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1. Introduction

At the RAN#68 meeting, the new WI proposal on “Licensed-Assisted Access to Unlicensed Spectrum” was approved [1]. The objective of this WI includes specifying support of DL discontinuous transmission functionality with limited maximum transmission duration. In particular, a mechanism for AGC and time/frequency synchronization for discontinuous DL transmission burst reception, a support of PDSCH transmission from the middle of subframe and corresponding scheduling mechanism need to be specified. Following agreements were made at RAN1#82 meeting and following email discussions [2, 3].
Agreements:
· Support CRS-based and DMRS-based transmission schemes/modes in LAA
· FFS whether and how to handle power fluctuation and discontinuous transmission

· FFS which transmission schemes/modes are supported

Agreements:
· 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)
Agreements:
· Consider the following options for detecting transmissions from a serving cell at the start of the DL transmission burst or during a DL Tx burst:

· Option 1: detection of initial signal, which starts before the first data/control OFDM symbol of the DL transmission burst

· Ex 1: CRS/SSS/PSS in 3 OFDM symbols

· Ex 2: SSS/PSS in 2 OFDM symbols

· Option 2: detection of CRS at least in the first OFDM symbol with CRS in a TTI in any DL TTI within the DL transmission burst

· Option 3: detection of a common DCI transmitted over PDCCH or EPDCCH in any or first DL TTI of the DL transmission burst

· Option 4: detection of a common signaling transmitted in any or first DL TTI of the DL transmission burst

· Option 5: detection of a UE-specific DCI transmitted over PDCCH or EPDCCH in each DL TTI of the DL transmission burst

· Note that the options above may not be mutually exclusive

· In the above options, FFS how fine synchronization is achieved if the TTI contains CRS only in the first OFDM symbol or contains no CRS (if supported)

· E.g. in the first subframe of a DL transmission burst, or in the first subframe after a UE comes out of DRX

In this contribution, we discuss further on mechanisms for DL discontinuous transmission and scheduling design. 

2. Frame structure of DL discontinuous transmission  
2.1. Analysis on possible options
As introduced in Sect. 1, currently we have two possible options for PDSCH transmission in a DL subframe on a LAA SCell, i.e., Partial TTI and Floating TTI. In this section, first we would like to analyze these options with considering spectrum efficiency, eNB/UE complexity and specification impact.

· Spectrum efficiency

Considering the maximum burst length limitation such as 4 ms, allowing flexible start timing of PDSCH transmission based on Cat.4 LBT is beneficial for spectrum efficiency, since it can minimize duration of potential transmission just for channel reservation. Some contributions show that allowing more candidates of start timing can improve LAA performance and coexisting Wi-Fi performance [4, 5]. Although performance improvement seems not linear with respect to the number of candidate start timings, allowing DL transmission from any symbol could achieve clear improvement of performance compared with the case with only one or two candidate start symbol(s) within a subframe. In Partial TTI approach, eNB complexity would linearly increase with respect to the number of candidate start symbols within a subframe, since different transmission signal patterns need to be prepared for different candidate start symbols. On the other hand, Floating TTI approach can apply the same transmission signal pattern to any candidate start symbol within a subframe. Therefore, Floating TTI approach can achieve higher spectrum efficiency based on flexible start timing of DL transmission without significant increase of eNB complexity. In addition, overhead due to control channel in each TTI is another possible advantage of Floating TTI approach in terms of spectrum efficiency.
· eNB complexity
Depending on LBT operation, the first TTI in a DL transmission burst may be a partial TTI (i.e., less than 14 OFDM symbols) or a normal TTI (i.e., 14 OFDM symbols) in Partial TTI approach. This means that eNB needs to prepare at least two different transmission signal patterns for first TTI of DL transmission burst. In addition, this ambiguity would make eNB scheduler more complex, especially for handling of HARQ retransmissions potentially on different size of TTIs. On the other hand, as described above, eNB would prepare only single transmission signal pattern for a subframe irrespective of candidate start timing of DL transmission in Floating TTI approach. Even though an initial signal with fractional OFDM symbol may be necessary and hence a length of last TTI in DL burst would be less than 1 ms, the length of the last TTI and corresponding structure can be fixed according to the potential initial signal length. Therefore, eNB scheduler complexity for Floating TTI approach should be clearly lower than that for Partial TTI approach.
· UE complexity
If UE on LAA SCell performs (E)PDCCH blind decoding on every subframe without identifying the DL transmission burst from its serving SCell, UE complexity would linearly increase with respect to the number of candidate positions of (E)PDCCH within a subframe. For UE battery saving, identification/validation of DL transmission from its serving SCell before performing (E)PDCCH blind decoding should be beneficial for both Partial TTI and Floating TTI approaches. Initial signal-based identification of DL transmission burst from serving SCell would be a reasonable approach for this purpose, since it can limit subframes where (E)PDCCH blind decoding is performed and the initial signal detection should be low complex and low power consumption compared with (E)PDCCH blind decoding. Once the initial signal detection is supported, UE can identify the start timing of first TTI, i.e., position of (E)PDCCH within a subframe. Therefore, even if flexible start timing of DL transmission is allowed based on Floating TTI approach, impact on UE complexity and power consumption can be avoided by using initial signal-based identification of DL transmission burst from serving SCell.
· Specification impact
For either Partial TTI or Floating TTI, we should consider minimizing specification impact due to very limited time for Rel-13. Reusing DwPTS structure seems reasonable for DL TTI in which less than 14 OFDM symbols are available, i.e., first/last TTIs in Partial TTI-based DL burst and last TTI in Floating TTI-based DL burst. In Floating TTI approach, since the potential length of initial signal would be almost stable, e.g., a few OFDM symbols with fractional OFDM symbol, one of existing DwPTS structures with {9, 10, 11, 12} OFDM symbols can be chosen for the structure of last TTI in DL burst. In Partial TTI approach, existing DwPTS structure with 6 OFDM symbols seems a good candidate for the partial TTI structure since it is close to the half subframe length. However, due to the valuable initial signal length according to LBT operation, available number of OFDM symbols for the last TTI would be less than 6 in some case. In order to utilize such resources for spectrum efficiency, new TTI structure design may be necessary in Partial TTI approach. For Floating TTI approach, although timing definition and subframe dependency such as RS sequence and scrambling need to be modified, we can just decide. 
In summary, we believe that Floating TTI approach is a better option than Partial TTI approach in terms of spectrum efficiency and eNB complexity, and it would require less or marginal impact on UE complexity and specification effort compared with Partial TTI approach.
Observation 1: Floating TTI approach is clearly better than Partial TTI approach in terms of spectrum efficiency and eNB complexity.

Proposal 1: Floating TTI approach is applied for LAA DL discontinuous transmission.

2.2. Proposed frame structure
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Figure 2-1: An example of proposed frame structure

According to our analysis described in Section 2.1, we propose the frame structure based on Floating TTI approach and corresponding eNB/UE behavior for LAA DL discontinuous transmission. As shown in Figure 2-1, first eNB prepares one transmitting signal pattern just as for subframe n before or during LBT procedure. If the LBT succeeded within the subframe n and there are at least few available symbols for DL TTI within the subframe, eNB starts the transmission of prepared signal pattern together with initial signal. So, this transmission can be seen as symbol-level delayed transmission of DL TTI. eNB also prepares one transmitting signal pattern for subframe n+1 before starting the subframe n+1 irrespective of whether the transmission of DL TTI prepared for subframe n could be started or not. If the LBT could not succeed within the subframe n, prepared DL TTI for subframe n may be dropped and eNB continues performing LBT for the transmission of DL TTI for subframe n+1 as well. Once the eNB gets rights for channel access, multiple DL TTIs with almost fixed size can be sent as long as total channel occupancy time doesn’t exceed the maximum burst length. For the last TTI in DL transmission burst, we can reuse one of existing DwPTS structures with {9, 10, 11, 12} OFDM symbols. Then, we can avoid designing new TTI structure while achieving high spectrum efficiency.
Proposal 2: One of existing DwPTS structures can be chosen for the last TTI in DL transmission burst.

UE performs an initial signal detection first to achieve time/frequency synchronization and identification of DL transmission burst from the serving LAA SCell. In addition, UE can identify the start timing of DL TTI based on the initial signal detection. It seems similar to asynchronous dual connectivity behavior since TTI on licensed PCell and TTI on LAA SCell are not time-aligned. But once the subframe dependency for DL TTI on LAA SCell is re-defined for this structure, tight interworking with licensed PCell based on current CA framework can be applied, e.g., HARQ feedback on licensed PCell. For example, as shown in Figure 2-1, we can keep current HARQ feedback timing such as subframe n+4 even though corresponding DL TTI timing is delayed from subframe n. In this case, although available time for decoding and feedback preparation is reduced from that in current LTE, it should be possible considering the evolution of device from Rel-8.
Proposal 3: DL TTI of fixed size for subframe n can be sent from any symbol in subframe n and can be end within subframe n+1. DL TTI being transmitted between DL subframe n and n+1 applies subframe dependency for subframe n.

As described above, UE assumes the presence of DL transmission burst containing PDSCH from serving LAA SCell only when UE successfully detects the preamble, i.e., initial signal in the proposed behavior. Assuming that the initial signal detection can achieve lower miss-detection probability and lower complexity than PDCCH/EPDCCH blind decoding thanks to cell-specific initial signal pattern, this behavior provides a benefit on UE complexity reduction and battery saving compared with other mechanism where UE performs blind PDCCH/EPDCCH decoding on every subframe. UE can avoid performing PDCCH/EPDCCH blind decoding on unnecessary subframes such as busy time. For this approach, appropriate initial signal design which provides reliable blind detection performance with relatively low UE complexity is necessary. Furthermore, a mechanism to indicate DL transmission burst length would be necessary so that UE can stop performing PDCCH/EPDCCH blind detection. Detailed initial signal design is discussed in Section 2.3.
Proposal 4: UE may not assume DL transmission containing PDSCH from the serving LAA SCell unless the initial signal from the serving LAA SCell is detected.

· A mechanism to indicate either DL transmission burst length or the end timing of DL transmission burst would be necessary.
2.3. Initial signal design
As argued in the previous section, the appropriate initial signal design for reliable blind detection performance is necessary for the proposed approach. As shown in Figure 2-1, we define that the initial signal is not the part of DL TTI and then it needs to provide at least functionalities of AGC and detecting transmission from a serving cell. For AGC, at least half length of one OFDM symbol would be sufficient according to previous studies and hence length for this part can be less than one and half of OFDM symbol. For detecting transmission from serving cell, we can consider applying the same design with a part of DRS for the cell identification. As discussed in our contribution regarding DRS design [6], existing PSS/SSS with 6 RBs may not be sufficient for reliable one-shot cell detection for top three cells within 6 dB RSRP gap. However, for initial signal design, we can focus on detecting the transmission from serving cell, and SINR condition for initial signal detection is clearly better than that for neighboring cell’s DRS detection as shown in [6]. So, similar to DRS design for cell identification, we can consider applying existing PSS/SSS as a part of initial signal. In addition, CRS on the first OFDM symbol of first DL TTI in a burst can be used to help the initial signal-based detection of transmission from serving cell. For example, first UE performs PSS/SSS detection with low sampling rate, i.e., for only central 6 RBs and when PSS/SSS of serving cell is detected by relatively low detection threshold, first CRS symbol with wider bandwidth can be used for verification.
Proposal 5: Initial signal containing a part for AGC and existing PSS/SSS for detecting a transmission from a serving cell should be supported.

· Transmission signal pattern for AGC part may not be specified.

2.4. CRS overhead reduction and fine time/frequency synchronization
As discussed in email discussion [7], CRS overhead reduction for DMRS-based transmission scheme is important to improve the spectrum efficiency of LAA. A straightforward way to achieve it is to allow applying MBSFN subframe-like structure to DL TTI, since MBSFN subframe-based CRS reduction has already been supported in LTE. However, since LAA DL transmission is discontinuous due to LBT, excessive CRS reduction in DL transmission burst may impact to time/frequency synchronization performance and corresponding demodulation performance.
We think basically DRS for RRM and the synchronization with PCell can provide a certain level of synchronization. The residual time/frequency offsets need to be compensated by the initial signal and/or RSs embedded in DL TTI. Assuming that residual offsets are not so severe thanks to CA requirement and small coverage, CRS only on first OFDM symbol in each DL TTI may be sufficient. 
Proposal 6: CRS overhead reduction based on MBSFN subframe-like structure for DMRS-based transmission scheme should be supported.

3. DL scheduling design

In this section, we discuss on applicability of PDCCH/EPDCCH and self/cross-carrier scheduling in the frame structure proposed in Section 2.
First, basically both PDCCH and EPDCCH can be supported in the proposed structure without big impact since the fixed TTI size in the proposed structure would allow reusing the existing TTI structure. 

Second, regarding self/cross-carrier scheduling, the proposed structure with self-scheduling would have no problem.  On the other hand, it is a common problem on cross-carrier scheduling for the first TTI in Partial/Floating TTI approaches that a DL grant on subframe n in licensed carrier cannot ensure a corresponding DL PDSCH transmission on subframe n in scheduled unlicensed carrier. In Partial TTI approach, DL cross-carrier scheduling can be naturally applied for other TTIs in the DL transmission burst. In the proposed approach based on Floating TTI, a relationship between DL grant and DL TTI containing corresponding PDSCH may need to be clarified since the DL TTI on LAA SCell would not be aligned with the subframe where DL grant is sent. For example, UE tries to receive PDSCH on DL floating TTI between subframe n and n+1 on LAA SCell when DL grant in subframe n indicates PDSCH assignment on LAA SCell.
Observation 2: Floating TTI approach with initial signal can support PDCCH/EPDCCH and self/cross-carrier scheduling.
4. Conclusion 

In this contribution, we have discussed on mechanisms for DL discontinuous transmission and scheduling design. We made the following proposals and observations. 

Observation 1: Floating TTI approach is clearly better than Partial TTI approach in terms of spectrum efficiency and eNB complexity.

Proposal 1: Floating TTI approach is applied for LAA DL discontinuous transmission.

Proposal 2: One of existing DwPTS structures can be chosen for the last TTI in DL transmission burst.

Proposal 3: DL TTI of fixed size for subframe n can be sent from any symbol in subframe n and can be end within subframe n+1. DL TTI being transmitted between DL subframe n and n+1 applies subframe dependency for subframe n.

Proposal 4: UE may not assume DL transmission containing PDSCH from the serving LAA SCell unless the initial signal from the serving LAA SCell is detected.

· A mechanism to indicate either DL transmission burst length or the end timing of DL transmission burst would be necessary.

Proposal 5: Initial signal containing a part for AGC and existing PSS/SSS for detecting a transmission from a serving cell should be supported.

· Transmission signal pattern for AGC part may not be specified.

Proposal 6: CRS overhead reduction based on MBSFN subframe-like structure for DMRS-based transmission scheme should be supported.

Observation 2: Floating TTI approach with initial signal can support PDCCH/EPDCCH and self/cross-carrier scheduling.
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