A sub-slot should be allowed to start at ‘any’ OFDM symbol to allow effective operation in unlicensed spectrum

Proposal: Symbol level alignment across different subcarrier spacings with the same CP overhead is assumed within a subframe duration on a NR carrier operating in unlicensed spectrum.
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