TSG RAN WG1 

R1-061705

LTE Ad Hoc, Cannes, France, June 27 - 30, 2006


Source: 

Mitsubishi Electric
Title:


Impact of scalable bandwidth and multiple camping positions on modulation

parameters
Agenda Item:

5.1

Document for:
Discussion and decision

1 Introduction

During discussions in RAN1#44 on scalable bandwidth and UE capability [1], it has been observed that current sets of simulation parameters as specified in [2] do not facilitate various camping positions of UEs having a smaller bandwidth capability than the cell bandwidth. 

As mentioned in [3], in case a UE carrier frequency is not tuned to the Node B carrier frequency, the UE receiver carrier frequency corresponds to a sub-carrier, which is expected to carry information from the Node B point of view. The same phenomenon arises in uplink.

In case of zero-IF receiver architecture, a strong DC offset exists on the receiver carrier frequency [5]. Furthermore, in some zero-IF transmitters, a DC offset is also affecting the transmitter carrier frequency [6]. Thus, restrictions for the usage of these sub-carriers should be introduced, which impacts the management of resource blocks and complicates the scheduling mechanisms.

In [7], as a simpler solution, it is proposed to transmit data on all sub-carriers regardless of the DC offset they could suffer from. Sub-carriers suffering from DC offset are then considered as punctured. However, the performance of the resource block in which the punctured sub-carrier is located will differ from the performance of other resources blocks. Furthermore, the data to be punctured will depend on the UE carrier frequency and its resource block assignment, which may slightly complicate the receiver process.

In this paper, as an alternative simple solution, a few reserved sub-carriers are inserted to facilitate the support of scalable bandwidth with different UE camping positions. It is proposed to keep the same frame structure in the Work Item phase as for the Study Item phase with a slight modification of the parameters defined in [2, 7.1.1] and [2, 9.1.1] to take into account the insertion of the reserved sub-carriers.

2 UE capability and camping positions 

In [2], the minimum bandwidth that a E-UTRA UE should be capable to deal with is 10 MHz. If a Node B uses a frequency bandwidth which is lower or equal to the frequency bandwidth capability of a UE, the Node B carrier frequency corresponds to the UE carrier frequency, i.e., the Node B central sub-carrier is the same as the UE central sub-carrier. In contrast, if the Node B uses a higher frequency bandwidth (e.g., 15 or 20 MHz) than the frequency bandwidth capability (e.g., 10 MHz) of a given UE, then several camping positions may be offered to this UE [1][4]. In the latter case, the central sub-carrier of the Node B is not at the same location as the central sub-carrier of the UE.

2.1 Downlink

For IFFT-based transmission concepts such as OFDMA and SC-FDMA, a DC offset may interfere with the central sub-carrier after demodulation with a zero-IF receiver. In order to avoid the resulting performance decrease, the central sub-carrier of the transmitted signal does not carry any information, i.e., it is a null sub-carrier. This is the solution that has been adopted in [2, 7.1.1] for downlink, for a UE implicitly tuned to the same carrier frequency as the Node B carrier frequency. 

However, with the existing set of parameters, when a UE camps on a position which is different from the Node B carrier frequency, there is a mismatch between the location of the transmitted null sub-carrier and its appropriate position to avoid DC interference. As a result, the UE receiver suffers from DC interference since an information signal is present on its central sub-carrier. 

To avoid this interference, it may be envisaged to inform the UEs about any specific processing to adopt according to its camping location. In the downlink, a non-centrally camping UE would have not only to consider a specific frequency domain signal structure (relative positions of the null carrier and the resource blocks) depending on its camping frequency but also to use appropriate mechanisms to mitigate DC interference (puncturing, explicit interference cancellation,…). All these mechanisms would however complicate the system unnecessarily. 

Alternatively, we propose to slightly modify the set of parameters in [2, 7.1.1] so as to allow different UE camping positions with neither impact from DC interference, nor impact on the frequency domain signal structure whatever the Node B frequency bandwidth, the UE capability and its camping position. It is achieved by reserving a few regularly spaced sub-carriers as depicted in Figure 1 for a Node B using a 15 MHz or a 20 MHz bandwidth. These reserved sub-carriers are not accessible for data transmission: they may be null sub-carriers or pilot sub-carriers for optional synchronisation refinement, e.g., phase noise compensation.
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Figure 1: Camping of UEs with different capabilities in cells with 20 MHz and 15 MHz bandwidth (downlink, camping scenario in [4])


Yellow sub-carriers are the central null sub-carriers as considered in [2]. We consider at most two different possible camping positions as proposed in [4]. We should not transmit data to a UE on its central sub-carrier. To avoid any complicated sub-carrier mapping, we do not transmit any data to other UEs on these sub-carriers. 

Thus, for a 20 MHz Node B, in addition to the already reserved central sub-carrier in yellow, four reserved sub-carriers (in red) are inserted in the 20 MHz transmitted signal. Finally, to allow same frequency domain signal structure for 10 MHz and 15 MHz UEs whatever their camping position, two additional reserved sub-carriers (in black) are inserted. Thereby, the OFDMA signal structure is composed of 1207 sub-carriers instead of 1201 as originally specified in [2]: 8 frequency sub-bands of 2.5 MHz, each including 150 sub-carriers, separated from each other by one reserved sub-carrier at fk=151k, for k = -3, -2, -1, 0, 1, 2, 3. Camping positions are then at carriers fk=151k, for k = -2, -1, 0, 1, 2. 

Equivalently, for a Node B using a 15 MHz bandwidth, Figure 1 represents the proposed signal structure. Note that the position of reserved sub-carriers corresponds to the position of the reserved sub-carriers required for the 20 MHz case. Here, the OFDMA signal structure is composed of 905 sub-carriers instead of 901 as originally specified in [2]: 6 frequency sub-bands of 2.5 MHz, separated from each other by one reserved sub-carrier at fk=151k, for k = -2, -1, 0, 1, 2. Camping positions are at carriers fk=151k, for k = -1, 0, 1. 

To keep same signal structure whatever the Node B frequency bandwidth, two reserved sub-carriers are inserted at positions f=(151 of the OFDMA signal structure in case of a Nobe B using a 10 MHz transmission bandwidth, which results in a signal composed of 603 sub-carriers instead of 601 as originally proposed in [2]. Camping position is however only at carrier f=0.

2.2 Uplink

In the uplink, the need to set the sub-carrier corresponding to the Node B carrier frequency to zero is less obvious. Indeed, the architecture of the RF front-end of the Node B may be IF-based and thus not introduce DC interference. Nevertheless, in some zero-IF transmitters, a DC offset is also affecting the transmitter carrier frequency.

Therefore, in order to not preclude any Node B receiver or UE transmitter architecture, we suggest to follow the same approach for uplink as for downlink (each UE should not transmit on the sub-carrier corresponding to the Node B central sub-carrier) and keep the same sub-carrier organisation in uplink and downlink. 

However, the existence of short and long blocks creates an additional constraint: the camping positions, and thus the reserved sub-carriers, should be located on sub-carrier frequencies which are valid for both types of blocks. To allow this, the UEs should be allowed to camp only on sub-carriers with even index. If we take the number of occupied sub-carriers and the position of reserved sub-carriers as being the same for the long-block SC-FDMA signal as for the already presented downlink OFDMA signal, we obtain camping positions on carriers fk=151k, for k = -2, -1, 0, 1, 2. As two of these positions are odd and thus do not correspond to a valid sub-carrier position in a short block, we propose to add intermediate sub-carriers (in blue in Figure 2) in order to structure the bandwidth in blocks of 75 sub-carriers and have camping positions on carriers fk = 152k, for k = -2, -1, 0, 1, 2.
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Figure 2: Camping of UEs with different capabilities in cells with 20 MHz and 15 MHz bandwidth (uplink, scenario in [4])


For a 20 MHz Node B bandwidth, the long-block SC-FDMA signal structure is then composed of 1215 sub-carriers instead of 1200 as originally specified in [2, 9.1.1]: 16 frequency sub-bands of 1.25 MHz, each including 75 sub-carriers, separated from each other by one reserved sub-carrier at fk=76k, for k = -7, -6, …,0,…,6, 7. Camping positions as proposed in [4] are then at carriers fk=152k, for k = -2, -1, 0, 1, 2. Note that thanks to this signal structure additional camping positions could be offered to 10 MHz and 15 MHz UEs if needed.

For a 15 MHz Node B bandwidth, the long-block SC-FDMA signal structure is composed of 911 sub-carriers instead of 900 as originally specified in [2, 9.1.1]: 12 frequency sub-bands of 1.25 MHz, separated from each other by one reserved sub-carrier at fk=76k, for k = -5, -4,…,0,…,4, 5. Camping positions are at carriers fk=152k, for k = -1, 0, 1.

To keep same signal structure whatever the Node B frequency bandwidth, for a 10 MHz (resp. 5 MHz, 2.5 MHz) Node B bandwidth, the long-block SC-FDMA signal structure is composed of 607 (resp. 303, 151) sub-carriers instead of 600 (resp. 300, 150) as originally specified in [2, 9.1.1]: 8 (resp. 4, 2) frequency sub-bands of 1.25 MHz, separated from each other by one reserved sub-carrier. Equivalently, for a 1.25 MHz Node B bandwidth, the long-block SC-FDMA signal structure is composed of 76 sub-carriers instead of 75 as originally specified in [2, 9.1.1], including one reserved sub-carrier. For all these cases, camping position is however only at carrier f=0. 
2.3 Proposal

In order to keep the same camping positions and sub-carrier structure in uplink and downlink, we propose to apply the structure depicted in Figure 2 for a resource block size M = 25 in the frequency dimension, to both downlink OFDMA symbols and uplink SC-FDMA blocks. The proposed parameters are summarized in Table 1 for OFDMA symbols and SC-FDMA long blocks and in Table 2 for SC-FDMA short blocks, assuming that carrier frequency index is 0.

	Transmission bandwidth
	1.25 MHz
	2.5 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	FFT size
	128
	256
	512
	1024
	1536
	2048

	Number of occupied sub-carriers
	76
	151
	303
	607
	911
	1215

	Number of RBs / RUs
	3
	6
	12
	24
	36
	48

	Indices of reserved sub-carriers
	0
	0
	-76, 0, 76
	-228, -152, 

-76, 0, 76, 152, 228
	-380, -304, 

-228, -152, 

-76, 0, 76, 152, 228, 304, 380
	-532, -456, 

-380, -304, 

-228, -152, 

-76, 0, 76, 152, 228, 304, 380, 456, 532

	Indices of camping positions [4]
	0
	0
	0
	0
	-152, 0, 152
	-304, -152, 0, 152, 304

	Spectral occupancy increase compared to TR 25.814
	0%
	0%
	+0.7%
	+1%
	+1.1%
	+1.2%


Table 1: Number of occupied sub-carriers and indices of camping positions depending on Node B bandwidth for downlink OFDMA symbols and uplink SC-FDMA long blocks (M=25).

	Transmission bandwidth
	1.25 MHz
	2.5 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	FFT size
	64
	128
	256
	512
	1024
	1536

	Number of occupied sub-carriers
	38
	75
	151
	303
	455
	607

	Indices of camping positions [4]
	0
	0
	0
	0
	-76, 0, 76
	-152,

-76, 0, 76, 152


Table 2: Number of occupied sub-carriers and indices of camping positions depending on Node B bandwidth for uplink SC-FDMA short blocks.

2.4 Increase of occupied bandwidth

The addition of some reserved sub-carriers widens the occupied bandwidth of the signal. However, in the proposed set of parameters, this represents an insignificant increase. Indeed, the maximum increase is 1.2% at 20 MHz as summarised in Table 1.

On Figure 3, for a 5 MHz bandwidth, the spectral occupancy of 303 sub-carriers is compared with the one of the originally proposed 301 sub-carriers. We see that the spectrum constraints are satisfied by using the same size of time windowing (21 samples). On Figure 4, for the 20 MHz bandwidth, we have taken the same constraints on out-of-band emission as for 5 MHz. When increasing the number of occupied sub-carriers from 1201 to 1215, comparable power spectral density is obtained with the same size of time windowing (8 samples).

Since the increase of spectrum occupancy is not severe, the proposed set of simulation parameters with M = 25 is suitable to match the camping position requirements. 

Besides, the presence of additional reserved sub-carriers may provide further benefits in the system. In the uplink, they may represent some guard bands to avoid UE-to-UE interference if uplink time or frequency synchronisation is not accurate enough. Alternatively, these reserved sub-carriers may be pilot sub-carriers for optional synchronisation refinement, e.g., phase noise compensation.

3 Summary

In this contribution, it is proposed to slightly modify the modulation parameters of the OFDMA and SC-FDMA transmission concepts in [2] so as to facilitate the processing of UEs with different frequency domain capabilities and different camping positions.
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	Figure 3: OFDMA signal spectrum for existing and proposed parameter sets (M = 25) in a 5 MHz bandwidth.
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	Figure 4: OFDMA signal spectrum for existing and proposed parameter sets (M = 25) in a 20 MHz bandwidth.


Text proposal

<<<<<<<<<<<<<<<<<<<< start of text proposal >>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>

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
	303
	607
	911
	1215

	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)



†† 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. In this case, the TTI can either be a semi-static or dynamic transport channel attribute. In case of a semi-static TTI, the TTI is set through higher layer signalling.  In case of a dynamic TTI, the number of sub-frames concatenated can be dynamically varied for at least the initial transmission and possibly for retransmissions. It is to be determined to what extent a dynamic TTI can reduce higher layer protocol overhead (e.g. MAC, RLC), L1 overhead (e.g. CRC), and ACK/NACK feedback, as well as reducing latency by reducing segmentation of IP packets.  It is initially assumed that the Network (e.g. Node-B) would signal the TTI, either explicitly (e.g. with L1 bits) or implicitly (e.g. by indicating modulation and coding rate and transport block size). The interaction between dynamic TTI, signaling errors, HARQ procedure (time synchronous vs. asynchronous including adaptive or non-adaptive characteristics) and UE complexity needs to be investigated.
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. 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.
The mapping and indexing of N available physical channel symbols (sub-carriers) in one OFDM symbol in RF spectrum should be done as illustrated in figure below
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Figure 7.1.1-1: Mapping of physical channel symbols in frequency domain
According numerology in Table 7.1.1-1, N is 76/151/303/607/911/1215 and Nn is 38/76/152/304/456/608 when transmission BW is 1.25/2.5/5/10/15/20 MHz respectively.
In case of 1.25/2.5/5/10/15/20 MHz transmission BW, 1/1/3/7/11/15 sub-carriers, which are located on physical sub-carriers (38)/(76)/(76,152,228)/(76,152,228,304,380,456,532)/(76,152,228,304,380, 456,532,608,684,760,836)/(76,152,228,304,380,456,532,608,684,760,836, 912,988,1064,1140), are reserved to allow camping of UEs with lower of equal frequency bandwidth on physical sub-carriers (38)/(76)/(152)/(304)/(304,456,608)/(304,456,608,760,912) and avoid DC interference.

For E-UTRA TDD, the frame structure corresponding to Table 7.1.1-1 is supported.  In addition, a second frame structure is also supported with the intention of providing co-existence with LCR UTRA TDD.  The sampling frequency, FFT size, sub-carrier spacing, and number of occupied sub-carriers is the same as for Table 7.1.1-1. However, with this alternative frame structure, a 10 ms radio frame is divided into 2 equally sized 5 ms sub-frames
 (of which a subset is allocated for downlink transmission), one sub-frame consists of seven traffic time slots (TS0~TS6) and three special time slots, and one example is shown in Figure 6.2.1.1-1. The synchronization and guard period is between TS0 and TS1, whose duration is 0.275ms. Each time slot should contain a small idle period (Timeslot Interval) which can be used for switching guard period from UL to DL time slots. The basic transmission parameters for this alternative frame structure are specified in Table 7.1.1-2 below.
Table 7.1.1-2 - Parameters for downlink transmission scheme (alternative TDD frame structure)
	Transmission BW
	1.25 MHz
	2.5 MHz
	5 MHz
	10 MHz
	15 MHz 
	20 MHz

	Timeslot duration 
	0.675 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 Timeslot
(Short/Long CP)
	9/8

	CP length (μs/samples)
	Short
	7.29/14
	7.29/28
	7.29/56
	7.29/112
	7.29/168
	7.29/224

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

	Timeslot Interval (samples)
	Short
	18
	36
	72
	144
	216
	288

	
	Long
	16
	32
	64
	128
	192
	256


†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

7.1.1.1
Modulation scheme

<<<<<<<<<<<<<<<<<<<<<<<<<<< end of text proposal >>>>>>>>>>>>>>>>>>>>>>>>>>>>>
<<<<<<<<<<<<<<<<<<<< start of text proposal >>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>

9.1.1
Basic transmission scheme

The basic uplink transmission scheme is 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 physical mapping to the N available sub-carriers per one DFT-SOFDM symbol in the RF spectrum shall be performed as illustrated in the figure below, where fc is carrier frequency.
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Figure 9.1.1-3. Physical Mapping of one DFT-SOFDM symbol in RF frequency domain
Based on Table 9.1.1-1 for long block size, when the transmission BW is 1.25/2.5/5/10/15/20 MHz, N is 76/151/303/607/911/1215, and Nn is 38/76/152/304/456/608, respectively.
In case of 1.25/2.5/5/10/15/20 MHz transmission BW, 1/1/3/7/11/15 sub-carriers, which are located on physical sub-carriers (38)/(76)/(76,152,228)/(76,152,228,304,380,456,532)/(76,152,228,304, 380,456,532,608,684,760,836)/(76,152,228,304,380,456,532,608,684,760,836,912,988,1064,1140), are reserved to allow camping of UEs with lower of equal frequency bandwidth on physical sub-carriers (38)/(76)/(152)/(304)/(304,456,608)/(304,456,608,760,912) and avoid DC interference.
The basic sub-frame structure for the uplink transmission is given in Figure 9.1.1-4 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. In this case, the TTI can either be a semi-static or dynamic transport channel attribute. In case of a semi-static TTI, the TTI is set through higher layer signalling.  In case of a dynamic TTI, the number of sub-frames concatenated can be dynamically varied for at least the initial transmission and possibly for retransmissions. It is to be determined to what extent a dynamic TTI can reduce higher layer protocol overhead (e.g. MAC, RLC), L1 overhead (e.g. CRC), and ACK/NACK feedback, as well as reducing latency by reducing segmentation of IP packets.  It is initially assumed that the Network (e.g. Node-B) would control the TTI. The interaction between dynamic TTI, signaling errors, HARQ procedure (time synchronous vs. asynchronous including adaptive or non-adaptive characteristics) and UE complexity needs to be investigated.
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Figure 9.1.1-4. 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
	66.67/1215/2048
	33.33/607/1024
	(4.13/127) ( 7,

(4.39/135) ( 1*

	15
	0.5
	66.67/911/1536
	33.33/455/768
	(4.12/95) ( 7,

(4.47/103) ( 1*

	10
	0.5
	66.67/607/1024
	33.33/303/512
	(4.1/63) ( 7,

(4.62/71) ( 1*

	5
	0.5
	66.67/303/512
	33.33/151/256
	(4.04/31) ( 7,

(5.08/39) ( 1*

	2.5
	0.5


	66.67/151/256
	33.33/75/128
	(3.91/15) ( 7,

(5.99/23) ( 1*

	1.25
	0.5
	66.67/76/128
	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 the largest CP duration includes guard time for ramp up + ramp down time
For E-UTRA TDD, the frame structure corresponding to Table 9.1.1-1 is supported. In addition, a second frame structure is also supported with the intention of providing co-existence with LCR UTRA TDD. The sampling frequency, FFT size, sub-carrier spacing, and number of occupied sub-carriers is the same as for Table 9.1.1-1. However, with this alternative frame structure described in section 6.2.1.1, the basic timeslot structure for the uplink transmission is given in Figure 9.1.1-5 using two short blocks (SB) and eight long blocks (LB) per timeslot. The uplink numerology for the different spectrum allocations are listed in Table 9.1.1-2. 
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Figure9.1.1-5 Timeslot format with two short blocks/timeslot

Table9.1.1-2 Parameters for Uplink Transmission Scheme using BW efficiency of ~90%

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

(us/samples)

	20
	0.675
	66.67/1200/2048
	33.33/600/1024
	(6.71/206) ( 9,

(6.97/214) ( 1*
	7.68/236

	15
	0.675
	66.67/900/1536
	33.33/450/768
	(6.77/156) ( 9,

(7.11/164) ( 1*
	6.94/160

	10
	0.675
	66.67/600/1024
	33.33/300/512
	(6.71/103) ( 9,

(7.22/111) ( 1*
	7.42/114

	5
	0.675
	66.67/300/512
	33.33/150/256
	(6.64/51) ( 9,

(7.67/59) ( 1*
	7.54/58

	2.5
	0.675
	66.67/150/256
	33.33/75/128
	(6.51/25) ( 9,

(8.58/33) ( 1*
	7.80/30

	1.25
	0.675
	66.67/75/128
	33.33/38/64
	(6.25/12) ( 9,

(10.4/20) ( 1*1
	8.32/16


*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
9.1.1.1
Modulation scheme

<<<<<<<<<<<<<<<<<<<<<<<<<<< end of text proposal >>>>>>>>>>>>>>>>>>>>>>>>>>>>>



















































































































































































































































































































































































































































� EMBED Visio.Drawing.6  ���








� Note that the term “sub-frame” is, in this case, aligned to the LCR UTRA TDD terminology and not to the terminology currently used for E-UTRA. The E-UTRA term “sub-frame” corresponds to the term “time slot” used here. 
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