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1
Introduction
In Rel-14 eLAA, UL transmission was specified assuming a full subframe, with the possibility to use the first symbol for LBT. However, any UL partial subframes have not been specified. 
In this document, we discuss the benefits and possible partial subframe configurations of UL LAA. 
2
Improved medium utilization

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.    
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When the UE performs Cat 4 LBT on the UL, there is a possibility of using initial partial subframes to reduce the amount of time the UE must self-defer on the medium after it has completed its Cat 4 LBT. However, as the UL is always scheduled by the eNB currently, it is preferable for the UE to respect the eNB’s grants and transmit on the entire subframe. If the UE transmits only part of the UL subframe, the eNB needs to be informed of the start position of UL transmission. Otherwise, the rate matching at the eNB is completely off and the subframe decoding results in an error. Thus, it is preferable to indicate the length of the ULinitial partial subframe to the eNB. 

From the UE perspective, it must prepare multiple versions of the UL subframe as the UE may not know when the LBT clears at the eNB which results in significant overhead at the eNB. 

We propose that all these issues are discussed together as part of the autonomous UL transmission aspect of the LAA work item.

Proposal

1. For an eNB acquired TxOP, UL end partial subframes can be defined in LAA

2. For a UE acquired TxOP with eNB scheduled transmissions, UL initial partial subframes are not considered.

3. For a UE acquired TxOP with autonomous UL transmission, UL initial partial subframes can be further considered after June 2017 when the autonomous UL aspects of the work item are also discussed.
2.1
UL end partial subframe configurations and scheduling
In principle, a UL partial subframe can be defined to end at every possible symbol in a subframe. In this section, we discuss possible candidates for the end partial subframe. In fact, as part of the PUSCH in UpPTS work item for LTE, PUSCH was defined for 1 to 6 symbol duration with a 1 symbol granularity. Using the same principles, one may consider that partial subframes with 1 or 2 symbol granularities are also defined in LAA. 

However, LAA UL can be scheduled in two modes

1. Within the TxOP where the eNB is fully aware of the start of the TxOP and hence can accurately schedule the length of the end UL partial subframe.
2. Cross-TxOP (or two stage grants) where the eNB is not aware of the start of the next TxOP (and hence the length of the end UL partial subframe) at the time of scheduling.  
Proposal 
1. UL end partial subframes are defined with 1 or 2 symbol granularities. 
2. Only UL grants that schedule UL transmission within a TxOP can schedule UL end partial subframes.
2.2
Partial subframe configurations
As in the DL [1], there are two primary means to construct partial subframe configurations for LAA. 

1. Truncate a full subframe to the desired length of the end partial subframe

2. Joining together multiple sTTIs of different lengths optimally to match the desired length of the end partial subframe

2.2.1
Truncate a full subframe

In this approach, the full subframe is truncated by removing the required number of symbols from the end partial subframe. This is a clean approach to defining partial subframes even with a 1 symbol granularity. 

PUSCH rate matching: The time first, frequency second rate matching behaviour is not changed as the UE is aware of the end partial subframe configuration at least 4ms in advance when it receives the first grant.

DMRS symbol location: We don’t propose any changes in the location of the DMRS as this would result in unnecessary complexity at the UE and the eNB to optimize the decoding for each DMRS location. The downside to this approach is that Rank 2 transmission cannot be scheduled for a UE that is scheduled for less than 10 symbols. However, we believe that this is acceptable trade-off for Rel-15 LAA and can be further optimized at a later stage, if there is a strong desire. 

UCI mapping: Currently ACK/NACK is mapped to the symbols before and after the DMRS and RI is mapped to the symbols two symbols away from the DMRS. We propose to continue this mapping behaviour even for end partial subframes subject to the constraint that if the required symbol is not available in the end partial subframe, then ACK/NACK and RI is not mapped in that slot (and uses only the first slot fully).
2.2.2
Based on sTTI grouping

In this approach, the end partial subframe is constructed by optimally grouping the sTTIs defined as part of the ULL work item in Rel-15. Depending on the granularity of the sTTIs defined, the number of end partial subframes that can be constructed is determined. These sTTIs can either be jointly scheduled or independently scheduled. 
Proposal 

1. If possible and timeline permitting, re-use some of the design elements from the ULL work item to define additional end partial subframe candidates for UL LAA.

3
Summary
In this document, we discussed various proposals for initial and end partial subframes for Rel-15 UL LAA. Some of the designs are an extension of the proposals in Rel-13 while some of the designs are based on the ULL work item which is currently running in parallel. Considering the timeline of the LAA and the ULL work items, we prefer to use the UL end partial subframe candidates based on truncating the full UL subframe. However, we are also open to considering ULL based solutions if there can be significant commonality between the designs.

Proposal 

1. For an eNB acquired TxOP, UL end partial subframes can be defined in LAA

2. For a UE acquired TxOP with eNB scheduled transmissions, UL initial partial subframes are not considered.

3. For a UE acquired TxOP with autonomous UL transmission, UL initial partial subframes can be further considered after June 2017 when the autonomous UL aspects of the work item are also discussed.

4. UL end partial subframes are defined with 1 or 2 symbol granularities. 

5. Only UL grants that schedule UL transmission within a TxOP can schedule UL end partial subframes.
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6ms with both DL and UL partial subframe
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