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1 Introduction
The overall target of SID [1] is developing a single technical framework for NR access technology addressing all usage scenarios, requirements and deployment scenarios defined in TR38.913. NR should also be able to support operation in all spectrum bands including licensed spectrum and unlicensed spectrum. In previous 3GPP RAN1 meetings, some issues of NR operation in licensed/unlicensed spectrum were further discussed and concluded. Relevant information is as follows [1-4],
SID RP-160671:

· Study and identify the technical features necessary to enable the new radio access to meet objective 1 and 2, also including:

· Tight interworking between the new RAT and LTE 

· Interworking with non-3GPP systems
· Operation in licensed bands (paired and unpaired), and licensed assisted operations in unlicensed bands
· [Standalone operation in unlicensed bands is FFS]

RAN1 #84bis Agreements:
· Study frame structure(s) supporting at least 

· FDD/TDD duplex arrangement, etc.
· Licensed-assisted operation in unlicensed band
RAN1 #85 Agreements:
· NR should support of flexible NW and UE channel bandwidth
· FFS: NR carrier bandwidth should consider to allow efficient unlicensed spectrum access
RAN1 #86 Agreements:
· RAN1 should strive for a common framework, including for example structure of synchronization signals, for initial access
· More specifically, especially within a group of frequency bands in the frequency range, RAN1 should strive for an unified framework covering

· Single beam based and multi-beam based deployments

· TDD and FDD operations

· Different/mixed numerologies

· Standalone and non-standalone operations
· Licensed band and unlicensed band operations
· FFS: mMTC use case
In this contribution, we discuss basic time domain structure, analyze motivation and key points of the unified NR frame structure supporting different spectrum types, and then give our views on the unified NR frame structure design for grant-based and grant-free access.

2 NR frame structure design
2.1 Discussion on basic time domain structure
As shown in Figure 1, there are at least the following time interval types that should be studied/evaluated for NR based on RAN1#85 meeting agreement: DL-only transmission (Type 1), UL-only transmission (Type 2), and bi-directional transmission (including DL/guard/UL, named Type 3). Also, the bi-directional time interval can be further divided into three sub-types such as:
· Type 3-1: DL transmission region (containing data assignments and data), guard region, UL transmission region (containing UCI)
· Type 3-2: DL transmission region (containing data assignments), guard region, UL transmission region (containing data, UCI)
· Type 3-3: DL transmission region (containing data assignments and data), guard region, UL transmission region (containing data, UCI)
Type 1 DL-only structure and Type 2 UL-only structure should be supported for the reasons that they can reduce guard overhead, ensure well coverage if latency is not a problem on unpaired spectrum and are suitable for paired spectrum. 3GPP in RAN1 #86 meeting had agreed that HARQ ACK/NACK feedback for multiple DL transmissions in time can be transmitted in one UL data/control region and is supported from UE perspective. A complete DL transmission process may be composed of one or more Type 1, and Type 2/Type 3 time intervals. In addition, for UL “autonomous/grant-free/contention based”, Type 2 without DL control/data part is suitable for the transmission scheme. Therefore, Type 1 and Type 2 are essential in time domain structures for NR.
Type 3 bi-directional structures can support self-contained features and enable fast HARQ_ACK/NACK feedback, CSI feedback, and the timely delivery of SRS. Naturally, Type 3 structure can be utilized for dynamic TDD. Among three sub-types of Type 3, Type 3-3 has lower time delay due to alternative DL/UL transmission allocation, thus can be used for URLLC usage scenarios. With alignment of DL and UL transmission, Type 3-3 can also have less cross-link interference compared with Type 3-1/Type 3-2. However, Type 3-1/Type 3-2 is more applicable for system traffic adaptation than Type 3-3. 
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Figure 1: Time domain structure for NR
Proposal 1: NR should support the following three types of time intervals (or called time domain structures):
· DL-only time interval
· UL-only time interval
· Bi-directional time interval
2.2 Discussion on unified frame structure design for different spectrum types
2.2.1 
Motivation and Key points
In general, spectrum can be characterized as licensed, unlicensed, or shared licensed spectrum. In SID, 3GPP has agreed that NR should be able to support operation spectrum bands at least including licensed spectrum and unlicensed spectrum. RAN1 should strive for a unified framework covering licensed band and unlicensed/shared spectrum operations. In other words, RAN1 should consider forward compatibility to unlicensed/shared spectrum operations after firstly focusing on NR frame structure design on licensed spectrum. At least in 5GHz band, ETSI mandate the usage of LBT (Listen-before-Talk) mechanism before using the carrier. Therefore, placing a LBT sensing interval in the unified NR framework for keeping fair/friendly coexistence between different devices should be considered when designing the NR frame structure.
Under the premise of designing a unified frame structure to match all spectrum types, some critical issues of NR also need to be considered in the structure design process, such as collision and high overloading factor for grant-free access, severe cross-link interference in flexible duplex/dynamic TDD. The analysis is as follows.
· For grant-free access, the data of multiple users may be superimposed together when different users randomly choose the same resource blocks for the uplink transmission at the same time. The NO-MA (non orthogonal-multiple access) and SIC (successive interference cancellation) receiver can solve the problem of MUD (multi-user detection) to some extent. However, the performance of NO-MA usually relies on the power difference of multiple users and the spreading code sequences. Further, if the number of UEs with superimposed data in the same time/frequency resources exceeds the limitations of the overloading capability of NO-MA, the MUD performance will have a sharp decline. To reduce collision probability, limit the overloading factor and improve the performance of MUD, one possible solution is to assign a LBT sensing interval for each UE in licensed, unlicensed and shared spectrum scenarios.
· In order to better match instantaneous traffic variation, dynamic TDD and decentralized DL-UL switching should be supported in NR. However, this can induce DL-to-UL and UL-to-DL cross-link interference. One approach to address this issue is to adopt a LBT-like mechanism, by which the device performs a sensing/measurement operation before using the channel. Then the device can decide whether to send or how to send its DL/UL data according to the sensing/measurement results.  
Proposal 2: LBT mechanism can be considered in designing the unified NR subframe structure for different spectrum types.
2.2.2 
The unified frame structure for grant-based access

· DL-dominant frame structure

As illustrated in Figure 2, Figure 2(a) shows the typical/traditional DL-dominant NR frame structure that was discussed in many contributions [5-6] in previous RAN1 meetings, which includes five parts, namely, a DL control region, a DL data region, a guard region, a UL control region, and then the last part i.e. a another  guard that may not exist in some views. The last part with the dotted line indicates “FFS: there can be guard region after the uplink transmission region” in RAN1 #85 meeting agreement. This FFS has not yet reached a consensus.
The typical/traditional DL-dominant structure cannot apply to the unlicensed/shared spectrum since it is not considered to set aside a sensing interval, and it has severe inter-cell cross-link interference problems. As discussed in section 2.2.1, the LBT mechanism can be introduced to address the above problems and the LBT sensing interval can be placed into a guard region before transmission. A unified DL-dominant NR structure supporting different spectrum types is shown in Figure 2(b). In Figure 2(b),
The first guard region between DL control region and DL data region
· Performing sensing/measurement/coordination before transmitting DL data (for all spectrum types) 
· Transmitting possible reservation/sensing signal

The second guard region between DL data region and UL control region

· The propagation delay of eNB-to-UE and UE-to-eNB

· Decoding of NR PDSCH; Encoding of NR PUCCH

· Performing sensing/measurement/coordination before transmitting UL control (especially for unlicensed/ share spectrum types)
The third guard region i.e. the last part in Figure 2(b)
· TX/RX switching for retransmission
· Performing sensing/measurement/coordination before transmitting DL control in next time interval (especially for unlicensed/share spectrum types)
Note that the last guard in the time interval in Figure 2(b) can also be placed in the beginning of the time interval, i.e. in front of the DL control region.
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Figure 2: A unified DL-dominant NR frame structure for different spectrum types

· UL-dominant frame structure

As illustrated in Figure 3, Figure 3(a) shows the typical/traditional UL-dominant NR frame structure that was discussed in many contributions [5-6] in previous RAN1 meetings, which includes five parts, namely, a DL control region, a guard region, a UL data region, a UL control region, and then the last part i.e. a another  guard that may not exist in some views. The last part with the dotted line indicates “FFS: there can be guard region after the uplink transmission region” in RAN1 #85 meeting agreement. This FFS has not yet reached a consensus.
The above typical/traditional UL-dominant structure cannot apply to the unlicensed/shared spectrum since it is not considered to set aside a sensing interval, and it has severe inter-cell cross-link interference problems. As discussed in section 2.2.1, the LBT mechanism can be introduced to address above problems and the LBT sensing interval can be placing into a guard region before transmission. A unified UL-dominant NR structure supporting different spectrum types is shown in Figure 3(b). In Figure 3(b),

The first guard region between DL control region and UL data region

· Performing sensing/measurement/coordination before transmitting DL data (for all spectrum types) 

· Transmitting possible reservation/sensing signal

· The propagation delay of eNB-to-UE and UE-to-eNB

· Decoding of NR PDSCH, Encoding of NR PUCCH

The second guard region between UL data region and UL control region

· Performing sensing/measurement/coordination before transmitting UL control (especially for unlicensed/ share spectrum types), if some UEs have no UL data but only UL control to be transmitted
· This part may not be required for the licensed spectrum and then can be replaced by UL data transmission
The third guard region i.e. the last part in Figure 3(b)

· TX/RX switching for retransmission
· Performing sensing/measurement/coordination before transmitting DL control in next time interval (especially for unlicensed/share spectrum types)
Note that the last guard in the time interval in Figure 3(b) can also be placed in the beginning of the time interval, i.e. in front of the DL control region.
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Figure 3: A unified UL-dominant NR frame structure for different spectrum types

2.2.3 
The unified frame structure for grant-free access

As discussed in section 2.1, to reduce collision probability, limit the overloading factor and improve the performance of MUD, one approach is to assign a LBT sensing interval for each UE before transmitting UL data in all different spectrum type scenarios. As shown in Figure 4, the sensing interval can be placed in the last guard region or the beginning blank part in the first time interval (i.e. the left part in Figure 4).
For initial transmission, it is shown in the first time interval that is located in the left part in Figure 4. The differences between Figure 4(a)/(c) and Figure 4(b)/(d) is that the UL transmission in Figure 4(a)/(c) starts from the beginning of the time interval, which may induce cross-link interference to DL control transmission in Figure 2(b) and Figure 3(b) discussed in section 2.2.2. The start position of the UL transmission in Figure 4(b)/(d) is aligned with the start position of the DL data transmission in Figure 2(b) and UL data transmission in Figure 3(b). The interference between them can be solved by the LBT sensing, measurement and coordination, which can be performed in the guard region located in front of UL/DL data region.
For retransmission, two alternatives can be considered as shown below. 
· Alt.1: Grant-based retransmission through eNB scheduling
· Alt.2: Asynchronous grant-free retransmission
More details on these alternatives can be found in the companion contribution [7].

As shown in Figure 4(a)/(b), the eNB scheduling or HARQ ACK/NACK  for grant-free retransmission is transmitted in subframe n+k, where  k>0 that can be configured, fixed or  selected randomly and n is the subframe number of initial transmission.  The frame structure shown in Figure 4(c)/(d) can support self-contained features and enable fast HARQ ACK/NACK feedback in the same subframe as initial transmission. Hence the frame structure for retransmission can be the same as the frame structure for initial transmission. 
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Figure 4: Candidates of NR frame structure for grant-free access for different spectrum types

3 Conclusion 
In this contribution, we discuss the basic time domain structure, analyze motivation and key points of the unified NR frame structure, give our views on the unified NR frame structure design for grant-based and grant-free access, and provide the following proposals:
Proposal 1: NR should support the following three types of time intervals (or called time domain structures):
· DL-only time interval
· UL-only time interval
· Bi-directional time interval
Proposal 2: LBT mechanism can be considered in designing the unified NR subframe structure for different spectrum types.
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(b) A unified DL-dominant NR frame structure
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