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1 Introduction
For load-based equipment (LBE), the time when ECCA counter reduced to 0 could be at a random position in a subframe, legacy mechanisms for (E)PDCCH/PDSCH cannot be directly reused in the remaining time resource of the subframe. If such partial subframe after channel access is not used for DL transmission, it will cause obvious resource waste. Additionally, the last subframe of the channel occupation may be a partial subframe too. On the other hand, as mentioned in [2][3], receiver complexity and power consumption required to detect start/end position of (E)PDCCH/PDSCH in partial subframe should be taken into account in design. In RAN1 LAA ad hoc in Paris, the following were agreed:

Agreements:
· LAA supports transmitting PDSCH when not all OFDM symbols are available for transmission in a subframe according to LBT, also support delivering necessary control information for the PDSCH
· FFS starting/ending OFDM symbols of the PDSCH
In this contribution, we provide further discussions on (E)PDCCH/PDSCH transmission in partial subframe(s) for LAA. 
2 (E)PDCCH/PDSCH transmission in partial subframe(s)
A LBE device needs to do 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. 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 too. An example for channel access and maximum occupation time is shown in Figure 1. In order to use the partial subframes at the start of transmission burst and at the end of transmission burst, some solutions should be introduced.
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Figure 1: transmission burst of LAA 
2.1 Start OFDM symbol and end OFDM symbol of LAA transmission
2.1.1 Start OFDM symbol for control/data transmission
As shown in Figure 1, eNodeB may potentially acquire the channel at any time in a subframe/OFDM symbol and not aligned with the subframe boundary. The actual start time can have significant impact to eNodeB’s scheduling decision   such as the UEs to schedule, channel coding, TBS, MCS, PRB allocation etc [7]. 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 times increase the number of possible physical channel structures the UE is required to handle, which will again increases the cost and complexity of UE implementation. On the other hand, it is also expected that larger number of possible start times can improve LAA performance. Evaluation would be needed to determine the acceptable tradeoff between performance and complexity. 

There are several options for the UE to determine the start time of LAA 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 times. Successful CRC determines the start time
Option 2: Blind detection of the synchronization signals required to receive DL transmission burst (e.g. [4]

 REF _Ref416296499 \n \h 
 \* MERGEFORMAT [5][6])
· The time location of detected synchronization signals determines the start time
· The synchronization signals can be a (modified) DRS or reservation signal (if specified)
Option 3: Explicit start time indication in a control channel, where the start time of the control channel is predetermined
In our view, all options can be further studied. As the number of LAA carriers configured can be large, UE blind detection complexity, power consumption and detection reliability should be taken into account. Network assistance signaling from another serving cell can also be considered to increase detection reliability. 
Observation 1: 
· It is desirable that the possible start time for signals the UE is required to decode in the first subframe with a LAA DL transmission are limited to a set of positions within the subframe in order to simplify eNodeB transmission preparation and UE receiver complexity.

Observation 2: 
· UE blind detection complexity, power consumption and detection reliability are important factors when considering options for UE to determine the start time of LAA control/data transmission. Network assistance signaling from another serving cell can also be considered to increase detection reliability. 

2.1.2 End OFDM symbol for control/data transmission
As shown in Figure 1, eNodeB may potentially release the channel at any time in a subframe/OFDM symbol and not aligned with the subframe boundary. Therefore, UE needs to know the end OFDM symbol for data transmission. One method is to calculate the end OFDM symbol 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 5 and no OFDM symbol is for preamble, and if the maximum channel occupancy time is 4 ms, the end OFDM symbol index of data transmission is 4 accordingly. Another method is to indicate the end OFDM symbol of data transmission by some other signals/channels. Further, the determination of end OFDM symbol may need to consider other factors, e.g. the frame structure to multiplex DL and UL resources. 
Observation 3:

· The end OFDM symbol for control/data transmission can be either derived by start OFDM symbol for data transmission and the maximum channel occupancy time, or can be indicated by other channel/signal. 
2.2 Transmission of LAA PDSCH
For LBE based operation, the start OFDM symbol for data transmission may be in random position. Consequently, the OFDM symbols available for PDSCH transmission could vary in a large range, e.g. from 1 to 14. If there are enough OFDM symbols forthe PDSCH of the start partial subframe, an independent can be transmitted in the partial subframe. However, if the number of OFDM symbol for the PDSCH of the start partial subframe is too small, independent TB transmission can be problematic. Basically 2 options could be considered in this case. One option is drop PDSCH transmission, e.g. a longer reservation signal could be transmitted for channel occupation until boundary of next full subframe. The other option is to merge the small number of OFDM symbols with the next full subframe to make a PDSCH with a larger TTI, so that a TB is transmitted across the 2 subframes. 
Observation 4:

· If there are enough OFDM symbols in the PDSCH of the start partial subframe, an independent TB can be transmitted in the partial subframe. Further study is required if the number of OFDM symbols in the PDSCH of the start partial subframe is too small.
2.3 Transmission of LAA (e)PDCCH
2.3.1 Transmission of LAA PDCCH 
Legacy PDCCH can be mapped to the first 3 OFDM symbols of a subframe. The similar structure may be reused at the start of the partial subframe. To provide timely information on scheduling, it could be immediately after the reservation signal, however, it increases the burden for UE blind detection. Another way is to map it to fixed location, e.g. in the end of start partial subframe, but a new physical channel structure and physical reference signals mapping needs to be defined. If new mapping structure for PDCCH is to be avoided, it can be sent in the next full subframe, however, it would result in a PDCCH in a latter subframe scheduling PDSCH mapped only in a previous subframe, which is not desired due to the need for additional UE buffering. 
2.3.2 Transmission of LAA ePDCCH 
If self scheduling based on EPDCCH is used, the OFDM symbols carrying EPDCCH are the same as those transmit PDSCH in the start partial subframe. 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 desired due to the need for additional UE buffering.  

Proposal 1:

· An (E)PDCCH in a latter full subframe to schedule PDSCH mapped only in the start partial subframe should be avoided due to the need for additional UE buffering. 
3 Conclusions
A summary of our proposal on the discontinuation transmission for LAA in partial subframe are as follows:
Observation 1: 
· It is desirable that the possible start time for signals the UE is required to decode in the first subframe with a LAA DL transmission are limited to a set of positions within the subframe in order to simplify eNodeB transmission preparation and UE receiver complexity.

Observation 2: 
· UE blind detection complexity, power consumption and detection reliability are important factors when considering options for UE to determine the start time of LAA control/data transmission. Network assistance signaling from another serving cell can also be considered to increase detection reliability. 

Observation 3:

· The end OFDM symbol for control/data transmission can be either derived by start OFDM symbol for data transmission and the maximum channel occupancy time, or can be indicated by other channel/signal. 
Observation 4:

· If there are enough OFDM symbols in the PDSCH of the start partial subframe, an independent TB can be transmitted in the partial subframe. Further study is required if the number of OFDM symbols in the PDSCH of the start partial subframe is too small.
Proposal 1:

· An (E)PDCCH in a latter full subframe to schedule PDSCH mapped only in the start partial subframe should be avoided due to the need for additional UE buffering. 
References

[1] Chairman’s Notes, RAN1 #80, Athens, Greece, 9th Feb – 13th Feb, 2015
[2] R1-151623, “Discussion on LBT for LAA DL”, Samsung
[3] R1-151176, “WF on start time for discontinuous DL Tx”, Samsung, Intel
[4] R1-151041, “Discussion on discontinuous transmission for LAA”, Samsung

[5] R1-151105, “Extended subframes and (e)PDCCH for LAA downlink”, Intel Corporation

[6] R1-150980, “Design of initial downlink transmission for LBE-based LAA”, Huawei, HiSilicon

[7] R1-151007, “Data and control signaling transmission for LAA”, CATT

_1489584815.vsd
SF 0


ECCA


SF 1


SF 2


SF  3


SF 4


SF 5


SF 6


SF 7


Maximum channel occupancy time 4ms 


End partial subframe


Start partial subframe



