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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 agreements were reached in RAN1#84BIS:

Agreement:

· For eLAA PUSCH transmission, one interlace is the basic unit of resource allocation, which is composed of 10RBs for 20MHz

· Working assumption: the 10RBs are spaced equally in frequency domain for 20MHz

· Ex for 20MHz eLAA SCell: interlace 0 is composed of RBs 0,10,20,...,90

· Send an LS to RAN4 asking whether or not RAN4 sees issues with the working assumption. RAN1 also discussed the possibility of having unequal spacing in frequency domain for the 10-RB interlace based resource allocation – Jeongho (Intel) - R1-163703 – approved in R1-163683
· FFS the case of other system bandwidth(s)

· A UE can be assigned one or more interlaces

· The total number of RBs used for transmission should be a multiple of 2,3 and 5

· Decide one of the following alternatives:

· Alt 1: UL resource allocation type 0 is used to allocate multiple interlaces to a UE

· UL grant indicates start index and allocated number of interlaces with consecutive indices

· Alt 2: bitmap based resource allocation

· Alt 3: predefined resource allocation patterns

· FFS: excluding some UL RBs from the resource allocation

In this contribution, we discuss in further detail how a Block-IFDMA design with equal inter-RB spacing for PUSCH meets all regulatory requirements while also providing flexibility in terms of UL resource allocation. A related RAN4 contribution provides comprehensive evaluations of the ACLR power backoff and spectral emissions resulting from a B-IFDMA allocation with equally spaced RBs [2], which show that the equally spaced interlace design outperforms or is no worse than an unequally spaced interlace in these metrics.


2 Discussion
2.1 Block IFDMA Resource Allocation
It has been described previously in [3] how a Block-IFDMA (B-IFDMA) UL resource allocation can satisfy both ETSI 301 893 requirements of 10 dBm/MHz maximum power spectral density (PSD) for 5150-5350 MHz, and that 99% of the power of the signal shall be between 80% and 100% of the declared Nominal Channel Bandwidth [4]. 3GPP has therefore discussed interlacing transmissions in a 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 current RAN1 working assumption of 10 interlaces with equally spaced RBs offers the best balance between the maximum allowed UL transmit power and scheduling granularity for a system bandwidth of 20 MHz. 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. An interlace design with truly random inter-RB spacing will violate this principle for a single interlace. 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 is therefore 20 dBm, and PUSCH transmissions from up to 10 UEs can be multiplexed in one UL subframe. 
Using the same equi-spaced B-IFDMA design for PUSCH as well as other UL channels (e.g., PRACH) and reference signals (e.g., SRS) allows them to be multiplexed within the same UL subframe in an efficient manner. More details on the multiplexing aspect are provided in companion contributions on SRS and PRACH design [5][6]. Retaining an equi-spaced B-IFDMA design also provides forward compatibility with enhanced PUCCHs that may be introduced in a subsequent LAA WI. On the other hand, an UL interlace design with unequal spacing between RBs complicates the multiplexing of different UL channels and reference signals, without any discernible benefits in terms of maximum transmit power or other properties.
2.2 Properties of Equally-spaced Interlace Transmissions
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From a RF perspective, it is necessary for LAA UL transmissions to meet the ACLR requirements for 5 GHz, and it is desirable to have low unwanted emissions and a minimal power backoff due to the multi-cluster interlace design. The RF performance of interlaces with equally-spaced RBs is provided in a RAN4 contribution [], and we highlight several select aspects next.
Fig. 1 presents a comparison of the ACLR compliance and out-of-band emissions performance of interlaces with random [7] and equal inter-RB spacing, assuming an ACLR requirement of 30 dBc.  The ACLR for the equally-spaced pattern is around 33.4 dBc at the same output power, which implies that a smaller power back-off is necessary to meet the ACLR requirement, compared to the irregular inter-RB spacing. The equally spaced interlace has more pronounced spectral peaks compared to the ensemble of irregularly-spaced interlaces, but this does not affect conformance with spectral mask requirements as seen in the right subfigure of  Fig. 1. For spectrum mask compliance, there is no observed difference between the power back-off necessary for either design.
Observation: 

Power back-off necessary to meet ACLR requirements is smaller for equally spaced RBs compared to irregular spacing. For spectrum mask compliance, there is no significant difference between the power back-off necessary for either design. 
Based on the preceding discussion in Sec. 2.1 and Sec. 2.2, the following proposals are obtained.

Proposal:

Confirm working assumption on B-IFDMA structure with equal inter-RB spacing and a total of 10 interlaces for PUSCH.
Proposal:

Adopt PUSCH B-IFDMA structure for other uplink transmissions such as PRACH and SRS.

2.3 Resource Allocation Indication
Resource allocation indication design for B-IFDMA with equal inter-RB spacing is discussed next. The following alternatives are currently under consideration for conveying the UL resource assignment:
· Alt 1: UL resource allocation type 0 is used to allocate multiple interlaces to a UE

· UL grant indicates start index and allocated number of interlaces with consecutive indices

· Alt 2: bitmap based resource allocation

· Alt 3: predefined resource allocation patterns

Alt. 1 is an extension of the legacy RIV-based UL resource allocation to the interlace format. The RIV index is mapped to a particular starting interlace and number of consecutive interlaces assigned to the UE, where the interlace indices may be logical values. Alt. 1 can save up to 4 bits for the interlace RA compared to Alt. 2, however, the set of available interlace assignments is correspondingly reduced. Moreover, the slightly higher overhead of Alt. 2 RA will be amortized by the generally higher control overhead of multi-subframe grants, which are expected to be used extensively in LAA in order to overcome the 4 ms grant-to-transmission scheduling delay. Alt. 3 also compromises on the set of available interlace assignments, and further evaluation would be needed to determine which set of predefined patterns should be supported. Therefore, it is proposed to retain full flexibility in UL interlace RA by adopting Alt. 2, i.e., bitmap based resource allocation. This scheduling flexibility will also facilitate frequency multiplexing of different UEs and UL channels. 
Proposal:

Adopt Alt. 2 for UL RA, i.e., bitmap based resource allocation.
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Fig. 2: Example of resource block mapping when using 10 interlaces

An example of interlace allocation for a single UE under Alt. 2 is given in Fig. 2. 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. 



3 Conclusion

This contribution discussed UL resource allocation designs for PUSCH in eLAA, with the following observation and proposals as a result.
Observation: 

Power back-off necessary to meet ACLR requirements is smaller for equally spaced RBs compared to irregular spacing. For spectrum mask compliance, there is no significant difference between the power back-off necessary for either design. 
Proposal:

· Confirm working assumption on B-IFDMA structure with equal inter-RB spacing and a total of 10 interlaces for PUSCH.
Proposal:

· Adopt PUSCH B-IFDMA structure for other uplink transmissions such as PRACH and SRS.

Proposal:

· Adopt Alt. 2 for UL RA, i.e., bitmap based resource allocation.
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�Fig. � SEQ Figure \* ARABIC �1�: (a) ACLR compliance for ensemble of 10 realizations of random inter-RB spacing (red) compared to equally spaced interlace (blue). (b) Emissions for single random inter-RB spacing pattern (red) compared to equally-spaced interlace (blue) with 1 MHz reference BW, relative to EN 301 893 spectrum mask (black).
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