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1
Introduction
Rel-13 LAA supports 2 different start positions for the start of eNB DL transmission and 6 different end positions for the end partial subframe. For the start of transmission, some of the considerations at that time included
(1) How to detect start of eNB transmission at the UE
(2) PDCCH decoding complexity per subframe
(3) Average time between successful LBT and start of eNB transmission 
For the end of DL transmission, the aspects that were considered included

(1) eNB and UE implementation complexity

(2) Incremental spectral efficiency benefits

In this document, we discuss various aspects of enabling additional start and end positions for DL transmissions in addition to what is supported in Rel-13.
2
New initial partial subframes positions in the DL
There are two possible approaches to enable additional start positions for DL transmission in LAA.
1. Additional start positions in symbols 4 and 11 with transmission ending in symbol 13 and based on CRS detection.
2. sTTI based solutions including 2 and 7 symbol sTTI from the ongoing ULL work item and based on DMRS detection (DMRS is to be defined for sTTI).
We discuss more details of each approach in this contribution.

2.1
Additional start positions in symbol 4 and 11



In Rel-13 LAA, it was agreed that the UE detects the start of eNB transmission using CRS port 0 (and port 1). If the UE detects CRS in symbol 0, it assumes that the transmission is a full subframe. If the even does not detect CRS in symbol 0, then the UE tries CRS detection in symbol 7. If successful, then the UE recognizes the transmission as an initial partial subframe starting in symbol 7 and ending in symbol 13. 
This concept can be further extended as follows.
1. UE attempts CRS detection in symbol 0. If successful, the UE has detected a full subframe ending in symbol 13. 
2. If CRS detection fails in symbol 0, then the UE attempts CRS detection in symbol 4. If successful,

· Option 1: UE has detected an initial partial subframe starting in symbol 4 and ending in symbol 13.
· Option 2: UE has detected an initial partial subframe starting in symbol 4 and ending in symbol 7 and a second following partial subframe starting from symbol 7 and ending in symbol 13 (with a format defined in Rel-13).
3. If CRS detection fails in symbol 4, then the UE attempts CRS detection in symbol 7. If successful, the UE has detected an initial partial subframe starting in symbol 7 and ending in symbol 13.

4. If CRS detection fails in symbol 7, then the UE attempts CRS detection in symbol 11. If successful, the UE has detected an initial partial subframe starting in symbol 11 and ending in symbol 13.
5. Else, the UE attempts CRS detection in the next subframe starting from symbol 0.
Option 1 requires defining two different types of initial partial subframes whereas it is sufficient to define one additional type of subframe (3 symbols long) in Option 2. However, Option 1 allows more efficient scheduling if UE first detects CRS in symbol 4 in comparison to Option 2 which splits the transmission into 2 initial partial subframes of 3 symbols and 7 symbols respectively. 

Proposal

1. Defining new start positions at symbol 4 and symbol 11 and always ending in symbol 13 is considered as the baseline for augmenting the initial partial subframes.
2. The DMRS locations are not changed for the new initial partial subframe candidates. If DMRS based demodulation is used, then CFI = 1 if the eNB starts transmission in symbol 4 and 11.
2.2
Starting positions other than symbol 0,4,7,11 with non-causal indication of PDSCH start
UE detects CRS only in symbol 0, 4, 7 and 11 as described in Section 2.1. The key idea is that the UE is indicated an earlier start position for PDSCH in the DCI which is transmitted only starting from symbol 0,4,7 and 11. For example, if the UE decodes DCI starting in symbol 4, then the DCI indicates eNB transmission starting in symbol 1, 2, 3 or 4. Similarly, if the UE decodes DCI starting in symbol 7, then the DCI indicates eNB transmission starting in 5,6 or 7 and so on. This enables the eNB to start transmission in any OFDM symbol and thus maximizes medium utilization.

However, this implies a new rate matching behavior for PDSCH which makes the eNB implementation very challenging. This is because the eNB must prepare multiple versions of the transmission, each starting at a different symbol as the eNB is not sure when the medium is available.
Proposal

1. Additional start position for initial partial subframe based on non-causal indication of PDSCH start can be further studied for Rel-15 LAA.
2.3 

Transmission based on short TTI
In Rel-14/15 ULL, 2 and 7 symbol sTTI would be defined for DL FS1. If the sTTI design (especially the sPDCCH design) is finalized within the timeframe of the Rel-15 LAA work item, we propose to also consider sTTI based initial partial subframe design for LAA.

Proposal

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

If this is feasible, we discuss some proposals for initial partial subframe design.  
2.3.1
Multiple sTTIs in a partial subframe with DMRS based detection
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Figure 1: Portioning of initial partial subframe using sTTIs
In this proposed scheme, based on the OFDM symbol in which eNB obtains channel access, the rest of the subframe is divided optimally into multiple sTTI intervals. Some examples are as shown in Figure 1. Each sPDSCH within the sTTI can be scheduled individually and independently of the other sTTIs within the partial subframe. Thus, in principle, each sTTI could address different sets of users.

The UE performs eNB transmission detection based on DMRS transmitted for sTTI demodulation. Note that in this proposed scheme, the candidate start positions for 2-symbol sTTI are not in the symbols which contain CRS (0,4,7 and 11). Once the UE detects the sTTI, it can determine the sTTI configuration for the rest of the subframe. Hence no additional signalling is needed for the frame structure.

2.3.2
sTTI DMRS based transmission detection and DCI
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In this proposal, the UE performs transmission detection based on the DMRS in the sTTI. As in the previous proposal, the sTTI can start in symbols 1,3,5,8,10,12. For starting in symbol 7, initial partial subframe as in Rel-13 LAA is used. The DCI transmitted on sPDCCH allocates the entire initial partial subframe (in time) to a single UE. 
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New end partial subframe candidates
In Rel-13 LAA, six different end partial subframe candidates were standardized including symbols 3, 6, 9, 10, 11 and 12 and all the end partial subframe configurations except 3-symbol end partial subframe carried PDSCH. 
In principle, additional end positions can be enabled in symbols 4,5,7,8 etc. to make the system more efficient. Either new end partial configurations are defined (including CRS, DMRS patterns) or the end partial subframe can be scheduled fully using sTTI or a combination of both approaches. 

Given the additional granularity to be specified for the initial partial subframe, we believe that the gain of specifying additional end partial subframe configurations is very negligible and does not justify the additional eNB and UE implementation complexity. However, we also propose that 3-symbol end partial subframe configuration also carry PDSCH in line with the initial partial subframe configuration which starts in symbol 11 and ends in symbol 13.
Proposal
1. Additional DL end partial subframe configurations are not specified in Rel-15 eLAA. 
2. 3-symbol end partial subframe can also carry data on PDSCH.
4


TBS scaling for initial partial subframes
In LAA, TBS scaling was not introduced for the 7-symbol initial partial subframe. However, if the duration of the end partial subframe is very small it may be efficient to use a TBS scaling factor. 

 Proposal 

1. For a new initial partial subframe configuration with a start symbol in the first slot, TBS scaling is not used

2. For a new initial partial subframe configuration with a start symbol in the second slot, TBS scaling factor of 0.375 can be considered for efficient scheduling.
5 
Conclusions

In this document, we discussed various proposals for initial and end partial subframes for Rel-15 DL 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 extend the Rel-13 based solution for defining additional initial and end partial subframes. However, we are also open to considering ULL based solutions if there can be significant commonality between the designs.

Proposal

1. Defining new start positions at symbol 4 and symbol 11 and always ending in symbol 13 is considered as the baseline for augmenting the initial partial subframes.

2. The DMRS locations are not changed for the new initial partial subframe candidates. If DMRS based demodulation is used, then CFI = 1 if the eNB starts transmission in symbol 4 and 11.
3. Additional start position for initial partial subframe based on non-causal indication of PDSCH start can be further studied for Rel-15 LAA.

4. Additional DL end partial subframe configurations are not specified in Rel-15 eLAA. 
5. 3-symbol end partial subframe can also carry data on PDSCH

6. For a new initial partial subframe configuration with a start symbol in the first slot, TBS scaling is not used.
7. For a new initial partial subframe configuration with a start symbol in the second slot, TBS scaling factor of 0.375 can be considered for efficient scheduling.
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