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1 Introduction

The Work Item (WI) on Licensed-Assisted Access (LAA) to unlicensed spectrum has been completed by Dec 2015[1]. A new work item on enhanced LAA for LTE has been approved in 3GPP TSG RAN Meeting #70 [2]. The new WI aims to specify UL support for LAA SCell operation on unlicensed spectrum. Meanwhile, forward compatibility should be taken into account so that support for dual connectivity can be specified without significant changes to the design.
In order to support UL multiplexing by FDM and also fulfilling the requirement of a transmission in unlicensed spectrum occupying no less than 80% system bandwidth, a new PUSCH waveform is identified as agreed in RAN1#80bis [7]. 
· 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
Rel-8 PUSCH resource allocation is single cluster, which is advantageous in terms of CM (Cubic Metric) performance thanks to the localized mapping and the use of DFT precoding, at the expense of the resource allocation restriction of always using one cluster. In Rel-10 PUSCH resource allocation was extended to dual cluster, which achieves good tradeoff between increased CM and improved flexibility of the resource allocation.
In this contribution, further investigations for PUSCH transmission in LAA SCell are discussed.

2 Selection of RE- or RB interleaved multi-cluster PUSCH
There are several requirements for the unlicensed spectrum usage, including the bandwidth occupancy requirement and the narrowband transmission power requirement. For the bandwidth occupancy, it is required that the occupied channel bandwidth shall be between 80% and 100% of the declared nominal channel bandwidth. The occupied channel bandwidth is the bandwidth containing 99% of the power of the signal. For the narrowband transmission power, it is required that the transmission power in a narrow band, e.g., in the frequency band 5250-5350 MHz, transmissions shall be limited to a maximum mean EIRP density of 10 mW/MHz in any 1 MHz band [4]. This implies that the Rel-8 PUSCH resource allocation scheme is not applicable since it could only support wideband transmissions for LAA. Moreover, the dual-cluster scheme is not preferable since the clusters have to be located close to the carrier edge, which limits the flexibility of the resource allocation (e.g., the numbers of PRBs which can be allocated) and the UE multiplexing capability.
The multi-cluster PUSCH is distributed in the frequency domain, which ensures that every user, even if scheduled with a part of the transmission bandwidth, could fulfil the bandwidth occupancy requirement, and also maximize potential total transmission power conforming to the narrow band transmission power requirement.

Two potential multi-cluster PUSCH resource allocation schemes assuming different levels of cluster size are considered:

· Alt 1: RE Interleaved Multi-Cluster PUSCH

This solution assumes that the cluster size is 1 RE and each cluster is uniformly distributed in the frequency domain. 

· Alt 2: RB Interleaved Multi-Cluster PUSCH 

This solution assumes that the cluster size is N contiguous RBs (or N*12 contiguous REs) and the clusters are uniformly distributed in the frequency domain.
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Figure 1. Example of RE- and RB interleaved multi-cluster PUSCH.
Down selection from the two alternatives is needed since it is unnecessary to support both of them considering the specification and implementation efforts. Several design aspects related to the multi-cluster PUSCH are:

· Resource allocation flexibility and UE-multiplexing capability
Per UE transmission rate adaptation is related to the number of PRB pairs allocated for the UE. For the PUSCH transmission in the licensed spectrum, the resource allocation scheme supports allocations from 1 to 110 PRB pairs, subject to the number of PRBs being a multiple of 2, 3 and 5.  For the multi-cluster PUSCH resource allocation, the resource allocation flexibility and the UE-multiplexing capability will depend on the number of PRBs (or REs) per cluster and the frequency spacing between the clusters. Due to the emission requirements on LAA, it can be anticipated that a multi-cluster PUSCH should have uniform frequency spacing between the clusters. Depending on how the resource allocation scheme will be defined, e.g., the size of a cluster and the frequency spacing between the clusters, this may require restrictions on how many PRB pairs that could be allocated to a UE and the ability to use FDM between UEs with different sized allocations. Further study is needed before concluding on the resource allocation flexibility and UE-multiplexing capability. 

· Impact on DMRS and channel estimation

In the licensed carrier, the DMRS is always sent in the same frequency resource as PUSCH, i.e., in one or several RBs using one or two clusters. It would be applicable to reuse the same design principle for the DMRS in the unlicensed carrier. RE interleaved PUSCH will require the DMRS to be transmitted in a RE interleaved way, i.e., which causes impact on the DMRS transmission and channel estimation. Further evaluation is needed for this. RB interleaved PUSCH may cause less impact on the DMRS transmission, as for each cluster, DMRS is still transmitted in a localized way on RB level.
· Frequency-selective scheduling 
Although from the entire bandwidth point of view, both multi-cluster resource allocation schemes are similar as uplink transmissions are uniformly distributed, RB interleaved multi-cluster PUSCH could be localized in a sub-band level while not for RE interleaved multi-cluster PUSCH. RB interleaved multi-cluster PUSCH can benefit from frequency diversity (e.g., due to a uniform frequency spacing between the clusters) while also being able to provide more flexible frequency selective scheduling, since the frequency positions of the clusters (while maintaining the uniform frequency spacing) could be shifted. Hence, the scheduler could select an appropriate frequency position of the PRBs. RE interleaved multi-cluster PUSCH offers maximum frequency diversity, while having a limited support for frequency selective scheduling since the cluster size only consists of one RE.
· Allowed uplink transmission power  
Multi-cluster PUSCH distributes its uplink transmission in the entire bandwidth, resulting in a larger number of clusters and a smaller cluster size than single/dual cluster PUSCH. The distributed transmission benefits from the increased uplink transmission power given there is a regulation requirement on the maximum power in any 1 MHz band. 
As the allowed uplink transmission power could be increased, multi-cluster PUSCH resource allocation could be introduced to enhance the coverage. RE interleaved multi-cluster PUSCH with cluster size of one RE is ideally the best option if the cluster distance is not greater than 1MHz.

However, give the cluster size is 1MHz to use transmit power of any 1MHz in one RE for RE interleaved multi-cluster PUSCH, PUSCH assigned by one PRB  would be spanned to the range of 12MHz. Then the number of RBs available to be scheduled is restricted. Therefore, there is a trade-off between the size of a cluster and available resources for scheduling. RB interleaved multi-cluster PUSCH could be moderate for this balance.

· Robustness to synchronization error 

With RE interleaved multi-cluster PUSCH, when the uplink resources are multiplexed by multiple UEs, inter-UE interference caused by non-rigorous synchronization would be much severe than with RB interleaved multi-cluster PUSCH. For RB interleaved multi-cluster PUSCH, only the neighbour subcarriers from different UEs would be severely interfered when the time/frequency synchronization is not perfectly achieved. As evaluated in [3] and specified in the current standard, uplink timing control granularity is required to be ±0.52 µs to avoid  inter UE interference caused by the neighbour subcarriers as illustrated in Fig. 2. For RE interleaved multi-cluster PUSCH, however, each subcarrier transmitted by one UE is possible to be severely interfered by the neighbour subcarriers transmitted by another UE. Hence, RB interleaved multi-cluster PUSCH is more robust to synchronization error than RE interleaved multi-cluster PUSCH.
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Fig. 2 Example of inter-UE interference for RE- and RB interleaved multi-cluster PUSCH
· Cubic Metric (CM) characteristic
The cubic metric is defined as [6]: 
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  is the raw cubic metric of the W-CDMA voice reference signal, and [image: image7.png]


 is 1.56. 
Both RE and RB interleaved multi-cluster PUSCH are evaluated, as well as the LTE baseline single cluster and dual-cluster PUSCH. For dual-cluster PUSCH, there are two equal size clusters located at the transmission band edge. The evaluation parameters are given in Table A1.
The CM performance is given in Figure A1 assuming 10 RBs are allocated. It shows that RE interleaved multi-cluster PUSCH provides best CM property, e.g., around 1 dB CM reduction over RB interleaved PUSCH in QPSK. It should be observed that RB based PUSCH is only slightly worse than dual-cluster PUSCH in terms of CM performance. There is slight CM reduction for cluster size of 2 RBs over 1 RB.

The similar trend can be observed if 20 RB is allocated as in Figure A2. It should be noted that the CM performance difference for cluster size of 2 RB with that for cluster size of 1 RB is negligible.
Observation 1: For the CM performance:

· RB interleaved multi-cluster PUSCH is not as good as RE interleaved multi-cluster PUSCH, but only slightly worse than the existing dual-cluster PUSCH. 

· There is little difference if the cluster size is increased from 1RB to 2RB for RB interleaved multi-cluster PUSCH.
Proposal 1: Adopt RB interleaved multi-cluster (>2) resource allocation for LAA PUSCH.
3 Details of RB-interleaved multi-cluster PUSCH
In this section, finer details of RB-interleaved multi-cluster PUSCH concerning the FFS points remaining from the Rel-13 study, including number of clusters needed, size of each cluster, spacing between clusters, are discussed.
A general design framework for the RB-interleaved PUSCH resource allocation could be that the carrier bandwidth (e.g., 100 RB pairs in a 20 MHz carrier) is divided into N groups of RB pairs, and the clusters of RB pairs would be allocated within part or all the N groups. The maximum number of allocated clusters could be simply equal to N which means that contiguous allocation of RB pairs is performed within a group, and the range of the cluster size by allocated RB pairs could be from 1 to the group size by RB pairs. Then, the remaining issues include how to determine the value of N, and how to design the detailed recourse allocation within each group.
The value of N would have impact to the maximum number of allocated clusters, the maximum cluster size by RB pairs and also the spacing among clusters. Considering the PSD limitation within each 1 MHz bandwidth as discussed in section 2, it is not appropriate to choose a too large value of N which would restrict the UE transmit power efficiency. Meanwhile, it is also no need to define a too small N, e.g., values less than six, which results in a very large number of clusters. Maybe a moderate value of N could be defined, e.g, 8 or 10. 
Proposal 2: The carrier bandwidth is divided into N groups of RB pairs, e.g., N is equal to 8 or 10 at least for 20 MHz, and RB-interleaved multi-cluster PUSCH may have one cluster mapping to one or several groups. 
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Fig. 3 multi-cluster (>2) resource allocation based on groups

· Resource allocation flexibility
As a key design principle, it is better to support flexible resource allocation and UE multiplexing, considering the requirements of supporting different MCS indices and transport block sizes. Note that the existing UL resource allocation type 0 supports allocations from 1 to 110 PRB pairs, and UL resource allocation type 1 supports allocation granularity of 4 PRB pairs, and both types are subject to the number of PRBs being a multiple of 2, 3 and 5. Therefore, similar granularities of RB pairs for eLAA PUSCH resource allocation should be adopted, e.g., about 4 PRB pairs. Fig. 3 shows some examples for the RB-interleaved resource allocation based on the above grouping design framework and also supporting the flexible resource allocation and UE multiplexing wherein it is allowed to allocate one cluster in each group, or to allocate one cluster in a subset of the N groups. In addition, the flexible resource allocation with similar granularity as existing RA types could have benefits to the PUCCH and PRACH design in the future, considering the current PUCCH and PRACH occupy few number of RB pairs of one and six respectively. 
Proposal 3: Similar granularities as existing resource allocation schemes should be supported for multi-cluster PUSCH. 
· Cluster Size and Cluster Spacing
To support maximum flexibility for resource allocation, independent resource allocation within each group could be adopted. However, it may not be efficient from some perspectives such as PSD limitation, channel estimation and CM. 
Considering the PSD limitation, if the number of allocated RB pairs in each cluster does not equal to each other, the allowed UE maximum transmit power actually depends on the cluster which includes more RB pairs. As an example shown in Fig. 3, two RB pairs are allocated in the first cluster while three RB pairs are allocated in the second cluster. Within each cluster, the UE transmit power could be reached to 10dBm. However, in the first cluster the UE transmit power for one RB is 7dBm while for the second cluster the UE transmit power for one RB is 4dBm. Considering normally equal transmit power should be used for each RB, the allowed UE maximum transmit power for one RB would be 4dBm. As a result, the benefits with the multi-cluster (>2) resource allocation type would be discounted by the unequal cluster sizes of allocated RB pairs. In addition, equal frequency spacing among adjacent allocated clusters can bring benefits to CM and the complexity of channel estimation. 
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Fig. 3 Unequal cluster sizes of allocated RB pairs 

Observation 2: Unequal cluster sizes of allocated RB pairs would discount the transmit power efficiency for the UE.
Observation 3: Equal frequency spacing among adjacent clusters has benefits to the channel estimation and CM.

Considering above observations, and also it is overhead consuming for the DCI design for the independent resource allocation within each group, the resource allocation pattern with each allocated group should be the same. 

Proposal 4: The cluster size is equal and the cluster spacing is uniform.
In addition, considering that existing UL resource allocation type 1 can also fallback to UL resource allocation type 0, it may also need to consider the type switching among the new multi-cluster (>2) resource allocation type and the existing UL resource allocation type 0 and 1. Considering the per TTI level transmit power backoff defined in RAN4 [5], at least the UE close to the eNB could use the existing UL resource allocation types which could be beneficial to the transmit power efficiency. The type switching could be dynamic or semi-static. 
4 Conclusions
In this contribution, PUSCH resource allocation on LAA SCell is discussed and there are the following proposals:
Proposal 1: Adopt RB interleaved multi-cluster (>2) resource allocation for LAA PUSCH.
Proposal 2: The carrier bandwidth is divided into N groups of RB pairs, e.g., N is equal to 8 or 10 at least for 20 MHz, and RB-interleaved multi-cluster PUSCH may have one cluster mapping to one or several groups. 

Proposal 3: Similar granularities as existing resource allocation schemes should be supported for multi-cluster PUSCH. 
Proposal 4: The cluster size is equal and the cluster spacing is uniform.
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Appendix A:
CM Evaluation for multi-cluster PUSCH
Table A1. Simulation Parameters for multi-cluster PUSCH.

	Parameters
	Value

	Allocated PUSCH Resource
	10/20 RBs

	Cluster size
	1 RE, 1 RB, 2 RB

	Number of clusters
	120,10,5/240,20,10

	System Bandwidth
	20 MHz

	DFT Precoding Size
	120/240

	FFT Size
	2048

	Modulation Order
	QPSK, 16QAM, 64QAM
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Figure A1. Cubic metric performance for PUSCH resource allocation with 10 RB allocated.
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Figure A2. Cubic metric performance for PUSCH resource allocation with 20 RB allocated.












































































_1515863713.vsd
……


severe interference


severe interference


Resources for UE1


severe interference


Option 2


……


severe interference


Resources for UE2



_1516111098.unknown

_1516111099.unknown

_1516106011.vsd
Time�

Alt 2: RB Interleaved (1 Cluster = N RB)�

�

Cluster�

Alt 1: RE Interleaved (1 Cluster = 1 RE)�

�


_1516092769.vsd
Group 1


Group 2


Group 3


Group 4


Group 5


Group 6


Group N-1


Group N


Group 1


Group 2


Group 3


Group 4


Group 5


Group 6


Group N-1


Group N


Group 1


Group 2


Group 3


Group 4


Group 5


Group 6


Group N-1


Group N


One Cluster


Case 1


Case 2


Case 3



_1515862729.vsd
Subframe n+1, UE 1


Subframe n+1, UE 2


Subframe n, UE 2


Subframe n, UE 1


Overlapped



_1515846831.vsd
1st Cluster


2nd Cluster


RB


……


……



