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1
Introduction
In RAN1#88bis, the following agreements were made regarding initial and end partial subframes for UL LAA.
Agreement:
At least one additional UL ending point is introduced

· The ending point is indicated with a UL grant allocating the resources for the subframe

Agreement:
At least one additional UL starting point is introduced

FFS: details, including whether the starting point is indicated with an UL grant or not 

In this document, we discuss further details of the design for the start and end partial subframes for UL LAA.
2
UL end partial subframes
For LAA, as the eNB only schedules full subframes on the UL, it may need to truncate the UL at the subframe boundary to respect the TxOP constraints as specified by the regulation. This results in an under-utilization of the medium in general as shown in Figure 1.
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Figure 1: UL transmission with and without partial subframes
If UL partial subframes are introduced, then the UL scheduling need not be truncated to the subframe boundary. Thus, the full duration of the TxOP acquired by the eNB can be utilized which improves system performance and reduces delay. 

2.1 
Candidate end positions for UL
As mentioned in Section 1, RAN1 has already agreed to specify at least one additional end position. We now discuss whether any additional end positions need to be specified. 
To improve medium occupancy, it would be beneficial to specify many UL partial subframe end positions which are complementary to the DL initial partial subframes. 

However, supporting many end positions for UL can increase complexity at the UE and at the eNB and the signalling overhead in the DCI. At the UE side, it needs to support many different configurations for UL TM1 and TM2 processing, new behaviour for UCI mapping, new locations for SRS transmission etc. The eNB would also need to process all the different UL partial subframes configurations.
Proposal 

1. Additional end symbols for UL end partial subframes may be considered depending on the specification effort, UE implementation and eNB detection complexity. 

2. If only one additional candidate is specified, then the UL end partial subframe should be 7 symbols long.

2.2 
UCI mapping, SRS transmission, TM2 support
UCI on end partial subframes needs new mapping behaviour for CQI, RI mapping. As the UCI is spread over all the OFDM symbols, each new partial subframe configuration may require a different mapping at the UE (Note that ACK/NACK is not carried on LAA UL). The eNB may configure a scale value (beta factor) to enable UCI transmission in the end partial subframes.
SRS transmission can also be supported in the last OFDM symbol of an end partial subframe. 

As UL TM2 requires two DMRS symbols for channel estimation (OCC multiplexed), we propose that TM2 is not supported in configurations with only DMRS symbol.

Proposal

1. UCI mapping is supported on UL end partial subframes. Even if multiple UL end partial subframes are supported, minimize the number of configurations for UCI mapping.

2. eNB configures a different beta value for determining UCI resources on end partial subframes.

3. SRS transmission in the last OFDM symbol can be supported for end partial subframes.
4. UL TM2 is not supported in configurations with one DMRS symbols.

3
UL initial partial subframe
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Figure 2: UL initial partial subframe - Example illustration

We first distinguish two possible scenarios in which an initial partial subframe can be used.

Fully scheduled mode: The eNB schedules an initial partial subframe to the UE.

Semi-scheduled mode: The eNB schedules a full subframe. The UE attempts transmission at the start of the subframe boundary and fails. Instead of skipping that subframe, the UE attempts another LBT in the middle of the subframe and performs transmission if LBT is successful.

3.1
Fully scheduled mode

In the fully scheduled mode, the eNB indicates in the DCI that the transmission is an initial partial subframe and may also signal the start symbol of transmission. The UE performs 25us LBT or Cat 4 LBT procedure such that it obtains channel access right before the start of transmission. 
However, given the nature of transmissions in LAA, there is no strong motivation to specify a fully scheduled initial partial subframe for UL this does not address any of the concerns with UL channel access 

Proposal:

1. Fully scheduled UL initial partial subframe is not considered further for Rel-15 LAA 
3.2
Semi-scheduled mode
In semi-scheduled mode, the eNB schedules a full subframe for UL transmission. However, if the UE LBT was not successful at the subframe boundary (either at symbol 0 and between symbol 0 and symbol 1 as specified in the UL DCI), then the UE currently drops the entire subframe. This results in loss of UL throughput and allows the competing nodes more time to access the medium as the UE does not perform any transmission for the entire subframe duration. 

To improve UL throughput, the UE attempt channel access for transmission in between the subframe once again. If it is successful, the UE may perform UL transmission for an initial partial subframe. If not successful, then the UE may either attempt access at another position in the subframe or give up transmission for that subframe. For example, if initial partial subframe of 7 symbols is allowed in this mode, the UE upon LBT failure in symbol 0 can attempt LBT once again before symbol 7. 

As the UE only transmits in part of the UL subframe, while the eNB is expecting a full subframe, the eNB needs to be informed of the start position of UL transmission and the new rate matching behaviour needed to decode the UL transmission. From the UE side, the processing to construct the initial partial subframe should be simple enough to enable its construction within a few symbols of the failed initial LBT.

Clearly, there is expected to be some common behaviour between the scenarios in which the UE truncates a fully scheduled transmission and performs an autonomous (grant less) transmission which may include an initial partial subframe.

Proposal

1. Design should strive to achieve common behaviour between semi-scheduled initial partial subframes and the principles for UL autonomous transmission (to be studied after June 2017) when applicable.

As PUSCH transmission on the UL in mapped in a time first, frequency next fashion, once simple way to enable semi-scheduled mode is to truncate the first part of a full subframe to achieve the desired length of the initial partial subframe.
The other alternative is to rate match to the actual length of the initial partial subframes. This can be possibly achieved in two ways 

1. UE constructs the subframe assuming multiple initial start positions and picks one depending on the actual location of the LBT success. It is “theoretically” possible for the UE assume different MCS/TBS for the different candidates.

2. UE performs rate matching on the fly to the next initial start position.

The first approach requires the UE to have additional hardware, memory etc. and significantly complicates HARQ processing and buffer management at the UE while the second approach imposes strong latency constraints on the UE processing. 

Proposal

1. Puncturing the first few symbols is preferable to any rate matching based approaches for constructing the initial partial subframe at the UE in semi-scheduled mode.

3.2.1
Design details of puncturing based solution
For puncturing based initial partial subframe construction, there are several constraints. TM2 may be possible if both the DMRS symbols are available in the punctured subframe otherwise TM2 is not feasible. In addition, UCI resources may also be punctured which impacts the decoding of UCI. We propose that the UCI mapping is not changed and the eNB can decode this on an opportunistic basis.
Start position detection: If only one additional start position is used, then the eNB can use DMRS detection to figure out the start of UE transmission. However, if more than one additional start positions are specified, then different DMRS cyclic shifts may be used for start position detection. 

Proposal 

1. If the subframe is scheduled with UL TM2, then puncturing which keeps only one DMRS symbol cannot be allowed. UE drops the whole subframe in this scenario.
2. UCI detection at the eNB is opportunistic.
3. DMRS presence or cyclic shift based start position detection
4
Conclusion
In this document, we discussed various proposals for initial and end partial subframes for Rel-15 UL LAA. 
Proposal 

1. Additional end symbols for UL end partial subframes may be considered depending on the specification effort, UE implementation and eNB detection complexity. 

2. If only one additional candidate is specified, then the UL end partial subframe should be 7 symbols long.
3. UCI mapping is supported on UL end partial subframes. Even if multiple UL end partial subframes are supported, minimize the number of configurations for UCI mapping.

4. eNB configures a different beta value for determining UCI resources on end partial subframes.

5. SRS transmission in the last OFDM symbol can be supported for end partial subframes.

6. UL TM2 is not supported in configurations with one DMRS symbols.

7. Fully scheduled UL initial partial subframe is not considered further for Rel-15 LAA.
8. Design should strive to achieve common behaviour between semi-scheduled initial partial subframes and the principles for UL autonomous transmission (to be studied after June 2017) when applicable.

9. Puncturing the first few symbols is preferable to any rate matching based approaches for constructing the initial partial subframe at the UE in semi-scheduled mode.

10. If the subframe is scheduled with UL TM2, then puncturing which keeps only one DMRS symbol cannot be allowed. UE drops the whole subframe in this scenario.
11. UCI detection at the eNB is opportunistic.

12. DMRS presence or cyclic shift based start position detection.
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