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1 Introduction

In RAN #68 meeting, the WI on Licensed-Assisted Access (LAA) was approved [1]. The LAA design should allow fair coexistence between Wi-Fi and LAA and fair coexistence between different LAA systems. Listen-Before-Talk (LBT) is a key mechanism to avoid interference between different nodes, which is mandated by European regulation and Japan regulation. After a successful LBT, a device could occupation the channel with a limited time period which must be smaller than or equal to the maximum occupation time. 
In this contribution, we provide our views on LAA transmission burst. The overall structure of transmission burst is provided in section 2. Then, the start positon and end position of control/data transmission are provided in section 3 and 4, finally we propose our view on scheduling and data transmission in LAA burst in section 5. 
2 Discussion on partial subframe

For LBT CAT 4 [2], eNodeB needs to do CCA/ECCA procedure before it could occupy the channel. Due to the random nature of interference experienced in the unlicensed spectrum, eNodeB may potentially acquire the channel at any time in a subframe/OFDM symbol. Right after channel occupation, eNB may transmit a kind of initial signal to reserve the channel, and meanwhile, to support UE time/frequency synchronization as well as other functions. Then, the control/data is transmitted after initial signal. 
Further, the regulations restrict the maximum channel occupancy time to avoid that a device occupies the channel all the time hence give channel access opportunities for other devices. In accordance with the random time of channel acquisition, eNodeB may potentially release the channel at any time in a subframe/OFDM symbol, if the channel occupation time is predefined. Further, the determination of end positon may need to consider other factors, e.g. the frame structure to multiplex DL and UL resources. That is, if a LAA DL burst is followed by LAA UL transmission, the last OFDM symbol(s) may be muted for UE to do CCA for UL transmission. 
An example for the random nature of channel access and occupation time is shown in Figure 1. There may have both start partial subframe and end partial subframe in a LAA transmission burst. 
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Figure 1: Transmission burst of LAA

2.1 Start partial subframe
2.1.1 Start position of control/data
As shown in Figure 1, an eNodeB can acquire a channel for downlink transmission any time in between consecutive subframe boundaries. In other words, the transmission from an eNodeB can in effect start in any OFDM symbol within a subframe subject to LBT. Therefore, partial subframe where (E)PDCCH/PDSCH can be transmitted when not all OFDM symbols are available for transmission in a subframe has been discussed for LAA. In this case, the question at hand is the implication of this feature on the complexity of eNB/UE and LAA system performance. From performance point of view, it would be expected that allowing larger number of possible start positions for downlink transmission improves LAA performance. From complexity point of view, however, if the specification is designed to support the start of downlink transmission on any OFDM symbols (e.g. OFDM symbol #0~#13), it will lead to excessive eNB and UE complexity. For example, if the starting position of the downlink transmission varies dynamically subject to LBT, the UE would have to be implemented to perform blind detection on CRS/DMRS/(E)PDCCH/etc, and also eNodeB may need to prepare large number of scheduling sets for all possible potential partial subframes in advance. Such a requirement would lead to unreasonable increase in UE and eNodeB complexity which should be avoided. Therefore, partial subframes, if adopted, should be designed to support a minimal set of start positions (e.g. OFDM symbol 0 and 7). Also, it should be noted that this feature, if adopted, is not mandated for a UE that support LAA.
Proposal 1: Partial subframes, if adopted, should be designed to support a minimal set of start positions (e.g. OFDM symbol 0 and 7). 
2.1.2  (E)PDCCH and PDSCH
In this section, we discuss the mechanism to transmit control/data right. Both PDCCH and EPDCCH based scheduling are considered. Self-scheduling is discussed firstly. 
Legacy PDCCH can be mapped to the first 3 OFDM symbols of a subframe. The similar structure may be reused, that is PDCCH for partial subframe is transmitted from possible start position for control/data transmission. For a timely channel estimation based on CRS, it is helpful if control/data is started from an OFDM symbol with CRS. UE may detect CRS first to know the time position of PDCCH. As discussed in section 2.1, by limiting the start position of control/data transmission, it efficiently reduces the number of UE blind detections. 

Legacy EPDCCH could be configured by high layer signaling to start from a different OFDM symbol compared to PDSCH. However, it needs a study if such behavior is beneficial in the start partial subframe for LAA. In fact, it is much simpler if having the same start OFDM symbol for both PDSCH and EPDCCH. EPDCCH for partial subframe may locate in the partial subframe.  

Proposal 2: PDCCH for partial subframe is transmitted from possible start position for control/data transmission. PDCCH for partial subframe starts from an OFDM symbol with CRS. EPDCCH for partial subframe is mapped in the partial subframe and starts in the OFDM symbol from possible start position for control/data transmission. 
As shown in figure 1, partial subframe for control/data may consist of a small number of OFDM symbols and is mapped to the latter part of a subframe. It is different from full subframe or DwPTS in legacy LTE system. For a CRS based transmission mode (TM), existing CRS structure works, but it requires certain modification of UE channel estimation. As to a DMRS based transmission mode, it is desired to reuse existing DMRS structure as much as possible. If DMRS pattern is generated by puncturing existing pattern, it can only support up to 4-layer transmission. 
If cross-carrier scheduling is configured for a UE, it seems hard to enable the scheduling of partial subframe in a LAA cell from the same subframe of another cell, e.g. licensed cell. Assuming PDCCH is transmission in its legacy positon on a different carrier, it is impossible for eNB to know whether the channel can be occupied in the latter part of the subframe when PDCCH is transmitted, hence cross-carrier scheduling for the same subframe is problematic with PDCCH. Similar observation is found for EPDCCH on a different carrier. A combination of self-scheduling and cross-carrier can be considered for LAA data burst. In details, only self-scheduling could be used for the partial subframe, while it is up to eNB configuration to use self-scheduling or cross-carrier scheduling for other subframes in the LAA data burst.  
Proposal 3: For DMRS based TM in start partial subframe, it is desired to reuse existing DMRS structure as much as possible. 

Proposal 4: Only self-scheduling could be used for the partial subframe, while it is up to eNB configuration to use self-scheduling or cross-carrier scheduling for other subframes in the LAA data burst.
2.2 End partial subframe

In RAN1#82bis meeting, it is agreed that DL transport block in the last subframe of a DL Tx burst can be transmitted using DwPTS structure, or a full subframe. However, several detail issues are still open. 

DwPTS with 3OS is not useful for DL transmission, however, it is still useful to carry UL grant or UL PC command in the future and Rel-13 UE can know about it for utilizing the CRS for channel interpolation. Existing DwPTS already has a length of 12-symbol, which make the gain by allowing 13-symbol DwPTS marginal. From a simple calculation, the gain is less than 2.5% assuming a data burst of 4ms and 120 data REs per PRB pair.
One issue is how to handle PSS/SSS if subframe 0/5 happens to be the end partial subframe. If only less than 4 OFDM symbols carrying CRS in the end partial subframe, the transmission of PSS/SSS may cause confusion for DRS detection if it resides in the DMTC of a UE. There is a limitation on the CSI-RS port in DRS for RRM too. So, it is preferred that no PSS/SSS in end partial subframe is allowed, no matter subframe 0/5 or not. 
In FD-MIMO WI in RAN1#82bis meeting, it is agreed to support ZP and NZP CSI-RS with 2/4/8/12/16 ports in DwPTS. We think it is beneficial to align the assumptions of LAA WI and FD-MIMO WI. That is, ZP and NZP CSI-RS are also supported in the end partial subframe in LAA[8]. That is, when the configured periodic CSI-RS subframe overlaps with an end partial subframe, it is preferred to allow CSI-RS transmission. Therefore, the opportunities for CSI-RS transmission are increased and the CSI feedback accuracy can be improved. A difference between end partial subframe the existing DwPTS is that there is no PSS in the 3rd OFDM symbol and it is preferred that PSS/SSS is not transmitted in end partial subframe even when it belongs to subframe 0/5. Therefore, more OFDM symbol-pairs can carry CSI-RS. 
Another issue is whether the end partial subframe can be a MBSFN subframe. That is CRS is only transmitted in the OFDM symbol 0/1 in the end partial subframe. We think it is reasonable to allow such operation to reduce CRS overhead for a DMRS transmission mode.

Proposal 5: 3 OFDM symbols for the end partial subframe is supported. 13 OFDM symbols for the end partial subframe is not supported.
Proposal 6: PSS/SSS is not transmitted in the end partial subframe, including when the end partial subframe is subframe 0/5. 

Proposal 7: ZP and NZP CSI-RS transmission in DwPTS are supported if length of end partial subframe is more than 3 OFDM symbols.
Proposal 8: The end partial subframe can be a MBSFN subframe.
3 Conclusions
In this contribution, we discuss the overall structure of a LAA transmission burst, especially for the operations related to start/end partial subframes. We hence make the following proposals,
Proposal 1: Partial subframes, if adopted, should be designed to support a minimal set of start positions (e.g. OFDM symbol 0 and 7). 

Proposal 2: PDCCH for partial subframe is transmitted from possible start position for control/data transmission. PDCCH for partial subframe starts from an OFDM symbol with CRS. EPDCCH for partial subframe is mapped in the partial subframe and starts in the OFDM symbol from possible start position for control/data transmission. 

Proposal 3: For DMRS based TM in start partial subframe, it is desired to reuse existing DMRS structure as much as possible. 

Proposal 4: Only self-scheduling could be used for the partial subframe, while it is up to eNB configuration to use self-scheduling or cross-carrier scheduling for other subframes in the LAA data burst.

Proposal 5: 3 OFDM symbols for the end partial subframe is supported. 13 OFDM symbols for the end partial subframe is not supported.
Proposal 6: PSS/SSS is not transmitted in the end partial subframe, including when the end partial subframe is subframe 0/5. 

Proposal 7: ZP and NZP CSI-RS transmission in DwPTS are supported if length of end partial subframe is more than 3 OFDM symbols .
Proposal 8: The end partial subframe can be a MBSFN subframe.
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