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1. Introduction
The eLAA work item was approved in RAN #70[1]:
The detailed objectives of the work item are to specify support for the following functionalities:
· UL carrier aggregation for LAA SCell(s) (with one or more UL carriers in unlicensed band) using Frame Structure type 3 [RAN1, RAN2, RAN4]
· The channel access mechanism shall use the decisions made in RAN1 during Rel-13 as a starting point
· Specify support for PUSCH and SRS
· Support both self-scheduling and cross-carrier scheduling from licensed spectrum.
· If needed, specify support for PUCCH [RAN1]
· If needed, specify support for PRACH [RAN1]

In RAN1 #80bis, the following were agreed: 
For PUSCH, extending the current single and dual cluster allocation to multi-cluster (>2) allocation (e.g. RBs/subcarriers spaced uniformly in frequency) is identified as a candidate waveform that satisfies regulatory requirements and maximizes coverage
· FFS: Number of clusters needed
· FFS: Size of each cluster
· FFS: Spacing between clusters or subcarriers

There are requirements on the occupied channel bandwidth and power density for unlicensed carrier access in Europe [2]. Some of the  requirements are shown below
· The occupied channel bandwidth shall be between 80 % and 100 % of the declared nominal channel bandwidth. 
· During an established communication, a device is allowed to operate temporarily in a mode where its occupied channel bandwidth may be reduced to as low as 40 % of its nominal channel bandwidth with a minimum of 4 MHz. 
The occupied channel bandwidth is defined as the bandwidth containing 99 % of the power of the signal. The nominal channel bandwidth is the widest band of frequencies inclusive of guard bands assigned to a single channel (at least 5MHz). 

In this paper, we consider the design of PUSCH to satisfy the requirements on the occupied channel bandwidth.
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In LTE, frequency hopping such as the mirror mapping in intra-subframe frequency hopping can be used to meet the occupied channel bandwidth requirements for a few UEs.

From Rel-10,  two cluster allocation is also available. Two cluster allocation can be also used to meet  the occupied channel bandwidth requirements for a few UEs.

However, if eNB needs to schedule a number of UEs in a subframe, then it may not be able to ensure each UE's transmission meets the occupied bandwidth requirements. 

One possibility is that in Rel-14, only a limited number of UEs can be scheduled in a subframe in a region where there are occupied channel bandwidth requirements, and it is up to eNB scheduling to ensure the requirements are met. 




3. PUSCH design in LAA 

During the study item of LAA, proposals using interleaved PRBs were brought up to meet the occupied channel bandwidth requirements and power density requirements.

We also need to point out that IFDMA was discussed in the standardization of LTE. While IFDMA enjoys low PAPR, multiplexing UL transmissions of different sizes with IFDMA can be a challenging.  From that, we will focus on the discussion on interleaved PUSCH design in this contribution.

Using a 20 MHz channel as an example, from the requirement that at 80% occupied bandwidth is required, the frequency interval between the first PRB and the last PRB in an interlace is at least 16 MHz. 
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Figure 1 N resource interlaces over the nominal channel banddwidth



In Figure 1, each resource interlace has the same number of resource units, each resource unit is shown as a rectangular block and resource units for one resource interlace are in the same color. 


The bandwidth of (N-1) resource units 2 MHz    (1)

We note here that one resource interlace is the minimum a UE can be granted with. Hence N is also the number of UEs which can be simultaneously scheduled in one subframe. 


Assume a resource unit is one PRB, solve (1) for N we have N 12.111, further N needs to be a factor of 100, the number of PRBs in a subframe, N can be chosen as 10 as in [3]. Assume one or more resource interlaces can be granted to UE, and consider the FFT size for the DFT spreading can have only 2, 3 and 5 as its factors; one UE can be granted with 10, 20, 30, 40, 50, 60, 80, 90 or 100 PRBs in one subframe. Depending on the traffic going through eLAA uplink, the granularity of resource grant may or may not be fine enough. It seems that some discussion on that is necessary. In the event that a finer granularity becomes necessary, one solution is to use a smaller resource unit, e.g. 6 tones for one resource unit, whereby N = 20 can be obtained and one resource interlace consists of 60 tones. 

 
Observation 1: for a 20 MHz system, using the interlaced PUSCH design, at most 10 UEs can be simultaneously scheduled assuming the resource unit is one PRB. 
 

Along with PUSCH, one or more resource interlace can be also used for PUCCH, detailed discussions can be found in [4].

When eNB schedules two subframes back-to-back to different UEs, the uplink transmission from UE 1 may block the scheduled transmission from UE 2 as shown in figure 2: when UE 2 performs CCA at the last symbol of subframe n, it detects the channel as busy and it does not proceed to conduct the scheduled transmission.
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Figure 2 Block issues in uplink

To avoid that, it is necessary for UE 1 to drop the last symbol in subframe n so to create CCA opportunities for UEs scheduled to transmit in subframe N+1 as shown in figure 3.
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Figure 3 CCA opportunities between subframes

When aperiodic SRS is transmitted along with PUSCH, SRS can still occupy the last symbol in a UE's uplink transmission. When wideband SRS is transmitted, it does not need to use the resource interlace to spread the signal over the whole channel. In another word, spreading over the whole channel through resource interlace is used for PUSCH/PUCCH, but not for SRS. If SRS is requested for UE 1 in subframe n, then a further modification is needed as shown in figure 4:
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Figure 4 SRS transmission

It is also possible to create the empty symbol at the beginning of subframe n+1 instead of subframe n. eNB can signal that in the downlink control, e.g. inside a common PDCCH or a PDCCH dedicated to a UE. With the signaling from eNB, a UE scheduled to transmit in subframe n+1 knows the CCA opportunities (empty symbol) are according to Fig. 3 (last symbol in subframe n) or Fig 5 (first symbol in subframe n+1).



Figure 5 Alternative way to create CCA opportunities when SRS is present.

Support an empty symbol at the beginning of an uplink subframe can be also beneficial if the DL subframe before the uplink  subframe is a whole subframe.

DL control, e.g. the common PDCCH specified in Rel-13, can be enhanced to signal the uplink subframe structure and expected CCA behavior, e.g. whether CCA should be conducted; in the case that CCA is expected,  how many idle slots are included in the CCA duration, and where the CCA should be conducted.
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4. [bookmark: _Ref129681832]Conclusion
In this contribution, the interlaced PUSCH design is discussed. And we have 
Observation 1: for a 20 MHz system, using the interlaced PUSCH design, at most 10 UEs can be simultaneously scheduled assuming the resource unit is one PRB. 
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