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1 Introduction
From the way forward on LTE TDD frame structure agreed in the last RAN1#51 meeting in Jeju [1], it was proposed that the length of UpPTS could be configurable to allow for co-existence with TD-SCDMA, and resources not used for random access in UpPTS can be used for data and reference signals (sounding and/or demodulation reference signals) transmission. 
In this contribution, we discuss the DM RS design in UpPTS for TDD.
2 DM RS Design in UpPTS
For the DM RS design in UpPTS, we should consider the number of DM RS and location of DM RS in UpPTS according to the length of UpPTS. From our point of view, to simplify the design, we think that resources not used for random access and sounding reference signals in UpPTS should be scheduled combined with the following uplink subframe (subframe#2 or subframe#7 in figure 1). 
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Figure 1: Frame structure type 2 (LTE TDD Frame Structure)

Thus the DM RS symbols in the following uplink subframe can be used for the data demodulation in UpPTS. But as shown in our simulation results, when UpPTS is scheduled combined with the following uplink subframe and there is no DM RS in UpPTS, the performance will begin to degrade when the number of symbol in UpPTS is larger than 4. Therefore, regarding to the DM RS design in UpPTS, we recommend:

1. Resources not used for random access and sounding reference signals in UpPTS is scheduled combined with the following uplink subframe, the DM RS in the following uplink subframe can be used for data demodulation in UpPTS.

2. When the number of symbol in UpPTS is smaller than 4, there is no need to place a DM RS in UpPTS, the data demodulation in UpPTS can used the DM RS in the following uplink subframe as channel estimation.
3. When the number of symbol in UpPTS is larger than 4, we should place a DM RS symbol in the last fourth symbol in UpPTS to keep the data demodulation performance.

The main advantages of the DM RS design in UpPTS mentioned above are:
1. Good balance between overhead and performance: Up to one DM RS symbol is used in UpPTS and excellent performance can be maintained.
2. No additional signaling overhead: since the location of DM RS symbol is fixed to the last fourth symbol in UpPTS, no additional signaling is needed.
3. Similar DM RS pattern to FDD. In other words, the DM RS pattern in UpPTS is almost the truncation of existing subframe design except that there is no additional RS symbol for UpPTSNum = 11 case. Our simulation results show that even if there is only one RS in UpPTS, the demodulation performance still performs well enough for UpPTSNum=11 case. 
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Figure-2: Proposed DM RS Design
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Figure-3: Truncation of existing subframe design

Note that common DM RS design for both TDD and FDD is desirable for dual mode operation.

3 Simulation Assumptions and Results 
In this section, we provide some simulation results about the DM RS design in UpPTS. The simulation assumptions are listed in Table-1. Simulation results are shown in Figure-3.
Table-1, Link level simulation assumptions
	Parameter
	Assumption

	Carrier Frequency
	2.0GHz

	System bandwidth
	10MHz

	UE occupied bandwidth
	10RBs

	Channel Type
	TU, 6 paths

	UE speed
	120km/h

	Antenna configuration
	1×2

	Modulation and channel coding
	QPSK, Turbo R=1/2
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Figure-4: BLER performance of data demodulation in UpPTS 

From the simulation results, we can find that when the number of symbol in UpPTS is larger than 4, the data demodulation performance began to drop significantly if there is no DM RS in UpPTS. For example, there is more than 0.5dB performance difference between UpPTSNum = 4 and UpPTSNum = 6 at BLER 10^-2. And when there is one RS placed in the last fourth symbol in UpPTS, the performance will be improved greatly compared to no RS case. 
4 Conclusions
In this contribution, DM RS design in UpPTS for TDD was discussed. Based on our simulation results, we propose that:
1. Resources not used for random access and sounding reference signals in UpPTS should be jointly scheduled with the following uplink subframe, the DM RS in the following uplink subframe can assist the data demodulation in UpPTS.

2. When the number of symbol in UpPTS is smaller than 4, there is no need to place DM RS in UpPTS, the data demodulation in UpPTS can used the DM RS in the following uplink subframe as channel estimation.

3. When the number of symbol in UpPTS is larger than 4, we should place a DM RS symbol in the last fourth symbol in UpPTS to keep the data demodulation performance in a reasonable level.
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