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1 Introduction
The new Rel-14 work item on enhanced LAA is tasked with specifying the efficient operation of uplink LAA [1].  A robust design of the PUSCH data channel that satisfies regulatory requirements is one of the key objectives of eLAA. The following agreement was reached in RAN1#84:

Agreements:
· At least RB-level multi-cluster transmission (>2) is supported for eLAA PUSCH

· FFS: Detailed design

· FFS: Support of legacy resource allocation for PUSCH
In this contribution, we discuss in further detail the motivations behind a B-IFDMA design for PUSCH resource allocation in eLAA.


2 Discussion
2.1 UL Resource Allocation Design
The use of a carrier in an unlicensed spectrum should be done in a fair and equal manner for different devices. One component when securing this fair sharing is to have requirements on how to distribute transmissions over the system bandwidth. Here, two requirements are commonly found in regulations:

1. Occupied channel bandwidth

2. Maximum Power Spectral Density (PSD)

For example, both these requirements are enforced for 5 GHz carriers according to ETSI 301 893 while only the maximum PSD requirements are enforced in the US regulation for 5 GHz and 3.5 GHz. More detailed descriptions of global regulations can be found in [2].

The occupied bandwidth requirement is expressed such that the bandwidth containing 99% of the power of the signal shall be between 80% and 100% of the declared Nominal Channel Bandwidth [3]. Our current understanding of this requirement is that it is tested over a time interval longer than one sub-frame (1 ms). The frequency allocations for one UE must thus vary between sub-frames in such a way that the requirement is fulfilled. It is still an open issue if this requirement needs to be fulfilled for a UE which only transmits in a single sub-frame, such as a single PUSCH subframe. 

Maximum PSD requirements exist in many different regions [1]. For most cases the requirement is stated with a resolution bandwidth of 1 MHz. For example, the ETSI 301 893 specs requires 10 dBm/MHz for 5150-5350 MHz. The implication of the PSD requirement on the physical layer design is that, without proper designs, a signal with small transmission bandwidth will be limited in transmission power. This can negatively affect coverage of the operation. That is, the maximum PSD requirement is a binding condition that requires changes to UL transmissions in unlicensed spectrums. 

3GPP has discussed interlacing transmissions in a Block-IFDMA (B-IFDMA) format as a means to give LAA UL signals with small BW higher transmission powers when needed (and, to a lesser extent, to satisfy the transmission BW requirement). The interlacing of transmissions can be done on a PRB basis. Interlacing on a sub-carrier basis is not a good design choice, since these transmissions would suffer from ICI (Inter Carrier Interference) in scenarios with large frequency offsets or with a delay spread larger than the cyclic prefix. 

The inter-RB spacing for different number of interlaces determines the resulting allowed maximum output power for different system bandwidths. In order to maximize the benefit of interlacing, the minimum distance between two RBs allocated within an interlace should be larger than the PSD requirement measurement bandwidth of 1 MHz, while allocating as many RBs as possible so as to spread the power over as many RBs as possible. It should be noted that using fewer than 5 interlaces is not favorable as more than one RB will emit power within the same 1 MHz measurement interval. Using fewer than 10 interlaces is also not desirable due to the loss of scheduling granularity, since, for example, with 5 total interlaces each interlace comprises 20 RBs. Using 10 total interlaces with 10 RBs per interlace and an inter-RB spacing of 1.8 MHz, the maximum output power when assigning only one interlace would be 20 dBm. When more than one interlace is assigned to a UE, the maximum output power may vary depending on the exact combination of interlaces chosen. Therefore, a design with 10 total interlaces is a good candidate to balance the above tradeoffs for a system bandwidth of 20 MHz.
Proposal:

Adopt a B-IFDMA structure with a total of 10 interlaces for PUSCH with 20 MHz system bandwidth in eLAA.

An example is given in Table 1 of resource block mapping with 10 interlaces, when a user is allocated between 1 and 10 of these interlaces. Each interlace consists of 10 resource blocks and an inter-RB spacing of 1.8 MHz. For PUSCH, all transmissions must have a number of resource blocks which can be expressed as a product of the factors 2, 3 and 5. In Table 1, the allocation of 7 interlaces must thus be pruned down to 64 used resource blocks. 

Table 1. Examples of number of resource blocks for 10 interlaces

	Allocated number of interlaces
	Allocated number of RBs
	Pruned RBs
	Used number of RBs

	1
	10
	0
	10

	2
	20
	0
	20

	3
	30
	0
	30

	4
	40
	0
	40

	5
	50
	0
	50

	6
	60
	0
	60

	7
	70
	6
	64

	8
	80
	0
	80

	9
	90
	0
	90

	10
	100
	0
	100



[image: image1]
Figure 1. Example of resource block mapping when using 10 interlaces

An example of interlace allocation for a single UE is given in Figure 1. Here, interlace number 0 and number 5 are allocated in the case of two allocated interlaces, in order to reduce transmitted PSD in each 1 MHz interval. When allocating more than two interlaces, adjacent allocations are used in this example in order to improve the single-carrier properties of the UL signal, since power sharing across RBs in each 1 MHz interval is unavoidable. Note the pruned resource blocks when allocating 7 interlaces, due to the existing constraint on the number of PUSCH RBs discussed previously.
However, the exact assignment of which interlaces are to be used when a UE transmits on multiple interlaces should be left to eNB configuration, for e.g., via a 10-bit bitmap in the UL assignment. This scheduling flexibility will facilitate frequency multiplexing of different UEs and UL channels. 
2.2 Advantages of Proposed B-IFDMA structure

Multi-cluster (type 1) resource allocation was introduced for PUSCH in Rel-10 LTE, with the number of non-contiguous clusters limited to at most two sets of resource blocks. In principle, an enhanced multi-cluster resource allocation with more than two sets, for e.g., 3 or more sets, can be introduced to eLAA as an alternative design option. However, the resource allocation overhead is a problem with this alternative design, since the starting and ending RB group positions have to be specified for each cluster. Another issue is that multi-cluster allocation will have to be combined with frequency hopping in order to satisfy the occupied bandwidth requirement in Europe. In contrast, the proposed B-IFDMA design has a manageable allocation overhead while still offering flexibility in terms of the number of RBs assigned to a UE. Furthermore, frequency hopping is not required since frequency diversity is intrinsic and the occupied bandwidth requirement is satisfied by definition.
A related issue is whether to support legacy type 0 or type 1 resource allocation for the eLAA PUSCH. With legacy resource allocation, the UL PUSCH for a single UE is generally limited to a narrow cluster of RBs when multiple UEs are multiplexed in the same UL subframe, or when the UL traffic load is low. This results in a transmission that resembles a narrowband interferer to adjacent nodes of the same or different technologies, such as Wi-Fi. From a coexistence perspective, it is expected that such a narrowband interference will be deleterious for Wi-Fi performance, especially since the transmit power is close to that of Wi-Fi. A narrowband transmission is also more difficult to detect during LBT which is conducted over the entire system bandwidth, thus increasing the probability of transmission collisions and hidden node effects.
The above discussions lead to the following proposal.

Proposal: 
Legacy resource allocation is not supported for PUSCH.


3 Conclusion

This contribution discussed UL resource allocation designs for PUSCH in eLAA, with the following proposal as a result.
Proposal:

· Adopt a B-IFDMA structure with a total of 10 interlaces for PUSCH with 20 MHz system bandwidth in eLAA.
Proposal: 

· Legacy resource allocation is not supported for eLAA PUSCH.
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