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1 Introduction

OFDMA has been proposed [1-21] and comprehensively acknowledged in TR25.814 as a multiple access scheme for EUTRA Downlink due to many well known OFDMA advantages:

· 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;

· Lower receiver complexity due to frequency-domain channel estimation, equalization and decoding.

These merits of OFDMA can also be exploited in Uplink. Furthermore, in this document advantages of symmetric UL and DL OFDMA for EUTRA TDD are analysed. OFDMA is proposed as preferred solution for EUTRA UL, especially for TDD mode.
2 Advantages of symmetric UL/DL OFDMA for EUTRA TDD
2.1 Simplify exploitation of 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 Potentially 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 impossilbe 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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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.
3 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.. 

3.1 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”  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. 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, 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.

4 Conclusion
Presently OFDMA is the most promising solution for EUTRA downlink multiple access. The Merits of it can also be exploited in Uplink. Furthermore, taking advantages of symmetric UL and DL for TDD into account. OFDMA is proposed as preferred solution for EUTRA UL, especially for TDD mode.
References

[1] 3GPP, R1-050246, Motorola, “Downlink Multiple Access Scheme for EUTRA”

[2] 3GPP, R1-050249, NTT DoCoMo, “Downlink Multiple Access Scheme for EUTRA”

[3] 3GPP, R1-050252, Nokia, “Downlink Considerations for UTRAN LTE”

[4] 3GPP, R1-050255, Ericsson, “EUTRA: Downlink Multiple Access Scheme”

[5] 3GPP, R1-050267, Nortel, “Proposal for the Downlink Multiple Access Scheme for E-UTRA”

[6] 3GPP, R1-050270, Samsung, “Downlink Multiple Access for EUTRA Radio Interface”

[7] 3GPP, R1-050272, Alcatel, “OFDM Air Interface with QoS at Cell Edge” 

[8] 3GPP, R1-050273, Huawei Technologies, “Key Components of the EUTRA Downlink Multiple Access Scheme”

[9] 3GPP, R1-050274, LG Electronics, “Downlink Multiple Access Scheme for LTE”

[10] 3GPP, R1-050276, Panasonic, “Proposal of Multiplexing Methods and Interference Mitigation Methods for Downlink for Evolved UTRAN”

[11] 3GPP, R1-050277, ETRI, “Considerations for LTE Multiple Access”

[12] 3GPP, R1-050280, Intel, “Multiple Access Considerations for Downlink UTRAN LTE”

[13] 3GPP, R1-050288, NEC, Telecom Modus, “Downlink Multiple Access for Evolved UTRA”

[14] 3GPP, R1-050289, Siemens, “Multiple Access Scheme for the SI ‘Evolved UTRA and UTRAN’ Downlink”

[15] 3GPP, R1-050291, RITT, “Downlink Considerations for LTE”

[16] 3GPP, R1-050301, France Telecom and Orange, “DL Multiple Access Schemes for UTRA Evolution”

[17] 3GPP, R1-050367, Texas Instruments, “Comparison of Multiple Access Scheme for E-UTRAN Downlink: OFDM vs. CDMA”
[18] 3GPP, R1-050448, “Basic principles for the Evolved UTRA radio-access concept”
[19] 3GPP, R1-050386, “Views on OFDM Parameter Set for Evolved UTRA Downlink”
[20] 3GPP, R1-050401, “Downlink Multiple Access Aspect of FDD LTE”
[21] 3GPP, R1-050403, “Multiple Access Aspect of TDD LTE”
[22] 3GPP TR 25.814 V0.1.1 (2005-06)
[23] Bauml, R.W.; Fischer, R.F.H.; Huber, J.B.; “Reducing the peak-to-average power ratio of multicarrier modulation by selected mapping”, Electronics Letters Volume 32, Issue 22, 24 Oct. 1996 Page(s): 2056 – 2057
[24] Muller, S.H.; Huber, J.B.; “OFDM with reduced peak-to-average power ratio by optimum combination of partial transmit sequences”, Electronics Letters Volume 33, Issue 5, 27 Feb. 1997 Page(s): 368 - 369 
[25] Wilkinson, T.A.; Jones, A.E.; “Minimisation of the peak to mean envelope power ratio of multicarrier transmission schemes by block coding”, Vehicular Technology Conference, 1995 IEEE 45th Volume 2, 25-28 July 1995 Page(s): 825 - 829 vol.2
[26] Z. Yunjun, A. Yongacoglu, and J.Y. Chouinard, “Orthogonal Frequency Division Multiple Access Peak–to–Average Power Ratio Reduction Using Optimized Pilot Symbols,” Proc. ICCT 2000, Beijing, China, Aug. 2000, pp. 574–77.
[27] Seung Hee Han, Jae Hong Lee, “An overview of peak-to-average power ratio reduction techniques for multicarrier transmission”, Wireless Communications, IEEE Volume 12, Issue 2, April 2005 Page(s): 56 - 65
[28] H. Ochiai and H. Imai, “Performance of the deliberate clipping with adaptive symbol selection for strictly bandlimited OFDM system,” IEEE J. Select. Areas Communications, vol. 18, pp. 2270-2277, Nov. 2000.
[29] X.Li and L.J Cimini Jr, “Effects of clipping and filtering on the performance of OFDM,” IEEE Communications Letters, vol. 3, pp. 131-133, May. 1998.

[30] H.Ochiai and H.Imai, “Performance Analysis of Deliberately Clipped OFDM signal,” IEEE Transactions on Communication, vol. 50, pp. 89-101, Jan. 2002.
[31] E. Costa, M. Midirio and S. Pupolin, “Impact of Amplifier Nolinearities on OFDM Transmission System Performance,” IEEE Communication Letters, vol. 3, pp 37-39, Feb. 1999.

[32] Van Nee, R.D.J.; “OFDM codes for peak-to-average power reduction and error correction”, Global Telecommunications Conference, 1996. GLOBECOM '96. 'Communications: The Key to Global Prosperity Volume 1, 18-22 Nov. 1996 Page(s): 740 - 744 vol.1
[33] Heung-Gyoon Ryu; Tran Phuong Hoa; Nguyen Thanh Hieu; Jin Jianxue; “BER analysis of clipping process in the forward link of the OFDM-FDMA communication system”, Consumer Electronics, IEEE Transactions on Volume 50, Issue 4, Nov. 2004 Page(s): 1058 – 1064
[34] Jayalath, A.D.S.; Tellambura, C.; “Reducing the peak-to-average power ratio of orthogonal frequency division multiplexing signal through bit or symbol interleaving”, Circuits and Systems, 2001. ISCAS 2001. The 2001 IEEE International Symposium on Volume 4, 6-9 May 2001 Page(s): 562 - 565 vol. 4
[35] Friese, M. “OFDM signals with low crest-factor”, Global Telecommunications Conference, 1997. GLOBECOM '97. IEEE Volume 1,  3-8 Nov. 1997 Page(s):290 - 294 vol.1
[36] Hyung Jin Kim; Seong Chul Cho; Hyun Seo Oh; Jae Min Ahn, “Adaptive clipping technique for reducing PAP on OFDM systems”, VTC 2003-Fall. vol. 3, pp. 1478 – 1481
[37] 3GPP, R1-050790, RITT, “PAPR reduction for TDD uplink OFDMA”

* Acknowledgement: This paper is partly based on the work in Beijing University of Post and Telecommunications, China.





































































3GPP TSG-RAN-1 Meeting #42bis
San Diego, US, 10-14. Oct 2005

Page 6

_1184150478.unknown

_1184163505.unknown

_1185619062.vsd
… …


Δt≤coherence time


Sub-frame n


Sub-frame n+k


OFDMA is used in both UL and DL and the same parameters are adopted



_1184150923.vsd

_1184152278.vsd

_1184150264.unknown

_1184150463.unknown

_1184150035.unknown

_1184148648.vsd

