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1. Introduction
The working assumption for the baseline uplink transmission scheme of EUTRA LTE (FDD and TDD) is based on Single-carrier transmission (SC-FDMA) with cyclic prefix [1].  Frequency-domain generation of the SC-FDMA signal, sometimes known as DFT-spread-OFDM (DFT-SOFDM) is assumed and details on the basic transmission scheme such as sub-frame format, uplink numerology, sub-carrier mapping for localized and distributed allocations, options for reference signal structure, etc. are included in the TR [2].  This contribution builds-up on [3] proposing a resource block size for the uplink, associated options for localized and distributed allocations, and provides further clarification of the pilot/reference signal design for the EUTRA uplink. 
2. Resource Block Definition
As in the downlink [4], several factors need to be considered when selecting the number of sub-carriers to be used to form a resource block in the frequency dimension for localized and distributed allocations such as,
· Resource block size should be the same across all bandwidths modes
· Resource block size should result in an integer number of resource blocks (in frequency) over each bandwidth

· Support efficient FFT design (small number of radixes) for DFT spreading of DFT-SOFDM - mixed radix-FFT design with support for radix-2, radix-3, and radix-5 is adequate and preferred.
· Support smaller bandwidth allocations for small packet allocations and/or power-limited edge-of-cell operation 
· Good performance with frequency selective single and multiuser scheduling 

Taking these desired properties into account reduces the possible options for the resource-block size to either 15 or 25 sub-carriers (225 kHz or 375 kHz). It is proposed that 25 contiguous sub-carriers (375 kHz) be selected as the resource block size in frequency dimension.  The time duration of the resource block is proposed to span the entire sub-frame to enable reliable channel estimation based on reference signals on the two half-length short blocks. The sub-carriers forming a resource assignment/allocation can be adjacent (consecutive) or distributed and may span multiple contiguous resource blocks. The size of the resource assignment/allocation (i.e., number of sub-carriers in a resource assignment) is restricted to be the resource block size or multiples of 2, 3, or 5 of the resource block size for efficient FFT design. For distributed allocation, the maximum transmission bandwidth is further restricted to 5 MHz for good frequency diversity and channel estimation quality as will be discussed in section 3.2. 
3. Resource Allocation Options
Two possible configurations exist for resource allocation within a sub-frame for the SC-FDMA uplink:

1. Localized with continuous sub-carrier allocations
2. Distributed with comb-shaped, uniform-spaced sub-carrier allocations.
For scalability of design, ease of scheduling to maintain the low PAPR aspect of the uplink transmission and to reduce the number of possible combinations, it is proposed that assignments/allocations within at least a 1.25 MHz (and its multiple) contiguous portion of the channel bandwidth or sub-band be either all localized or all distributed. For the distributed configuration, the options for the sub-band bandwidth in multiples of 1.25 MHz bandwidth is further limited to 1.25, 2.5, 5 MHz as will be explained in section 3.2. Examples of sub-band allocation options for 5 MHz channel bandwidth (12 resource blocks) is shown in Figure 1. 
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Figure 1.
Examples of sub-band allocation options for 5 MHz Channel Bandwidth.

In Figure 1(a), 9 contiguous resource blocks (3.75 MHz sub-band) are used for localized allocations, while distributed assignments span the remaining 3 contiguous resource blocks (1.25 MHz sub-band). In Figure 1(b), 6 contiguous resource blocks (2.5 MHz sub-band) are used for localized allocations while the remaining 6 contiguous resource blocks (2.5 MHz sub-band) are distributed. In Figure 1(c), 2 groups of 3 contiguous resource blocks (1.25 MHz sub-band) are used for localized assignments while the remaining center 6 contiguous resource blocks (2.5 MHz sub-band) include distributed allocations, or all the 12 resource blocks (5 MHz) may be either localized or distributed as in Figure 1(d). 
3.1. Localized Configuration
A minimum localized resource allocation (continuous spectrum) is a resource block comprising of 25 adjacent (consecutive) sub-carriers. Multiple of 2, 3, 5 resource blocks may be concatenated for wider bandwidth allocations. Sub-band bandwidth options for the localized configuration include all multiples of 1.25 MHz.  For a 5 MHz sub-band bandwidth, 1, 2, 3, 4, 5, 6, 8, 9, 10 or 12 resource blocks can be concatenated for a total of {25, 50, 75, 100, 125, 150, 200, 225, 250, or 300} sub-carriers. 
3.2. Distributed Configuration
The distributed allocation (comb-shaped spectrum) with uniform-spaced sub-carrier allocations can encompass the entire or a portion of the sub-band bandwidth (1.25, 2.5, 5 MHz).  A distributed resource allocation is composed of 25 uniformly-spaced sub-carriers spanning multiple resource blocks. It is desirable that the repetition factors, RPF (i.e., spacing between the uniform-spaced distributed sub-carrier allocations) should support a sufficiently large set of repetition factors while providing adequate channel estimation quality using the two half-length pilots.  Hence, it is proposed that the distributed configuration be limited to at most a 5 MHz portion of the channel bandwidth. 
Restricting the maximum distributed transmission bandwidth to 5 MHz, is sufficient to exploit most of the channel frequency diversity while also reducing the RPF for the same equivalent data rate (same number of allocated sub-carriers) compared to a wider transmission bandwidth thereby enabling more accurate channel estimation using the two half-symbol pilots.  For example, for 75 sub-carriers or 3 resource block distributed allocation, RPF = 4 is required for 5 MHz sub-band, while a RPF = 8 is required for 10MHz transmission bandwidth.  The reduced RPF requirement for 5 MHz improves the channel estimation quality using the two half-symbol pilots. 
In order to support a large set of RPFs, the preferred repetition factors for distributed allocation should be limited to multiples of 2 or 3 for efficient FFT design.  A limit on the maximum RPF is also required for reliable channel estimation performance and is proposed to be 16 or less.  
The RPF options for two types of distributed assignments, namely, 

1. Distributed allocations only over the entire sub-band bandwidth (wideband distributed)

2. Distributed allocations over the entire or a portion of the sub-band bandwidth (narrow band and wideband distributed),

are discussed next. 

3.2.1. RPF Options for Distributed Configuration for allocations over the entire Sub-band Bandwidth (Wideband distributed only)
Sub-band bandwidth options for distributed configuration are limited to 1.25, 2.5, 5 MHz. RPFs are limited to multiples of 2 or 3. The possible distributed RPFs for distributed allocation over the different sub-band transmission bandwidths are given below:

For 1.25 MHz sub-band transmission bandwidth, 

· RPF of 3 for a total of {25} sub-carriers or size of {1} resource-block
For 2.5 MHz sub-band transmission bandwidth, 

· RPF of 3, or 6 for a total of {50, 25} sub-carriers or size of {2, 1} resource-blocks

· RPF of 2, or 6 for a total of {75, 25} sub-carriers or size of {3, 1} resource-blocks
For 5 MHz or larger transmission bandwidth, distributed allocation within 5 MHz sub-band,

· RPF of 3, 6, or 12 for a total of {100, 50, 25} sub-carriers or size of {4, 2, 1} resource-blocks

· RPF of 2, 4, or 12 for a total of {150, 75, 25} sub-carriers or size of {6, 3, 1} resource-blocks

· RPF of 2, 6, or 12 for a total of {150, 50, 25} sub-carriers or size of {6, 2, 1} resource-blocks

Options with RPF of 3 may provide an interference mitigation benefit for a 3-sector cell site as one-third of the sub-carriers (every third sub-carrier) can be assigned to each of the different sectors. 

3.2.2. RPF Options for Distributed Configuration including allocations over a portion of the Sub-band Bandwidth (Narrowband and wideband distributed)
The hybrid resource configuration [5] provides an effective way to combine and interlace “localized” distributed allocations over a portion of the sub-band and classical distributed allocations over the entire sub-band within a sub-frame.  Such a configuration provides the channel estimation benefits of localized allocation together with the improved frequency diversity of distributed allocation.  Figure 2 illustrates the concept of the distributed configuration where a wideband user A is distributed over the entire channel bandwidth while the localized user B is “distributed” within its localized allocation (e.g., with a small RPF of 2 or 3) resulting in interlacing of the wideband user A with the narrowband user B in the same sub-frame.  The narrowband user B benefits from the improved frequency diversity of distributed allocation while providing the channel estimation benefits of localized allocations.   

[image: image2]
Figure 2.
Example of “Localized/Narrowband” and “Wideband” Distributed Resource Allocation.

In this type of distributed configuration, sub-carriers forming a resource block for localized/narrowband allocation are “distributed” with a RPFs of either 2 or 3 while for wideband distributed allocations RPFs are limited to multiples of 2 or 3.  RPF of 2 provides better peak data rate while RPF of 3 provides better split (1/3 or 2/3) between wideband distributed and localized distributed allocations.  As with distributed configuration over the entire sub-band, RPF of 3 may provide an interference mitigation benefit for a 3-sector cell site as one-third of the sub-carriers (every third sub-carrier) can be assigned to each of the different sectors.
Narrowband (Localized) and wideband distributed allocation and RPF options for the different sub-band bandwidths (1.25, 2.5, 5 MHz) are given below:

For 1.25 MHz sub-band bandwidth, 

· No narrowband allocation due a small number of only 3 resource blocks with 1.25 MHz bandwidth.  Only wideband distributed allocations for this bandwidth mode.
For 2.5 MHz sub-band bandwidth, 
· RPF of 3 for the sub-carriers within the localized distributed allocation
· Localized/narrowband allocation of size 2 or 1 resource blocks for a total of {50, 25} occupied sub-carriers spanning {150, 75} sub-carriers

·  Distributed RPF of 3, or 6 for a total of {50, 25} occupied sub-carriers or size of {2, 1} resource-blocks
· RPF of 2 for the sub-carriers within the localized distributed allocation

· Localized/narrowband allocation of size 3, 2 or 1 resource blocks for a total of {75, 50, 25} occupied sub-carriers spanning {150, 100, 50} sub-carriers

·  Distributed RPF of 2, or 6 for a total of {75, 25} occupied sub-carriers or size of {3, 1} resource-blocks

For 5 MHz sub-band bandwidth, 

· RPF of 3 for the sub-carriers within the localized distributed allocation

· Localized/narrowband allocation of size 4, 3, 2, or 1 resource blocks for a total of {100, 75, 50, 25} occupied sub-carriers spanning {300, 225, 150, 75} sub-carriers

·  Distributed RPF of 3, 6, or 12 for a total of {100, 50, 25} occupied sub-carriers or size of {4, 2, 1} resource-blocks

· RPF of 2 for the sub-carriers within the localized distributed allocation

· Localized/narrowband allocation of size 6, 5, 4, 3, 2 or 1 resource blocks for a total of {150, 125, 100, 75, 50, 25} occupied sub-carriers spanning {300, 250, 200, 150, 100, 50} sub-carriers

·  Distributed RPF of 2, 4, or 12 for a total of {150, 75, 25} occupied sub-carriers or size of {6, 3, 1} resource-blocks, or 
· Distributed RPF of 2, 6, or 12 for a total of {150, 50, 25} occupied sub-carriers or size of {6, 2, 1} resource-blocks.
3.2.3. Orthogonal Distributed Resource Allocations
In order to assign orthogonal distributed resource allocations of various RPFs within the sub-band, the starting sub-carrier index (or sub-carrier offset) needs to be carefully selected.  Distributed code-trees provide a convenient way to insure proper selection of the starting sub-carrier index for achieving orthogonal resource assignments. Examples of starting sub-carrier index assignments using code tree structures for RPF options in section 3.2.1, and 3.2.2 are shown in Figure 3.
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Figure 3.
Distributed code-trees for starting sub-carrier index (offset) selection for RPFs of interest.

As can be seen from the code-trees in Figure 3, the different RPFs are obtained by subdividing each node in a tree (at a particular stage) into b branches.  The RPF of each subsequent branch is then b times smaller than that of its parent. Thus, different depths in the code-tree correspond to different RPF values. The code-trees in Figure 3 have a maximum RPF of 12 and support all the RPF options discussed in 3.2.1 and 3.2.2. 

At a particular stage or depth in the code-tree with RPF L, L (at that depth) resource allocations with RPF=L and different starting sub-carrier index (kstart) are possible within the sub-band bandwidth. The starting sub-carrier index is a logical index with the Ncarr contiguous sub-carriers within a sub-band logically indexed from 0, 1, 2, ….Ncarr-1. The orthogonal resource assignments with different RPFs are supported by proper selection of one of the starting sub-carrier indexes (or offsets) subject to the following rule:

When a specific sub-carrier offset is used, no other offset on the path from that offset to the root and on the sub-tree beneath that offset can be used
For different sub-band bandwidths, the distributed code-trees in Figure 3, is truncated at the depth corresponding to the maximum RPF as described in 3.2.1 and 3.2.2.  For narrowband distributed allocations, a portion of the code-tree is reserved for this type of allocations.  For example, for narrowband distributed allocations with RPF=3, the sub-tree beneath one of the nodes corresponding to RPF=3 (say kstart = 1) in Figure 3(a) is exclusively used for narrowband distributed allocations.  This reserves every third sub-carrier starting with a sub-carrier offset of 1 for narrowband distributed allocations.  The remaining two-third of the code-tree is used for wideband distributed assignments. 
The distributed code-tree shown in Figure 3(a) may also provide an interference mitigation benefit for a 3-sector cell site as one-third of the code-tree (every third sub-carrier, RPF=3 with different starting sub-carrier offsets) can be assigned to each of the different sectors.
3.3. Summary of Resource Allocation Option for 5 MHz Sub-band 

Table 1 summarizes the resource allocation options (localized and distributed) and possible sizes for the resource allocations (in terms of resource block size) for a sub-band bandwidth of 5 MHz.  All allocations/assignments within a sub-band are either localized or distributed.  Distributed allocations can be further be wideband only (distributed over the entire sub-band) or wideband and narrowband (distributed over a portion of the sub-band).  The size of the localized and distributed allocation is multiples of 2, 3, 5 of the resource block size.
Table 1: Summary of Resource Allocation Options and Sizes for a sub-band of 5 MHz Bandwidth.
	
	Resource Allocation (RA) Type (RB = 375kHz (25 sub-carriers), 5 MHz sub-band

	
	Localized
	Distributed (wideband)
	Distributed (localized/narrowband)

	Options for size of RA
	1, 2, 3, 4, 5, 6, 8, 9, 10, 12 RBs
	-
	-

	
	-
	RPF of {3, 6, 12} size of {4, 2, 1} RBs

RPF of {2, 4, 12} size of {6, 3, 1} RBs

RPF of {2, 6, 12} size of {6, 2, 1} RBs
	-

	
	-
	RPF of {3, 6, 12} size of {4, 2, 1} RBs

RPF of {2, 4, 12} size of {6, 3, 1} RBs

RPF of {2, 6, 12} size of {6, 2, 1} RBs
	RPF of {3} size of {4, 3, 2, 1} RBs

RPF of {2} size of {6, 5, 4, 3, 1} RBs


4. Pilot/Reference Signal Design for the different Resource Allocation Options

Desirable characteristics for pilot signals for the uplink include, 
· Constant amplitude in the frequency domain for equal excitation of all the allocated sub-carriers for unbiased channel estimates
· Low PAPR/CM in time domain with at least as good PAPR/CM as the data transmission Lower PAPR/CM for pilots than data may enable pilot power boost at edge of cell operation.
· Good auto-correlation properties for accurate channel estimation 

· Good cross-correlation properties between different pilot signals to reduce interference from pilot signals transmitted on the same resources in other (or same) sectors.
Similar requirements for pilot signal design were presented in [6], [7].  
A family of sequences that satisfy the above desirable properties is the family of polyphase sequences, i.e., the Generalized Chirp Like (GCL) sequences, which are non-binary unit-amplitude sequences [9].  The sequences have 0 dB PAPR/CM, ideal cyclic autocorrelation, and optimal cross correlation properties.  The GCL sequences thus possess CAZAC (Constant Amplitude Zero Auto-Correlation) properties.  Further, since the Fourier transform of a GCL sequence is also a GCL sequence, a GCL sequence can be applied in the frequency domain.  The GCL PAPR/CM property will be slightly degraded, as the number of occupied sub-carriers are less than IFFT size (unused guard subcarriers), as the GCL sequence is effectively oversampled in time domain. GCL sequences have also been proposed for cell search due to their attractive properties [8].  TI [6] proposed Zadoff-Chu sequence for the uplink pilots is a special case of GCL as shown below.
4.1. Sequence Design

The sequence design methodology for any desired sequence length Np is described next.  

GCL/CAZAC sequence of odd-length NG is given by, 

	Su = (au(0)b, au(1)b, . . . , au(NG-1)b),
	(1)


where b is any complex scalar of unit amplitude and 
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where, 

u=1, . . . NG-1 is known as the “class” of the GCL sequence
k=0, 1, . . . NG-1
q=any integer.

Reference [6] proposed CAZAC sequence is a GCL with b=1, u=1, and q=1.
Any desired reference sequence length-Np (# of occupied pilot/reference sub-carriers) is obtained by truncating a length-NG GCL sequence where NG >= Np. i.e.,

	Ru = (ru(0), ru(1), . . . , ru(NP-1))


[image: image7.wmf]1

,

1

,

0

k

 

,

)

(

)

(

-

=

=

p

u

u

N

b

k

a

k

r

K


	(3)


The GCL sequence length-NG is selected as the smallest integer that is greater than Np whose minimum prime factor excluding “1” is larger than the number of sequences desired with optimal cross-correlation properties. Selecting NG as a prime number guarantees NG-1 sequences with near-optimal cross-correlation properties between any pair of the sequences.  The sequence is truncated to length Np and is then used as the pilot sequence. The pilot sequence is applied to Np pilot subcarriers of the OFDM modulator.  The sequence truncation has only a small affect on the GCL properties. 
The absolute value of the cyclic cross-correlation function between any two GCL sequences is constant and equal to 1/
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 at all lags achieving the minimum cross-correlation value for any two sequences that have the ideal autocorrelation property.  The cross correlation property allows the impact of an interfering signal be evenly spread in the time domain after correlating the received signal with the desired sequence, resulting in, at least, more reliable detection of  the significant taps of the desired channel. 
Compared with BPSK or even QPSK pilots, the complex-valued GCL sequences can be systematically constructed with guaranteed good PAPR and good correlation.  

It is proposed that GCL/CAZAC sequences be selected as the reference signals for the EUTRA uplink. The GCL/CAZAC sequence of desired length-Np is constructed by truncating a prime length-NG GCL sequence with a user-specific class-u and NG the smallest prime number greater than or equal to Np. The length-Np GCL/CAZAC sequence is applied to Np pilot sub-carriers of the OFDM modulator (i.e., IFFT) on the short blocks.
Two pilot/reference signal structures are being considered for the SC-FDMA uplink on the two short blocks as included in the TR 25.814 [2]. 
1. Frequency-domain orthogonal pilots by transmitting each uplink reference signal across a distinct set of sub-carriers
2. Code-domain pilots wherein multiple reference signals are transmitted across a common set of sub-carriers. 
Reference/pilot sub-carrier allocation for each of structures for localized and distributed configuration is presented next. 

Let NLB, carr and NSB, carr be the number of sub-carriers in the long block (LB) and short block (SB) respectively of a sub-band (multiple of 1.25 MHz contiguous portion of the channel bandwidth).  Since the sub-carrier spacing on the SB are twice that the sub-carrier spacing on the LB, 
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where 
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is the floor operator. The values of NLB, carr and NSB, carr for different transmission bandwidths are also shown in Table 9.1.1-1 of [2].  
The sub-carriers within the LB and SB are logically indexed as, 
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where the 
[image: image13.wmf]LB
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= 0 and (NLB, carr -1),  and 
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= 0 and (NSB, carr -1) correspond to the sub-carriers at the edge of the sub-band in the LB and SB. 
Consider a resource allocation (localized or distributed) of size NRB resource blocks (RB) within the sub-band with (
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) be the (start sub-carrier index, repetition factor, end sub-carrier index) on the long blocks.  For 25 sub-carriers per resource block, kend can be given as, 
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Thus, the sub-carrier indexes corresponding to this allocation on the LBs is, 
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For localized configuration, RPF = 1. 
4.2. Frequency-domain Orthogonal Reference Signals

Frequency-domain orthogonal reference signals are applicable to localized, and distributed configurations.  
For a localized data allocation, the reference signal sub-carrier allocations on both the short blocks can be localized or distributed occupying the same spectrum as data transmission on the LB.  The distributed reference signal allocation employ frequency-domain staggering of the reference signals on SB2 relative to SB1. 

For a distributed data allocation, the reference signal sub-carrier allocations on both the short blocks are also distributed with the same RPF as data but with frequency-domain staggering of the reference signals on SB2, relative to SB1.
Thus, the localized reference signal sub-carrier allocation on both SBs for localized allocation is given by,

	(
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where
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are the ceil and floor operators.
The distributed reference signal sub-carrier allocations with repetition factor, RPFRS, on SB1 and SB2 are given as, 
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The starting sub-carrier index, 
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 are conveniently selected using Distributed code-trees similar to distributed data resource allocation in 3.2.3 for achieving orthogonal reference signal allocations between the different reference signals with possibly different RPFs scheduled on the short blocks. Further 
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 to achieve frequency-domain staggering of the reference signals on SB2, relative to SB1.
4.3. Code-domain Reference Signals

The code-domain reference signals occupy a common set of sub-carriers (e.g., continuous spectrum) with user-specific GCL sequences. Thus, the different reference signals occupy the same spectrum with seperability dependent on sequence properties, e.g., cyclic time shifts of a common GCL/CAZAC sequence, and/or different GCL sequences with low cross-correlation.
Based on the SC-FDMA numerology included in the TR, the SB duration is 33.33µs resulting in a maximum of 6 cyclic time shifts can be used with a continuous spectrum GCL/CAZAC sequence while still maintaining orthogonality for a channel with 5 µs excess delay spread (e.g., TU channel). Let, 
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be the common set of Np sub-carriers for the code-domain length-Np GCL reference signals, ru(l).  
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where N is the FFT-size for the short blocks.
When the number of required reference signals is larger than 6, an additional GCL/CAZAC reference sequence with a different class-u1 is needed on the same short block. However, as shown in [10], adding a second sequence on the same SB for code-domain pilots is not a solution as significant degradation in performance is observed with uplink power control due to poor channel estimates resulting from inter-GCL code interference.  Thus, it is proposed that only one GCL/CAZAC reference sequence be used on the SB within a sector of a cell-site. Different sectors of the same or different cell-site should use a GCL/CAZAC reference sequence with a different GCL class-u1 on the same SB. Selecting NG as the smallest prime number greater than or equal to Np in the construction of the GCL reference signals guarantees near-optimal cross-correlation between any pair of (NG-1) GCL sequences with class u=1, . . . NG-1. 

Restricting to only 1 GCL sequence/SB per sector, limits the possible number of independent reference/pilots, UEs to the maximum number of allowable cyclic time shifts. For a TU channel profile, the maximum number of cyclic time shifts is 6. Thus, the limitations provided by continuous code-domain reference signals are more severe than the frequency-domain orthogonal reference signals of section 4.2.
5. Conclusion
A resource block size of 25 sub-carriers (375 kHz) for the uplink is proposed and associated options for localized, and distributed allocations is presented.  GCL/CAZAC sequences are proposed as the reference signals for the EUTRA uplink with details of sequence construction and reference signal sub-carrier allocations on the SB for localized and distributed allocations for the two reference signal structures – frequency-domain orthogonal, and code-domain reference signals.
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6. Text Proposal

Add to end of section 9.1.1.2.1 of TR25.814.

-------------------------------------Start of text proposal--------------------------------------------------------------
Reference signals should have the following desirable characteristics, 

· Constant amplitude in the frequency domain for equal excitation of all the allocated sub-carriers for unbiased channel estimates

· Low power de-rating in time domain with at least as good power de-rating as the data transmission Lower power de-rating for reference signals than data may enable reference signal power boost at edge of cell operation.

· Good auto-correlation properties for accurate channel estimation 

· Good cross-correlation properties between different reference signals to reduce interference from reference signals transmitted on the same resources in other (or same) sectors.

Generalized Chirp Like (GCL) or CAZAC sequences satisfy these properties and are used as reference signals.  

9.1.1.2.1.1 GCL/CAZAC Reference Signals

GCL/CAZAC reference signals of desired length-Np (number of occupied reference signal sub-carriers) is constructed by truncating a prime length-NG GCL sequence with a reference signal-specific class-u where NG is the smallest prime number greater than or equal to Np. The length-Np GCL/CAZAC sequence is applied to the Np reference signal sub-carriers of the OFDM modulator (i.e., IFFT) on the short blocks.
GCL/CAZAC sequence of prime-length NG is given by, 

	Su = (au(0)b, au(1)b, . . . , au(NG-1)b),
	(12)


where b is any complex scalar of unit amplitude and 

	
[image: image33.wmf]  

),

2

/

)

1

(

2

exp(

)

(

G

u

N

qk

k

k

u

j

k

a

+

+

-

=

p


	(13)


where, 

u=1, . . . NG-1 is known as the “class” of the GCL sequence
k=0, 1, . . . NG-1
q=any integer.

For simplicity, b=1, and q=0 is used.

Any desired reference signal length-Np is obtained by truncating the length-NG GCL sequence. i.e.,

	Ru = (ru(0), ru(1), . . . , ru(NP-1))
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The GCL sequence is applied to the Np reference signal sub-carriers of the OFDM modulator (i.e., IFFT) on the short blocks.

Only one GCL/CAZAC reference sequence with a different GCL class-u1 is used on the short blocks within a sector of a cell-site. Different sectors of the same or different cell-site should use a GCL/CAZAC reference sequence with a different GCL class-u2 on the same short block.

-------------------------------------End of text proposal--------------------------------------------------------------

Add to section 9.1.1.2 of TR25.814.

-------------------------------------Start of text proposal--------------------------------------------------------------
9.1.1.2.2
Uplink data multiplexing

The resource block for the uplink SC-FDMA localized and distributed allocations is 25 contiguous sub-carriers (375 kHz) in frequency dimension.  The time duration of the resource block spans the entire sub-frame to enable reliable channel estimation based on reference signals on the two half-length short blocks. Resource block size of 25 supports efficient FFT design for DFT spreading of DFT-SOFDM, is same across all bandwidths modes, results in an integer number of resource blocks for each bandwidth mode, supports smaller bandwidth allocations for small packet allocations and/or power-limited edge-of-cell operation, and good performance with channel-dependent scheduling.
The sub-carriers forming a resource assignment/allocation can be adjacent (consecutive) or distributed and may span multiple contiguous resource blocks. The size of the resource assignment/allocation (i.e., number of sub-carriers in a resource assignment) is restricted to be the resource block size or multiples of 2, 3, or 5 of the resource block size for efficient FFT design. For distributed allocation, the maximum transmission bandwidth is further restricted to 5 MHz for good frequency diversity and channel estimation quality. 

9.1.1.2.2.1
Uplink Resource Allocation Options

Two possible configurations exist for resource allocation within a sub-frame for the SC-FDMA uplink:

3. Localized with continuous sub-carrier allocations

4. Distributed with comb-shaped, uniform-spaced sub-carrier allocations.

For scalability of design, ease of scheduling to maintain the low PAPR aspect of the uplink transmission and to reduce the number of possible combinations, assignments/allocations within at least a 1.25 MHz (and its multiple) contiguous portion of the channel bandwidth or sub-band are either all localized or all distributed. For the distributed configuration, the options for the sub-band bandwidth in multiples of 1.25 MHz bandwidth is further limited to 1.25, 2.5, 5 MHz. Examples of sub-band allocation options for 5 MHz channel bandwidth (12 resource blocks) is shown in Figure 9.1.1.2.2.1-1. 
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Figure 9.1.1.2.2.1-1.
Examples of sub-band allocation options for 5 MHz Channel Bandwidth.

In Figure 9.1.1.2.2.1-1(a), 9 contiguous resource blocks (3.75 MHz sub-band) are used for localized allocations, while distributed assignments span the remaining 3 contiguous resource blocks (1.25 MHz sub-band). In Figure 9.1.1.2.2.1-1(b), 6 contiguous resource blocks (2.5 MHz sub-band) are used for localized allocations while the remaining 6 contiguous resource blocks (2.5 MHz sub-band) are distributed. In Figure 9.1.1.2.2.1-1(c), 2 groups of 3 contiguous resource blocks (1.25 MHz sub-band) are used for localized assignments while the remaining center 6 contiguous resource blocks (2.5 MHz sub-band) include distributed allocations, or all the 12 resource blocks (5 MHz) may be either localized or distributed as in Figure 9.1.1.2.2.1-1(d). 

9.1.1.2.2.1.1 
Localized Configuration

A minimum localized resource allocation (continuous spectrum) is a resource block comprising of 25 adjacent (consecutive) sub-carriers. Multiple of 2, 3, 5 resource blocks may be concatenated for wider bandwidth allocations. Sub-band bandwidth options for the localized configuration include all multiples of 1.25 MHz.  For a 5 MHz sub-band bandwidth, 1, 2, 3, 4, 5, 6, 8, 9, 10 or 12 resource blocks can be concatenated for a total of {25, 50, 75, 100, 125, 150, 200, 225, 250, or 300} sub-carriers. 

9.1.1.2.2.1.2 
Distributed Configuration

The distributed allocation (comb-shaped spectrum) with uniform-spaced sub-carrier allocations can encompass the entire or a portion of the sub-band bandwidth (1.25, 2.5, 5 MHz).  A distributed resource allocation is composed of 25 uniformly-spaced sub-carriers spanning multiple resource blocks.  The distributed configuration is limited to at most a 5 MHz portion of the channel bandwidth for good frequency diversity and channel estimation quality. 

In order to support a large set of RPFs, the repetition factors for distributed allocation is limited to multiples of 2 or 3 for efficient FFT design.  A limit on the maximum RPF is also required for reliable channel estimation performance and is 16 or less.  

The RPF options for two types of distributed assignments, namely, 

3. Distributed allocations only over the entire sub-band bandwidth (wideband distributed)

4. Distributed allocations over the entire or a portion of the sub-band bandwidth (narrow band and wideband distributed),

are discussed next. 

9.1.1.2.2.1.2.1 RPF Options for Distributed Configuration for allocations over the entire Sub-band Bandwidth (Wideband distributed only)

Sub-band bandwidth options for distributed configuration are limited to 1.25, 2.5, 5 MHz. RPFs are limited to multiples of 2 or 3. The possible distributed RPFs for distributed allocation over the different sub-band transmission bandwidths are given below:

For 1.25 MHz sub-band transmission bandwidth, 

· RPF of 3 for a total of {25} sub-carriers or size of {1} resource-block

For 2.5 MHz sub-band transmission bandwidth, 

· RPF of 3, or 6 for a total of {50, 25} sub-carriers or size of {2, 1} resource-blocks

· RPF of 2, or 6 for a total of {75, 25} sub-carriers or size of {3, 1} resource-blocks

For 5 MHz or larger transmission bandwidth, distributed allocation within 5 MHz sub-band,

· RPF of 3, 6, or 12 for a total of {100, 50, 25} sub-carriers or size of {4, 2, 1} resource-blocks

· RPF of 2, 4, or 12 for a total of {150, 75, 25} sub-carriers or size of {6, 3, 1} resource-blocks

· RPF of 2, 6, or 12 for a total of {150, 50, 25} sub-carriers or size of {6, 2, 1} resource-blocks

Options with RPF of 3 may provide an interference mitigation benefit for a 3-sector cell site as one-third of the sub-carriers (every third sub-carrier) can be assigned to each of the different sectors. 

9.1.1.2.2.1.2.2  RPF Options for Distributed Configuration including allocations over a portion of the Sub-band Bandwidth (Narrowband and wideband distributed)

The hybrid (Narrowband and wideband) distributed resource configuration of provides an effective way to combine and interlace “localized” distributed allocations over a portion of the sub-band and classical distributed allocations over the entire sub-band within a sub-frame.  Such a configuration provides the channel estimation benefits of localized allocation together with the improved frequency diversity of distributed allocation.  Figure 9.1.1.2.2.1.2.2-1 illustrates the concept of the distributed configuration where a wideband user A is distributed over the entire channel bandwidth while the localized user B is “distributed” within its localized allocation (e.g., with a small RPF of 2 or 3) resulting in interlacing of the wideband user A with the narrowband user B in the same sub-frame.  The narrowband user B benefits from the improved frequency diversity of distributed allocation while providing the channel estimation benefits of localized allocations.   


[image: image36]
Figure 9.1.1.2.2.1.2.2-1.
Example of “Localized/Narrowband” and “Wideband” Distributed Resource Allocation.

In this type of distributed configuration, sub-carriers forming a resource block for localized/narrowband allocation are “distributed” with a RPFs of either 2 or 3 while for wideband distributed allocations RPFs are limited to multiples of 2 or 3.  RPF of 2 provides better peak data rate while RPF of 3 provides better split (1/3 or 2/3) between wideband distributed and localized distributed allocations.  As with distributed configuration over the entire sub-band, RPF of 3 may provide an interference mitigation benefit for a 3-sector cell site as one-third of the sub-carriers (every third sub-carrier) can be assigned to each of the different sectors.
Narrowband (Localized) and wideband distributed allocation and RPF options for the different sub-band bandwidths (1.25, 2.5, 5 MHz) are given below:

For 1.25 MHz sub-band bandwidth, 

· No narrowband allocation due a small number of only 3 resource blocks with 1.25 MHz bandwidth.  Only wideband distributed allocations for this bandwidth mode.

For 2.5 MHz sub-band bandwidth, 

· RPF of 3 for the sub-carriers within the localized distributed allocation

· Localized/narrowband allocation of size 2 or 1 resource blocks for a total of {50, 25} occupied sub-carriers spanning {150, 75} sub-carriers

·  Distributed RPF of 3, or 6 for a total of {50, 25} occupied sub-carriers or size of {2, 1} resource-blocks

· RPF of 2 for the sub-carriers within the localized distributed allocation

· Localized/narrowband allocation of size 3, 2 or 1 resource blocks for a total of {75, 50, 25} occupied sub-carriers spanning {150, 100, 50} sub-carriers

·  Distributed RPF of 2, or 6 for a total of {75, 25} occupied sub-carriers or size of {3, 1} resource-blocks

For 5 MHz sub-band bandwidth, 

· RPF of 3 for the sub-carriers within the localized distributed allocation

· Localized/narrowband allocation of size 4, 3, 2, or 1 resource blocks for a total of {100, 75, 50, 25} occupied sub-carriers spanning {300, 225, 150, 75} sub-carriers

·  Distributed RPF of 3, 6, or 12 for a total of {100, 50, 25} occupied sub-carriers or size of {4, 2, 1} resource-blocks

· RPF of 2 for the sub-carriers within the localized distributed allocation

· Localized/narrowband allocation of size 6, 5, 4, 3, 2 or 1 resource blocks for a total of {150, 125, 100, 75, 50, 25} occupied sub-carriers spanning {300, 250, 200, 150, 100, 50} sub-carriers

·  Distributed RPF of 2, 4, or 12 for a total of {150, 75, 25} occupied sub-carriers or size of {6, 3, 1} resource-blocks, or 

· Distributed RPF of 2, 6, or 12 for a total of {150, 50, 25} occupied sub-carriers or size of {6, 2, 1} resource-blocks.

9.1.1.2.2.1.2.3  Orthogonal Distributed Resource Allocations
In order to assign orthogonal distributed resource allocations of various RPFs within the sub-band, the starting sub-carrier index (or sub-carrier offset) needs to be carefully selected.  Distributed code-trees provide a convenient way to insure proper selection of the starting sub-carrier index for achieving orthogonal resource assignments. Examples of starting sub-carrier index assignments using code tree structures for RPF options in section 9.1.1.2.2.1.2.1, and 9.1.1.2.2.1.2.2 are shown in Figure 9.1.1.2.2.1.2.3-1.
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Figure 9.1.1.2.2.1.2.3-1.
Distributed code-trees for starting sub-carrier index (offset) selection for RPFs of interest.

As can be seen from the code-trees in Figure 9.1.1.2.2.1.2.3-1, the different RPFs are obtained by subdividing each node in a tree (at a particular stage) into b branches.  The RPF of each subsequent branch is then b times smaller than that of its parent. Thus, different depths in the code-tree correspond to different RPF values. The code-trees in Figure 3 have a maximum RPF of 12 and support all the RPF options discussed in 9.1.1.2.2.1.2.1, and 9.1.1.2.2.1.2.2. 

At a particular stage or depth in the code-tree with RPF L, L (at that depth) resource allocations with RPF=L and different starting sub-carrier index (kstart) are possible within the sub-band bandwidth. The starting sub-carrier index is a logical index with the Ncarr contiguous sub-carriers within a sub-band logically indexed from 0, 1, 2, ….Ncarr-1. The orthogonal resource assignments with different RPFs are supported by proper selection of one of the starting sub-carrier indexes (or offsets) subject to the following rule:

When a specific sub-carrier offset is used, no other offset on the path from that offset to the root and on the sub-tree beneath that offset can be used

For different sub-band bandwidths, the distributed code-trees in Figure 9.1.1.2.2.1.2.3-1, is truncated at the depth corresponding to the maximum RPF as described in 9.1.1.2.2.1.2.1, and 9.1.1.2.2.1.2.2.  For narrowband distributed allocations, a portion of the code-tree is reserved for this type of allocations.  For example, for narrowband distributed allocations with RPF=3, the sub-tree beneath one of the nodes corresponding to RPF=3 (say kstart = 1) in Figure 9.1.1.2.2.1.2.3-1(a) is exclusively used for narrowband distributed allocations.  This reserves every third sub-carrier starting with a sub-carrier offset of 1 for narrowband distributed allocations.  The remaining two-third of the code-tree is used for wideband distributed assignments. 

The distributed code-tree shown in Figure 9.1.1.2.2.1.2.3-1(a) may also provide an interference mitigation benefit for a 3-sector cell site as one-third of the code-tree (every third sub-carrier, RPF=3 with different starting sub-carrier offsets) can be assigned to each of the different sectors.
9.1.1.2.2.1.3  Summary of Resource Allocation Option for 5 MHz Sub-band 

Table 9.1.1.2.2.1.3-1 summarizes the resource allocation options (localized and distributed) and possible sizes for the resource allocations (in terms of resource block size) for a sub-band bandwidth of 5 MHz.  All allocations/assignments within a sub-band are either localized or distributed.  Distributed allocations can be further be wideband only (distributed over the entire sub-band) or wideband and narrowband (distributed over a portion of the sub-band).  The size of the localized and distributed allocation is multiples of 2, 3, 5 of the resource block size.
Table 9.1.1.2.2.1.3-1: Summary of Resource Allocation Options and Sizes for a sub-band of 5 MHz Bandwidth.
	
	Resource Allocation (RA) Type (RB = 375kHz (25 sub-carriers), 5 MHz sub-band

	
	Localized
	Distributed (wideband)
	Distributed (localized/narrowband)

	Options for size of RA
	1, 2, 3, 4, 5, 6, 8, 9, 10, 12 RBs
	-
	-

	
	-
	RPF of {3, 6, 12} size of {4, 2, 1} RBs

RPF of {2, 4, 12} size of {6, 3, 1} RBs

RPF of {2, 6, 12} size of {6, 2, 1} RBs
	-

	
	-
	RPF of {3, 6, 12} size of {4, 2, 1} RBs

RPF of {2, 4, 12} size of {6, 3, 1} RBs

RPF of {2, 6, 12} size of {6, 2, 1} RBs
	RPF of {3} size of {4, 3, 2, 1} RBs

RPF of {2} size of {6, 5, 4, 3, 1} RBs


-------------------------------------End of text proposal--------------------------------------------------------------
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