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Introduction
In RAN1 #84b, it was agreed that NR should 
· Study frame structure(s) supporting at least 
· FDD duplex arrangement
· TDD duplex arrangement
· Downlink transmission
· Uplink transmission
· Sidelink transmission
· Access link
· Backhaul/relay link
· Stand alone operation in licensed band
· Non stand alone operation in licensed band
· Licensed-assisted operation in unlicensed band
· Study flexible/dynamic TDD, including both downlink and uplink transmissions in the same subframe interval

In [1] a basic frame structure was defined in terms of a control interval and scheduling interval, and illustrations were provide to support many aspects such as dynamic TDD. Generally such structures consisted mainly of control transmissions, data transmissions, and guard intervals for any possible transitions between uplink and downlink.
For more advanced frame structures, it becomes necessary to introduce gaps in the timeline which can be useful for sensing and arbitration between senders and receivers before any data is transmitted between links. In such case, this can affect the nominal frame structure as shown in Figure 1.


[bookmark: _Ref458747560]Figure 1. Control intervals with enhancements for more dynamic operation
In [3] some requirements for such advanced frame structures were discussed. Here, specific frame structures are provided for dynamic TDD, unlicensed spectrum operation, and, for forward compatibility, sidelink.
Mixed-Interference Frame Structures
To allow more fine-grain adaptation to traffic variation, dynamic and decentralized DL-UL switching can be beneficial. However, this can induce UE-to-UE and BS-to-BS interference, as illustrated below.
[image: ]
Figure 2. Mixed interference with dynamic DL-UL switching
Interference management is critical to utilize dynamic DL-UL switching. One approach to address this is to associate priority to links, with a lower-priority link yielding to higher-priority link through rx- and/or tx-yielding. The requirement for advanced frame structure is then to enable such yielding efficiently.


Figure 3. Example of control intervals with low priority yielding

Proposal 1. Advanced frame structures should allow for low priority links to yield to higher priority links to enable dynamic and decentralized UL-DL switching. 
Mixed-Interference Frame Structures based on Tx-yielding 
Allowing for both rx- and tx-yielding can introduce sizable overhead, so signaling and frame structures that use only tx-yielding to keep overhead low are considered. In essence, higher-priority link’s receiver sends DRS (Destination Receive Signal) for lower-priority link’s transmitter to estimate its interference and make yielding decision.  Frame structures for different UL/DL scenarios are as follows: 
Case I: Default Direction is DL, and can switch to UL with lower priority
· DL base station sends schedule in DL CTRL
· DL UE sends DL DRS, then DL base station sends DL data
· UL UEs listen to DL DRS and decide Tx yielding 
· If not Tx yielding, then UL UEs send UL data
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Figure 4. Default is DL and switched UL is lower priority

Case II: Default Direction is UL, and can switch to DL with lower priority
· UL base station sends schedule and UL DRS, then UL UEs send UL data
· DL base station listens to UL DRS and decides Tx yielding
· If not Tx yielding, then DL base station sends DL data
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Figure 5. Default is UL and switched DL is lower priority

Case III: Default Direction is DL and no switching
· DL base station sends schedule
· DL UE sends DL DRS, and DL base station listen to DL DRS and decide Tx power backoff 
· DL base stations send DL data






DL 
CTRL
DL DRS (UE)
DL Data (BS)  

UL CTRL



DL Data
(
BS
)

DL
CTRL
 
 
UL CTRL








DL DRS (UE)



Figure 6. Default is DL and no switching

Case IV: Default Direction is UL and no switching
· UL base station sends schedule and UL DRS
· UE listens to UL DRS and decides Tx power backoff
· UEs send UL data
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Figure 7. Default is UL and no switching
Frame Structures for Unlicensed Operation
LBT Support and Channel Reservation Support
Expanding further on the mixed TDD interference, for unlicensed operation there may be further requirements to listen-before-talk (LBT) before transmitting even control. Therefore, it is an additionally important for the frame structure to allow some level of blanking and sensing before each control interval transmission. The network cannot necessarily assume to be able to activate control intervals at every opportunity. The sensing opportunity before the control interval can be used by eNBs from different operators or even the same operator to perform LBT and contend for the medium access. The sensing opportunity within the control interval can be used by UEs to perform LBT and contend for the medium access.


Figure 8. Example of control intervals with support on unlicensed spectrum
[bookmark: b]Proposal 2. Advanced frame structures should allow some gaps before and/or within the control interval for sensing to enable control interval transmission on unlicensed spectrum.
For unlicensed band operation, similar to LAA context, a maximum channel occupancy time concept is needed. When a node wins the contention and starts using the channel, it can use the channel up to the maximum channel occupancy time. The maximum channel occupancy time needs to be short enough to support fair medium access across nodes, and long enough to reduce the relative overhead of LBT process. 
After winning the contention, the node may need to transmit some type of channel reservation signal at the beginning of the burst to keep the medium for itself. The channel reservation signal needs to indicate how long the channel will be used and may additionally contain other information including the medium will be used for transmission or reception. Other nodes will receive the channel reservation signal and thus will perform some backoff, either in transmission power or in transmission time, to honor the medium access contention winner.
[bookmark: c]Proposal 3. In advanced frame structure for unlicensed spectrum operation, some type of channel reservation signaling is needed to reserve the medium for the contention winner.
Subframe/Slot Aggregation for Unlicensed Spectrum Operation
During the frame, it might be preferred to reduce the number of DL/UL switching. Having fewer switching points not only reduces the switching overhead, but more importantly reduces the chance of losing the channel when there is a hidden node nearby trying to access the medium as well. As a result, some subframe/slot level aggregation is desired as is shown in Figure 8. The aggregated subframe/slot is still self-contained, to follow the same structure as a normal subframe/slot. It is also possible to have more than one aggregated subframes/slots within one frame (not shown in Figure 8).

[bookmark: _Ref462769524]Figure 9. Examples for subframe aggregation for unlicensed spectrum operation
[bookmark: d]Proposal 4. Consider supporting subframe/slot aggregation for unlicensed spectrum operation, with self-contained aggregated subframe/slot.
Control-Only Control Interval

For unlicensed spectrum operation, the eNB and UE may not be able to continuously transmit, as the operation is under LBT. In addition to that, to be more coexistence friendly, it is preferred not to access the channel unless absolutely necessary to leave the medium for other nodes. As a result, when the eNB decides to serve an UE, it is possible the channel condition knowledge, including channel estimate, MCS, rank, etc, are already out-dated.Then, as a mode of operation, the advanced frame structure may include a control-only control interval at the beginning of the frame to support channel reservation signal transmission and prepare the nodes for later data transmission and reception, including channel sensing with CSI-RS and/or SRS; CQI feedback; pre-grant with CQI/SRS trigger, etc. An example is shown in Figure 9.
[bookmark: _Ref462772315]Figure 10. Example with a control only control interval at the beginning of an advanced frame for unlicensed spectrum operation
[bookmark: e]Proposal 5. The advanced frame structure for unlicensed spectrum operation may include a control-only control interval at the beginning to support channel reservation signal transmission and prepare the nodes for data transmission and reception later, including pre-grant, channel sensing, CSF transmission, etc.
Sidelink Frame Structures
For forward compatibility, frame structures for sidelink are discussed next. NR Sidelink aims to support both broadcast and unicast traffic. To achieve this, adequate handshake signaling between the transmitter and the receiver of each sidelink is required for interference management. Corresponding to two different types of transmissions, two types of sidelink frame structures can be considered. 
Sidelink Unicast Frame Structure
Unicast sidelink is between a pair of devices: One device is defined as Primary and the other Secondary, where Primary has priority for accessing the link. This is accomplished with the scheduling interval starting with Direction Selection Signal (DSS), where Primary indicates its preference to transmit or receive. Thereafter, source-destination handshake signalling is performed for interference management as well as channel measurement. Specifically, once the direction of transmission has been indicated, the source of data transmission sends STS (Source Transmit Signal), which may include Destination ID, duration of transmission, Reference Signal (RS) to enable channel measurement as well as rx-yielding at other sidelinks. On receiving STS and not having to perform rx-yielding itself, the destination sends DRS (Destination Receive Signal), which may include Source ID, duration of transmission, CQI derived from STS RS, and its own RS to enable tx-yielding by lower-priority sidelink transmitters.
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Figure 11. Sidelink unicast frame structure
On successful STS-DRS handshake, the source transmits data. This is followed by the destination sending the HARQ indicator depending on the state of reception. Adequate gaps are included to allow for rx-tx switch.
[bookmark: f]Proposal 6. Advanced frame structures should allow adequate handshake signaling between sidelink devices to enable sidelink unicast services.
Sidelink Broadcast Frame Structure
Broadcast sidelink is from one device to a group of devices. Frame structure can be dependent on whether the broadcast and the unicast access are orthogonalized or not. The two cases are illustrated in the Figure below.
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(a)	                                                                                                   (b)
Figure 12. Sidelink broadcast frame structure (a) Broadcast orthogonalized from unicast and (b) non-orthogonalized
The second case needs to provide extra gapping for co-existing unicasts to perform their DSS/STS/DRS handshake. In either cases, Broadcast STS may include Group Destination ID, duration of transmission, RS to enable channel measurement and rx/tx yielding, and MCS indicator. These frame structures can be further extended to allow for selective DRS and/or HARQ indicators from a sub-set of broadcast receivers.  
[bookmark: g]Proposal 7. Advanced frame structures should support sidelink broadcast signaling to enable co-existence with unicast signaling.
Multiple Control-Interval Structures 
Certain unicast and broadcast sidelink transmissions may require more than one Control Interval. To keep the overhead low, a single DSS/STS/DRS handshake can be used for multiple Control-Interval access. For unicast, the frame structures are indicated below:
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Figure 13. Sidelink unicast multi-Control-Interval structures: (a) Cumulative HARQ and (b) Per-interval HARQ
The two cases correspond to whether the HARQ indicator is sent for the cumulative transmission or per Control Interval.
For the broadcast sidelink transmissions, multiple Control-Interval structures can again be dependent on whether broadcast and unicast are orthogonalized or not: 
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Figure 14. Sidelink broadcast multi-Control-Interval structures: (a) Orthogonalized and (b) Non-orthogonalized
[bookmark: h]Proposal 8. Advanced frame structures should allow sidelink unicast and broadcast transmissions spanning multiple Control Intervals without incurring additional handshake-signaling overhead.
Conclusions
In this contribution, we provided advanced frame structures for mixed-interference management in dynamic TDD, unlicensed spectrum operation, and, for forward compatibility, sidelink unicast and broadcast services. Based on the discussion, following proposals were made:
Proposal 1. Advanced frame structures should allow for low priority links to yield to higher priority links to enable dynamic and decentralized UL-DL switching.
Proposal 2. Advanced frame structures should allow some gaps before and/or within the control interval for sensing to enable control interval transmission on unlicensed spectrum.
Proposal 3. In advanced frame structure for unlicensed spectrum operation, some type of channel reservation signaling is needed to reserve the medium for the contention winner.
Proposal 4. Consider supporting subframe/slot aggregation for unlicensed spectrum operation, with self-contained aggregated subframe/slot.
Proposal 5. The advanced frame structure for unlicensed spectrum operation may include a control only control interval at the beginning to support channel reservation signal transmission and prepare the nodes for data transmission and reception later, including pre-grant, channel sensing, CSF transmission, etc.
Proposal 6. Advanced frame structures should allow adequate handshake signaling between sidelink devices to enable sidelink unicast services.
Proposal 7. Advanced frame structures should support sidelink broadcast signaling to enable co-existence with unicast signaling.
Proposal 8. Advanced frame structures should allow sidelink unicast and broadcast transmissions spanning multiple Control Intervals without incurring additional handshake-signaling overhead.
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