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1 Introduction

In this contribution, we discuss frame design and signalling related issues for LAA UL using Frame Structure type 3.
2 Frame structure and signalling for LAA UL 
In general, there are two options to support LAA DL and UL transmissions. One option is to support DL only transmission on one unlicensed carrier and UL only transmission on another unlicensed carrier. This option can achieve simultaneous DL and UL transmission for LAA. However due to the duplex capability limitation, it cannot transmit/receive simultaneously at least on the intra-band carriers. The other option is to support DL and UL transmission on the same unlicensed carrier and DL and UL transmission can occur in a time domain multiplexing (TDM) manner. In this case, there is no duplex restriction on the choice of unlicensed carriers to support DL and UL transmission, which would achieve flexible usage of the unlicensed carriers for LAA. In the following sections, support of DL and UL transmission on the same unlicensed carrier will be discussed. 
2.1 Frame structure for LAA UL
The Frame Structure type 3 (FS3) is introduced in Rel-13 to support LAA DL as the following [1].
Frame structure type 3 is applicable to LAA secondary cell operation with normal cyclic prefix only. Each radio frame is 
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 long and consists of 20 slots of length, numbered from 0 to 19. A subframe is defined as two consecutive slots where subframe 
[image: image3.wmf]i

 consists of slots 
[image: image4.wmf]i

2

and
[image: image5.wmf]1

2

+

i

.  

The 10 subframes within a radio frame are available for downlink transmissions. Downlink transmissions occupy one or more consecutive subframes, starting anywhere within a subframe and ending with the last subframe either fully occupied or following one of the DwPTS durations in Table 4.2-1.

In order to support LAA UL, some minor and straight forward modifications of FS3 are needed. First of all, the subframe within a radio frame is available for downlink or uplink transmissions according to the requirement of an eNB. Downlink transmissions occupy one or more consecutive subframes, starting anywhere within a subframe and ending with the last subframe either fully occupied or following one of the DwPTS durations in Table 4.2-1 (of TS36.211). Considering the UL will be scheduled by eNB in LAA, the LAA UL subframe shall be determined according to UL grant issued by the serving eNB and the timing between UL grant and PUSCH transmission as in current LTE.
Given that the DL and UL traffic load and the occupancy of other nodes and other RAT on the unlicensed spectrum vary over time, a fixed DL and UL allocation of subframes is not suitable for LAA operation. Therefore, DL subframe and UL subframe in the enhanced FS3 should not be fixed beforehand. It should be determined by the eNB, e.g., via eNB configuration. That is, each subframe can be configured as DL subframe or UL subframe. During its TXOP, an eNB can configure a subframe as DL subframe or UL subframe according to the loads of DL and UL. At the UE side, a subframe can be determined as DL subframe or UL subframe according to the detection or received signalling from its serving eNB.
Two cases can be envisioned for LAA UL transmission:
Case 1: DL transmission is followed by UL transmission with one or more UL subframe in LAA SCell.
Case 2: There is no DL transmission before UL transmission in LAA SCell.
From these two cases, whether an UL transmission starts from subframe boundary should be decided. Since the last subframe can be a full or partial subframe for LAA DL. It leads the following two alternatives for LAA UL.
Alt. 1 UL transmission always starts from a subframe boundary as illustrated in the following Figure 1a and Figure 1b. In Figure 1a, the last DL subframe is a full subframe. UL transmission can start from a subframe boundary. In Figure 1b, the last DL subframe is a partial subframe. If there is no UL transmission in this subframe until the next subframe boundary, then, obviously, there is resource waste.
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Figure 1a: Example of UL transmission always starting from a subframe boundary
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 Figure 1b: Another example of UL transmission always starting from a subframe boundary
Alt. 2 UL transmission can start from a position within a subframe (not a subframe boundary) as illustrated in the following Figure 2. In this example, the last DL subframe is a partial subframe. After the end of DL transmission, UL transmission can start from an OFDM symbol boundary within a subframe (not a subframe boundary). This can improve resource efficiency but may cause great complexity in specification and implementation.
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Figure 2: Example of UL transmission starting from a position within a subframe (not a subframe boundary)
Compared with Alt.1, Alt. 2 is more complex. Alt. 2 needs a bit more standard efforts, but it can improve spectrum efficiency. A compromise between them can be considered. For example, the OFDM symbol 0 or 7 can be considered as the starting OFDM symbol of PUSCH. The OFDM symbol right before the starting OFDM symbol of PUSCH is set as the location of LBT/CCA. For the case where the ending DL partial subframe with 3 or 6 OFDM symbols, PUSCH can start from the OFDM symbol 7 of the same subframe as the ending DL partial subframe. Though more standardized efforts are required to specify how to transmit PUSCH and PUCCH in the 2nd slot. For the case where the ending DL partial subframe with 9, 10, 11, 12 OFDM symbols, PUSCH should start from the OFDM symbol 0 of next subframe. 
Proposal 1: Subframes of FS3 within channel occupancy time (COT) are configured by eNB for downlink or uplink transmission.
2.2 Multiple subframes scheduling and Multi-user multiplexing
Multiple-subframe scheduling may result in more challenge to multi-user multiplexing in TDM. If one UE occupies multiple continuous UL subframes, it is difficult for other UEs to succeed in UL LBT, which in turn may reduce multiplexing efficiency.
For single subframe scheduling, every PUSCH subframe should contain blanked symbol(s) for multiplexing different UEs in the following subframe. For multiple subframes scheduling, considering the unnecessary overhead of scheduled consecutive subframes, eNB can dynamically indicate which subframe has blanked symbol(s) of the scheduled multiple subframes for multi-user TDM of UL LAA transmission. For example, the DCI for UL grant can be used for the dynamic indication.
Proposal 2: eNB can dynamic indicate which subframe has blanked symbol(s) of the scheduled multiple subframes for multi-user TDM of UL LAA transmission, e.g., dynamic signalling by UL grant.
For multiple subframes scheduling, the carrier should be occupied consecutively and have no gaps. So, we think “blanked symbol” should be an “almost blanked symbol” (ABS), i.e. some frequency sparse signal needs to be transmitted. If not, the carrier may be occupied by the other access point (AP) during the period of the gap.
Assuming that UE1 scheduled with three consecutive UL subframes (e.g. SF#n+4, SF#n+5, SF#n+6), and UE2 scheduled with two consecutive UL subframes (e.g. SF#n+5, SF#n+6). Then, UE1 need to reserve blanked symbol used to perform CCA for UE2, before the second subframe (SF#n+5). In order to ensure the transmission of UE1 is not interrupted, and multiplexed UE2 can perform CCA: UE1 can send the reservation signal at certain REs, wherein, position of REs can be broadcast in the cell. UE2 can perform CCA in other REs. There is a schematic in Figure 3.
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Multiple subframes schedule for UE1

UE1 sendsthe reservation 
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Figure 3: An example shows the implementation of CCA according to CCA pattern
Proposal 3: If the eNB indicates the blanked symbol is present in the second or later subframes of the scheduled multiple subframes, some of the frequency-domain sparse signals should be transmitted at fixed REs in blanked symbol.
2.3 Signalling for UL frame based on FS3

To support LAA UL transmission using FS3, some necessary signalling should be introduced to improve efficiency of FS3 and to reduce UE complexity.
eNB should signal the number of UL subframes for which the UE should not monitor PDCCH or even perform CRS detection and CSI measurements after the end of the current DL transmission burst. This would enable significant power savings at the UE as the UE can turn off processing for the whole period if it is not scheduled on the UL subframes. In addition, this may help protect UL reception at the eNB if this signal is read and respected by other eNBs. In this case, the signalling should be carried on every subframe so that UEs which wake up from DRX can read this parameter at the subframes in which they are woken up by the eNB. 

This signalling should be carried by DCI 1C which is also used for “Subframe configuration for LAA”. The “Subframe configuration for LAA” signalling can be extended to include the number of UL subframe information. For LAA UL transmission, we believe that the UL subframes should always be contiguous and after DL transmission in one transmission burst. This method can reduce the number of DL LBT, and is easier to use multiple-subframe scheduling for UL (multiple-subframe scheduling can reduce the number of UL CCA in [2]). 

Proposal 4: The signalling for the number of UL subframes after the end of DL transmission should be carried by DCI 1C and is transmitted in every DL subframe.
Obviously, in Section2.2, it is also necessary that the DCI for UL grant can be used to dynamically indicate which subframe has blanked symbol(s) of the scheduled multiple subframes for multi-user TDM of UL LAA transmission.
3 Conclusion 
In this contribution, we have presented our views on the design of frame and signalling for LAA UL. In conclusion, we have the following proposals:
Proposal 1: Subframes of FS3 within COT are configured by eNB for downlink or uplink transmission.

Proposal 2: eNB can dynamic indicate which subframe has blanked symbol(s) of the scheduled multiple subframes for multi-user TDM of UL LAA transmission, e.g., dynamic signalling by UL grant.
Proposal 3: If the eNB indicates the blanked symbol is present in the second or later subframes of the scheduled multiple subframes, some of the frequency-domain sparse signals should be transmitted at fixed REs in blanked symbol.

Proposal 4: The signalling for the number of UL subframes after the end of DL transmission should be carried by DCI 1C and is transmitted in every DL subframe.
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UE1 sends the reservation signal at fixed (blue) REs, and UE2 performs CCA in other REs
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