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Introduction
In the last RAN WG1 Meeting #84, the following agreement on the RB-level multi-cluster transmission was agreed [1].
Agreements:
· For eLAA, flexible timing between UL grant and UL transmission is supported
· At least RB-level multi-cluster transmission (>2) is supported for eLAA PUSCH
· FFS: Detailed design
· FFS: Support of legacy resource allocation for PUSCH
The motivation behind the above agreement is to meet the Occupied Channel Bandwidth (OCB) regulation by ETSI [2]. Note that ESTI specifies that OCB shall be between 80% and 100% of the declared Nominal Channel Bandwidth.
In this contribution, we provide detailed UL waveform design encompassing the above FFS points.
Interpretation of ETSI regulation
As it was discussed in [3], different interpretations of ETSI OCB regulation are possible due to ambiguity in which time scale the regulation should be met as follows:
· Compliance over sweep time in the statistical manner: The interpretation is that by spreading a UE’s transmissions over the course of time in a frequency-hopping manner, the OCB regulation can be met, although each transmission may occupy smaller portion of the Nominal Channel Bandwidth. This interpretation is by taking advantage of the sweep time, which is longer than 1 second, defined in the test method for OCB regulation.
· Compliance in the instantaneous time: The interpretation is that the OCB regulation should be met with each transmission. For instance, the UL waveform for eLAA can be designed such that the OCB regulation is met within every subframe transmission by UE. 
One problem with compliance over the sweep time in the statistical manner is that eNB scheduler is implementation specific and thus, testing whether OCB regulation is satisfied is difficult. Furthermore, the forthcoming availability of the channel access cannot be foreseen by the eNB in reality due to LBT. In other words, it is possible that the channel is not available for most of the time such that the satisfaction of the OCB regulation in a statistical manner cannot be guaranteed. Thus, a conservative approach for the compliance of the OCB regulation is more preferable such as meeting the regulation in each subframe.   
Multi-cluster transmission for eLAA UL
As noted earlier, the main motivation behind the agreement on the support of at least RB-level multi-cluster transmission (>2) for eLAA UL is for the compliance with the OCB regulation. In such a context, an interlaced RB assignment can be considered as one realization to not only meet the regulation but also facilitate the UE multiplexing. 
Proposal 1: We propose to adopt an interlaced RB assignment for LAA UL. 
An example interlaced RB assignment is illustrated in Figure 1 below, where each interlace is allocated with equally spaced RBs spread across the entire bandwidth.

 


Figure 1: An illustration of interlaced RB assignment
On the design details 
The following facets may be considered in the design of interlaces. 
· Sufficient granularity should be allowed to efficiently support small-size packets, e.g., VoIP. For example, with the typical VoIP packet size of 480 bits, 4 RBs are enough to convey a VoIP packet when QPSK & ½ code rate are used.
· The occupied channel bandwidth requirement discussed in the introduction should be satisfied; i.e., more than 80% of the nominal BW should be occupied. Let’s consider 10 RBs/interlace for 20 MHz system bandwidth with equidistance RB assignment for interlaces. Then, we will have 10 interlaces and the occupied bandwidth is calculated as (9*10+1) RBs*180 kHz = 16.38 MHz. This gives approximately 82% occupied bandwidth. 
· Generally, higher number of interlaces is preferred to multiplex more UEs in a subframe. However, it will limit the exploitation of total allowed transmit power due to PSD constraint.  
· In consideration of the PSD limit, it may be preferable to keep the distance between two adjacent RBs within one interlace to be more than 1 MHz.
· It is important that each interlace contains equal number of RBs to expect uniform performance among different interlaces and to avoid unnecessary scheduling complexity. 
10 RBs/interlace provides high scheduling granularity while easily meeting the OCB regulation. 
Proposal 2: We propose 10 RBs/interlace for 20 MHz system bandwidth, if an interlaced RB assignment is considered for LAA UL. 
Proposal 3: Up to 2 UE multiplexing within one interlace (via CDM or slot-based allocation) is allowed to support finer resource allocation granularity.
Each interlace need to convey reference signal for coherent demodulation of PUSCH at eNB. UL reference signal can reuse legacy DMRS like signal based on CAZAC sequence. The reference signal transmission can be localized to the group of RBs belonging to one interlace as shown in Figure 1, using the same interlace that is used for PUSCH transmission. Reference signal is transmitted on 4th symbol of each slot as in the legacy LTE system. Localized reference mapping is similar to the reference signal design used in the uplink for LTE release 8, wherein the DMRS sequences are localized to the RBs over which data (PUSCH/PUCCH) are transmitted. 
Proposal 4:  DMRS is transmitted on the 4th symbol of each slot on the same interlace over which data is transmitted.   

Irregular resource assignment
In one of our previous contribution [4], it was proposed to design interlaces with irregular inter-PRB distance as illustrated below. The motivation was to provide inter-cell interference randomization.



[bookmark: _Ref441766873]Figure 5:  Interlace design with irregular inter-PRB distance

On the other hand, the irregular inter-PRB distance can be also beneficial from mitigating the intermodulation distortion (IMD) impact, which is intrinsic to the multi-cluster transmission. By having the irregular inter-cluster distance, the situation where the IMD products of different pairs of clusters are superimposed can be avoided. We thus make the following proposal. 
Proposal 5:  Consider multi-cluster transmission with irregular distances between clusters, or irregular distances between PRBs when each cluster consists of a single RB.   
[bookmark: _GoBack]Conclusion
In this contribution, we proposed B-IFDMA as the UL waveform for eLAA along with further design details. In particular we made the following proposals throughout this contribution. 
Proposal 1: We propose to adopt an interlaced RB assignment for LAA UL. 
Proposal 2: We propose 10 RBs/interlace for 20 MHz system bandwidth, if an interlaced RB assignment is considered for LAA UL. 
Proposal 3: Up to 2 UE multiplexing within one interlace (via CDM or slot-based allocation) is allowed to support finer resource allocation granularity.
Proposal 4:  DMRS is transmitted on the 4th symbol of each slot on the same interlace over which data is transmitted.   
Proposal 5:  Consider multi-cluster transmission with irregular distances between clusters, or irregular distances between PRBs when each cluster consists of a single RB.   
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