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1. Introduction

At the RAN#71 meeting, the new SID proposal “Study on New Radio Access Technology” (NR) was approved [1]. Objectives of this SI include a study and identification on technical features necessary to enable a licensed-assisted operation of the new radio access in unlicensed bands. At the RAN1#84bis meeting, it was agreed to study frame structure(s) supporting licensed-assisted operation in unlicensed band [2].
In this contribution, we discuss the importance of high affinity for unlicensed spectrum access in NR and also discuss possible desirable functionalities for NR considering unlicensed spectrum access.
2. Importance of high affinity for unlicensed spectrum access
The importance of unlicensed spectrum for 5G NR has been discussed in multiple contributions [3, 4]. First, even though 5G NR targets quite wide range of spectrum such as up to 100 GHz, available spectrum for 5G services would be quite limited in initial phase of 5G deployment and would be different among regions/countries. The available spectrum for NR will be expanded gradually with an update of regulation and an evolution of RF device. On the other hand, unlicensed spectrum has widely been used even now for wireless local-area/personal-area network services. It means that the unlicensed spectrum can be available “international band” for NR from the beginning of 5G deployment as long as NR satisfies all regional regulatory requirements such as listen-before-talk (LBT) based channel access.
So, as clarified in the study on licensed assisted access using LTE (LAA-LTE), although unlicensed spectrum cannot substitute licensed spectrum due to multiple reasons such as lower reliability, less predictable latency, transmit power limitation, channel access overhead and occupied channel bandwidth limitation, the combination of licensed spectrum with unlicensed spectrum can benefit an additional capacity thanks to the use of wide spectrum in unlicensed band while offering reliable connection via licensed spectrum.
However, in case of LAA-LTE, since LTE designed for the operation in licensed spectrum has existed, LAA-LTE seems to suffer from several constraints and corresponding inefficiencies. Examples are listed below.
· Due to 1 ms scheduling granularity and synchronized operation with licensed spectrum, data transmission cannot start immediately after channel becomes available and LBT succeeds.
· Due to the latency between DL data reception and corresponding HARQ-ACK feedback (4 ms at minimum), the feedback transmission on unlicensed spectrum may be further delayed due to interception of the channel by other unlicensed system during such feedback latency.

· Due to the scheduling-based UL transmission mechanism and the latency between UL grant/trigger and corresponding UL transmission (4 ms at minimum), the scheduled UL transmission may be blocked by LBT-busy result at UE side due to interception of the channel by other unlicensed system during such UL scheduling latency.
· Due to maximum 20 MHz system bandwidth, carrier aggregation of multiple unlicensed carriers is necessary to utilize more than 20 MHz bandwidth in unlicensed spectrum. Basically, increase of number of aggregated carriers causes linear increase of control overhead.
Therefore, in order to utilize unlicensed spectrum more efficiently in 5G, NR design should take the use of unlicensed spectrum into consideration.
Observation 1: Following LTE characteristics would constrain efficient use of unlicensed spectrum in LAA-LTE.

· 1 ms scheduling granularity and synchronized operation with licensed spectrum

· Latency between DL data reception and corresponding HARQ-ACK feedback

· Scheduling-based UL transmission mechanism and latency between UL grant/trigger and corresponding UL transmission

· 20 MHz system bandwidth at a maximum

Proposal 1: NR design should take the use of unlicensed spectrum into consideration so that NR can utilize unlicensed spectrum more efficiently.

3. Desirable functionalities for NR considering unlicensed spectrum access
As argued in the previous section, we believe that NR should have a high affinity for unlicensed spectrum access. It means that it is preferred to change or remove LTE characteristics that constrain efficient use of unlicensed spectrum in LAA-LTE from NR design.
By the way, the unlicensed spectrum access in NR shall ensure fair coexistence with other systems in unlicensed spectrum such as LAA-LTE and Wi-Fi in 5 GHz band. Therefore, channel access framework of LAA-LTE/Wi-Fi should be a baseline for unlicensed spectrum access mechanism in NR. In particular, following channel access principles should be considered for NR design.
· Cat.4 LBT and maximum channel occupancy time (MCOT) limitation

· Sharing MCOT between eNB and its UEs

Based on above consideration, we would like to discuss possible desirable functionalities for NR below.
1. Finer Tx boundaries to minimize overhead for channel access
In LAA-LTE, a baseline Tx boundary is 1 ms granularity and an initial partial subframe to realize 0.5 ms granularity of Tx boundary is an optional feature due to implementation complexity compared with basic LTE implementation for 1 ms granularity. As shown in Figure 1, since other unlicensed system is not synchronized, the time where channel becomes available and LBT at NR node succeeds is not always aligned with Tx boundary of NR system. So, to minimize an overhead for channel access, i.e., initial Tx duration not containing NR control/data, finer Tx boundary is desirable for NR. Such finer Tx boundary can provide a benefit to licensed spectrum operation for low latency application.
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Figure 1. Finer Tx boundaries to minimize overhead for channel access
2. Self-contained frame structure and fast processing for flexible/dynamic TDD
As argued by companies such as in [5], self-contained structure would be beneficial for forward compatibility in general and also for unlicensed spectrum access since one transaction can be completed within MCOT limit so that interception from other system transmission can be avoided. Figure 2 shows two example approaches for DL in unlicensed spectrum based on self-contained structure. Top example figure shows that multiple self-contained structures fit inside MCOT limitation assuming the time gap between DL data and HARQ-ACK can be very short such as 16 or 25 us. However, this approach requires that all UEs are basically capable of fast processing to enable such very fast feedback. In addition, frequent transitions between DL and UL would be inefficient due to many gaps and possible distorted symbols in transition periods. So, we can consider another example approach as shown in bottom figure. In this second approach, number of DL/UL transitions and gaps is minimized and fast processing for very fast feedback is required only for UEs scheduled in the last DL subframe of DL transmission burst. In this case, feedback timing cannot be fixed and new feedback mechanism with flexible subframe aggregation is necessary. Anyway, for both examples, to facilitate fast processing, appropriate RS/control channel/data channel designs within subframe are necessary for both DL and UL.
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Figure 2. Self-contained frame structure and fast processing for flexible/dynamic TDD
3. Grant-less UL transmission
At the RAN1#84bis meeting, it was agreed to study on autonomous/grant-free/contention based non-orthogonal multiple access at least for UL mMTC [2]. Such UL-grant less transmission may be beneficial in unlicensed spectrum especially when control channel on licensed carriers is overloaded while unlicensed spectrum is not so congested. Therefore, once the UL-grant less transmission is identified as beneficial for mMTC UL in NR, it should be considered to apply such UL-grant less transmission to unlicensed spectrum access. However, due to the LBT based channel access in unlicensed spectrum, basically contention probability can be mitigated by random back-off mechanism. So non-orthogonal multiplexing may not be required, but other mechanism to achieve multi-user multiplexing in grant-less transmission would be necessary.
4. Wide system bandwidth with fine granularity of channel access

Since a continuous wide bandwidth is available in unlicensed spectrum, support of wide system bandwidth in NR can enable more efficient use of wide bandwidth compared with massive aggregation of narrow component carriers [6]. On the other hand, since the channel access of legacy Wi-Fi and LAA-LTE is based on 20 MHz bandwidth, same granularity of channel access would be beneficial at least for 5 GHz band even in case of using wide system bandwidth for NR. In addition, wider subcarrier spacing, i.e., shorter symbol duration, has a high affinity for such wide system bandwidth operation in terms of FFT size constraint and possibly for finer Tx boundary as described above.
Proposal 2: At least following functionalities should be further studied for the efficient use of unlicensed spectrum in NR.

· Finer Tx boundaries to minimize overhead for channel access

· Self-contained frame structure and fast processing for flexible/dynamic TDD
· Grant-less UL transmission

· Wide system bandwidth with fine granularity of channel access

4. Conclusion 

In this contribution, we have discussed on the importance of high affinity for unlicensed spectrum access in NR and possible desirable functionalities for NR considering unlicensed spectrum access. We made the following observations and proposals. 

Observation 1: Following LTE characteristics would constrain efficient use of unlicensed spectrum in LAA-LTE.

· 1 ms scheduling granularity and synchronized operation with licensed spectrum

· Latency between DL data reception and corresponding HARQ-ACK feedback

· Scheduling-based UL transmission mechanism and latency between UL grant/trigger and corresponding UL transmission

· 20 MHz system bandwidth at a maximum

Proposal 1: NR design should take the use of unlicensed spectrum into consideration so that NR can utilize unlicensed spectrum more efficiently.

Proposal 2: At least following functionalities should be further studied for the efficient use of unlicensed spectrum in NR.

· Finer Tx boundaries to minimize overhead for channel access

· Self-contained frame structure and fast processing for flexible/dynamic TDD

· Grant-less UL transmission

· Wide system bandwidth with fine granularity of channel access
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