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As pointed out in [4][3], it is important to differentiate 3 types of LAA subframes as shown in figures 1, 2 and 3:
1. Type 1: transmission starting from somewhere after the beginning a subframe to  the end of the subframe;
2. Type 2: transmission starting from the beginning of a subframe to the end of the subframe
3. Type 3: transmission starting from the beginning of a subframe to somewhere before the end of the subframe.
For Type 1 subframes, we can consider using either shifting a subframe (and cutting out a few symbols in the end) or truncating a subframe. We can refer to Figure 4 for the design from shifting a subframe, and figure 6 for the design from truncating a subframe. 
A Type 1 subframe starts with a reservation signal over a fractional OFDM symbol, which allows eNB to hold the channel. As the duration of the reservation signal can be long if the eNB grabs the channel at the beginning of an OFDM symbol, the reservation signal can be also used to help UE perform timing/frequency synchronization. In [8], we give our considerations on the design of the reservation signal.
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Figure 1 Type 1 LAA subframe
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Figure 2 Type 2 LAA subframe
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Figure 3 Type 3 LAA subframe
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3. [bookmark: _Toc414351352]Partial subframe design 
[bookmark: _Toc414351353]Type 1 subframe design based on time-shifting a subframe[image: ]
Figure 4 Design through time-shift

In figure 4, eNB transmits a reservation signal to grab the channel in symbol 2 of subframe n, subframe n is a Type 1 subframe. eNB transmits over all 14 symbols of subframe n+1, and subframe n+1 is a Type 2 subframe. eNB transmits over 13 symbols in subframe n+2 and subframe n+2 is a Type 3 subframe.
Note in subframe n, the RE patterns for data and reference signals starting from symbol 3 to symbol 13 are exactly the same as those for DwPTS in the TDD special subframe configuration 3; in another word they can be obtained by shifting the RE patterns of DwPTS in the TDD subframe configuration 3 by 2 symbols in the example. Of course, the time-shift amount depends on when the eNB grabs the channel.
In the figure, and PBFCH is shown to share the same OFDM symbol(s) as PDCCH and PCFICH in subframes n, n+1 and n+2. Actually PBFCH can be located at symbols different from those for PDCCH/PCFICH, especially in the Type 1 subframes. 

Consideration on AGC
Depending on the AGC requirement on the UE side, it may be also desirable to have a design as shown in figure 5, where two OFDM symbols without RS are inserted between the reservation signal and the CRS residing symbol.
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Figure 5 Frame structure considering AGC

This design gives a UE more time to converge to the optimal AGC setting, and any damage to the first two symbols after the reservation signal won’t be catastrophic to the reception of the data transmission, as reference signal and control information are located on the first two symbols after the reservation signal.   

Observation: symbols containing non-critical information/reference signal(s) can follow the reservation signal to give a UE more time for AGC setting.


[bookmark: _Toc414351354]Type 1 subframe design based on truncating a subframe
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Figure 6 Design through truncation

In figure 6, we provide a design for Type 1 subframes  by truncating a normal subframe. Note in the figure, the PBFCH, PCFICH and PDCCH are located on symbol 7 in subframe n. In general it is desirable to reuse the design from LTE which has undergone extensive scrurtiny. And the CRS based control channels are located in the first slot in a subframe, and given the second slot has the same CRS patterns as the first slot, it seems reasonable to reuse the design which can be applied here.

In general, when Type 1 subframes are supported, eNB needs to work under different hypotheses in terms of scheduling and assembling of the Type 1 burst, as there is uncertanty when the eNB can grab the channel. Hence it is good to reduce number of hypotheses the eNB need to work under.. 

[bookmark: _Toc414183862][bookmark: _Toc414351355]Scheduling of data transmission in a Type 1 subframe
When a Type 1 subframe carries data, there are multiple choices to use the data. Using the figure above as an example, the choices are
1. Self-scheduling. Data in subframe n is scheduled by a control channel in subframe n on the same cell. Obviously standardization work is needed to define the new control channels to make it work. The benefits of this design include HARQ-ACK timing can be maintained, no dependence on a licensed carrier, hence the design work has a local impact.
2. Treated as an integral part of the transmission which takes place in subframe n+1. A single DCI with PDCCH/EPDCCH in subframe n+1 is used to schedule data transmissions in subframe n and subframe n+1. And the TSB size is determined from the combined resource allocations from subframe n and subframe n+1. 
a. Drawback: the TBS size may be exceeded those defined in the current specification. 
b. When EPDCCH is used, the buffer requirement can be quite excessive. In the worst case a UE needs to buffer data for 27 OFDM symbols (13 symbols in subframe n and 14 symbols in subframe n+1) before processing.
3. Treated as an integral part of the transmission which takes place in subframe n+1. A single DCI with PDCCH/EPDCCH in subframe n+1 is used to schedule data transmissions in subframe n and subframe n+1. And the TSB size is determined from the resource allocations in subframe n+1 only, and a  new rate matching rule for  the transmission in subframe n, which provides just more soft bits to the transmission taking place in subframe n+1. 
a. When EPDCCH is used, the buffer requirement can be quite excessive. In the worst case a UE needs to buffer data for 27 OFDM symbols (13 symbols in subframe n and 14 symbols in subframe n+1) before processing.
4. Transmission in subframe n is pointed by a DCI with PDCCH/EPDCCH in subframe n+1. This scheme also requires excessive data buffer when EPDCCH is used in subframe n+1.
5. Cross carrier scheduling, e.g. from a licensed carrier

Proposal 1: A transport block consists of data from a single regular subframe or a single fractional subframe.
[bookmark: _Toc414351356]Observations from two design choices
If CRS based transmission modes are not supported in LAA, then it is possible to reduce the CRS density. For example, in a Type 2 subframe, CRS is located at symbol 0 only. But CRS is still needed for frequency/timing tracking, depending on the largest frequency offset between eNB and UE, CRS at symbols 0 and 4  or CRS at symbols 0 and 7 could be considered.

4. Transmission modes

In general, the control and data channel design can be based on CRS/PDCCH/CRS based transmission modes, or DMRS/EPDCCH/DMRS based transmission modes. One important design consideration in LAA should be there may not be any guaranteed transmission of reference signal(s), hence some signal, no matter what it is called, may be needed to provide help to some basic UE functions such as tracking timing/frequency. DMRS basically is useful to the UEs with PDSCH transmissions in a subframe in that regard, in contrast CRS is useful to all UEs, no matter whether they are scheduled. 

We have 
Proposal 2: both CRS and DMRS based transmission modes are supported in LAA. 



5. [bookmark: _Toc414351358]Control channel design
LAA control channel design can be modeled after PDCCH and/or EPDCCH. As EPDCCH extends over more  OFDM symbols than PDCCH, one might perceive PDCCH is more vulnerable than EPDCCH to bursty interference. That of course depends on the underlying assumption on the duration of bursty interference. Further when friendly coexistence mechanisms with other LAA networks and WiFi are in place, the chance of suffering from rude interference out of nowhere may be small.  Furthermore, a LAA control channel design based on PDCCH may give a UE more processing time than that based on EPDCCH. From this, we do not see the need to make a binary decision between PDCCH and EPDCCH. And we have

Proposal 3: both PDCCH and EPDCCH are supported in LAA.

Due to discontinuous transmission from eNB, control information enhancements are necessary to UEs to allow them to perform PDSCH demodulation, CSI measurement and possible uplink transmission.

Transmission duration
In LAA, at minimum a UE needs to ascertain whether eNB is transmitting in a subframe or not. And in the case eNB transmits in a subframe, it needs to find out its subframe type. There is enough difference between Type 1 and Type 2/3, so UE should be able to tell the difference between Type 1 and {Type 2, Type 3}. It seems the indication of transmission duration of the current subframe (say the number of OFDM symbols in the current subframe) is useful in multiple ways:
1. It can be used to tell the difference between Type 2 (14 symbols) and Type 3(less than 14 symbols), multiple design choices are examined in [5].
2. In the truncation-based design for Type 1 subframes, the transmission duration is also needed for UE to know when the eNB transmits starts, as the reservation signal is not always transmitted (e.g. eNB grabs channel at an OFDM boundary) or may be reliable.
3. In a type 3 subframe, it is needed for PDSCH rate matching as the TBS scaling factor can be different according to the number of OFDM symbols
4. In a type 3 subframe, It is needed to determine the DMRS pattern as the DMRS pattern can be different according to the number of OFDM symbols
5. In a type 3 subframe, it is needed to determine whether CSI-RS is transmitted in the current subframe or not. If one follows the design for TDD special subframes, CSI-RS is not transmitted in a subframe with less than 14 OFDM symbols from eNB. 

WiFi uses virtual carrier sensing as one of its coexistence mechanism. Following the same design principle, it is also possible to embed the indication of transmission duration of TXOP or that of the remaining transmission duration of TXOP in the LAA control channel. For example, the transmission duration of TXOP can be embedded in the control channel of a Type 1 subframe. Note LAA nodes and potentially WiFi stations may read the transmission duration of TXOP. 
CSI measurement resources
As pointed out in [9][10], nominal periodic CSI measurement resources and aperiodic CSI measurement resources can be used for CSI measurements. As the reference signal patterns and the availability of reference signals themselves can be impacted by the time when an eNB grabs the channel, it may be useful to indicate whether CSI measurement resources exist in the current TXOP, and in the case they do where they are located (e.g. on what subframes). 

[bookmark: OLE_LINK93][bookmark: OLE_LINK94][bookmark: OLE_LINK44][bookmark: OLE_LINK45]Control channel enhancement
We also propose to enhance the LTE control channel design to support LAA operations, note the enhancements can be in the form a new DCI format or a new physical channel, which is called Physical Burst Format Channel (PBFCH) in this contribution. Some information concerning the transmission in the current subframe and/or TXOP can be included in PBFCH, which include
· Indication of transmission duration of the current subframe, and
· Indication of transmission duration of the TXOP (in a Type 1 subframe), and potentially
· DL/UL subframe configuration and
· Configuration for CSI measurement and feedback

We have
Proposal 4: Control channel for LAA can contain information for indication of transmission duration of the current subframe, and indication of transmission duration of the TXOP, configuration for CSI measurement and feedback, and potentially DL/UL subframe configuration.


6. Conclusion
[bookmark: OLE_LINK37][bookmark: OLE_LINK36][bookmark: OLE_LINK47][bookmark: OLE_LINK48]In this contribution, we provide our considerations on LAA frame structure design. And we have
Proposal 1: A transport block consists of data from a single regular subframe or a single fractional subframe.
Proposal 2: both CRS and DMRS based transmission modes are supported in LAA. 
Proposal 3: both PDCCH and EPDCCH are supported in LAA.
Proposal 4: Control channel for LAA can contain information for indication of transmission duration of the current subframe, and indication of transmission duration of the TXOP, configuration for CSI measurement and feedback, and potentially DL/UL subframe configuration.
Observation: symbols containing non-critical information/reference signal(s) can follow the reservation signal to give a UE more time for AGC setting.
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