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1. Introduction
A study item proposal on NR-based Access to Unlicensed Spectrum [1] was approved in RAN-75 in March, 2017. In RAN1 meeting #92, it is further agreed that [2]:
· The study targets identification of additional functionality needed for a PHY layer design (except channel access procedures) for operation in unlicensed spectrum that may be applicable over a particular frequency range (e.g., sub-7 GHz, 7-52.6 GHz, > 52.6 GHz).
· FFS: The definition of the frequency ranges
· Note: Optimizations for a particular frequency band may be necessary.
· Note: Channel bandwidths below 5 MHz are not targeted

To ensure fair resource sharing between devices in unlicensed band operation, listen before talk (LBT) protocol is adopted in both Wi-Fi and LTE based LAA/eLAA. With LBT, due to the random nature of the transmission opportunities, implementing schedule based transmission is quite challenging. On the other hand, once a device obtain a transmission opportunity via LBT, the device should transmit as early as possible for efficient channel utilization. For the reasons discussed above, it is important for NR-U to support a flexible frame structure that enables transmission to start at potentially any OFDM symbols. To support such flexibility, additional signaling overheads and receiver complexity becomes an issue in NR-U design. In this contribution, we will discuss about these issues and the corresponding solutions.
2. NR Frame Structure
NR introduces very flexible frame structure with various subcarrier spacing (SCS) and slot formats (e.g., DL only, UL only and bi-directional slot formats). Furthermore, via the introduction of mini-slot operation, the PDSCH resource allocation is also very flexible and can start in almost every symbol in a slot. Multi-slot scheduling is also possible, as in LAA/eLAA. These NR features could all be used to reduce the operation overhead of NR-U. As an example, in LAA, DL transmission could start at the first or second slot boundary of a subframe. With a subcarrier spacing of 15KHz and assume uniform distribution of the transmission opportunities, the average temporal gap between time of LBT clearance  and time of immediately following slot boundary  is  0.25ms. For small packet transmission (e.g., 1 subframe only, which last only 1ms), this means a 25% overhead. Furthermore, to avoid the channel being occupied by other device in between the gap, reservation signal needs to be transmitted. This further reduce the operation efficiency in terms of power consumption. Now consider NR with subcarrier spacing of 60KHz. In this case, an OFDM symbol has duration of 17.84us. If the mini-slot feature of NR is enabled, the average temporal gap between time of LBT clearance  and time of the immediately following symbol boundary  is 8.92us. For a 1ms transmission, the overhead is 0.89%, which is near 30 times smaller than that of LAA.
Observation 1: The flexible frame structure and mini-slot feature of NR could lead to significant overhead reduction for NR-U operation.
Proposal 1: NR-U should leverage the existing flexible frame structure and mini-slot feature of NR for efficient operation.
3. Detection of Downlink Transmission
As stated above, current NR frame structure design is very flexible and can readily be adopted for unlicensed use. Such flexibility allows for the downlink transmission to start at almost any symbol in a slot and at the same time presents a challenge to the UE to detect the beginning of a downlink transmission. The problem is exacerbated in NR due to the absence of CRS that can be used in LAA for downlink transmission detection.
Observation 2: The detection of downlink transmission is a challenging task for the UE in NR-U due to the flexible starting point of the transmission.
A potential solution is to configure the UE to perform frequent CORESET monitoring to detect the leading PDCCH in a downlink TXOP, as shown in Figure 1. The configuration of such frequent monitoring should preferably limit the search space so as to keep the UE’s complexity down. After the detection of the downlink transmission, the UE can switch to less frequent but more complicated PDCCH monitoring.
Alternatively, the downlink transmission can be preceded by a preamble that can be easily detected by the UE using a correlator. The tradeoff between the overhead of such preamble and UE’s complexity saving needs to be carefully studied.

[image: ]
[bookmark: _Ref510632236]Figure 1: Frequent CORESET monitoring to detect beginning of downlink transmission
[bookmark: _GoBack]Proposal 2: NR-U should design an efficient mechanism for a UE to detect the beginning of a downlink transmission by employing a preamble and/or simplifying the detection of the leading PDCCH in a TXOP.
4. Conclusion
In summary, we have the following observations:
Observation 1: The flexible frame structure and mini-slot feature of NR could lead to significant overhead reduction for NR-U operation.
Observation 2: The detection of downlink transmission is a challenging task for the UE in NR-U due to the flexible starting point of the transmission.
Based on these observations, we propose that
Proposal 1: NR-U should leverage the existing flexible frame structure and mini-slot feature of NR for efficient operation.
Proposal 2: NR-U should design an efficient mechanism for a UE to detect the beginning of a downlink transmission by employing a preamble and/or simplifying the detection of the leading PDCCH in a TXOP.
5. References
[1] [bookmark: _Ref494442004][bookmark: _Ref498453616][bookmark: _Ref481596356][bookmark: _Ref481781528][bookmark: _Ref481782557]RP-170828, “Study on NR-based Access to Unlicensed Spectrum,” Qualcomm Inc.
[2] [bookmark: _Ref510782313]3GPP RAN1 #92, “Chairman’s Notes RAN1 92_final”, Athens, Greece, Feb 2018.
image1.emf
C

O

R

E

S

E

T

C

O

R

E

S

E

T

C

O

R

E

S

E

T

C

O

R

E

S

E

T

0 6 0 4

1 slot

C

O

R

E

S

E

T

2

C

O

R

E

S

E

T

8

C

O

R

E

S

E

T

10

C

O

R

E

S

E

T

12


