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1. Introduction

In some regulatory domains such as Europe and Japan [2], LBT is required for a system operating in some unlicensed bands of interest to LAA (Licensed-Assisted Access). With LBT, an LAA eNB may need to transmit in the middle of a subframe to grab the channel. As the maximum transmission duration from eNB is also limited in Europe and Japan, it may happen the eNB needs to stop transmission in the middle of a subframe.
At the LAA Ad Hoc meeting, the following agreements were reached:
Agreements:
· LAA supports transmitting PDSCH when not all OFDM symbols are available for transmission in a subframe according to LBT, also support delivering necessary control information for the PDSCH
· FFS starting/ending OFDM symbols of the PDSCH
In [4], we provide our considerations on LAA frame structure design in general. We also define three types of subframes there, and the fractional subframe in the end of a DL transmission is defined as “Type 3 subframe”.
In this contribution, we provide our views on the design for Type 3 subframes.


2. Type 3 subframe design

Since Rel-8, scheduling PDSCH in DwPTS at some TDD special subframe configurations has been possible. In Rel-11 WI “Additional special subframe configuration for LTE TDD” (ASSC in the following), special subframe configuration 9 at normal CP and special subframe configuration 7 at extended CP were added and the TDD special subframe configurations which allow PDSCH scheduling were further extended.  Type 3 subframe structure design bears some similarity with the work in ASSC and we first summarize the work from ASSC  with several observations:

1. In general, a special subframe design which supports both PDCCH and EPDCCH, CRS based transmission and DMRS base transmission is preferred.  Of course, when that is not possible as in the case of special subframe configuration 7 at extended CP, compromise can be made. 

2. EPDCCH’s DMRS design is essentially the same as that for PDSCH DMRS ports 7-10. 

3. An EPDCCH is defined through EREGs and ECCEs over one EPDCCH-PRB set. The EPDCCH design itself has considered the REs taken away by CRS and DMRS, and the arrangement of EREGS is such that an EREG takes REs which are spread out in the time domain. In a normal DL subframe, one EREG can have up to 9 REs. In a special subframe, one EREG may loss one or more REs as DwPTS has fewer than 14 OFDM symbols. We also note all EREGs suffer quite equally from that – which is a rather good property as adjustment at eNB does not need to pay a particular attention to any EREG and link adaption can be done through choosing the aggregation level for EPDCCH.
4. TBS scaling in the current specification gives the table below:

[image: image1.emf]Symbols in DwPTS 5 6 7 8 9 10 11 12

TBS scaling factor 0.375N/A 0.375 0.75 0.75 0.75 0.75 0.75


Following the same design principles, we have
Proposal 1: Both CRS based transmission and DMRS based transmission should be supported by Type 3 subframes when possible.

Proposal 2: Both PDCCH and EPDCCH should be supported by Type 3 subframes when possible.

Further we can have the following TBS scaling table for Type 3 subframes:
[image: image2.emf]Symbols in a Type 3 

subframe  5 6 7 8 9 10 11 12 13

TBS scaling factor 0.375 0.375 0.375 0.75 0.75 0.75 0.75 0.75 0.75


3. Determination of Type 3 subframe duration

Due to LBT and the limit to the maximum transmission duration, the number of OFDM symbols in a Type 3 subframe can change with time. The TDD special subframe design is a natural starting point for Type 3 subframe design. Yet one key difference is that in case of  DwPTS, its duration is known a priori at a UE, there is neither the question on whether the current subframe is used by eNB, nor the question on how many OFDM symbols there are in a used subframe. From that, one important design consideration purely from PDSCH demodulation point of view is the determination of Type 3 subframe duration. 

It should be pointed if the licensed carrier does not provide signaling support to a UE, the UE does not have any a priori information on whether a subframe is Type 2 or Type 3, hence the determination of duration can be a common problem for both Type 2 and Type 3 subframes. 

As already pointed in [5][4], a number of solutions can be considered to indicate the number of OFDM symbols in a subframe:
1. A new DCI in the common search space of PDCCH  
2. A new DCI in the common search space of EPDCCH  
3. A new field in the DL assignment DCI in PDCCH

4. A new field in the DL assignment DCI in EPDCCH

5. A new physical channel PBFCH (Physical Burst Format Channel), which is discussed in [4].
In [4], we discuss what control information enhancements are needed for LAA. Here we focus on one of them, i.e. the indication of transmission duration and discuss how control information enhancements can be signaled to UEs in general. 
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Figure 1 Summary of solutions for determining Type 3 subfame duration

Self-Scheduling
We first review the solutions in the case of self-scheduling.

We can see solution 1 is feasible if a UE which is supposed to monitor EPDCCH also takes a step to monitor PDCCH to obtain the transmission duration indication.

we can see solutions 2 and 4 can suffer from the chicken-egg problem: if we don’t know the duration of Type 3 subframe, even if a UE knows EPDCCH may be transmitted in that subframe, we still need to try out all the possibilities to decode the EPDCCH. Hence Solutions 2 and 4 do not solve the problem we face. 

With Solution 5, the contents of PBFCH include the indication of transmission duration. PBFCH is discussed in [4] and it follows a similar design as PCFICH and PHICH and takes REGs after PCFICH and PHICH, and the remaining REGs can be then used by PDCCH.

 Cross-Scheduling
We next review the solutions in the case of cross-scheduling
We can see solution 1 is feasible if a UE which is supposed to monitor EPDCCH also takes a step to monitor PDCCH to obtain the transmission duration indication.

 Solution 2 can work if the DCI transmitted on another carrier does not suffer from the problem of unknown transmission duration.  
Solution 3 and Solution 4 jointly provide a complete solution.

With solution 5, it seems one can design PBFCH in a similar way as EPDCCH, and one should avoid change which can affects PDCCH, as  that creates problems for legacy UEs.
Hence we can consider three alternatives between 
1) Solution 1, which works for both self-scheduling and cross carrier scheduling, and 
2) {Solution 3, Solution 4} for cross carrier scheduling. 
3) PBFCH
With the standardization of eCA, it is expected that many unlicensed carriers can be configured for a UE. From that, it seems not desirable to put the control burden all on licensed carriers. Hence we can study further on Solution 1 and Solution 5. We have 
Proposal 3: Further study to introduce a new DCI or PBFCH to indicate the Type 3 subframe transmission duration.

From [4], if the truncated subframe design is used, we can also see PBFCH may not be located at the first whole OFDM symbol in a Type 1 subframe. Hence we also need to embed information about the number of OFDM symbols in a Type 1 subframe, as the reference signal structure and CRS based control channel can be different depending on that. One way to achieve that is to simply indicate the transmission duration of a Type 1 subframe. We can see the design of using a new DCI or PBFCH to indicate transmission duration can be used for Type 3 and Type 1 subframes.  As a UE does not have a priori information on the subframe type (it can be signaled from another carrier that a subframe is Type 2 and Type 3, cover this point in final version), actually  a UE needs to determine the transmission duration of each subframe, no matter whether it is Type 1, Type 2 or Type 3. We have 
Proposal 4: A common design can be used for Type 1, Type 2 and Type 3 subframes to determine the transmission duration.

4. Type 3 subframe DMRS design
To simplify the design, when the number of OFDM symbols in a Type 3 subframe is the same as in DwPTS of a TDD special subframe configuration, the design is reused. We first review the DMRS design in the current specification. 

For the normal CP case, we have the following
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Figure 6.10.3.2-3: Mapping of UE-specific reference signals, antenna ports 7, 8, 9 and 10 (normal cyclic prefix)

In the DMRS design of special subframe configuration 9, truncation is used to define the DMRS. We can follow the same design principle here. Assume we want to support Type 3 subframes with 5-13 OFDM symbols. Among them, the design from special subframe configurations with 6,9,10,11 and 12 OFDM symbols for DwPTS can be reused. Then we need to work out the design for Type 3 subframes with 5,7,8 and 13 symbols. By inspecting the figure above, we have
1. Type 3 subframe with 5 to 6 symbols can use the DMRS design for special subframe configuration 3/4/8/9 with truncation.
2. Type 3 subframe with 7 to 10 symbols can use the DMRS design for special subframe configuration 1/2/6/7, and 

3. Type 3 subframe with 11 to 13 symbols can use the DMRS design for special subframe configuration 3/4/8/9.
[image: image5.emf]RS pattern for a fractional subframe ending at symbol 4/5
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Figure 2 DMRS pattern for Type subframe with 5 to 6 OFDM symbols

[image: image6.emf]RS pattern for a fractional subframe ending at symbol 6/7/8/9.
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Figure 3 DMRS pattern for Type 3 subframe with 7 to 10 OFDM symbols

[image: image7.emf]RS pattern for a fractional subframe ending at symbol 10/11/12.
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Figure 4 DMRS pattern for Type 3 subframe with 11 to 13 OFDM symbols



5. Conclusion
In this contribution, we discuss the Type 3 subframe design and we have
Proposal 1: Both CRS based transmission and DMRS based transmission should be supported by Type 3 subframes when possible.

Proposal 2: Both PDCCH and EPDCCH should be supported by Type 3 subframes when possible.

Proposal 3: Further study to introduce a new DCI or PBFCH to indicate the Type 3 subframe transmission duration.

Proposal 4: A common design can be used for Type 1, Type 2 and Type 3 subframes to determine the transmission duration.
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