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1 Introduction

In RAN1 # 80bis meeting, there were lots of discussions on the frame structure to support LAA DL and UL data transmission including whether to follow the current TDD configurations if LAA DL and UL data transmission occurs at the same unlicensed carrier, whether it is necessary to indicate the DL/UL data transmission length as well as how to indicate if needed [1]. After this meeting, an email discussion was held to discuss LAA data burst structure and the following agreement on transmission burst is achieved [2]
· Each DL transmission burst is a continuous transmission from a DL transmitting node with no transmission immediately before or after from the same node on the same CC.

· Each UL transmission burst from a UE perspective is a continuous transmission from a UE with no transmission immediately before or after from the same UE on the same CC.

Note that the UL transmission burst is defined from a UE perspective and this does not preclude the possibility of defining a UL transmission burst from an eNB perspective.

It is FFS whether the definition of DL transmission burst and/or UL transmission burst have any specification impact.
In this contribution, we give the views on the frame structure design to support DL transmission burst(s) and UL transmission burst(s) for LAA 

2 Discussions
Basically there are two options to support LAA DL and UL transmission burst(s). 
One option is to support only DL transmission burst(s) on one unlicensed carrier and only UL transmission burst(s) on another unlicensed carrier. This option can achieve simultaneous DL and UL transmission for LAA. However due to the duplex capability, regardless of eNB or UE, it can not transmit/receive simultaneously at least over the intra-band carriers. This contribution will focus on the solutions to support LAA DL and UL transmission burst(s) over the intra-band. The feasibility of supporting LAA DL and UL transmission burst(s) by this FDM-like mode can be further studied.  
The other option is to support DL and UL transmission burst(s) over the same unlicensed carrier and DL and UL transmission can occur in a TDM manner. In this case, there is no restriction on the choice of unlicensed carriers to support DL and UL transmission from the aspect of duplex capability, which would achieve flexible usage over the unlicensed carriers for LAA.
In what follows, how to support DL and UL transmission burst(s) over the same unlicensed carrier will be further discussed. 
2.1 Frame structure for DL/UL transmission burst over the same unlicensed carrier
When UL and DL transmission burst are supported on the same unlicensed carrier, a straightforward approach would be to reuse the existing TDD radio frame. 
One understanding about reusing TDD radio frame is to start the TDD radio frame on the unlicensed carrier at the beginning of the radio frame of the licensed carrier according to the Rel-12 CA timing relationships across serving cells aggregated by CA. However for operation with LBT, eNB have to perform CCA before transmission. Thus the channel occupancy opportunity at the eNB side is not well adapted to the TDD frame structure which starts at the beginning of the radio frame, which will restrict the transmission over the unlicensed spectrum. 
The other understanding is to start the TDD radio frame at the subframe boundary which is closest to the instant when the eNB seizes the unlicensed spectrum, assuming only the current TDD DL-UL configurations are reused. According to the agreement in LAA ad-hoc meeting, i.e. LAA supports transmitting PDSCH when not all OFDM symbols are available for transmission in a subframe according to LBT, eNB can transmit a partial subframe between the time eNB is permitted to transmit and the next subframe boundary. Then eNB can start the existing TDD radio frame. Compared to the first approach, this approach allows starting downlink transmissions in any subframe at the start of the downlink transmission burst, but the number of DL and UL subframes within a burst is still limited by the existing TDD configurations. 
According to the above analysis, from the aspects of channel occupancy opportunity and transmission efficiency, it is unnecessary to follow the TDD radio frame including the TDD DL-UL configurations. Instead DL and UL transmission burst(s) should be allowed to start at any subframe and finish at any subframe as necessary according to the incoming traffic, as long as the regulation requirements are satisfied. This provides more flexibility for both DL and UL transmission burst(s). Each subframe over the unlicensed carrier can be included in a DL transmission burst or a UL transmission burst. The direction of subframe can be determined by scheduling, that is from UE’s aspect, DL grants can determine which subframes are DL subframes and UL grants can determine which subframes are UL subframes. Furthermore, UEs can also expect that subframes configured for DRS transmission are DL subframes. Since the UL transmission burst(s) over LAA is based on UL scheduling, this frame structure design is also feasible to support LAA only with DL transmission burst. That is if there are no UL grants to scheduling UL transmission burst(s) over LAA, there will be only DL transmission over LAA. Therefore this frame structure design can ensure the compatibility between the LAA with DL only and LAA with DL+UL. As a result, both UEs capable of UL CA and UEs that are not capable of UL CA can be scheduled over LAA under this frame structure 
Two examples are shown in Figure 1-a and Figure 1-b, assuming there are two UL transmission bursts. As discussed in [3], it is preferable that UE performs LBT before UL transmission other than eNB performs LBT for UL transmission and furthermore it is observed that FBE based mechanism for UL transmission matches well with the eNB-controlled scheduling operation. Therefore in the following examples, LBE-based/FBE-based channel access mechanism is assumed for DL/UL transmission burst respectively. In addition, for UL transmission, the fixed frame period is assumed to be 1ms for Figure 1-a and 2ms for Figure 1-b. UE can perform CCA at each UL transmission burst. If the channel is sensed to be idle, UE can perform RX-to-TX transition and then begin to transmit UL data. The UL grant for scheduling this UL transmission burst can be based on cross-carrier scheduling or self-scheduling as discussed in [4].
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Figure 1-a. One example of LAA DL and UL transmission burst over the same unlicensed carrier: Fixed Frame period for UL transmission burst is 1ms
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Figure 1-b. One example of LAA DL and UL transmission burst over the same unlicensed carrier: Fixed Frame period for UL transmission burst is 2ms

The main concern of flexible DL/UL configuration is the inter-operator cross-link interference on the same unlicensed carrier, in addition to intra-operator cross-link interference as observed in [5]. However it should be noted that even if reusing the current UL/DL configuration specified for TDD frame structure as well as eIMTA, there is still cross-link interference among different operators since the LAA system is probably unsynchronized among operators and it would be also difficult to make operators coordinate the UL/DL configuration over the unlicensed carrier. 

Furthermore since LBT is used for both DL and UL, this cross-link interference can be mitigated to some extend, similar as Wi-Fi operation. Cross-link interference could also happen because of hidden nodes. The hidden node problem is one common issue for the channel access mechanism by LBT regardless of DL/UL configuration. Several solutions to solve the hidden node problem are discussed in [6]. Therefore it can be expected that the cross-link interference can be mitigated by LBT and the methods to solve the hidden node problem. 
As a result, the flexible DL/UL configuration over the same unlicensed carrier can be considered as a candidate design option for supporting DL/UL transmission burst(s) on LAA.

Proposal 1: 

· DL/UL transmission burst(s) on LAA can be operated in a TDM manner over the same unlicensed carrier. Each subframe can be included in a DL transmission burst or a UL transmission burst:
· Baseline is that based on scheduling, i.e. UL grants determine which subframes are UL subframes
· UEs can expect that subframes configured for DRS transmission are DL subframes
2.2 Indication of DL/UL transmission burst
In this section, the necessity to support indication of DL and UL transmission burst is discussed.
The indication of DL transmission burst can help UE to blindly detect self-scheduling information and accordingly benefit the UE power consumption to monitor PDCCH/EPDCCH over the unlicensed carrier only in actual downlink subframes. In addition, the indication of DL transmission burst can also help UE to monitor the reference signals to perform fine synchronization if necessary as well as perform CRS-based CSI measurement. From these aspects, the DL transmission burst needs to be indicated to the UEs. There are at least two options to support the indication of DL transmission burst. One is to indicate the potential starting and ending position of the DL transmission burst and the other is to indicate the potential starting position and the duration of the DL transmission burst. For the latter option, considering the fact that DL burst length may be varied due to retransmission, more data arrived during the transmission, etc, eNB may have to change the transmission burst duration as previously planned. From this aspect, it would be preferable to make UE acquire the latest transmission burst duration. 
Obviously it seems that for both options mentioned above, the indication of the potential starting position of DL transmission burst is necessary. Several methods to support this indication can be considered, including explicit signalling to indicate the starting point or blind detection such as initial signal detection as well as PDCCH/EPDCCH detection over LAA Scell as discussed in [7]. Restricting the starting positions can reduce the blind detection complexity. Furthermore a signalling which tells UE when to start the blind detection can also be helpful to reduce the detection complexity further. For example, if the serving cell is doing CCA check, it can tell the UE to monitor PDCCH/EPDCCH or initial signal when the CCA counter becomes small enough. From this aspect, the blind detection complexity to find the start position of DL transmission burst will be reduced.
On the other side, since UL transmission for LTE is based on eNB-controlled scheduling and the uplink transmission can be scheduled by UCI, UE can acquire the UL transmission burst based on the timing relationship between UL grant and PUSCH. Therefore, it may be unnecessary to support the indication of UL transmission burst. One possible concern as discussed in [8] is the power consumption for UE to detect DL control channels or the initial signals over the UL transmission burst(s) from other UEs since this UE did not know the current subframe has been scheduled for other UEs to perform UL transmission. As mentioned above, since the UE is aware of the potential starting and ending positions of DL transmission burst, the UE would not monitor the RS or control in the possible UL subframes so that power consumption for this UE will not be abused. From this aspect, it is feasible to support no indication of UL transmission burst.
According to the above analysis, as for the indication of DL/UL transmission burst, the following proposals are obtained:

Proposal 2: 

· The DL transmission burst needs to be indicated to the UE

· Option1: Indicate the potential starting and ending position of the DL transmission burst

· Option2: Indicate the potential starting position and the duration of the DL transmission burst

· The duration of the DL transmission burst may be changed and indicate to the UE during this transmission burst.
· There is no need to indicate the UL transmission burst to the UE

3 Conclusion

In this contribution, the frame structure to support DL and UL transmission burst(s) over the same unlicensed carrier is discussed, as well as the necessity of the indication of DL/UL transmission burst(s). According to the above analysis, the following proposals are obtained.
Proposal 1: 

· DL/UL transmission burst(s) on LAA can be operated in a TDM manner over the same unlicensed carrier. Each subframe can be included in a DL transmission burst or a UL transmission burst:
· Baseline is that based on scheduling, i.e. UL grants determine which subframes are UL subframes
· UEs can expect that subframes configured for DRS transmission are DL subframes
Proposal 2: 

· The DL transmission burst needs to be indicated to the UE

· Option1: Indicate the potential starting and ending position of the DL transmission burst

· Option2: Indicate the potential starting position and the duration of the DL transmission burst

· The duration of the DL transmission burst may be changed and indicate to the UE during this transmission burst.

· There is no need to indicate the UL transmission burst to the UE
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