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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 subfame

For LBT CAT 3 or 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 position for control/data
As shown in Figure 1, eNodeB may potentially acquire the channel at any time in a subframe/OFDM symbol. Initial signal is transmitted right after the channel occupation followed by control/data transmission. The control/data can then start from the boundary of an OFDM symbol, but not necessarily at subframe boundary. We discuss the start position of control/data transmission in this section. 
The number of possible start position for control/data can have significant impact to eNodeB’s scheduling decision,   such as which UEs to schedule, channel coding, TBS, MCS, PRB allocation etc[7]. eNB does not have enough processing time to do scheduling at the time that channel is occupied. Alternatively, it is possible for the eNodeB to prepare physical channels in advance for all possible start times but this will undoubtedly increase the cost and complexity of eNodeB implementation. In addition, the UE also needs to know the start OFDM symbol for control/data transmission and the number of possible start positions increase the number of possible physical channel structures the UE is required to handle, which will again increase the cost and complexity of UE implementation. 
Therefore, limiting the start of control/data to a reduced number of OFDM symbols could simplify eNB/UE implementation. For example, control/data transmission may only start from slot boundary, i.e. OFDM symbol 0 & 7 in a subframe. If necessary, more start positons, e.g. 3 or 4 could be allowed. In general, allowing larger number of possible start positions for control/data can improve LAA performance but required higher eNB/UE complexity. Therefore, an evaluation is needed to find an acceptable tradeoff between performance and eNB/UE complexity. 
The system level performances of the following start symbol configurations are evaluated. The end symbol is at the subframe boundary for Case 0, but the end symbol can be any OFDM symbol for Case 1 to 4.

Case 0: No partial subframe
Case 1: Start symbols of {0,1,2,3}

Case 2: Start symbols of {0,7}

Case 3: Start symbols of {0,1,2,3,7}

Case 4: Start symbols of {0,..,13} 

Figure 2 shows the average UPT of various start symbol configurations over the baseline case of no partial subframe (start symbol is the first symbol only) for an indoor scenario, where single unlicensed carrier shared between an LAA operator (DL-only) and a Wi-Fi operator (DL traffic only), with 4 nodes per operator. Licensed carrier of LAA operator is not modelled. The buffer occupancy of the Wi-Fi operator for the baseline case is 0.6 (high load). Further simulation assumptions are given in the appendix. 
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Figure 2: Average UPT gain of partial starting subframe
It is observed that Case 1 has a relatively smaller gain over Case 0, compared to the other cases. This implies that the spread of the possible start symbols in a subframe has a significant impact on the performance. In particular, uniform spreading of the possible start symbols increases performance gain. This is also evident from the similar performances of Case 2 and Case 3. Even though Case 3 has more possible start symbols compared to Case 2, the spread of start symbols for the cases are quite similar since Case 3 has three start symbol positions concentrated at the beginning of a subframe. Our simulation results indicate that partial subframe configurations with starting OFDM symbol of 0 & 7 can provide a reasonable trade-off between performance and implementation complexity.
There are several options for the UE to determine the start position of control/data transmission, some of which are listed below.

· Option 1: Blind control channel detection/decoding by the UE

· UE tries to decode (E)PDCCH at the possible start positions. Successful CRC determines the start of control/data transmission. 
· Option 2: Blind detection of initial signal in the beginning of LAA transmission burst (e.g. [4]

 REF _Ref416296499 \n \h 
 \* MERGEFORMAT [5]

 REF _Ref416296619 \n \h 
 \* MERGEFORMAT [6])
· The time location of detected synchronization signals determines the start time. 
· Since initial signal is likely to have a flexible length [8], synchronization signal must be in a fixed position relative to the end of initial signal. 
· Option 3: Explicit start time indication in a control channel, where the start time of the control channel is predetermined, e.g. located in the last OFDM symbol(s) in the first full/partial subframe for control/data. 
Option 1 & 2 is based on UE blind detection. As the number of LAA carriers configured can be large, UE blind detection complexity, power consumption and detection reliability should be taken into account. If Option 2 is adopted, these factors need to be considered in the design of initial signal. Besides, network assistance signaling from another licensed serving cell can also be considered to increase detection reliability. Option 3 could avoid blind detection, however it requires UE to buffer excessive signals before knowing if control/data is present or not.  
Observation 1: Spreading the possible start symbols over the first subframe of the DL transmission burst improves system performance gain. 
Proposal 1: The possible start position for control/data transmission is limited to a small set of positions within a subframe (e.g. two positions, OFDM symbol 0 and 7), in order to simplify eNodeB transmission preparation and UE receiver complexity.
Proposal 2: A UE is to blindly detect the start position of control/data transmissions. Network assistance signaling from another licensed serving cell can also be considered to increase detection reliability. 
2.2 End position for control/data

As shown in Figure 1, there exists a partial subframe in the end of a LAA transmission burst. If only considering DL data transmission, a LAA burst may end in the boundary of an OFDM symbol. If considering the UL transmission right after the DL LAA burst, the last one or several OFDM symbols in the end of the last subframe in DL burst may serve as guard period to account for TX-RX and TX-TX switching time, propagation delay, UL CCA time and etc. From UE perspective, UE needs to know the exact last OFDM symbol of its PDSCH to correctly DL receptions. Several options are discussed below. 
Option 1: Based on start position of LAA transmission burst and semi-statically configured duration (e.g. maximum occupation time)
Assuming a device will always try to occupy the channel until the maximum occupation is reached, the end position for LAA DL transmission can be derived based on the start OFDM symbol of data transmission and the maximum channel occupancy time. For example, if the start OFDM symbol index for data transmission is 10, the end OFDM symbol index of data transmission is 8, assuming a maximum channel occupancy time of 4 ms and an initial signal of 2 OFDM symbols. Further, if start positions for control/data are limited to a reduced set of OFDM symbols, as discussed in [8], initial signal needs to have a variable length for channel reservation, which impacts the determination of end position. A conservative way is to assume the maximum length of initial signal to derive the end position for LAA burst. 

Option 2: Explicitly indicate the end positon by physical layer signaling
eNB may transmit an explicit signaling, e.g. a DCI format in the first subframe carrying control/data, to indicate the structure of LAA transmission burst.  One way is to directly indicate the number of subframes and the end OFDM symbol index in the last subframe of LAA transmission burst. The other way is to only indicate the number of subframes of the transmission burst. In the latter case, the end OFDM symbol of transmission burst is derived based on start position of transmission burst, the indicated number of subframes and the maximum channel occupation time. In both alternatives, multiple candidate values may be predefined and then one value is dynamically indicated by physical layer signaling. The number of candidate values should be limited to reduce signaling overhead. 
Among the multiple candidate values, one value may be specially defined to correspond to the maximum channel occupation time. That is, based on the start position for channel occupation and maximum channel occupation time, the end OFDM symbol is derived, which is exactly same as Option 1 with maximum occupation time is configured. The derived end OFDM symbol may be in any OFDM symbol in the last subframe of transmission burst. To reduce standardization efforts, only end OFDM symbol positons corresponding to an existing DwPTS configuration and full subframe are allowed. On other hand, all other candidate values are for the cases that channel occupation time is less than the maximum channel occupation time. Since it is sure to be within maximum occupation time, it allows efficient DL resource allocation by avoiding end partial subframe, for the case when only number of subframes in LAA transmission burst is explicitly signaled. That is, each of the other candidate values could be interpreted as that LAA transmission burst ends at the boundary of a last subframe, hence DL resource in the full subframe can be scheduled. 

Actually, some other factors may also be considered to adjust the exact end OFDM symbol of LAA transmission burst. For example, if the calculated end subframe in a LAA burst is too short based on start position and maximum channel occupation time, the end subframe may be simply dropped. If considering UL transmission following the LAA DL transmission burst, the candidate values may indicate an end position before end boundary of the last subframe of transmission busrt, i.e. a period at the end of the last subframe is reservedto make room to account for TX-RX and TX-TX switching time, propagation delay and UE CCA operation. 
Proposal 3: A physical layer signaling to explicitly indicate the end position of LAA transmission burst, with one candidate value of the signaling indicates an end OFDM symbol corresponding to maximum channel occupation time. 
Proposal 4: If corresponding to maximum channel occupation time, the last subframe of LAA transmission burst is limited to existing DwPTS structures and full subframe structure. For other cases of channel occupation, the number of OFDM symbols for DL transmission in the last subframe of LAA transmission burst is maximized. 
2.3  (E)PDCCH and PDSCH
In this section, we discuss the mechanism to transmit control/data right after initial signal. 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 right after initial signal. 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 initial signal first to know the time position of PDCCH, or UE may directly blind detect PDCCH for partial subframe but is more complicated. As discussed in section 2.1, by limiting the start position of control/data transmission, it efficiently reduces the number of UE blind detections. Alternatively, PDCCH for partial subframe may be mapped to a fixed location, e.g. in the end of start partial subframe, to completely avoid UE blind detection on PDCCH position, however, it requires UE to buffer excessive signals before knowing if control/data is present or not. Further, another option is to send PDCCH for partial subframe in the next full subframe. The PDCCH schedules the PDSCH in a previous partial subframe. Meanwhile, there may be another PDCCH scheduling the PDSCH in the current full subframe.  This option will require even larger buffering. 

Legacy EPDCCH could be configured by high layer signalling to start from a different OFDM symbol compared to PDSCH. However, it needs a study if such behaviour 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. In this case, UE may detect initial signal first to know the start position of EPDCCH, or UE may directly blind detect EPDCCH for partial subframe but is more complicated. Alternatively, similar to PDCCH case, EPDCCH in the next full subframe may be used to schedule PDSCH mapped only in the start partial subframe, but is not desirable due to additional UE buffering.  

Proposal 5: PDCCH for partial subframe is transmitted right after initial signal. 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 right after initial signal. 
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 6: For DMRS based TM in start partial subframe, it is desired to reuse existing DMRS structure as much as possible. 

Proposal 7: 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.
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 observations and proposals,
Observation 1: Spreading the possible start symbols over the first subframe of the DL transmission burst improves system performance gain. 
Proposal 1: The possible start position for control/data transmission is limited to a small set of positions within a subframe (e.g. two positions, OFDM symbol 0 and 7), in order to simplify eNodeB transmission preparation and UE receiver complexity.
Proposal 2: A UE is to blind detect the start position of control/data transmissions. Network assistance signaling from another licensed serving cell can also be considered to increase detection reliability. 
Proposal 3: A physical layer signaling to explicitly indicate the end position of LAA transmission burst, with one candidate value of the signaling indicates an end OFDM symbol corresponding to maximum channel occupation time. 
Proposal 4: If corresponding to maximum channel occupation time, the last subframe of LAA transmission burst is limited to existing DwPTS structures and full subframe structure. For other cases of channel occupation, the number of OFDM symbols for DL transmission in the last subframe of LAA transmission burst is maximized. 
Proposal 5: PDCCH for partial subframe is transmitted right after initial signal. 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 right after initial signal. 

Proposal 6: For DMRS based TM in start partial subframe, it is desired to reuse existing DMRS structure as much as possible. 

Proposal 7: 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.
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Appendix
Table 1: Wi-Fi system evaluation assumptions
	Parameter
	Value

	MCS
	802.11ac MCS table with 256 QAM 

	Antenna configuration


	2Tx2Rx in DL, Cross-polarized 

	Channel coding
	LDPC

	Frame aggregation
	A-MPDU

	MPDU size
	1500Byte

	Max PPDU duration
	4 ms 

	MAC
	Coordination
	DCF

	
	SIFS, DIFS
	SIFS, DIFS

	
	Detection
	Energy detection & preamble detection

	
	RTS/CTS
	Not modelled

	
	Contention window
	Per DCF

	CCA-CS
	-82dBm and preamble decoding
(Note preamble occupies the 20MHz system bandwidth with rate 1/2 coding and BPSK modulation)

	CCA-ED 
	-62dBm

	ACK Modeled (successful reception, resources utilized)
	Yes

	DL/UL Duplexing
	For the DL-only LAA coexistence evaluations:

· DL traffic only

· DL and UL for the non-replaced Wi-Fi network for DL+UL Wi-Fi coexisting with DL-only LAA  

DL and UL for DL+UL LAA

	Rate control
	Minstrel

	Channel selection
	N/A


Table 2: LAA system evaluation assumptions
	Parameters
	Value

	Antenna configuration

	2Tx2Rx in DL, Cross-polarized. 

	Modulation schemes
	QPSK/16QAM/64QAM/256QAM

	Turbo code block interleaving depth
	Per LTE specs (1-14 LTE OFDM symbols dependent on MCS and PRB allocation)

	Scheduling
	Proportional fair

	Link adaptation
	Realistic

	CCA-ED
	-62dBm

	Channel selection
	N/A

	Cyclic Prefix
	Normal

	LBT Cat
	4

	Max channel occupancy
	4ms
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