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1
Introduction

This contribution deals with PUSCH resource allocation (RA) signalling for, clustered resource allocation within the UL component carrier (CC). 
In RAN1 #61, the following decisions have been made:
· No additional blind decodings to support non-contiguous UL RA in single antenna transmission case 

· The same applies to SU-MIMO if SU-MIMO is supported with non-contiguous UL RA

· Size of the DCI format used to support non-contiguous UL RA is matched to the size of Format 0 or the semi-statically configured DCI Format size for the same UE
· Format size matching is done by padding one of the messages if necessary 
· Select one from the following two options at RAN1#61bis

· 2 clusters (with UL DCI format aligned with DCI format 0)
· Number of clusters not limited by the signalling (with UL DCI format aligned with configured DL DCI formats)

· Size of each cluster is one of the following

· N x 1RB, N x 2RBs, N x 3RBs, N x 4RBs or N x 5RBs (N is an integer)
· Above number of values may be further reduced

· One value selected for a given UL system BW (the same value is not precluded for different UL system BWs)

· Re-use resource indexing scheme from Rel-8

· RA schemes type 0/1/2 or CQI RB indexing scheme with minimal modifications

In this paper we show our proposal for non-contiguous RA based assuming:
· 2 clusters 

· RA size aligned with existing DCI format 0

· Applicable to both single antenna mode and SU-MIMO

· Having no need for unnecessary padding 
The proposed resource allocation scheme is based on configurable Virtual Resource Blocks (VRB) arranged to form a tree-based structure.

2 RA indexing scheme
This section illustrates a RA indexing scheme based on VRBs arranged to form a tree-based structure. VRB structure defines the legal starting positions as well as the cluster size applicable to clustered allocation. There are certain parameters needed to configure the tree-structure:

· M corresponding to bandwidth granularity
· is independent of the system bandwidth
· M 
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 {2, 3, 4} PRBs.
· N corresponding to size of clustered bandwidth tree counted as numbers of M-sized minimum units

· k corresponding to cluster size options (kM) applicable

· k =[1, 2, 3, … K]
· size of the k can be further reduced

Figure 1 shows the proposed VRB structure with an exemplary configuration for N (40) and k (1, 2, …, 8). The corresponding resource index for the cth cluster,
[image: image2.wmf]c

R

, is calculated as
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where 
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 and 
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 are branch index and resource index within the branch, respectively, and 
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 corresponds to floor –operation. 
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Figure 1 Resource indexing scheme on top of exemplary VRB structure (K=8, N=40).
There are no obstacles to apply the calculated resource index, 
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, directly as the cluster specific resource allocation index . However, taking limited number of signalling bits into account we propose to consider differential resource indexing schemes for the 2nd cluster. There are at least three principles to realize this:
· Differential RA in terms of frequency position (supporting MPR reduction [1])

· Differential RA in terms of allowed branch of the cluster-tree
· Differential RA in terms of allowed resource index
We think that the third approach might be the most suitable as general solution.
Decoding of resource allocation index, 
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:

Decoding complexity of resource allocation index is an issue that needs to be considered carefully. It is noted that the proposed scheme is has very low RA decoding complexity. The main issue to define parameters l and i at the UE side, based on received 
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PRB allocation:

Defining physical resource block (PRB) allocation for two clusters based cluster-specific 
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 and corresponding parameters (l ,i) can be formulated as:

· Cluster size equals to 
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· Cluster starting position (in PRB domain) equals to 
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where O corresponds to starting PRB position of the VRB-tree.
3
DFT-size issue 

Reasonable DFT-complexity is supported in Rel-8/9. This is realized in practise in such that the size of the DFT (i.e., number of allocated RBs x 12) needs to support factorization into a small and predefined number of prime numbers. In Rel-8/9, all the DFT sizes can be written as a product of the factors 2, 3, and 5.

Figure 4 shows the dual-cluster allocations which are in-line with the DFT –size principle supported in Rel-8/9 (green colour). Cluster size combinations denoted as red colour are not in-line with Rel-8/9 DFT-size. It is clear that if we want to keep the DFT-size we need to prevent those combinations. 

It is noted that DFT size issue is relevant regardless of the bandwidth granularity (i.e., parameter M). However, there is no a single cluster size which creates the DFT size problem. 
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Figure 2. Supported cluster combinations.

We propose not to change DFT-size assumptions for non-continuous PUSCH RA compared to localized PUSCH RA supported in Rel-8/9. The main reasons behind this are:

· We want to maintain that efficient implementation of a DFT (i.e., no increase in DFT complexity)

· The existing DM RS can always be used, no need for additional “non-contiguous RA” reference signals

In order to support this principle, we propose to consider those allocations as illegal PUSCH resource allocations ignored by the UE. 

Proposal:  Keep DFT-size unchanged compared to Rel-8
4
Dimensioning  

This section presents various examples how to configure dual-cluster signalling for different system bandwidths assuming. We propose to share NRA resource allocation signalling bits between the first and the second cluster in the following way:

· The first cluster: 
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· The second cluster 
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Let’s take an example with 20 MHz system bandwidth. There are seven bits available for the first cluster (
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varies between 0 and 127 and six bits for the second cluster respectively (
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varies between 0 and 63). Table 1 shows that proposed approach supports variable granularity from 2 PRB up to 4 PRB. The flexibility can be easily adjusted by:
· Introducing differential resource allocation scheme for the second cluster.

· Adjusting the VRB bandwidth (parameter N)
· Adjusting the bandwidth the granularity (parameter M)
· Decreasing the number of cluster size options (e.g., k=[3,5,7] may be removed from the set of supported cluster sizes)
Table 1. Different VRB configurations applicable for 20 MHz bandwidth
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5
Discussion on preferred RA indexing scheme

There are many criteria that need to be taken into account when defining the preferred RA indexing scheme.
· Size of clustered resource assignment

· In order to minimize PDCCH overhead, the size needs to be matched with that of localized resource allocation.

· The same scheme should be applicable to both single antenna port transmission and SU-MIMO. 
· Bandwidth granularity

· It has been shown that minimum cluster size of 2 PRBs provides system level gain compared to 3 PRB and 4 PRB cases. Hence, minimum bandwidth granularity should be 2 PRBs regardless of the system bandwidth. 

· We think that proper configurability w.r.t., minimum cluster size is needed. However the same resource allocation scheme should be applicable to all cases including all system bandwidth options.
· Fine enough bandwidth granularity is needed taking into account also dynamically varying size of the PUCCH.
· Scheduling bandwidth

· Scheduling bandwidth covered by clustered resource allocation needs be configurable.
· Clustered resource allocation covering the whole system bandwidth (including PUCCH) needs to be supported

· Maximal utilization of available sounding reference signal resources
· We think that cluster positions need to support bandwidth alignment with SRS. This enables maximal reuse of SRS resources in all cases.

· Scheduler complexity
· eNB scheduler complexity needs to be taken carefully into account when designing the RA scheme.

· Resource allocation complexity

· Encoding/decoding complexity of the resource allocation index needs to be carefully taken into account.

· Only simple schemes can be accepted in the specification.

· DFT-size issue
· Introducing new DFT size options for clustered allocation is not acceptable
· Support for MPR reduction

· Resource allocation schemes taking into account support for MPR reduction need to be considered (jointly with RAN4).
Proposal: Taking into account these aspects we are of the opinion that tree-based signalling should be considered as the baseline scheme for clustered resource allocation.
Configuration of clustered RA:

We think that clustered allocation needs to be configured via higher layer signalling. For those UEs configured to support clustered RA (for both single-antenna port transmission and SU-MIMO) [2]:
· UL grants signalled via common search space do not support clustered resource allocation. Hence they can be used as dynamic Rel-8 fallback supporting frequency hopping. 

· UL grants signalled via UE-specific search space can be used to schedule clustered allocation. Frequency hopping flag included in DCI format 0 is used the switch between clustered and localized allocation. (( no support for frequency hopping with UL grants configured to support clustered allocation)

6
Summary 

In this proposal we discussed clustered resource allocation. Based on the discussion we propose the following:
Proposal:  Support two clusters with RA size aligned with DCI format 0
Proposal:  Tree-based signalling should be selected as the baseline for clustered resource allocation

Proposal:  Sufficient flexibility in terms of allocation granularity and scheduling bandwidth needs to be supported
Proposal:  Consider differential resource allocation schemes for the 2nd cluster

Proposal:  Keep DFT-size unchanged compared to Rel-8

Proposal:  UL grants signalled via UE-specific search space only can be used to assign clustered PUSCH allocation.
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