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1. Introduction
At the RAN1 ad hoc meeting (Sophia Antipolis), radio access proposals were categorized into six groups [1]. We, DoCoMo, proposed single-carrier FDMA in the uplink and OFDM based radio access in the downlink for FDD [2]. TDD is very advantageous in its application to the unpaired spectrum of the Evolved UTRA. Therefore, to reap the advantages, high commonality is necessary between FDD and TDD. This contribution presents radio access candidates for TDD that have high commonality with the radio access in Group 1 [3].

2. Benefits of TDD

The major benefits of TDD compared to FDD are as follows.

(1) No pair bands

Since TDD does not require pair bands, the TDD system can be introduced into the unpaired spectrum.

(2) Reciprocity of uplink and downlink channels

The reciprocity of the instantaneous channel variation between the uplink and downlink is another significant advantage for TDD. Thus, by employing the measured channel quality using the pilot channel, the following techniques are easily achieved with a feedback loop.  

· Uplink schemes use the common pilot channel

- Fast (precise) transmission power control for contention-based channels (power ramping is not necessary)

- Fast transmission power control of the shared control channel

- AMC for the shared data channel

·  Downlink schemes use a (dedicated) pilot channel

- Fast transmission power control for the shared control channel

- Channel-dependent scheduling for the shared data channel

- AMC for the shared data channel

However, it should be noted that although the instantaneous variation in the received desired signal level is reciprocal, the variation in the interference is not reciprocal. In the downlink, the total transmission power per sector is almost constant assuming a constant traffic load. The variations in the other-cell interference are near constant in general. On the other hand, in the uplink, the interference from the neighboring cells fluctuates in a wide range according to the change in the location of the interfering UE. This is quite general in packet access using channel-dependent scheduling, in which the interfering UE may be changed at every sub-frame. As a result, the received signal-to-interference plus noise power ratio (SINR) is no longer reciprocal. Furthermore, reference signals such as the pilot channel must also be transmitted from other transmission bandwidths (chunks) for CQI measurement at a Node B for downlink channel-dependent scheduling. Therefore, we should not overestimate the channel reciprocity in the packet radio access.    

3. Radio Access for TDD

We assume single-carrier FDMA radio access in the uplink and OFDM based radio access in the downlink [3]. In this case, DFT-spread OFDM in the frequency domain processing is more promising than the IFDMA approach in the time domain processing based on the following points.

· The same radio parameters as those in OFDMA access are used such as the maximum sampling frequency and sub-carrier spacing (minimum frequency granularity).

· More efficient spectrum utilization, i.e., bandwidth efficiency, is possible. That is to say, the signal bandwidth efficiency in Option 1 is approximately 81.9%, while that in Option 2 is approximately 90%.

However, DFT-spread OFDM corresponds to pulse shaping using the raised cosine Nyquist filter with the roll-off factor of 0. Accordingly, DFT-spread OFDM accompanies a high peak-to-average power ratio (PAPR). The difference in IFDMA or DFT-spread OFDM represents the use of a roll-off factor of greater than 0 or equal to 0 from the viewpoint of pulse shaping filtering. We consider that the roll-off factor of greater than 0 is necessary in order to reduce the high PAPR in the DFT-spread OFDM. Therefore, our proposal is DFT-spread OFDM employing the pulse shaping filter (PSF) between the FFT and IFFT using frequency domain processing as shown in Fig. 1. 
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Figure 1 – DFT-spread OFDM using pulse shaping filer in frequency domain

Our proposed radio access scheme for FDD is as follows.

· Uplink: DFT-spread OFDM with PSF in the frequency domain 

· Downlink: OFDMA-based access

Assuming the radio access for FDD, it is natural to use OFDMA-based radio access in the downlink to maintain a high commonality between FDD and TDD. In the uplink, meanwhile, two radio access candidates are considered: DFT-spread OFDM with PSF and OFDMA-based. 

Thus, we consider the following radio access schemes for TDD.

· Uplink: DFT-spread OFDM with PSF in the frequency domain / OFDMA-based access

· Downlink: OFDMA-based access

The merits and demerits of the two candidates are as follows.

· DFT-spread OFDM

· Merits

· Full commonality between FDD and TDD

· Low PAPR feature

· Demerits
· Lower affinity to MIMO channel transmission than OFDMA-based access due to less robustness against multipath interference (MPI)

· Less benefit of channel reciprocity than OFDMA-based access

· OFDMA-based access

· Merits

· Full commonality between downlink and uplink in TDD, leading to a high degree of utilization of the channel reciprocity

· High affinity to MIMO channel transmission owing to robustness against MPI

· Demerits

· High PAPR

· Lower commonality between FDD and TDD than in DFT-spread OFDM

Considering these merits and demerits, we should decide on the uplink radio access for TDD. 

4. Conclusion

In the contribution, we presented the necessity for high commonality between TDD and FDD for the Evolved UTRA. To achieve this commonality, we propose for the radio access for TDD OFDMA-based access in the downlink and ether DFT-spread OFDM with pulse shaping filter in the frequency domain or OFDMA-based access in the uplink where both use the same radio parameters as in the FDD mode.
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