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1 Introduction

In RAN1 #82 meeting, the following was agreed on DL transmission methods for LAA Scell [1]
· 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 (i.e. Super TTI)
· 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 (i.e. Partial TTI)
· 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 (i.e. Floating TTI)
In this contribution, the comparison between partial subframe and floating subframe is discussed, mainly from the aspects of DL data processing procedure and potential standard impacts.
2 Discussions
2.1 Processing procedure for DL data preparation
The 2-step procedure of DL data preparation for the normal subframes (i.e. fixed 1 ms) is performed by eNB in a pipeline form, which is depicted in Figure 1. It can be observed that at eNB side, MAC processing for subframe N will be initiated within subframe N-2 (step1) and PHY processing for subframe N will be initiated within subframe N-1(step2). When the PHY processing (step2) is finished, the data will be transmitted on the corresponding subframe N. This procedure continues for consecutive subframes in normal LTE operation. There is no buffer to store physical layer processing data (step2). 
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Figure 1. Processing procedure on DL data preparation for normal LTE subframe
In the following paragraphs, the procedure of DL data preparation on partial subframe and floating subframe will be discussed based on the general procedure as depicted in Figure 1. 

For partial subframe, if the candidate starting positions are symbols {0, 7} as proposed in a companion contribution [2], MAC data preparation (step1) would be prepared for two versions corresponding to 1ms and 0.5ms. These two versions do not need to be dependent. No matter eNB finishes CCA countdown or not, physical processing (step2) would start aiming to transmit at OFDM symbol 0 and 7. The PHY layer data will be transmitted if the eNB is allowed to transmit (E)PDCCH/PDSCH at the corresponding position by successful CCA operation. Otherwise the PHY layer data will be deserted and regenerated for the next candidate position. One example of the DL data preparation for the partial subframe is depicted in Figure 2. 
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 (a). PHY processing for partial subframe: when (E)PDCCH/PDSCH is transmitted from OS #0
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(b). PHY processing for partial subframe: when (E)PDCCH/PDSCH is transmitted from OS #7 

Figure 2. Processing procedure on DL data preparation for partial subframe
For partial subframe, if the candidate starting positions are symbols {0, 7}, the overhead would be within the range [0, 0.5ms-initial signal duration] assuming the initial signal is supported for LAA.

For floating subframe, if there is no restriction on the starting positions, since the instant to access the channel is unpredictable and there is no buffer to store the data during PHY processing, PHY processing should be initiated after accessing the channel. During PHY processing, the eNB has to transmit reservation signals to hold the channel until PHY processing procedure is ready. However eNB could also choose not to reserve the channel after successful LBT operation, but rather self-defer until the PHY processing is finished and access the channel by an ICCA with potential risk to lose the channel. Thus the floating subframe scheduling has a tradeoff between reservation signal overhead and channel access opportunity. Accordingly the overhead for floating subframe is within [0, PHY processing time-initial signal duration]. Of course this tradeoff exists for partial subframe as well, but the PHY data processing after accessing the channel intensifies the needs in floating subframe. One example of the DL data preparation for floating subframe is depicted in Figure 3. 
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 (a). PHY processing for floating subframe without self-deferral
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 (b). PHY processing for floating subframe with self-deferral
Figure 3. Processing procedure on DL data preparation for floating subframe
Additionally for floating subframe, the starting positions may also be restricted, so as to relax the tradeoff between reservation signal overhead and channel access opportunity. In the case, the processing procedure is similar to partial subframe. That is the PHY processing aiming to transmit at each candidate starting position can be done prior to eNB finishes CCA operation. Again the PHY layer data will be deserted and regenerated for the next candidate position if CCA fails. Different from partial subframe which prepares two versions of MAC data, floating subframe only prepares one version of MAC data since the transmission duration of each subframe is always 1ms. 
Observation 1: MAC data preparation
· For partial subframe, two versions corresponding to 1ms and 0.5ms would be prepared in advance.
· For floating subframe, one version corresponding to 1ms would be prepared in advance.
Observation 2: Overhead assuming the initial signal is supported, 
· For partial subframe, the overhead is within [0, 0.5ms-initial signal duration] with candidate starting position as OS#0 and 7.

· For floating subframe, the overhead is within [0, PHY processing time-initial signal duration].
2.2 Potential specification impacts
In this section, the potential specification impacts incurred by partial subframe and floating subframe are discussed. 
RS transmission

As discussed in [2], reusing current subframe pattern with reduced symbols is proposed for scheduling the partial subframe. If the candidate starting positions of the partial subframe is symbol #0 and symbol #7, the reference signals transmission can be mapped as usual as the normal subframe (i.e. 1ms TTI). From this aspect, there would be no change for RS transmission of partial subframe.
On the other side, for floating subframe, RS transmission can also be mapped as the normal subframe. Since the timing between Pcell and Scell is not aligned, how to make PDSCH multiplexing with DRS would be studied. However this issue may be left for eNB implementation as discussed in a companion contribution [3], where a downlink transmission burst can stop before the DMTC window.

Observation 3: From the aspect of RS transmission
· For partial subframe, there is no change for RS design and no additional design is needed when PDSCH is multiplexing with DRS.
· For floating subframe, there is no change for RS design and how to ensure multiplexing between PDSCH and DRS can be left for eNB implementation.

Starting/ending positions of DL burst
Regardless of partial subframe or floating subframe, since the data transmission will not always start at the subframe boundary, the starting positions would need to be available at UE side for proper data receiving and RS measurement operation.  As analyzed in another companion contribution [4], it was proposed that initial signal should be used for cell detection at the start of a DL transmission burst from the aspects of reducing detection complexity and ensuring the detection reliability. 
For partial subframe, as discussed in [2], since channel reservation signals would be needed between the instant when eNB competes successfully for the channel and the actual starting position of the DL transmission burst, thus the ending position of the last partial subframe would be different from burst to burst. Therefore the ending position should be indicated dynamically for the last partial subframe. 
On the other side, for the floating subframe, according to the above discussion on DL data preparation, it can be observed that the duration of channel reservation will be varied between 0 and the length of PHY processing minus the initial signal duration, according to eNB scheduling decision on how to balance the overhead and self-deferral duration. Thus similar to the partial subframe, the ending position would also need to be indicated dynamically to UEs.
Proposal 1:  the indication of the DL burst is needed for both partial subframe and floating subframe
· Utilizing initial signal detection to determine the starting position of DL burst.
· The ending position of the DL transmission burst would need to be indicated dynamically to UEs. 
HARQ timing
From the HARQ timing, since the partial subframe follows the timing aligned with Pcell, the HARQ timing can be reused as the legacy system. For floating subframe, since the timing between Pcell and Scell for data transmission is not aligned, HARQ timing can be redefined. For example, to use the Pcell timing corresponding to the ending position of the DL subframe as the HARQ timing, which does not impose strict requirement on the UE processing time for data decoding and feedback.
Proposal 2: From the aspect of HARQ timing

· For partial subframe, HARQ timing can be reused as the legacy system.
· For floating subframe, to use the Pcell timing corresponding to the ending position of the DL subframe as the HARQ timing.
3 Conclusion

In this contribution, the comparison between partial subframe and floating subframe is discussed. According to the discussion, the following observations and proposals are obtained.
Observation 1: MAC data preparation

· For partial subframe, two versions corresponding to 1ms and 0.5ms would be prepared in advance.
· For floating subframe, one version corresponding to 1ms would be prepared in advance.
Observation 2: Overhead assuming the initial signal is supported, 

· For partial subframe, the overhead is within [0, 0.5ms-initial signal duration] with candidate starting position as OS#0 and 7.

· For floating subframe, the overhead is within [0, PHY processing time-initial signal duration].
Observation 3: From the aspect of RS transmission
· For partial subframe, there is no change for RS design and no additional design is needed when PDSCH is multiplexing with DRS.
· For floating subframe, there is no change for RS design and how to ensure multiplexing between PDSCH and DRS can be left for eNB implementation.
Proposal 1:  the indication of the DL burst is needed for both partial subframe and floating subframe
· Utilizing initial signal detection to determine the starting position of DL burst.
· The ending position of the DL transmission burst would need to be indicated dynamically to UEs. 
Proposal 2: From the aspect of HARQ timing

· For partial subframe, HARQ timing can be reused as the legacy system.
· For floating subframe, to use the Pcell timing corresponding to the ending position of the DL subframe as the HARQ timing.
In summary, Table 1 summarizes the comparison between partial subframe and floating subframe from the aspects of MAC data processing, overhead and potential standards impacts.

Table 1. Comparison between partial subframe and floating subframe

	
	Partial subframe, e.g OS#0/7
	Floating subframe

	MAC processing
	Prepare two versions for 1ms, 0.5ms
	Prepare one versions for 1ms

	Overhead
	[0,0.5ms-initial signal duration]
	[0, PHY processing time- initial signal duration]

	Standards impacts
	RS design
	No change
	No change

	
	Multiplexing with DRS
	No change 
	No change

Can be left for eNB implementation

	
	Starting position detection 
	Initial signal
	Initial signal

	
	Indication of ending positions of DL burst 
	Dynamic signaling indicates DwPTS pattern as ending position
	Dynamic signaling indicates DwPTS pattern as ending position

	
	HARQ timing 
	No change
	Minimum impact. 

Using the Pcell timing corresponding to the ending position of the DL subframe as the HARQ timing 
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