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1. Introduction 
In this contribution, we discuss remaining issues concerning with the PUSCH structure for eLAA. During the email discussion following RAN1#85 [1], following agreements were made. 
	Agreements:
Transmission on UL is allowed to start at the following times in a UL subframe
· Start of DFTS-OFDM symbol 0
· Start of DFTS-OFDM symbol 1
· 25 us after start of DFTS-OFDM symbol 0
· 25 us + TA value after start of DFTS-OFDM symbol 0
FFS: Choose between the following options to enable the start times within the first DFTS-OFDM symbol
· Option 1: Extension of cyclic prefix of the next DFTS-OFDM symbol to occupy part of the first DFTS-OFDM symbol
· Option 2: Rate matching around the modulation symbols corresponding to the first 25 µs of DFTS-OFDM symbol 0 and also around the modulation symbols at the end of DFTS-OFDM symbol 0 corresponding to the cyclic prefix length
· FFS: Whether windowing at the beginning of the UL transmission is necessary to reduce the impact on out of band emissions.



	Agreements:
· FFS on the indication of starting PUSCH DFT-S-OFDM symbol
· option 1) Starting PUSCH DFT-S-OFDM symbol in a DCI format 0B/4B applies only to the first scheduled subframe. 
· A single UL grant for an LAA SCell can only schedule subframes which composes a same UL transmission burst of a same UE 
· option 2) DCI format 0B/4B indicates starting PUSCH DFS-S-OFDM symbol in one or multiples of the scheduled subframes 
· option 2-1) 2-bit joint indication for the starting PUSCH DFT-S-OFDM symbol, the 4 states define the starting in symbol #1 as: {in none of SFs, in all SFs, only in the 1st subframe, in 1st and 3rd subframe} 
· option 2-2) N_sf size bitmap to indicate the starting PUSCH DFT-S-OFDM symbol position for multiple scheduled subframes. The bitmap size changes according to the configuration of N_sf for MSF, i.e., 2~4. 
· option 2-3) One bit to indicate the starting PUSCH DFT-S-OFDM symbol for the 1st subframe, x bit to indicate starting PUSCH DFT-S-OFDM symbol position in one of the following subframes if N_max >=2. The size of x changes according to the configuration of N_max for MSF.


The above agreements are to create a gap to perform UL LBT. An example operation is depicted in the following figure. 



Figure 1: An illustration of LBT gap creation in UL subframe
The main focus of this contribution is two-fold: 
· Reduce unnecessary signalling overhead for indicating the UL subframe starting position
· Propose new method for partial symbol PUSCH transmission 
2. Indication of starting position for UL transmission 
A UL transmission may begin at the subframe boundary, i.e., start of symbol 0. According to the first agreement captured in Section I, a UL transmission may also begin at the start of symbol 1 or within the symbol 0 to allow a gap for UL LBT. As it is seen in the second agreement captured in Section I, it is under current consideration that the existence of LBT gap is dynamically indicated through DCI, although the details are not fully finalized yet. Also according to that agreement, it is the current understanding that one bit will be used for the indication of the presence of each LBT gap. Note however that we have currently 4 options as a valid UL subframe starting position, which requires two bits for indication. Although the presence of the LBT gap itself is needed to be dynamically indicated, it is our view that the following options for creating LBT gap can be semi-statically configured as no use case for dynamic signalling is foreseen. 
1. Option1 : Start of DFTS-OFDM symbol 1
2. Option 2: 25 us after start of DFTS-OFDM symbol 0
3. Option 3: 25 us + TA value after start of DFTS-OFDM symbol 0

Proposal 1: A UE can be RRC configured amongst options for creating gap for UL LBT, i.e., Start of DFTS-OFDM symbol 1, 25 us after start of DFTS-OFDM symbol 0, and 25 us + TA value after start of DFTS-OFDM symbol 0.

The choice of different options at the eNB is a design choice during network operation. Option 1 is a simpler option from the UE implementation perspective as the UE simply empty the first symbol and take that into account in PUSCH rate matching. With option 1, other incumbent transmitters may grab the channel in the remaining duration of 1st DFTS-OFDM symbol even if UE has completed LBT for 25. Option 2 or option 3 may be helpful by preventing the channel access opportunity being taken away by other neighbouring nodes.   
3. Discussion on the options to start transmission within the first symbol in UL subframes
During RAN1#85, the following approaches were discussed as a possible option to allow the start of transmission within the first DFTS-OFDM symbol.
1) Option 1: Extension of cyclic prefix of the next DFTS-OFDM symbol to occupy part of the first DFTS-OFDM symbol
2) Option 2: Rate matching around the modulation symbols corresponding to the first 25 µs of DFTS-OFDM symbol 0 and also around the modulation symbols at the end of DFTS-OFDM symbol 0 corresponding to the cyclic prefix length
Option 1: 
In this option, after completion of the LBT in 25 µs of DFTS-OFDM symbol #0, UE transmits extension of cyclic prefix of DFTS-OFDM symbol #1 in the remaining interval of DFTS-OFDM symbol #0. The cyclic prefix extension is generated by copying roughly 41.7 µs of DFTS-OFDM symbol #1 from the end instead of 4.7 µs normal cyclic prefix. The extended CP will make a room for 25 µs LBT interval in the beginning of DFTS-OFDM symbol #0. Figure 1 describes an illustration of cyclic prefix extension method. 


Figure 2: An illustration of cyclic prefix extension for DL-UL transition
In [2], it was shown that if the fractional OFDM symbol is used as a cyclic extension of the subsequent OFDM symbol, the OFDM symbol duration is prolonged compared with the concerned fractional OFDM symbol, and also the subsequent OFDM symbol, resulting in reduced OOB emission. However, using extension of the cyclic prefix provides no additional information in the symbol #0. 
Option 2: 
In [3], methods to utilize the symbol #0 for PUSCH transmission in fractional OFDM symbol are described. Rate matching around the modulation symbols corresponding to the first 25µs of DFTS-OFDM symbol 0 and also around the modulation symbols at the end of DFTS-OFDM symbol 0 corresponding to the cyclic prefix length is shown to provide reasonable PUSCH performance, with some error performance degradation. 
The option 2 is unclear, however, in its operation such as in which block the rate matching is performed. 
· If the rate matching is performed before the DFT while keeping the same DFT size, i.e., padding zeros for reduced number of modulated symbols, the interlaced RB allocation would not allow the time-domain generated output signal to have a shorter symbol duration in proportion to the ratio of the number of mapped symbols to the DFT size. This implies that deleting useful information is actually occurring during the pruning process.
· If the rate matching is performed before the DFT with correspondingly reduced DFT size and more zeros are padded before the IFFT block, it implies that the time-domain generated output signal has the same symbol duration as regular symbols but with additional interpolation effect. Consequently, deleting useful information is inevitable during the pruning process.
· The rate matching performed before the IFFT with the same DFT size should not be the case in our guessing, as it will not only delete useful data of the DFT output but also will puncture useful information in time-domain later during the pruning process. 

The paper [3] proposed two options for option 2, namely option 2A and 2B. Option 2A, which does not have CP, is out of consideration as it is susceptible to ISI and consequently susceptible to FFT window misalignment. Option 2B is what is under consideration, which requires additional time-domain pruning at the end of the symbol for the duration of 5.2 us such that the initial muting period serves as the CP. However, the RF part of the transmitter cannot be completely turned off during the 5.2 us given the time required for the transient period. If the RF part of the transmitter remains turned on, then it will still leak the amplified noise signal although no information is conveyed to the RF block. Given this, it is questionable whether the muting period in the beginning of the symbol, which implies complete RF part of transmitter turned off for channel sensing, can work as CP as intended. 
Proposal 2: The option 2, rate matching around the modulation symbols corresponding to the first 25 µs of DFTS-OFDM symbol 0 and also around the modulation symbols at the end of DFTS-OFDM symbol 0 corresponding to the cyclic prefix length, should be avoided.
4. Proposal on partial symbol transmission
The proposed mechanism is based on the idea of generating time-domain repeated symbols, having half-symbol duration than regular symbol, in one regular symbol duration, i.e., repetition factor of 2. The transmitter block depicted in the following figure is actually not different from the usual SC-FDMA transmitter in LTE uplink transmission. 



Fig 3. Transmitter block

In the DFT block in Fig. 3, NRE is the number of REs assigned to the UE. In the case of 20 MHz BW, the total number of REs is 1200. In case of interlaced RB assignment, where interlace is the basic resource allocation unit and one interlace consists of 10 RBs, the number of REs in one interlace is 120. Note that the size of the input/output of the DFT block is NRE/2 for partial symbol generation, i.e., carried information is reduced by half. 
The DFT output is now mapped to the allocated REs in the ‘Interleaved subcarrier mapping’ block. The Fig. 4 is for a particular case of interlaced RB allocation. Zeros are padded for RBs that are not assigned to the particular UE.


Fig 4. RE mapping for interlaced RB assignment (example with one interlace assignment)

For the allocated RBs, the RE mapping is done in an interleaved manner as shown in Fig. 5 below. Mapping every other RE, while padding zeros in between, generates time domain repeated symbols with half-symbol duration. With the interleaved RE mapping, the generated two repeated symbols have duration of 33.335 us. 
 


Fig 5. RE mapping within one RB in an interleaved fashion
In Fig. 5, when the even-indexed REs are mapped, the time-domain generated signal has two exact replicas. If odd-indexed REs are mapped, then the second repeated symbol has the opposite phase. Thus, it is preferable to use the even-indexed REs but the odd-indexed RE mapping can be still used with additional block to rotate the phase of the second repeated symbol. 
Observation 1: When even-indexed REs are mapped, the time-domain generated signal is an exact repetition of two symbols with half symbol duration.

The figure below is an output of ‘Post processing’ block in Fig. 3. In the post processing block, symbol pruning is performed for the desired amount of time. The figure below is an example of pruning 25 us for the use case of UL LBT gap creation. Note that the total duration of the two repeated symbols are 66.67 us and, thus, some portion of the front-end of the first symbol needs to be pruned. The pruning can be done for 25 us or for additional TA amount of time, i.e., 25 us + TA, according to the agreement. In our approach, the blanking period can be extended up to 33.335 us with out loss of both throughput and error performance by leaving the room for the first replica to role as CP for at least 5.2 us as in the LTE design.
Observation 2: Under the proposed approach, the muting period can be extended up to 33.335 us without loss of performance, which is beneficial to support 25 us + TA blanking option.
 


Fig 6. Time domain transmission signal with 25 us pruning and options for FFT windowing
In the receiver side, there could be two possible choices for FFT windows. 
· Option 1: Reduced FFT window to capture only the second replica of the symbol. In this case, the portion of the first symbol will serve as CP for the second replica. For the second replica, reduced size FFT can be applied. 
· Option 2: Second option is to discard the portion of the first replica, make a copy of the second replica and append to the front. The operation of option 2 is described in Fig. 7 below. 

[image: cid:image005.png@01D1F310.390796C0]
Fig 7.  Operation for FFT window option 2

To begin with the advantage of the proposed solution is as follows:
· No additional UE complexity
· Robustness to ISI.
· No performance loss in terms of TBS decoding error expected as there is no loss of information due to puncturing. 
· The first symbol can be exploited to half of its original capacity. The efficiency loss over one subframe is about 3.5% compared to full subframe transmission.

Observation 3: The proposed approach of generating time-domain repeated symbol with interleaved subcarrier mapping for partial symbol transmission as advantage in 1) no additional complexity, 2) robustness to ISI, and 3) no performance loss in terms of TBS decoding error with slight throughput loss.
Proposal 3: The proposed approach of generating time-domain repeated symbol with interleaved subcarrier mapping should be considered for an option for partial symbol transmission.
5. Conclusions
In this contribution, we discussed remaining issues concerning with the PUSCH structure for eLAA and made the following observations and proposals.
Proposal 1: A UE can be RRC configured amongst options for creating gap for UL LBT, i.e., Start of DFTS-OFDM symbol 1, 25 us after start of DFTS-OFDM symbol 0, and 25 us + TA value after start of DFTS-OFDM symbol 0.
Proposal 2: The option 2, rate matching around the modulation symbols corresponding to the first 25 µs of DFTS-OFDM symbol 0 and also around the modulation symbols at the end of DFTS-OFDM symbol 0 corresponding to the cyclic prefix length, should be avoided.
Observation 1: When even-indexed REs are mapped, the time-domain generated signal is an exact repetition of two symbols with half symbol duration.

Observation 2: Under the proposed approach, the muting period can be extended up to 33.335 us without loss of performance, which is beneficial to support 25 us + TA blanking option.

Observation 3: The proposed approach of generating time-domain repeated symbol with interleaved subcarrier mapping for partial symbol transmission as advantage in 1) no additional complexity, 2) robustness to ISI, and 3) no performance loss in terms of TBS decoding error with slight throughput loss.
Proposal 3: The proposed approach of generating time-domain repeated symbol with interleaved subcarrier mapping should be considered for an option for partial symbol transmission.
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