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1. Introduction

For EUTRA FDD it has been recently agreed [1] that LB reference signals (RS) should be used for demodulation purposes in the UL. Previously, the demodulation was performed using SBs. The reasons for this change (from LB to SB) were a “cleaner” UL transmission while the main technical benefit came from the fact that more Zadoff-Chu sequences can be generated. While LBs are used for demodulation when having TDD generic frame structure, it is still open what kind of reference signals should be used when having TDD alternative frame structure, which is the issue addressed in this contribution. 

2. UL demodulation reference signals for TDD.
In FDD, there have been extensive discussions and simulation results [4] related to migration form SB to LB for demodulation in UL. The main arguments [1] and simulation conclusions were the following:
a) When using LB RS, the number of Zadoff-Chu (ZC) sequences can be increased to 10-12, depending on the generation method, for one RB. If using SB RS, the number of sequences is 4-6.

b) Extensive simulations showed that the same performance is obtained by both LB RS and SB RS, for UE speeds up to 120 km/h. Above 120 km/h, LB RS gradually underperforms reaching a maximum loss relative to SB RS of about 1 dB for 10% BLER at 350 km/h and 2 GHz carrier frequency [1, 4].
For TDD generic frame structure the same conclusions apply as in FDD. It has been suggested that for TDD alternative frame, the demodulation should be done using 2SBs [1, 3], while the minimum resource allocation could be increased to 2RBs, in order to obtain the same number of ZC sequences, as in FDD. However, we also believe (sharing the similar view with many other companies when discussing this issue for FDD with generic frame structure) that restricting the minimum allocation to 2 RBs is not an attractive option and this is not only due to small packet traffic like VoIP but also because the performance of cell edge UEs (very low SINRs) is best with 1 RB allocations as DoCoMo-san has shown. In [3] the possibility of one LB instead of 2SBs, TDD with alternative frame, has been investigated. This is shown in Figures 1 & 2 (short CP case).
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Fig. 1 SB Structure
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Fig. 2 LB Structure

We believe that for TDD alternative frame structure, one LB DM should be used for 0.675 ms. This is similar when using one LB for 0.5 ms, in TDD generic frame. Our simulation results show good performance when using LB instead of 2SBs for demodulation for TDD alternative frame, while all the benefits mentioned above as well the commonality with FDD and TDD generic frame will be preserved. Similar degradation to the FDD results [4] has been observed in high speed scenarios.
3. Simulations.
In this section we present simulation results in which both SB and LB reference signals have been used.

	Parameter
	

	Carrier Bandwidth
	5 MHz

	FFT size
	512

	Carrier Frequency
	2.6 GHz

	Propagation channels
	TU, independent fading

	Mobile Speed
	3, 120km/h

	Channel estimator
	LS and 2-D linear interpolation

	Used Resources
	2RB

	Modulation 
	QPSK

	# of RX antennas at Node B
	2

	# of TX antennas at UE
	1

	Receiver method
	MRC
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Figure 1: Raw BER when using 2SBs or 1 LB for demodulation at 3kmph.
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Figure 2: Raw BER when using 2SBs or 1 LB for demodulation at 120 kmph.

4. Conclusion

This contribution is proposing the use of LB for demodulation purposes in TDD with alternative frame structure. In this way, the UL reference signal is aligned with the current view in LTE, for both FDD and TDD. The benefits of LB are exploited as well, while no additional changes, like a modified minimum resource allocation, are required. 
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