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9.2
OFDMA (FDD / [TDD])
9.2.1
Basic transmission scheme
The uplink transmission scheme is based on conventional OFDM using a cyclic prefix as described 7.1.1. The basic transmission parameters such as sub-carrier spacing, sub-frame duration and a cyclic-prefix (CP) duration are defined in table 7.1.1-1 and are equally applicable to uplink. The need for longer CP durations is FFS.

It may be noted that the specified numerology is for evaluation purpose only.

The minimum TTI for uplink transmission is equal to the uplink sub-frame duration. Similar to the downlink, the possibility to concatenate multiple sub-frames into longer uplink TTIs should be considered.

Note that the sub-carrier spacing is constant regardless of the transmission bandwidth. To allow for operation in differently sized spectrum allocations, the transmission bandwidth is instead varied by varying the number of OFDM sub-carriers. 

9.2.1.1
Modulation scheme

9.2.1.2
Multiplexing including pilot structure
Two types of pilot symbols should be considered 

1.) In band pilots - used for coherent data demodulation, e.g. channel estimation. These pilots are transmitted in the part of the bandwidth used for data transmission.

2.) Out of band pilots – used for advanced frequency dependent scheduling and link adaptation. These pilots span a larger bandwidth than the one used for data transmission. 

Note that in band pilots may also be used for frequency dependant scheduling and link adaptation.


2 examples of multiplexing structures are given in Figure 9.2.1.2-1 and 9.2.1.2-2. The multiplexing structures consist of Sub-Channel Element (SCE) and out-of-band pilots (OBPs). The SCEs contain data symbols and in-band pilot (IBP) symbols. A SCE corresponds to the smallest time-frequency resource chunk.
On these examples OBP have a period of 20 sub-carriers in the frequency domain.
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Figure 9.2.1.2-1: multiplexing structure 1
For multiplexing structure 1, a given UE is allocated one SCE at minimum, on a sub-frame basis. As in the case of the downlink, the possibility to concatenate multiple sub-frames into longer uplink TTIs should be considered, this corresponds to the allocation of several SCEs in the time domain.
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Figure 9.2.1.2-2: multiplexing structure 2

For multiplexing structure 2, a given UE is allocated groups SCEs on a sub-frame basis. These SCEs correspond to the same sub-carriers or to different sets of sub-carriers. As in the case of the downlink, the possibility to concatenate multiple sub-frames into longer uplink TTIs should be considered
Figure 9.2.1.2-3 and 9.2.1.2-4 show examples of structures for the SCE with different IBP locations and overheads. These may be used for different environments and are respectively applicable to multiplexing structure 1 and multiplexing structure 2.
The SCE bandwidth is selected to be 150 kHz, corresponding to 10 OFDM sub-carriers. The SCE duration is equal to the sub-frame duration for multiplexing structure 1 (SCE type 1) and to 6 times the OFDM symbol duration for multiplexing structure 2 (SCE type 2).
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Figure 9.2.1.2-3: SCE type 1


[image: image4]
Figure 9.2.1.2-4: SCE type 2

SCE type 2 is designed to support multiple antennas transmission at the UE or collaborative transmissions of 2 UEs.
In-Band-Pilot (IBP) Assignment

Each SCE contains data symbols and pilot symbols. Figures 9.2.1.2-3 and 9.2.1.2-4 give examples of SCEs including the IBP and data symbols. The exact pilot locations and overhead are FFS.
Out-of-Band Pilot (OBP) Assignment

The OBPs span a larger bandwidth than the one used for data transmission. Each sector utilizes a predetermined set of OBPs frequency offsets (i.e. sub-carrier index). Neighbouring sectors may use different sets of OBP locations. Table 9.2.1.2-1 describes the number of OBPs and proposes three possible sets of OBP frequency offsets for the different RF carrier bandwidths.
The OBPs are time-frequency multiplexed among users, based on orthogonal sequences, to avoid overlaps. The orthogonal sequences may change from sector to sector. The specific sequences are FFS.
	Carrier Bandwidth
	Number of OBPs 
	OBP sub-carrier offsets

Set # 1
	OBP sub-carrier offsets

Set # 2
	OBP sub-carrier offsets

Set # 3

	BW
	Nobp
	[kHz]
	[kHz]
	[kHz]

	1.25MHz
	4
	-630,-315,15,330
	-330,-15,315,630
	-480,-165,165,480

	2.5MHz
	7
	-945,-630,-315,
15,330,645,960
	-960,-645,-330,-15,
315,630,945
	-795,-480,-165,
165,480,795,1110

	5MHz
	14
	-2205,…,-630,-315,
15,330,…,1905
	-1905,…,-330,-15,
315,630,…,2205
	-2055,…,-480,-165,
165,480,…,2055

	10MHz
	28
	-4410,…,-630,-315,
15,330,…,4110
	-4110,…,-330,-15,
315,630,…,4410
	-4260,…,-480,-165,
165,480,…,4260

	15MHz
	42
	-6615,…,-630,-315,
15,330,…,6315
	-6315,…,-330,-15,
315,630,…,6615
	-6465,…,-480,-165,
165,480,…,6465

	20MHz
	56
	-8820,…,-630,-315,
15,330,…,8520
	-8520,…,-330,-15,
315,630,…,8820
	-8670,…,-480,-165,
165,480,…,8670


Table 9.2.1.2-1: OBP sets
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