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1. Introduction

In the 3GPP TDD ad hoc meeting it has been agreed to further study by simulations the possible usage of long blocks, instead of short blocks, for demodulation. As a reminder, for EUTRA FDD it has been recently agreed [2] 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 type 1 frame structure, it is still open what kind of reference signals should be used when having TDD type 2 frame structure, which is the issue addressed in this contribution. 
The main purpose of this investigation is to see if using long instead of short blocks for demodulation is a viable solution. We want to emphasis that the target is not to show that long blocks are better then short blocks, but rather to investigate if the transmission is possible when using long blocks and the penalties in performance when doing so.

2. UL demodulation reference signals for TDD.

In FDD, there have been extensive discussions and simulation results [5] related to the migration from SB to LB for demodulation in UL. The main arguments [2] 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 [2, 5].
For TDD type 1 frame structure the same conclusions apply as in FDD. It has been suggested that for TDD type 2 frame structure, the demodulation should be done using 2SBs [2, 4], 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 type 1 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. In [4] the possibility of one LB instead of 2SBs, TDD with type 2 frame structure, has been investigated. This is shown in Figures 1 & 2 (short CP case).
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Figure 1: SB Structure
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Figure 2: LB Structure

Following the concerns that in high speed scenarios one LB is not sufficient for demodulation, we propose a structure based on two LB demodulation RS per TTI. In figure 3 we present an example of such a structure. We recall the fact that the last LB is used for sounding in UL (which can support UL channel depending scheduling and/or DL functions that exploit channel reciprocity). However, at very high speeds, optimizing the UL transmission in terms of channel dependent scheduling is not feasible, hence it is possible to use the last long block for demodulation rather then sounding. In this way, we allow two LB DM reference signals for very high speed cases. This change is easily implementable as NB can simply signal the UE the usage of the last LB, that is for demodulation, sounding or off (if data is desired to be transmitted in last LB). If two DM LBs are to be used, the placement of the first (and/or last) LB can be further investigated, in order to obtain a good performance. 

[image: image3]
Figure 3: 2 LB structure used for demodulation. 

Also one of the benefits of LB RS structure is that it is easier to change data / RS block ratio, when needed. In the UL control channel design, LB only structure allows for a more flexible allocation of resources for UL reference signals and additional RS blocks are beneficial (as in Malta meeting, 3 RS is agreed for UL ACK/NACK only control channel) to provide more ZC sequences as RS for coherent detection of UL control signaling.

We believe that for TDD type 2 frame structure, LB DM should be used for. This is similar when LB in TDD type 1 frame structure. Our simulation results show good performance when using LB instead of 2SBs for demodulation for TDD type 2 frame structure, while all the benefits mentioned above as well the commonality with FDD and TDD type 1 frame structure will be preserved. 

3. Simulations.

In this section we present simulation results in which both SB and LB reference signals have been used. The simulation parameters have been agreed during the reflector discussions. In the following we will preset simulation results according to both the baseline and optional scenarios. 

	Parameter
	Value

	Carrier Bandwidth
	5 MHz

	FFT size
	512

	Carrier Frequency
	2.0 GHz

	Propagation channels
	3GPP TU

	Channel estimator
	Baseline:

MMSE in frequency domain, and linear interpolation in time domain for SB, no interpolation in time domain for LB.

Optional: velocity known linear interpolation (i.e. correlation factor estimation) for time domain and 2-D Wiener Filtering

	Used Resources
	Baseline: 2 RU (24 subcarriers)

Optional: 6RU 

	Code type
	3GPP R6 turbo code, 1/2 coding rate for all speeds, and 1/8 coding rate for QPSK@350km/h

	Modulation and Mobile Speed
	QPSK (3km/h, 30km/h, 120km/h and 350km/h), 

16QAM (3km/h, 30km/h and 120km/h)

	# of RX antennas at Node B
	2

	# of TX antennas at UE
	1

	Receiver method
	MMSE per antenna

MRC between antennas

	Output Results
	RAW BER (0.5 to 1e-2)

&

BLER range (1 to 1e-2) after decoding


3.1 Simulation results using baseline assumptions:

In this section we present results according to the following baseline assumptions:

	Parameter
	Value

	Channel estimator
	Baseline:

MMSE in frequency domain, and linear interpolation in time domain for SB, no interpolation in time domain for LB.

	Used Resources
	Baseline: 2 RU (24 subcarriers)

	Code type
	3GPP R6 turbo code, 1/2 coding rate for all speeds, and 1/8 coding rate for QPSK@350km/h

	Modulation and Mobile Speed
	QPSK (3km/h, 30km/h, 120km/h and 350km/h), 

16QAM (3km/h, 30km/h and 120km/h)
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             Figure 4: QPSK, 3 kmph, ½ TC.                  Figure 5: QPSK, 30 kmph, ½ TC
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          Figure 6: QPSK, 120 kmph, ½ TC.                   Figure 7: QPSK, 350 kmph, ½ TC 
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Figure 8: QPSK, 350 kmph, 1/8 TC, 2RU.
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           Figure 9: 16QAM, 3 kmph, ½ TC.                 Figure 10: 16QAM, 30 kmph, ½ TC.
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Figure 11: 16QAM, 120 kmph, ½ TC.
3.2 Simulation results using optional assumptions:

In this section we present results according to the following baseline assumptions:

	Parameter
	Value

	Channel estimator
	Velocity known linear interpolation (i.e. correlation factor estimation) for time domain and 2-D Wiener Filtering

	Used Resources
	Baseline: 2 RU (24 subcarriers)

	Code type
	3GPP R6 turbo code, 1/2 coding rate for all speeds, and 1/8 coding rate for QPSK@350km/h

	Modulation and Mobile Speed
	QPSK (3km/h, 30km/h, 120km/h and 350km/h), 

16QAM (3km/h, 30km/h and 120km/h)
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            Figure 12: QPSK, 3 kmph, ½ TC.                     Figure 13: 30 kmph, ½ TC.
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          Figure 14: QPSK, 120 kmph, ½ TC.                  Figure 15: QPSK, 350 kmph, ½ TC. 
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Figure 16: 1/8 TC, QPSK, 350 kmph.
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            Figure 17: 16QAM, 3 kmph, ½ TC.                 Figure 18: 16QAM, 30 kmph, 1/2 TC
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           Figure 19: 16QAM, 120 kmph, ½ TC.                  

3.3 Simulation results using optional assumptions:

In the previous section, one of the assumptions was that UE velocity is known when performing channel estimation. In this section we apply the same parameters as in section 3.2 with the mention that the velocity-based channel estimator has a rough knowledge of the speed of the UE. We use the following: if the UE has the speed in the interval 0 – 30 kmph, we use a fixed speed of 5 kmph, if the UE speed is in the interval 30 – 120 kmph, we use the speed 60 kmph and finally if the speed is in the interval 120 – 350 kmph, we use the speed of 200 kmph. In this way we investigate the impact of not so accurate speed knowledge of the UE, assuming that if NB cannot estimate accurately the speed at any given time, it has at least the capability of knowing the rough speed of the UE. From a different perspective, these results show the impact of erroneous speed estimation in channel estimation.
[image: image20.jpg]coded BLER

i

10

10

10

QPSK, 30 krrph, advanced channel estimator, rough speed estimate

—— 1B

—4—2s8

2 1 [
SNR [dB]

10 12



 [image: image21.jpg]QPSK, 120 krnph, advanced channel estimator, rough speed estimate

coded BLER

10

—— 1B
—4—238
—=—28

SNR [dB]

15




         Figure 20: QPSK, 30 kmph, ½ TC.                Figure 21: QPSK, 120 kmph, ½ TC.
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           Figure 22: QPSK, 350 kmph, ½ TC.               Figure 23: 16QAM, 120 kmph, ½ TC.
4. Discussion and conclusion
From the results obtained based on the baseline assumptions we note that transmission is possible at all times using 1LB. There is a loss in performance, in all cases, this loss being related to the speed of the UE, and one can consider HARQ will diminish the impact of the link performance difference on throughout. On the other hand, using a more advanced channel estimator shows good results for long blocks, also for higher speeds. Moreover, even having a rough estimate of the velocity of the UE, this does not bring significant losses in performance. Even if simple investigations are good in terms of helping build a rough picture on the performance, as well as showing the limitations of the design, we do believe that more advanced channel estimation is to be used as a baseline in LTE. Hence, the system design should also take into account results with such advanced algorithms. If the contrary happens, we risk making a design based on too basic assumptions, the result being a possible waist of resources allocated for supporting specific tasks. It is also worth noting that though the simulations made here are to evaluate the demodulation performance with LB and SB RS structure, the decision on whether LB or SB to be used for DM RS should be made in an overall picture, taking into consideration e.g. demodulation performance, optimization range for LTE and cell planning difficulty with very limited RS sequences etc.
Based on all discussion above and previous discussion on LB and SB [2, 5], our conclusion is that long blocks should be also used for UL demodulation in TDD frame 2. We can summarize the following: 

· For low and medium speeds, one LB is enough for demodulation, 

· For higher speeds, two long blocks can be used, the second one being the last long block. This can be implemented by signaling to the UE, from NB, the usage of the last LB. 
If more flexibility is to be allowed by the system, the position of the demodulation long blocks can be further optimized.

We also want to emphasis that by using LB for demodulation purposes in TDD with type 2 frame structure, UL DM reference signal concept is aligned with the current view in LTE, for both FDD and TDD type 1. The benefits of LB are exploited as well, while no additional changes, like a modified minimum resource allocation, are required. 
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