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1 Introduction

In RAN1 #78bis meeting, it has been agreed to support discontinuous transmission for an LAA system [1]. The discontinuous transmission will make the time permitted to transmit data at any time as well as incur UE behaviours for opportunistic reception including RRM measurement, synchronization, etc. In LAA ad-hoc meeting, it was agreed to support 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 [2].
In this contribution, the design to support LAA with discontinuous transmission including the partial subframe design will be discussed for DL only transmission. The consideration on LAA design with DL and UL transmission can be found in a companion contribution [3].
2 Discussions
The discontinuous transmission provides an opportunistic channel access mechanism for co-channel coexistence among different devices operating in unlicensed spectrum. The opportunistic channel access mechanism allows the DL transmission bursts start at any time instance, which would lead to potential frame structure modifications. Furthermore in LAA ad-hoc meeting, it was agreed to support partial subframe transmission. One example of the discontinuous transmission over LAA is shown in Figure 1, in which the first and last subframe of DL transmission burst occupy less than one 1ms while the other subframes are 1ms duration and are time-aligned with Pcell subframe boundary.
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Figure 1. Example of the discontinuous transmission over LAA
The further issues regarding the frame structure modifications can include at least the following 
· Indication of discontinuous transmission
· Whether the indication of discontinuous transmission is needed
· If yes, how to indicate the discontinuous transmission
· Partial subframe design
In addition, the discontinuous transmission will also impact the synchronization and CSI/RRM measurement at UE, which are discussed in details in other companion contributions [4]-[6]. 

2.1 Indication of discontinuous transmission
As discussed in the companion contribution [3], it is necessary to indicate the DL transmission burst to help UE to detect self-scheduling information so as to benefit UE power consumption, monitor reference signals to maintain fine synchronization as well as perform proper CRS-based CSI measurements. Several options are also listed to support the indication of DL transmission burst (i.e. discontinuous transmission over LAA) including 
· 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.

Furthermore several methods to support the indication of starting position of DL transmission burst 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. Enhancements to decrease detection complexity to determine the starting position of DL transmission burst can be further studied including restricting the starting positions as well as introducing another signalling to tell UE when to start the blind detection.
2.2 Partial subframe design
As depicted in Figure 1, the first and last subframe of the DL transmission burst may be partial subframes. In this section, the first and last partial subframe design will be discussed in details. The analysis on the DL-UL scheduling for the partial subframe can be found in a companion contribution [7].
2.2.1 Scheduling of the partial subframe
For the scheduling of the first partial subframe, at least two options can be considered:

· One option is to treat the partial subframe as one individual part to support data transmission as shown in Figure 2-a, i.e. the partial subframe is scheduled independently of other subframes.
· The other option is to treat the partial subframe as part of the PDSCH transmission in the closest (e.g. next) subframe as shown in Figure 2-b, i.e. super TTI as mentioned in [8]. 
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Figure 2-a. The partial subframe is scheduled by an individual DCI
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Figure 2-b. The partial subframe is scheduled by a joint DCI 

Since the data transmission over DwPTS already supports individual scheduling in LTE, the principle can be retained and used for reference when considering the partial subframe is scheduled by an individual DCI. On the other hand, if the super TTI (joint DCI) is considered, at least the design on TBS selection and HARQ retransmission needs more investigation. From this aspect, it is preferable to scheudle the partial subframe independently of other subframes. It is also applicable for the last partial subframe. 
Proposal 1: The partial subframe is scheduled independently of other subframes. If a super TTI for the partial subframe is to be considered, further investigation is needed for TBS selection and HARQ.

2.2.2 Candidate starting points for (E)PDCCH/PDSCH of partial subframe

If there is an initial signal, UE can detect this initial signal on Scell to determine the start point of PDSCH and accordingly less UE detection complexity will be ensured. From this aspect the candidate starting points for PDSCH of partial subframe can be at any OFDM symbols within one subframe. Certainly it would be expected that restricting the candidate starting points for PDSCH will further reduce the detection complexity on the initial signal. 
On the other side, if there is no initial signal, restricting the candidate starting points would greatly reduce the UE detection complexity and consequently reduce the spectrum efficiency of unlicensed carrier. 
Restricting the candidate starting point for (E)PDCCH/PDSCH of the partial subframe should also consider the impacts on DMRS/TBS/HARQ design related to UE demodulation in this subframe.

Therefore, it is necessary to jointly consider the UE blind detection complexity, impacts on UE demodulation and the system spectral efficiency when restricting the starting positions of the partial subframe. 
One instance is that eNB is only allowed to start transmission between symbol 0 and symbol 3, and if the eNB cannot access the channel by the third OFDM symbol then the duration between symbols 3 and the next subframe boundary is frozen for this eNB and allows other nodes to perform channel sensing. According to this assumption, UE only needs to detect two positions to determine whether there is start of the discontinuous transmission. However this would greatly lead to low efficiency due to the frozen time. On the other side, as analyzed in [9], based on the overhead comparison of LBE with different numbers of OFDM symbols to allow PDSCH/PDCCH/EPDCCH transmission in the partial subframe, it was observed that the overhead is large (especially for Japan) if the PDSCH is only allowed to be transmitted from an OFDM symbol of the first slot. Therefore PDSCH transmission should at least be allowed to start form the second slot of the subframe.

For selecting candidate starting points for (E)PDCCH/PDSCH of the partial subframe, if restricting of starting positions is assumed: 
Observation 1: It is necessary to jointly consider the UE blind detection complexity and the system spectral efficiency when restricting the starting positions of the partial subframe.
Proposal 2: PDSCH transmission should at least be allowed to start from the second slot of the subframe to minimize the overhead.
Furthermore in the current TDD special subframe configuration mode, PDSCH transmission is allowed for 6/9/10/11/12 OFDM symbols within DwPTS. Reusing the DwPTS design would not impact the data transmission over the partial subframe from the perspective of TBS selection, RE mapping for reference signals (e.g. CRS, DMRS), HARQ retransmission. A straightforward method to reuse DwPTS design to support PDSCH in the partial subframe can be based on the time-shifting of the current DwPTS transmission. One example is shown in Figure 3, where the special subframe configuration 1(9 symbols for DwPTS) is assumed. 
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Figure 3. Reusing DwPTS for PDSCH transmission in the partial subframe

As for the last partial subframe, if the candidate starting positions of the initial subframe are restricted, the ending positions can be determined by the starting positions and data transmission duration which does not exceed the specified maximum channel occupancy time. Then eNB can choose the proper ending position to end the data transmission. For example, if the starting position is at symbol 2, the duration of the last partial subframe will be 2 symbols assuming the maximum channel occupancy time is a multiple of 1ms. Then eNB can end the data transmission in the previous subframe boundary. Therefore the ending position can be left to eNB implementation. However it is necessary to make UE acquire the ending position since the indication of the DL transmission burst is necessary as discussed in Section 2.1.
Therefore from the aspect of reusing DwPTS design for starting positions of partial subframe, the candidate starting positions can be within the symbols {0, 2, 3, 4, 5, 8}. 

Proposal 3: Reuse DwPTS design for choosing starting points for (E)PDCCH/PDSCH over the partial subframe 

· Candidate starting positions can be within the symbols {0, 2, 3, 4, 5, 8}
· Shift the DwPTS pattern to the end of the partial subframe
3 Conclusion
In this contribution, the discontinuous transmission and the partial subframe design are discussed. According to the discussion, the following observations and proposals are obtained.
For scheduling of the partial subframe: 

Proposal 1: The partial subframe is scheduled independently of other subframes. If a super TTI for the partial subframe is to be considered, further investigation is needed for TBS selection and HARQ.

For selecting candidate starting points for (E)PDCCH/PDSCH of the partial subframe, if restricting of starting positions is assumed: 

Observation 1: It is necessary to jointly consider the UE blind detection complexity and the system spectral efficiency when restricting the starting positions of the partial subframe.
Proposal 2: PDSCH transmission should at least be allowed to start from the second slot of the subframe to minimize the overhead.
Proposal 3:Reuse DwPTS design for choosing starting points for (E)PDCCH/PDSCH over the partial subframe 

· Candidate starting positions can be within the symbols {0, 2, 3, 4, 5, 8}
· Shift the DwPTS pattern to the end of the partial subframe
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