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1
Introduction
In this document, we motivate the need for an adaptive frame structure and DL-UL configuration for LAA.  The new frame structure and the associated signaling requirements are described and the potential benefits and implications are discussed. 
2
Motivation for new DL-UL configurations
LAA transmission by eNBs and UEs in the unlicensed spectrum is subject to the channel availability as determined by the clear channel assessment (CCA) procedure. Using a fixed frame structure (such as frame structure type 2 for example) for LAA transmission results in significant physical layer inefficiencies as illustrated below.

· The maximum allowed channel occupancy time is different in each country. A global LAA solution needs to have the necessary specification support to operate seamlessly in all countries. For example, Japan has a 4ms TXOP constraint and hence none of the existing frame structures are suitable. Truncating the existing frame structure to 4ms allows the below listed configurations, clearly not the most efficient frame types.
· D D D D (from truncating FS Type 1)

· D S U U (from TDD configuration 0,1,3,4 and 6)

· D S U D (from TDD configuration 2 and 5)

· Due to the significant uncertainty and cost of channel access, it is desirable to maximize the transmission time for each channel access and minimize the number of DL-UL and UL-DL switch points within each transmission opportunity.

· It is desirable to adapt the DL-UL configuration to the instantaneous traffic load to maximize efficiency and minimize the channel occupancy time.
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Figure 1: New configuration minimizing DL/UL switch points and maximizing transmission 

time for each channel access
· In addition, when multiple asynchronous nodes from different Radio Access Technologies (RATs) such as WiFi or from other LAA operators operate on the same channel, channel availability at a given node is not synchronized to the radio frame boundary. Using a fixed frame structure (such as the TDD configurations specified in Table 4.2.2 of 36.211), would result in the eNB/UE using truncated versions of existing TDD configurations and stopping transmission at a radio frame boundary irrespective of when channel access was obtained, resulting in significant operational inefficiency.
To enable a global solution, to adapt to dynamically changing traffic patterns and to efficiently use the channel once obtained, we propose an adaptive frame structure for LAA nodes transmitting in the unlicensed spectrum.
3 
Proposed Adaptive Frame Structure

The key principles of the proposed adaptive frame structure are as follows. 
· Each TXOP is composed of N DL subframes, followed by a special subframe to switch between DL and UL subframes and M UL subframes. 
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Figure 2: Examples of allowed DL-UL configurations
· The allowed values of N and M are specified by the eNB semi-statically as a function of the country of operation, the type of scheduling used and the expected traffic load. Such a design choice provides significant flexibility for the eNB to use a wide range of frame structures. For example,
· For SDL mode, M = 0
· When operating in Japan N <=4.
· When operating in Europe (under ETSI regulations), N <= 13.
· When self-scheduling the unlicensed carrier, M <=4. 
· When cross-carrier scheduling the unlicensed carrier, UEs can assume that the value of M specifies the amount of time after which eNB attempts channel access once again.
· A large value of N can be signalled when traffic is DL heavy and a small value of N is signalled when eNB does not have much DL traffic or is expecting a lot of UL traffic.
· The value of N and M can be different for each TXOP and can be indicated by the eNB to the UEs in at the start of each TXOP
· Alternatively, the eNB can only specify the value of N to the UEs in each TXOP and the UEs attempt uplink transmission based on the grants provided to it.  

3.1
Advantages of adaptive frame structure and eNB signalling of the frame structure in each TXOP
Using an adaptive frame structure and signalling it to the UE at the beginning of each TXOP provides several benefits for operation in unlicensed spectrum. 

· Provides a unified framework for operating in several regions with varying maximum TXOP constraints

· Can quickly adapt to traffic load, medium availability etc.

· Efficient utilization of spectrum by minimizing the number of DL-UL switch points and transmitting continuously once channel access is obtained. This also improves co-existence with other nodes operating in the same channel.
Signalling the frame structure to the used by the eNB at the beginning of each TXOP also provides significant benefits to the UE.
· UE unambiguously knows the location/presence of CRS, CSI-RS and CSI-IM reference signals as the number of DL subframes can be signalled to the UE at the start of each TXOP.
· Allows a simple mechanism for co-existence between SDL and UL capable UEs. For example, SDL only capable UEs can sleep for the duration of the indicated UL subframes and can wake up to start monitoring for the eNB reservation signal at the right time, thus saving power. 
· Similarly, a UE can sleep for the indicated UL duration if it does not receive any UL grants.
From the perspective of the other nodes operating on the same channel, signalling the DL-UL frame structure in each TXOP can be used as a “virtual channel reservation signal” and can potentially reduce the amount of interference and hidden nodes.
In addition, the chosen DL-UL configuration can be communicated to other eNBs of the same deployment, thus enabling inter-cell interference coordination.
3.2 
eIMTA based signalling of LAA DL-UL configuration
Alternatively, the eNB could re-use the existing eIMTA reconfiguration procedure to modify the frame structure in each eIMTA reconfiguration period. The eNB can signal a set of DL-UL configurations to be used on LAA carriers to the UE and then indicate the choice of configuration at the start of each reconfiguration period. The UE applies the signalled configuration to any new DL transmissions starting in the reconfiguration period.
3.3 
Implications of using an adaptive frame structure

The adaptive frame structure necessitates some design choices as described below.

1. As the number of UL subframes is variable and is dynamically determined, synchronous HARQ on the uplink is no longer feasible and grant based asynchronous HARQ on uplink is desirable. This also suggests that PHICH may no longer be required for unlicensed LAA carriers.
2. New procedures are needed for determining UL grant timing in UL heavy configurations. 
4 
Conclusions
This contribution describes the drawbacks of using the existing frame structures for LAA. Specifically, a re-using the current frame structure

· Does not efficiently cater to LBT requirements in different countries such as Japan

· Does not utilize the medium to the fullest possible extent, when channel access is obtained

· Does not minimize the number of switches between DL and UL transmissions which increases the number of CCAs to be performed for the same amount of data transmission.

· Does not adapt to the traffic load very dynamically

A new adaptive frame structure which addresses the above issues is described. In specific, we propose that each TXOP is comprised of a certain number of DL subframes followed by a special subframe and several UL subframes. The number of DL and UL subframes may be dynamically indicated to the UE at the beginning of each TXOP.
The proposed frame structure overcomes several drawbacks of a fixed frame structure and provides significant flexibility to the eNB to adapt the frame structure to a wide range of conditions expected to be seen in the unlicensed spectrum and can potentially provide significant power savings at the UE.
Proposal:

1. Adaptive frame structure for LAA with dynamically varying number of DL and UL subframes
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