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1. Introduction
In RAN#68, the new WI proposal on “Licensed-Assisted Access to Unlicensed Spectrum” was approved [1]. The objective of this WI includes specifying support of DL discontinuous transmission functionality with limited maximum transmission duration. The following agreements were made on PDSCH transmission in RAN1#82.
Agreements:
· The following option is excluded for PDSCH transmission in a DL subframe on a LAA SCell
· Option 2: A DL transport block is transmitted on a subset of the OFDM symbols in the DL subframe and all OFDM symbols in the next or the previous subframe
· Further study on the following options for PDSCH transmission in a DL subframe on a LAA SCell considering spectrum efficiency, eNB/UE complexity, etc
· Option 1: A DL transport block is only transmitted on a subset or all of the OFDM symbols in the DL subframe
· Option 3: A DL transport block is transmitted on a subset of OFDM symbols in the DL subframe and a subset of the OFDM symbols in the next or the previous subframe within a TTI less than or equal to 1ms or in a subset or all OFDM symbols in one subframe
Our earlier contribution concludes that Option 1 (i.e. Partial TTI) could be supported for PDSCH transmission with a limited number of starting positions. For this option, the initial and the last subframe of a transmission burst could be partial subframes that carry independent transport blocks. In RAN1#82bis, the following were agreed on the last subframe of the downlink transmission burst.
Agreements:
· DL transport block in the last subframe of a DL Tx burst can be transmitted using DwPTS structure, or a full subframe
· FFS how to signal the structure of the last subframe
· FFS whether to define a 13-symbol partial subframe
· FFS whether DwPTS structure with 3 OFDM symbols can be used for the last subframe
· FFS down selection
In this contribution, we further discuss the detailed design related to the initial partial subframe of the downlink burst for LAA.
2. Discussion
Comparing Option 1 and Option 3, it has been claimed that Option 3 would be easier for the data preparation at the eNB because it only needs to prepare the transmission for 1-ms TTI. However, as analyzed in [2], Option 3 has its own issue and does not provide a clear advantage in a pipelined eNB implementation. On the other hand, it could have some implications on the RS [3] and the handling of UEs waking up from DRX. Option 1 appears to be more straightforward.
In addition, taking into account the agreement that was made on the last partial subframe in RAN1#82bis, Option 1 is also a natural choice.
Proposal 1: Option 1 (i.e. A DL transport block is only transmitted on a subset or all of the OFDM symbols in the DL subframe) is adopted for LAA.

The remaining of this section focuses on the design of the initial partial subframe. The following issues are discussed to support PDSCH transmission in the initial partial subframe:
· How to limit potential starting positions of DL data burst.
· How to detect the PDSCH transmission in the initial partial subframe 
· How to deliver the corresponding DCI.
· How to prepare the PDSCH for hypothetical PDSCH starting points in the partial subframe in advance to ensure efficient DL transmissions. 
2.1 Potential starting positions of the initial subframe
Category 4 LBT mechanism has been agreed as the baseline at least for LAA DL transmission bursts containing PDSCH. As the eNB could succeed its LBT procedure at any time, it could transmit the reservation signal till the potential starting positions. If the PDSCH is only allowed to be transmitted on starting at the subframe boundary, the overhead could be large, which is especially true in the case of small maximum channel occupancy time. This is why it has been agreed to support PDSCH transmission starting in the middle of a subframe.  
In items of the eNB/UE implementation complexity, on one hand, the eNB needs to prepare data in advance for all possible staring position of downlink transport block in the initial partial subframe, On the other hand, the UE needs to detect the starting OFDM symbol in the initial partial subframe. Higher number of potential starting positions may result in increased cost and complexity of eNB/UE implementation. Considering the trade-off between complexity and performance, the potential starting points of downlink transport block in the initial partial subframe should be limited to a few of symbol positions.
One possible control/data starting position could be at the OFDM symbol with CRS. As analysed above, the potential starting symbols could be {0, 7} for normal cyclic prefix (CP) or {0, 6} for extended CP, that is, (E)PDCCH/PDSCH transmission always starts at the slot boundary. Compared to the legacy LTE, the only difference is that now in the initial subframe, (E)PDCCH/PDSCH is also allowed to start in the 2nd slot of a subframe.
Proposal 2: To provide good trade-off between performance and complexity, (E)PDCCH/PDSCH is only allowed to start at any slot boundary. That is, the potential starting symbol indices are {0, 7} for normal CP or {0, 6} for extended CP.

Based on above analysis, two potential subframe structures of initial subframe are illustrated in Fig.1.


Fig.1: Subframe structure design of initial subframe for LAA
· Subframe Structure I: the transport block begins at the symbol #0, and the reservation/initial signals would be transmitted till a subframe boundary if the eNB completes LBT procedure successfully.
· In this case, the transmission of (E)PDCCH/PDSCH is the same as a regular full subframe. 
· Subframe structure II: the transport block begins at the second slot for data/control information. The reservation/initial signals would be transmitted till the second slot if eNB completes LBT procedure successfully. 
In the following, the aspects on support of Subframe Structure II (i.e. initial partial subframe) are addressed.
2.2 Transmission detection of the initial partial subframe
As analysed above, the UE needs to detect the startting position of the DL transport block to identify whether the DL transmission burst begins or not. 
In RAN1#82bis, the following options were agreed for detecting transmissions (except for partial subframe) from a serving cell 
· Option 1: Initial signal (SSS/PSS) is transmitted before the first data/control OFDM symbol of the DL transmission burst
· Option 2: 1 CRS-port 0 (+ 1) OFDM symbols are transmitted in every subframe
· Option 3: Detecting (E)PDCCH when scheduled
Similarly, for transmission detection of initial partial subframe in subframe structure II, these three options could be considered as well. 
Firstly, Option 3 would incur large detection complexity for UE due to more blind detection for (E)PDCCH and is insufficient for CSI measurement subframe detection, if CSI measurement is allowed to be performed in the initial partial subframe. So, it alone is not a desirable option for transmission detection of initial partial subframe.  
For Option 1, the initial signal transmitted before the second slot of downlink transport block could enable reliable transmission detection of initial partial subframe via elaborated design of initial signal. Further, it could enable fine time/frequency synchronization and provide AGC reference for individual burst reception, which is especially beneficial considering the agreement that the eNB’s transmission power could vary across different transmission bursts which poses higher challenge for AGC. 
For Option 2, the detection of 1 CRS-port 0 (+ 1) OFDM symbol at beginning of the second slot would greatly reduce the UE complexity and benefit from the power saving of UE. This would be consistent with the agreement made so far on the transmission detection of the full subframes (“UE may assume that OFDM symbol#0 containing CRS-port 0+1 (or CRS-port 0) is transmitted in every subframe (FFS: for partial subframe) subject to LBT”) and achieve similar detection reliability. However, there is still some remaining concern on whether sufficient reliability can be achieved or not. If the reliability is not considered as sufficient, additional signals would be useful in order to further improve it.
In addition, we see the initial signal as very important for AGC adjustment given the possible power variation across transmission bursts.
Therefore, we proposed that:
Proposal 3: A combination of Option1 and Option 2 is preferred for transmission detection of initial partial subframe.
2.3 DCI transmission of the initial partial subframe
The DCI transmission of the initial partial subframe may include a combination of a few dimensions:
· Self-scheduling or cross-carrier scheduling
· PDCCH or EPDCCH
· DCI transmitted in the current subframe or in the subsequent full subframe
For cross-carrier scheduling with (E)PDCCH in the initial partial subframe, it is not possible as the eNB could not predict when (E)CCA succeeds. Except for this, all other combinations are possible and detailed analysis is given as follows.
a) Alt.1: Self-scheduling with PDCCH(-like) in the current subframe
In this case, the design of PDCCH for full subframe could be largely reused for partial subframe. The difference is that the PDCCH is moved to the second slot of initial partial subframe. The PDCCH occupied symbols could be either signaled using the PCFICH channel, or fixed (e.g. 1 symbol).

b) Alt.2:Self-scheduling with EPDCCH in the current subframe
There may be additional specification impact due to the fewer remaining symbols in the initial partial subframe. Typically, higher aggregation level or much less number of ECCE in a PRB pair would be needed.
c) Alt.3:Self-scheduling with (E)PDCCH in the subsequent full subframe
In this case, the DCI for the current partial subframe could be transmitted in the next subframe using (E)PDCCH on the same LAA carrier. This case requires the UE to buffer all the data symbols before DCI is successfully decoded in the next subframe, thus results at more UE buffering compared to the legacy behaviour.
d) Alt.4:Cross-carrier scheduling with (E)PDCCH from a licensed carrier in the subsequent full subframe
This is similar to case c except that cross-carrier scheduling is used instead of self-scheduling. 
Comparing these different approaches, Alt.3&4 require minimum change in the DL control channel, and don’t require blind detection on the starting position of the transmission, but it can require up to one subframe additional buffering at the UE. Alt.1&2 on the other hand do not require additional buffering, but they involve more specification impact and UE complexity to handle a new (E)PDCCH.
Weighing the pros and cons of these approaches, we think it is worthwhile to consider Alt 3 and 4 because of its simplicity (with the cost of additional buffer at the UE). However, the additional buffer required for Alt. 3 and 4 has been raised as a strong concern by many companies. If the additional buffer cannot be agreed, Alt 1 and 2 can be supported:
· For PDCCH, the simplest way is to shift it to the second slot. The PDCCH region should be limited to 1 or 2 OFDM symbols when it starts in the second slot. The CRS can be simply truncated.
· For EPDCCH, higher aggregation level or new ECCE to EREG mapping (e.g. 16 EREGs per ECCE) may need to be defined to adapt to the smaller number of OFDM symbols. DMRS pattern may need to be re-defined or can simply be truncated. For example, the DMRS for the normal CP case can use a shifted version of the DRMS pattern for special subframe configuration 1, 2, 6 or 7, while it can be simply truncated for extended CP.

Proposal 4: For the initial partial subframe, if PDCCH scheduling PDSCH in the same subframe is supported, PDCCH is shifted to the start of the second slot, and CRS is truncated. The DL control region should be limited to up to 2 symbols for normal CP and 1 symbol for extended CP.
Proposal 5: For the initial partial subframe, if EPDCCH scheduling PDSCH in the same subframe is supported, the DMRS for normal CP uses a shifted version of the DRMS for special subframe configuration 1, 2, 6 or 7, and the DMRS for extended CP is truncated from the DMRS in a full subframe. Higher aggregation level or new ECCE or EREGE mapping can be considered.

2.4 TBS scaling factor of the initial partial subframe
As the LBT may succeed at any time, the eNB should prepare for two transport block sizes (TBS) in advance for the two possible starting positions of downlink transmission in the initial subframe. 
For PDSCH transmission in regular DL subframes, TBS determination is based on the combination of the resource allocation size (NPRB) and the MCS index. For PDSCH transmissions in DwPTS, the TBS determination is further adjusted to account for fewer number of OFDM symbols available for PDSCH, in order to provide more efficient DL transmissions. The adjustment is done via multiplying NPRB by a factor of 0.75 or 0.375, depending on special subframe configurations.
For the initial partial subframe configuration, there are only 4~7 OFDM symbols available (for the normal CP case) or 3~6 OFDM symbols available (for the extended CP case) for PDSCH transmission. In this case, the factor of 0.75 is no longer effective in reflecting the number of available OFDM symbols for the new partial subframe configuration, wherein the factor 0.75 typically translates to 0.75x12 = 9 OFDM symbols. Considering the initial partial subframe spanning one slot of a subframe, a new TBS scaling factor can be considered based on the number of available symbols in the initial subframe and reference signalling configuration, e.g. 5/12 if the initial subframe spans 7 OFDM symbols and PDCCH spans 2 OFDM symbols.
Proposal 6: New TBS scaling factor should be adopted for initial partial subframe in LAA DL to ensure efficient DL transmissions.
3. Conclusion
In this contribution, the candidate starting/ending positions of partial subframe and corresponding indication for LAA are discussed. According to the discussions, the following proposals can be obtained. 
Proposal 1: Option 1 (i.e. A DL transport block is only transmitted on a subset or all of the OFDM symbols in the DL subframe) is adopted for LAA.
Proposal 2: To provide good trade-off between performance and complexity, (E)PDCCH/PDSCH is only allowed to start at any slot boundary. That is, the potential starting symbol indices are {0, 7} for normal CP or {0, 6} for extended CP.
Proposal 3: A combination of Option1 and Option 2 is preferred for transmission detection of initial partial subframe.
Proposal 4: For the initial partial subframe, if PDCCH scheduling PDSCH in the same subframe is supported, PDCCH is shifted to the start of the second slot, and CRS is truncated. The DL control region should be limited to up to 2 symbols for normal CP and 1 symbol for extended CP.
Proposal 5: For the initial partial subframe, if EPDCCH scheduling PDSCH in the same subframe is supported, the DMRS for normal CP uses a shifted version of the DRMS for special subframe configuration 1, 2, 6 or 7, and the DMRS for extended CP is truncated from the DMRS in a full subframe. Higher aggregation level or new ECCE or EREGE mapping can be considered.
Proposal 6: New TBS scaling factor should be adopted for initial partial subframe in LAA DL to ensure efficient DL transmissions.
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