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1 Introduction

TDD based mobile communication systems have characteristics like high spectrum efficiency, flexibility of supporting asymmetric services and channel reciprocity to implement advance signal processing. These features give TDD systems inherent advantages in data services, making TDD a promising duplex communication scheme.
The 3GPP TR25.913 outlines stringent requirements for E-UTRA (based on TDD). To fulfill these requirements, TDD based LTE systems not only have to performance requirements like consider peek data ratio, spectrum efficiency and cell-edge data rate, but also have to take other important aspects into consideration, such as co-existence or co-location on adjacent channels with existing 3G systems, and meeting various coverage and latency requirements.
TDD and FDD systems have diverse implementations. The principle of TDD systems’ evolution should take the advantages characteristics of TDD thus achieving system optimization, provided that LTE requirements are met.
According to the MA scheme in contribution [8], we propose UL/DL Numerology and Frame Structure of EUTRA TDD based on OFDMA, aiming at frame structure of current TDD system.
2 Analysis of frame structure for TDD scheme
2.1 Frame structure of 3GPP LCR TDD
The frame structure of 3GPP LCR TDD is shown in Figure 1[3].
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Figure 1. Frame structure of 3GPP LCR TDD
The frame structure of LCR TDD has three layers: radio frame, sub-frame and time slot. The length of radio frame is 10ms, which consists of two 5ms sub-frames; one sub-frame consists of seven traffic time slots (TS0~TS6), while there are three special slots between TS0 and TS1: the downlink pilot time slot (DwPTS), the uplink pilot time slot (UpPTS) and guard period (GP1). DwPTS is used to transmit system downlink synchronization information, UpPTS is used for UE uplink synchronization information for random access, and GP1 provides protection time for transition from downlink to uplink.
Currently one pair of switching points exists in each sub-frame, as shown in Figure 2. The position of the switching point between TS0 (downlink) and TS1 (uplink) is fixed, while the switching point between uplink and downlink can be flexibly positioned according to service requirements.
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Figure 2. the switching points between uplink and downlink in 3GPP LCR TDD
2.2 Frame structure of evolved TDD system
To meet the requirement of co-location on adjacent channels with existing 3G systems, the frame structure of evolved TDD system should keep maximum commonality with current system. 
It is well known that due to the characteristics of TDD systems, if uplink of current system overlaps with downlink of evolved system or vise versa (including time slots boundaries misalignment and different time slot configuration), the two systems co-located on adjacent channels will face considerable interference.
To minimize interference between current and EUTRA TDD systems, the proposed frame structure of EUTRA TDD is similar to the one in Figure 1, i.e. the three-layered structure of radio frame, sub-frame and time slot is maintained for the general requirement. The number and position of traffic time slot s are also kept unchanged, i.e. aligned to current LCR TDD system. The synchronization and guard period is between TS0 and TS1, whose duration is 0.275ms. The TTI of EUTRA TDD can be 0.675ms, the same as duration of one traffic time slot.
Aside from the minimization of interference, the advantages of proposed frame structure are as follows:
· The time slot alignment with current TDD system enables flexible use of RRM techniques such as channel scheduling to reduce the impact of interference on system performance
· The time slot alignment with current TDD system simplifies inter-system measurements
· The time slot alignment with current TDD system can reduce the handover time between systems, improving performance
The frame structure can also be adjusted to meet latency and coverage requirements of LTE, as described in the following sector.
2.2.1 Meeting the LTE latency requirement
For E-UTRA TDD to provide general services, the same number of switching points can be used. That is, in one 5ms sub-frame, a fixed downlink-to-uplink switching point exists between TS0 and TS1, and a guard period is provided; at the same time, the position of uplink-to-downlink switching point can be set flexibly according to service requirements.
To meet special requirements as shortened unidirectional transmission latency of 5ms, switching points can be added in the 5ms sub-frame of E-UTRA TDD system, as shown in Figure 3, which is based on Figure 3.
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Figure 3. An example: added switching point in the sub-frame structure of EUTRA TDD

In Figure 3, TS0, TS2, TS3, TS5 and TS6 are downlink timeslots, while TS1, TS4 act as uplink. One pair of switching points is added to reduce latency. Due to the existence of TS4, interval between uplink and downlink is shortened, at the same time TTI is also shortened to 0.675ms (the same time as the duration of a time slot). This kind of design enables the fast transmission of ACK/NAK messages, reducing latency effectively.
In Figure 3, TS4 is composed of two parts: the guard period GP2 and T4. The functionality of GP2 is the same as special time slot GP1, which acts as a protection between downlink and uplink slots. T4 is a part which used to transmit uplink data. To maintain the alignment with LCR TDD system, the length of TS4 remains 0.675ms.
The number of switching points can be further increased on the basis of Figure 3 to fulfill even more stringent needs for lower latency. For example, a pair of switching points can be added to the four switching points of Figure 3. As the number of switching points increases, interval between uplink and downlink is shortened, and this will undoubtedly lead to reduced latency.
2.2.2 Meeting the LTE coverage requirement

LTE requires different performance with different cell radiuses, as stated in 3GPP TR25.913:
“E-UTRA should support the following deployment scenarios in terms of maximum cell range:

-
Up to 5 km: performance targets defined in clause 7.1, 7.2, and 7.3 should be met.

-
up to 30 km: slight degradations in the achieved performance for the targets defined in clause 7.1 and more significant degradation for the targets defined in the clause 7.2 is acceptable however mobility performance targets defined in clause 7.3 should be met.

· Up to 100 km: should not be precluded by the specifications.”
A guard period must present in TDD systems to achieve synchronization at the time downlink changes to uplink, for example the GP1 and GP2 in Figure 3. The length of guard period is determined by the cell radius and the characteristics of electro-magnetic wave. The guard period lengths for some cell radiuses are shown in Table 1[2]. So the duration of GP1 and GP2 should change as the coverage requirements. By altering guard period duration, E-UTRA TDD system can meet the LTE requirement for different coverage.
	Cell radius
	Guard Period

	5km
	33.3us

	30km
	200 us

	100km
	667 us


Table 1 Relationship between guard period duration and cell radius
3 Numerology of OFDM based TDD system
3.1 The bandwidth of 1.6 MHz for LTE TDD

As an important component of 3GPP specification based on TDD duplex scheme, LCR TDD is expecting to be widely deployed in the near future, which the bandwidth of LCR TDD system is 1.6MHz. As the requirements of the Long Term Evolution of 3G., LTE will certainly use spectrum currently allocated for 3G systems. So it is virtually very important to maintain the backward spectrum compatibility to support 1.6 MHz bandwidth for LTE TDD system. This will not only enable the reuse of the spectrum for LCR TDD, but can guarantee the flexible deployment of LTE and the smooth migration from LCR TDD as well.
3.2 Downlink numerology of OFDMA based TDD system
This contribution proposes OFDM as the downlink multiple multiplexing scheme. The downlink OFDM channel parameters are listed in Table 2 according to the E-UTRA TDD system.
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† 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
Table 2 Downlink numerology of OFDM based TDD system
From Table 2 we can see:

· Downlink sub-carrier spacing is 15KHz, the same as FDD
· Spectrum efficiency is around 90%
· Short and long CP are respectively used for different scenarios. Short CP is primarily 


used for limited coverage where delay spread is small, and for unicast service. Long CP 

is primarily used for Multi-cell broadcast services, such as MBMS etc., and larger cell 


scenarios.
· A 0.675 ms TTI can hold 9 OFDM symbols with short CP, or 8 symbols with long CP

3.3 
Uplink numerology of OFDMA based TDD system

The uplink multiple access scheme of E-UTRA TDD is OFDMA[8]. OFDMA scheme has higher spectrum efficiency, more flexible pilot structure, and more convenient resource scheduling. Though OFDMA may has a higher PAPR, a PAPR similar to single carrier can be achieved with proper processing, and only minimum performance loss will occur. Furthermore, adopting the same MA scheme for uplink and downlink can take the advantage of channel reciprocity in TDD scheme. So uplink MA scheme should be OFDMA, and its numerology the same as downlink.
Though there is no broadcast service in uplink, the delay spread varies for different coverage scenarios and the error estimation of uplink synchronization is considered. Thus uplink can also adopt short and long CP to optimize performance in different scenarios. 
Uplink of TDD E-UTRA scheme uses OFDMA as MA scheme, and the numerology is the same as downlink, as shown in Table 2 to facilitate system realization.
4 Conclusion
This presentation proposes E-UTRA TDD frame structure and realization based on OFDMA technology, and gives numerology for uplink/downlink. The frame structure of E-UTRA TDD should be consistent with LCR TDD from the prospective of co-existence between systems. Considering the need for latency and coverage, switching points and guard periods can be added in certain scenarios, and the length of guard periods can also be adjusted accordingly. Because the MA scheme of uplink and downlink are both OFDMA, the channel reciprocity of TDD can be fully exploited, and the realization can be simplified.
5 Text proposal for TR 25.814

---------------------------------Start of Text Proposal--------------------------------------------

7.X
OFDMA (TDD)

7.X.1
Basic transmission scheme(TDD)
The downlink transmission scheme is based on conventional OFDM using a cyclic prefix, with a sub-carrier spacing (f = 15 kHz . To better support UTRA LCR TDD evolution, bandwidth of 1.6MHz should be supported. Variable transmission bandwidth allocation of 1.25MHz, 1.6MHz, 2.5MHz, 5MHz, 10MHz, 15MHz, 20MHz should be considered. The cyclic-prefix (CP) duration TCP (7.29/16.7 (s (short/long CP) are set for downlink OFDM. Assuming that a 10 ms frame is divided into 2 equally sized 5 ms radio sub-frames, one radio sub-frame consists of seven traffic time slots (TS0~TS6). The synchronization and guard period is between TS0 and TS1, whose duration is 0.275ms.
The TTI of EUTRA TDD can be 0.675ms, the same as duration of one traffic time slot. The basic transmission parameters are then specified in more detail in Table 7.X.1-1 below. It may be noted that numerology specified below are for evaluation purpose only.
Table 7.X.1-1 - Parameters for EUTR TDD DL transmission scheme
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† 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
The Timeslot duration corresponds to the minimum downlink TTI. The possibility to concatenate multiple Timeslots 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. The necessity for supporting additional longer cyclic-prefix duration, see Table 7.X.1-1, is under consideration. The longer cyclic prefix should then target multi-cell broadcast and very-large-cell scenarios.
---------------------------------End of Text Proposal---------------------------------------------

---------------------------------Start of Text Proposal--------------------------------------------

9.X
OFDMA (TDD)
9.X.1
Basic transmission scheme

The uplink transmission scheme is based on conventional OFDM using a cyclic prefix. The basic transmission parameters such as sub-carrier spacing and a short and long cyclic-prefix (CP) duration for uplink are identical to those for OFDMA TDD downlink as defined in Table 9.2.1-1 below. It may be noted that the specified numerology is for evaluation purpose only.
A sub-carrier spacing (f = 15 kHz and variable transmission bandwidth allocation of 1.25MHz, 1.6MHz, 2.5MHz, 5MHz, 10MHz, 15MHz, 20MHz should be supported.
The minimum TTI for uplink transmission is equal to the uplink timeslot duration, the same as the downlink numerology. Similar to the downlink, the possibility to concatenate multiple timeslots 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.
Table 9.2.1-1 - Parameters for EUTR TDD UL transmission scheme
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† 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
---------------------------------End of Text Proposal---------------------------------------------
Reference

[1]
3GPP TR 25.913 v7.0.0 Requirements for Evolved UTRA and UTRAN, June 2005.
[2] 
RP-050651, IPWireless, “Unpaired spectrum aspects of LTE”, Sophia Antipolis, France, Jun 20-21, 2005.
[3]
3GPP TS25.221, “Physical channels and mapping of transport channels onto physical channels (TDD)”, V5.5.0, 2003-06.
[4]
R1-050384, Nokia, “Downlink multiple access parameterisation”, Athens, Greece, May 9-13, 2005.
[5]
R1-050584, Motorola, “EUTRA Uplink Numerology and Design”, Sophia Antipolis, France, Jun 20-21, 2005.
[6]
R1-050673, group 1, “Text proposal: Principles for the Evolved UTRA”, Sophia Antipolis, France, Jun 20-21, 2005.
[7]
R1-050646, Nortel, “Update on PAPR reduction for OFDMA using tone insertion method”, Sophia Antipolis, France, Jun 20-21, 2005.
[8]
R1-050789, RITT，CATT, ZTE, Huawei, “Text Proposal on “TDD UL/DL based on OFDMA” for TR 25.814”，London, U.K., Aug 29- Sep 2, 2005.
[9]
R1-050520, Motorola, “EUTRA Downlink Numerology”, Athens, Greece, May 9-13, 2005.
[10] R1-050790, RITT,CATT, Huawei，“PAPR reduction for TDD uplink OFDMA”，London, U.K., Aug 29- Sep 2, 2005.
[11] R1-050836,，ZTE,CATT,“PAPR reduction for OFDMA using improved tone reservation with low complexity”，London, U.K., Aug 29- Sep 2, 2005.
[12] R1-050800,，CATT, RITT, ZTE, Huawei ,“Numerology and Frame Structure of EUTRA TDD based on OFDMA and text proposal for TR 25.814”，London, U.K., Aug 29- Sep 2, 2005.
� EMBED Word.Document.8 \s ���





� EMBED Word.Document.8 \s ���





� EMBED Word.Document.8 \s ���








PAGE  
2

[image: image6.emf]Transmission BW  1. 25  MHz  1. 6  MHz  2.5  MHz  5  MHz  10  MHz  15  MHz   20  MHz   Timeslot  duration   0. 67 5  ms   Sub - carrier spacing  15  kHz   Sampling frequency   1.92 MHz   (1/2    3.84  MHz)  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  128  256  512  1024  1536  2048   Number of  occupied    sub - carriers †, ††  73  97  145  301  601  901  1201   Numb er of     OFDM symbols    per  Timeslot   (Short/Long CP)  9 / 8   Short  7.29 /14  7.29 /14  7.29 /28  7.29 / 56  7.29 / 112  7.29 / 168  7.29 / 224   CP length  ( μ s/samples)  Long  16.67 / 32  16.67 / 32  16.67 /64  16.67 /128  16.67 /256  16.67 /384  16.67 /512   Short  18  18  36  72  144  216  288   Timeslot  Interval  (samples)  Long  16  16  32  64  128  192  256    

_1184743286.vsd

_1184864717.vsd

_1184761523.doc
		Transmission BW

		1.25 MHz

		1.6 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)

		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

		128

		256

		512

		1024

		1536

		2048



		Number of occupied 
sub-carriers†, ††

		73

		97

		145

		301

		601

		901

		1201



		Number of 
OFDM symbols 
per Timeslot
(Short/Long CP)

		9/8



		CP length (μs/samples)

		Short

		7.29/14

		7.29/14

		7.29/28

		7.29/56

		7.29/112

		7.29/168

		7.29/224



		

		Long

		16.67/32

		16.67/32

		16.67/64

		16.67/128

		16.67/256

		16.67/384

		16.67/512



		Timeslot Interval (samples)

		Short

		18

		18

		36

		72

		144

		216

		288



		

		Long

		16

		16

		32

		64

		128

		192

		256






_1184677868.vsd

