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1 Introduction

In the previous RAN1 # 81 meeting, it was agreed that: 

· At least the following options are identified as possible candidates for PDSCH transmission in a DL subframe on a LAA SCell

· Option 1: A DL transport block is only transmitted on a subset or all of the OFDM symbols in the DL subframe
· 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
· 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

· Note: This does not preclude the possibility of using different options for different subframes
For the option 2 of PDSCH transmission in a DL subframe on a LAA SCell, super TTI as mentioned in [1] is assumed. As discussed in [2], the design complexity of TBS selection, HARQ retransmission as well as UE implementation and etc would make the super TTI not preferable for the PDSCH transmission design. Therefore, this contribution will discuss the scheduling design for LAA PDSCH transmission with option 1 and option 3.
2 Scheduling design for LAA PDSCH transmission
When PDSCH is transmitted on LAA SCell, the eNB have accessed the unlicensed carrier. Then self-carrier scheduling is possible for the PDSCH transmission on LAA Scell. However, as discussed in [3] the hidden node problem would impact the reliability of (E)PDCCH transmitted from the unlicensed carriers. Therefore, scheduling information for PDSCH in the LAA SCells had better be transmitted through cross-carrier scheduling in the licensed cell considering the control channel reliability.
Observation 1: Scheduling information for PDSCH in the LAA SCells had better be transmitted through cross-carrier scheduling in the licensed cell considering the control channel reliability.
With option1, it is possible that the PDSCH is transmitted on part of the OFDM symbols in one subframe due to the discontinuous transmission in LAA. This kind of PDSCH transmission is called partial subframe as illustrated in Fig. 1.
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Fig. 1    Option1: partial subframe
With option3, one type of floating subframe should be considered as shown in Fig. 2. The floating subframe begins at the moment when the channel is detected available and continues to occupy 1ms as normal LTE subframe.
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Fig. 2    Option3: floating subframe
2.1 Scheduling design for partial subframe and 1st floating subframe
With the current resource mapping rule, PDCCH transmission starts on the 1st OFDM symbol in a subframe and the beginning of EPDCCH could be the 1st to 4th OFDM symbol. For both partial subframe and floating subframe PDSCH transmission, the beginning of the subframe is uncertain due to the opportunistic channel access occupancy. Therefore, when the current (E)PDCCH is transmitted in the PCell and the transmission in the SCell is later than the (E)PDCCH, it is impossible to transmit the scheduling information through cross-carrier scheduling (PDCCH/EPDCCH) in the PCell since the eNB does not know if and where PDSCH transmission would occur in the LAA SCell. 
Observation 2: For partial subframe and 1st floating subframe, it is impossible to transmit the cross-carrier scheduling information in the PCell before the actual transmission since the eNB does not know if  and where PDSCH transmission would occur in the SCell.
Considering the scheduling information could only be sent after the channel is available, there are two alternatives for the partial subframe and the 1st floating subframe scheduling.

Alternative 1: (E)PDCCH is transmitted through self-carrier scheduling in the same subframe as the PDSCH. 
The solutions with this alternative 1 for partial subframe and floating subframe are illustrated in the Fig. 3 below. The left figure is for partial subframe and the right is for floating subframe.
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(a) “Partial subframe” scheduling 

(b) “Floaating subframe” 

E

C

C

A

E

C

C

A

E

C

C

A

E

C

C

A

E

C

C

A

E

C

C

A

E

C

C

A

Floating subframe

PDSCH

PDSCH

EPDCCH

Unlicensed cell


Fig. 3 (E)PDCCH scheduling for  partial subframe and floating subframe in the same subframe
· PDCCH for the partial subframe and floating subframe is transmitted before PDSCH

With the PDCCH transmitted before PDSCH, UE processing of PDCCH and PDSCH could be reused and no additional buffer requirements are foreseen. However, the UE needs to blindly detect the candidate starting position of PDCCH as proposed in [2]. Define initial signal or restricting starting positions could relief the blind detection complexity. 
It is also discussed in [2] that data mapping and corresponding RS design for DwPTS could be largely reused over the partial subframe. For floating subframe, the LTE subframe is reused.
PDCCH transmitted before PDSCH can be used for both partial subframe and floating subframe. RE mapping and RS design could reuse DwPTS for partial subframe.
· PDCCH for the partial subframe is transmitted at the last n OFDM symbols
With PDCCH located at the last n OFDM symbols, the UE need not blind detect the PDCCH location and the number of OFDM symbols for control can be pre-configured. However, the UE has to buffer all the data received in the subframe until the PDCCH is detected, which is different from the current PDCCH detection, but has similarity to EPDCCH detection. Therefore, the additional buffer requirements could be marginal. Besides, supporting PDCCH indicates earlier PDSCH transmission needs additional efforts on RE mapping, RS design and rate matching patterns.
This method is difficult for the floating subframe due to the ending position of floating subframe is also uncertain

PDCCH transmitted at the last n OFDM symbols can be used for partial subframe. Additional design is needed for RE mapping, RS design and rate matching patterns. 
· EPDCCH 
With EPDCCH scheduling for the partial subframe, the UE has to perform EPDCCH blind detection for each candidate starting position assumption after the last OFDM symbol is received. Without initial signal, the increased EPDCCH decoding complexity would delay the EPDCCH detection and the corresponding PDSCH demodulation operation so as to increase the UE buffer requirements. On the contrary, since EPDCCH is mapped to multiple OFDM symbols, it is more robust to the possible short-term interference than PDCCH.

Without initial signal, the increased EPDCCH decoding complexity would delay the EPDCCH detection and the corresponding PDSCH demodulation operation, and would result in increased UE buffer requirements.
Alternative 2: (E)PDCCH is transmitted through either cross-carrier scheduling or self-carrier scheduling in the next subframe 
This alternative is illustrated in Fig. 4 with assumption of PDCCH scheduling (it is the same for EPDCCH). The left figure is for partial subframe and the right is for floating subframe.
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Fig. 4 PDCCH scheduling for  partial subframe and 1st floating subframe in the next subframe
When (E)PDCCH is transmitted in the next subframe, the UE should buffer the data received in the subframe and get the PDSCH scheduling information from the (E)PDCCH in the next subframe. With the predefined (E)PDCCH location the UE blind detection complexity remains the same as on licensed band.
However, additional buffer may be required, especially with EPDCCH scheduling. For example, for the partial subframe, the UE could only decode the EPDCCH for the PDSCH transmission after the end of the next subframe. The data received in the subframe where the PDSCH is transmitted and the next subframe should be totally stored before the EPDCCH is decoded. Additional design is needed to support (E)PDCCH indicating the PDSCH transmission in an earlier subframe.
Self/cross-carrier scheduling with (E)PDCCH in the next subframe can be used for both partial subframe and 1st floating subframe. Additional design to support PDSCH transmission in earlier subframe is needed. UE buffer is increased, especially for EPDCCH scheduling. 
In summary, it is observed that cross-carrier scheduling in the licensed cell for the LAA PDSCH should be considered as the baseline solution. However, to support partial subframe or 1st floating subframe scheduling, two possible alternatives are compared and summarized in the Table.1 below. 
	Table. 1 comparison of two scheduling alternatives for partial subframe and 1st floating subframe

　
	partial Subrame
	1st floating Subframe

	Alternative 1: 
(E)PDCCH is transmitted in the same subframe as the PDSCH 
	Self scheduling
	PDCCH
	· PDCCH before the PDSCH:
· RE mapping and RS design could reuse DwPTS
· PDCCH after PDSCH:

· Additional design is needed for RE mapping, RS design and rate matching patterns
	· PDCCH before PDSCH
· Reuse LTE frame 

	
	
	EPDCCH
	· Increased decoding complexity and potentially UE buffer requirements without initial signal

	
	cross scheduling 
	(E)PDCCH
	N/A

	Alternative 2: (E)PDCCH is transmitted in the next subframe
	Cross/self scheduling 
	(E)PDCCH
	· Additional design to support PDSCH transmission in earlier subframe 

· UE buffer is increased, especially for EPDCCH scheduling.


2.2 Scheduling design for LAA PDSCH transmission
According to the discussion in 2.1, it is preferred to use self-carrier scheduling in the current subframe for partial subframe and 1st floating subframe PDSCH transmission considering the additional buffer requirements and specification impacts with other scheduling methods. Nevertheless, for other subframes following the partial subframe and floating subframe, cross-carrier scheduling in the licensed cell should be used considering the control channel reliability. Therefore, it is necessary to allow dynamic switching the scheduling cell between the partial subframe (or 1st floating subframe) and the following subframes. Furthermore, both PDCCH and EPDCCH should be considered for the PDSCH transmission in LAA since each of them performs has individual advantages and disadvantages.
Proposal 1: Self-scheduling (E)PDCCH, which transmits in the same subframe as the PDSCH, is used for partial subframe or for the 1st floating subframe.
Proposal 2: Allow dynamic switching the scheduling cell between the partial subframe or first 1st floating subframe and the following subframe.

Proposal 3: Both PDCCH and EPDCCH should be used for the LAA design. 
3 Conclusions
In this contribution, the scheduling design for LAA PDSCH transmission with option 1 and option 2 are discussed. 
Observation 1: Scheduling information for PDSCH in the LAA SCells had better be transmitted through cross-carrier scheduling in the licensed cell considering the control channel reliability.
Observation 2: For partial subframe and 1st floating subframe, it is impossible to transmit the cross-carrier scheduling information in the PCell before the actual transmission since the eNB does not know if  and where PDSCH transmission would occur in the SCell.
The following proposals are reached:
Proposal 1: Self-scheduling (E)PDCCH, which transmits in the same subframe as the PDSCH, is used for partial subframe or for the 1st floating subframe.
Proposal 2: Allow dynamic switching the scheduling cell between the partial subframe or first 1st floating subframe and the following subframe.

Proposal 3: Both PDCCH and EPDCCH should be used for the LAA design. 
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