3GPP TSG RAN WG1#44                                                                                   R1-060535
Denver, USA
February, 13 – 17, 2006

__________________________________________________________________________

Agenda item: 13.2.2
Source: LG Electronics
Title: Downlink/uplink transmission with a scalable bandwidth
Document for: Discussion and decision
__________________________________________________________________________

1. Introduction

Supporting scalable bandwidth is a basic requirement in E-UTRA to satisfy various requests in the network deployment and user equipment sales points. Especially, different bandwidth capable UEs can exist in a same cell in current E-UTRA deployment scenario. In this paper, we discuss the aspects on allocation of different scalable bandwidths within a cell in downlink and uplink, and suggest some clarifications based on that discussion. 
2. Alignment of scalable bandwidths
Alignment of downlink bandwidths

Currently, 6 possible scalable bandwidths (1.25, 2.5, 5, 10, 15, 20 MHz) for E-UTRA downlink are defined in TR25.814 [1]. There can be also UEs with different downlink reception bandwidth capabilities according to the scalable bandwidths above. 

Since downlink transmission is centralized by Node B, there is only one downlink transmission bandwidth in a cell. UEs with different reception bandwidth receive whole or parts of the cell transmission bandwidth by band-pass filtering. In this case, it seems to be a reasonable way to assign a UE a center frequency which is separated by 
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 subcarriers from the cell center frequency within the cell transmission bandwidth, where Nocc indicates the number of occupied (useful) subcarriers defined for the UE’s reception bandwidth and i is integer values of (1, (3, (5, (. Figure 1 shows an example where frequency band allocation for 5 MHz UEs in a 10 MHz transmission bandwidth cell.

Anyhow, there will be overlap of 1 subcarrier between two consecutive 5 MHz bandwidths in current downlink numerologies since Nocc for 5 MHz bandwidth is 301 while Nocc for 10 MHz is 601. This situation is similar with other bandwidths. This problem may be handled during LTE Work Item phase since exact numerologies in standards may have to be redefined.
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Figure 1. Allocation of scalable downlink reception bandwidths in 10 MHz cell transmission

Alignment of uplink bandwidths

Differently from downlink, uplink transmission is performed by multiple UEs. Therefore, there can be two options in allocating transmission bandwidth to the UEs of smaller transmission bandwidth capabilities than cell reception bandwidth, which is depicted in figure 2. Anyhow, to simplify the resource block definition and Node B reception operation, it is beneficial aligning uplink numerology by Node B reception point of view. Moreover, the same band allocation between uplink and downlink is necessary for TDD operation. Therefore, scalable bandwidth allocation shown in option (a) of figure 2 will be a reasonable allocation.

However, it is still questionable whether guard bands between consecutive transmissions from small bandwidth UEs are not necessary. This is also related to the question of how precise the uplink carrier frequency and uplink synchronization will be. If guard bands are necessary, such an allocation will lead to the loss of uplink frequency resource utilization.
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Option (a)

[image: image4.emf]5 MHz

301 subcarriers

601 subcarriers

10 MHz

2.5 MHz


Option (b)
Figure 2. Allocation of scalable uplink transmission bandwidths in 10 MHz cell transmission

3. Conclusions

In this paper, some aspects on allocation of downlink/uplink scalable bandwidths were discussed. To share a clear basis for the further study in E-UTRA, it is suggested to include the relevant text attached to the end of this paper in TR25.814 [1].
References
[1] 3GPP TR 25.814 V1.0.2, Physical Layer Aspects for Evolved UTRA
Start of text ---------------------------------------------------------------

7.1
OFDMA (FDD / [TDD])
7.1.1
Basic transmission scheme

The downlink transmission scheme is based on conventional OFDM using a cyclic prefix, with a sub-carrier spacing (f = 15 kHz and a cyclic-prefix (CP) duration TCP (4.7/16.7 (s (short/long CP). Assuming that a 10 ms radio frame is divided into 20 equally sized sub-frames (of which, in case of TDD operation, a subset is allocated for downlink transmission), this parameter set implies a sub-frame duration Tsub-frame = 0.5 ms. The basic transmission parameters are then specified in more detail in Table 7.1.1-1 below. It may be noted that numerology specified below are for evaluation purpose only.

Table 7.1.1-1 - Parameters for downlink transmission scheme
	Transmission BW
	1.25 MHz
	2.5 MHz
	5 MHz
	10 MHz
	15 MHz 
	20 MHz

	Sub-frame duration 
	0.5 ms

	Sub-carrier spacing
	15 kHz

	Sampling frequency 
	1.92 MHz
(1/2 ( 3.84 MHz)
	3.84 MHz
	7.68 MHz
(2 ( 3.84 MHz)
	15.36 MHz
(4 ( 3.84 MHz)
	23.04 MHz
(6 ( 3.84 MHz)
	30.72 MHz
(8 ( 3.84 MHz)

	FFT size
	128
	256
	512
	1024
	1536
	2048

	Number of occupied 
sub-carriers†, ††
	76
	151
	301
	601
	901
	1201

	Number of 
OFDM symbols 
per sub frame
(Short/Long CP)
	7/6

	CP length (μs/samples)
	Short
	(4.69/9) ( 6,

(5.21/10) ( 1*
	(4.69/18) ( 6,
(5.21/20) ( 1 
	(4.69/36) ( 6,

(5.21/40) ( 1 
	(4.69/72) ( 6,

(5.21/80) ( 1 
	(4.69/108) ( 6,

(5.21/120) ( 1 
	(4.69/144) ( 6,

(5.21/160) (1 

	
	Long
	(16.67/32)
	(16.67/64)
	(16.67/128)
	(16.67/256)
	(16.67/384)
	(16.67/512)


†Includes DC sub-carrier which contains no data

†† This is the assumption for the baseline proposal. Somewhat more carriers may be possible to occupy in case of the wider bandwidth
*: {(x1/y1) ( n1, (x2/y2) ( n2} means (x1/y1) for n1 OFDM symbols and (x2/y2) for n2 OFDM symbols
The sub-frame duration corresponds to the minimum downlink TTI. The possibility to concatenate multiple sub-frames into longer TTIs, e.g. for improved support for lower data rates and QoS optimization, 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. A UE of smaller reception bandwidth than the cell transmission bandwidth is assigned a center frequency which is separated by 
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 subcarriers from the cell center frequency within the cell transmission bandwidth, where Nocc indicates the number of occupied (useful) subcarriers for the UE’s reception bandwidth and i is integer values of (1, (3, (5, (.
The necessity for supporting an additional longer cyclic-prefix duration, see Table 7.1.1-1, is under consideration. The longer cyclic prefix should then target multi-cell broadcast and very-large-cell scenarios.
End of text ---------------------------------------------------------------
Start of text ---------------------------------------------------------------

9.1
SC-FDMA (FDD / [TDD])

9.1.1
Basic transmission scheme

The basic uplink transmission scheme is based on low-PAPR single-carrier transmission (SC-FDMA) with cyclic prefix to achieve uplink inter-user orthogonality and to enable efficient frequency-domain equalization at the receiver side. Frequency-domain generation of the signal, sometimes known as DFT-spread OFDM, is assumed and illustrated in Figure 9.1.1-1. This allows for a relatively high degree of commonality with the downlink OFDM scheme and the same parameters, e.g., clock frequency, can be reused,
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Figure 9.1.1-1 Transmitter structure for SC-FDMA.

The sub-carrier mapping determines which part of the spectrum that is used for transmission by inserting a suitable number of zeros at the upper and/or lower end in Figure 9.1.1-2. Between each DFT output sample L-1 zeros are inserted. A mapping with L=1 corresponds to localized transmissions, i.e., transmissions where the DFT outputs are mapped to consecutive sub-carriers. With L>1, distributed transmissions result, which are considered as a complement to localized transmissions for additional frequency diversity.
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Figure 9.1.1-2 Localized mapping (left) and distributed mapping (right).

The basic sub-frame structure for the uplink transmission is given in Figure 9.1.1-3 using two short blocks (SB) and six long blocks (LB) per sub-frame. Short blocks are used for reference signals for coherent demodulation and/or control/data transmission. Long blocks are used for control and/or data transmission. Note that the data could include either or both of scheduled data transmission and contention based data transmission. Furthermore, the same sub-frame structure is used for both localized and distributed transmission.

The numerology for the different spectrum allocations is shown in Table 9.1.1-1. 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.
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Figure 9.1.1-3. Sub-frame format with two short blocks/sub-frame

Table 9.1.1-1. Parameters for Uplink Transmission Scheme using BW efficiency of ~90%

	Spectrum Allocation
(MHz)
	Sub-frame duration
(ms)
	Long block size
((s/#of occupied subcarriers /samples*2)
	Short block size
((s/#of occupied subcarriers /samples)
	CP duration
((s/samples *1)


	20
	0.5
	66.67/1200/2048
	33.33/600/1024
	(4.13/127) ( 7,

(4.39/135) ( 1*

	15
	0.5
	66.67/900/1536
	33.33/450/768
	(4.12/95) ( 7,

(4.47/103) ( 1*

	10
	0.5
	66.67/600/1024
	33.33/300/512
	(4.1/63) ( 7,

(4.62/71) ( 1*

	5
	0.5
	66.67/300/512
	33.33/150/256
	(4.04/31) ( 7,

(5.08/39) ( 1*

	2.5
	0.5


	66.67/150/256
	33.33/75/128
	(3.91/15) ( 7,

(5.99/23) ( 1*

	1.25
	0.5
	66.67/75/128
	33.33/38/64
	(3.65/7) ( 7,

(7.81/15) ( 1*1


*1: {(x1/y1) ( n1, (x2/y2) ( n2} means (x1/y1) for n1 reference signal or data blocks and (x2/y2) for n2 reference signal or data blocks
*2: FFT size = samples
Note that a UE of smaller transmission bandwidth than the cell reception bandwidth is assigned a center frequency which is separated by 
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 subcarriers from the cell center frequency within the cell transmission bandwidth, where Nocc indicates the number of occupied (useful) subcarriers for the UE’s reception bandwidth and i is integer values of (1, (3, (5, (.The largest CP duration includes guard time for ramp up + ramp down time
End of text ---------------------------------------------------------------
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