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1 Introduction

OFDMA based radio access is proposed for EUTRA downlink at both the RAN1#40-bis meeting [1]-[17] and the RAN1#41-bis meeting[18]-[21]. In this report it is recommended that OFDMA is adopted in both downlink and uplink for TDD mode, so as to bring advantages in channel reciprocity, service granularity, advanced techniques such as relaying and so on. Meanwhile, efficient and effective solutions can be provided to reduce the Peak-to-Average Power Ratio (PAPR) when it is high.
It is well known that OFDMA bears many merits, including:

· Bringing high frequency efficiency;

· Better combat multi-path and frequency selective fading channel;

· Achieving maximum bit rate through dynamical sub-carrier allocation technique;

· Easy realization for OFDM modulation and de-modulation.

Moreover, relative techniques, such as channel estimation and synchronization, have been researched a lot and their development is so mature that they can strengthen performance of OFDM.
TDD UL/DL based on OFDMA has been involved in TR25.814[22] as a candidate to EUTRA TDD. In this proposal, advantages of TDD UL/DL based on OFDMA is analyses in detail and basic transmission schemes are proposed. Further, PAPR is analysis to present well-developed techniques and effectiveness to reduce PAPR when it is high. In this document, OFDMA for UL/DL is strongly recommended as a better scheme for EUTRA TDD with high efficiency.
2 Advantages of TDD UL/DL based on OFDMA

2.1 Exploiting channel reciprocity of TDD

Where channel reciprocity is employed in a TDD system, the channel state in the uplink is identical to the channel state in the downlink (for a given Tx/Rx antenna pair and within the coherence time of the channel). Furthermore, with OFDMA adopted in both UL and DL channel reciprocity maybe exploited conveniently. One approach is to maintain the same basic transmission parameters, such as subcarrier spacing for UL and DL.
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Figure.1 sketch of reciprocity employment
As depicted in Figure1, sub-frame n is for DL, and sub-frame n+k is for UL. Δt between sub-frame n and sub-frame n+k is less than the coherence time of the channel. UE carries on the channel estimation to obtain the CSI 
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for the data in sub-frame n. Where H(i) is the CSI of the i-th sub-carrier.

In the sub-frame n+k, channel characteristics for the data in sub-frame n+k is assumed as  
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. Due to the channel reciprocity and with same basic OFDM parameters adopted in both UL and DL such as subcarrier spacing, sampling rate, , 
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 can be obtained directly from the DL channel estimation at the mobile terminal as 
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. Therefore, for UL transmission, the CSI is already known at the transmitter side.

In the condition that different parameters are employed in UL and DL, e.g. the subcarrier bandwidth is different in UL and DL, the channel characteristics of UL can not be gotten from the DL directly without additional process. Therefore for the UL transmission, the CSI for each transmitted subcarrier needs to be obtained by some additional function, as 
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or feedback from the receiver。So, additional computational cost has to be made to get specific CSI at the transmitter side.

In conclusion, when OFDMA in TDD mode with channel reciprocity is used in both UL and DL, and basic OFDM parameters are the same for UL and DL, the channel reciprocity of TDD could be exploited simply.
2.2 Simplicity to support advanced technologies to improve system performances
Evolved UTRA TDD System with the same OFDMA transmission scheme and basic parameters in both uplink and downlink not only has many virtues itself, but also is propitious to adopt many advanced technologies to improve the system performance, such as relaying, macro-diversity and so on. In the following, we take relaying for an example to illustrate the advantages of UL/DL based on OFDMA. Exploiting relaying in Evolved UTRA system can enlarge the system coverage considerably and balance traffic load fairly.

· Extending and improving the coverage of the system;
The mobile terminal outside the coverage of the base station or in the shadow of buildings can be relayed back to base station through another mobile terminal, and the coverage of the system will be extended dynamically.

· Balancing the traffic load from the hot spot;
The mobile terminal in the hot spot where there are so many mobile terminals that it can not be accessed to the system, will be relayed to the neighbour cell. With this function, the traffic load of hot cell can be balanced to other non-hot cell and the traffic requirements of users can be satisfied.
In EUTRA system with same OFDMA transmission scheme in both uplink and downlink, one terminal can communicate with base station and other terminals in the same frequency band with the same transmission scheme, and without adding any device complexity, as shown in Figure 2. The R(t) in the figure means the receiver scheme and the T(t) means the transmitter scheme. 
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Figure 2
If the EUTRA system with different transmission schemes in uplink and downlink, as shown in Figure 3, although the mobile terminal can communication with the base station, the system is difficult to perfect its performance with relaying technology without any modification to the mobile terminals.

Because mobile terminal 1 with receiver scheme 2 cannot receive from the mobile terminal 2 with only scheme 1 for transmission as depicted in Figure 3. On condition that relaying is exploited to improve the system performance, receiver for scheme 1 and transmitter for scheme 2 must be added in the mobile terminals, as shown in Figure 4. Therefore complexity and cost burden on mobile terminals are definitely increased.
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Figure 3                                                                               Figure 4
Therefore, it is quite beneficial to adopt OFDMA scheme and the same basic transmission parameters in both UL and DL in EUTRA TDD system. A number of advanced techniques, such as relaying, are convenient to exploit to improve the system performance.
2.3 Benefits to Service Granularity

Service granularity is defined as the minimum unit to transmit data in a wireless system. OFDMA is used in TDD UL/DL.
Generally, a small enough resource granularity of LTE TDD is necessary to make full use of the spectrum and support low data rate and large number of users. For the timeslot should not be too short to control in a mobile system, so the resource granularity is a timeslot and few users can be supported in a cell if only the TDMA is adopted as the multiple access scheme. For low data rate service, one user will occupy one time slot, and the wasting on the radio resource is very serious. While the resource granularity of OFDMA system is only one time-frequency grid, i.e. the smallest unit is 1 subcarrier of a timeslot. As the range of the data rate for all kind of services varies much, e.g. from several Kbps to 100Mbps, it is necessary for LTE TDD to provide small enough radio resource granularity to guarantee the high spectrum efficiency and avoid the wasting on limited radio resource. By OFDMA, the subcarrier and timeslot can be assigned flexibly to meet the requirement of the different data rate service.

2.4 Benefits  of Channel State information
Channel state information is required at the transmitter for:

· Advanced antenna schemes

· Link adaptation

· Advanced radio resource scheduling

· Advanced power allocation schemes between users

Channel state information may be obtained in two ways: 

· Explicitly where the receiver feeds back channel state information to the transmitter

· Implicitly where the receiver knows channel state information due to channel reciprocity

The benefit of using TDD is channel reciprocity, which consequentially provides the flexibility to use BOTH explicit and implicit feed back mechanisms. This is not possible with FDD where ONLY explicit feedback mechanisms may be used.

By using the same OFDMA transmission scheme and base parameters in both the UL and DL, both explicit and implicit feed back mechanism may be used. Therefore the same OFDMA on both UL and DL does not force the receiver to have to feed back information to the transmitter. Using a different transmission scheme for DL and UL will restrict the system to using either an explicit feedback or additional function complexity is needed.

The flexibility to use both explicit and implicit feedback mechanisms is important as it allows a great range of options and advanced radio techniques to be used for beam forming, link adaptation, scheduling of radio resources and power control algorithms, etc.. 

2.4.1 The Benefits of Channel Reciprocity on MIMO Deployments

To illustrate the benefits of implicit feed back on advanced radio techniques, this sub-section describes the benefits of implicit feedback that can be attained when MIMO is deployed. 

MIMO is an essential technology in LTE as in increases the system capacity, to the level required by LTE.  By using the same OFDMA transmission scheme and basic parameters in both uplink and downlink, there are many benefits to incorporate MIMO technology. 

Using channel state information at the transmitter (often referred to as “Close-Loop MIMO” [38] communication) can greatly help to increase the link capacity and throughput.  For point-to-point communication, it can customize the transmitted waveforms, power allocation at each transmitter antenna, or advanced antenna selection schemes to increase the link throughput or robustness. For MIMO BC (broadcast channel, downlink),   if CSI is known at the BS, multiple users can share the spatial channel simultaneously, then much higher sum capacity can be obtained[39]. CSI aware transmission is also beneficial to the user scheduling and resource allocation by utilizing the multi-user diversity and frequency-time diversity.

The straightforward method to obtain the CSI at the transmitter is by explicit feedback from the receiver. However its cost is much higher in MIMO scheme than SISO. In terms of 2by2 MIMO, , the total feedback overhead is 4 times more than that of SISO scheme, which is overwhelming to practical systems. Even if the reduced feedback method is introduced [40], the feedback overhead is problematic.

As stated in section 2.1, if the same OFDMA transmission scheme and basic parameters are used in both uplink and downlink, the channel reciprocity can help to eliminate the overhead of feedback, or reduced it to minimum, which can greatly help incorporating the high potential close-loop MIMO technology in LTE.
3 PAPR Reduction of OFDMA based TDD UL/DL
In an OFDM system with a large number of subcarriers may suffer from the relatively high peak-to-average power ratio (PAPR). The evolution of OFDM to OFDMA completely preserves the advantages of OFDM. The PAPR issue associated with OFDM, however, are also inherited by OFDMA. Fortunately, the PAPR is relatively low for OFDMA UL when the number of occupied subcarriers is low for a specific UE. However, with the increasing number of subcarriers to carry higher data rate, the PAPR is relatively enlarged. To reduce the PAPR, several techniques have been proposed[26-37], which can be divided in four categories. 
· First, there are signal distortion techniques, which reduce the peak amplitudes simply by nonlinearly distorting the OFDM signal at or around the peaks, such as clipping, peak windowing and peak cancellation. 
· The second category is coding techniques that use a special forward-error correcting code set that excludes OFDM symbols with a large PAPR, for example block coding method. 
· The third technique is the tone reservation method. 
· The fourth technique is based on scrambling each OFDM symbol with different scrambling sequences and selecting that sequence that gives the smallest PAPR. Examples of these techniques are selective mapping (SLM) and partial transmit sequence (PTS). 

In a word, simple and effective PAPR reduction techniques have already been developed. And further works on this topic will improve the performance of the reduction of PAPR. 

4 Conclusion

OFDMA based TDD DL/UL is proposed for advantages of high spectrum efficency, better channel reprocity, flexible resource granularity, advanced potential and convenience to exploit link adaptation, MIMO, etc. to with higher spectrum efficiency. The PAPR problem of OFDM modulation can be resolved by several well-developed techniques，such as clipping and filtering, tone reservation, etc.

Conclusions of this proposal is drawn as:

1. OFDMA is proposed as EUTRA TDD UL and DL multiple access schemes.

2. Subcarrier spacing are proposed to be identical for UL and DL to take convenient exploitation of channel reciprocity of TDD.

3. The PAPR issue of OFDMA in TDD can be resolved by well-developed techniques.
5 Text proposal for TR 25.814
---------------------------------Start of Text Proposal--------------------------------------------

7.×
OFDMA (TDD)
7.×.1
Basic transmission scheme

OFDMA/TDMA is the multiple access scheme for EUTRA TDD downlink. The downlink transmission scheme is based on conventional OFDM using a cyclic prefix.
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. 
---------------------------------End of Text Proposal---------------------------------------------

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

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

OFDMA/TDMA is the multiple access scheme for EUTRA TDD uplink. 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 cyclic-prefix (CP) duration for uplink are identical to those for OFDMA/TDMA TDD downlink. 
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.

---------------------------------End of Text Proposal---------------------------------------------
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