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1. Options of Uplink DM RS for frame structure type 2

For frame structure type 1 in the uplink, it has been agreed to adopt long block reference signals (RSs) and a working assumption that no additional UE speed adaptive RS is inserted for high speed UEs [1].  

For frame structure type 2, results presented at the RAN1 #49 meeting indicated that there may be efficiency problems for high speed UEs in case a long block structure is adopted for the uplink of frame structure type 2.  For frame structure type 2, there are then two possible solutions with long blocks to improve efficiency at high speed

· UL sounding reference signals are re-used for demodulation [2] and no additional long block reference signal is inserted at high speeds [2].

· An additional reference signals is used for high speed UEs.

The two alternatives are depicted in Figure 1, with the normal cyclic prefix (CP).  In both cases, the center LB, LB5, always carries a demodulation reference signal, and it is assumed that the system is configured so that UL sounding reference signals are always transmitted in the last SC-FDMA symbol. Further, an additional LB reference signal may be inserted in the first long block, LB1, for high speed UEs only. 
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Figure 1 UL slot formats with long block(s) for reference signal(s). The last symbol may carry UL sounding reference signals. Further, an extra demodulation reference signals may be transmitted for high speed UEs (bottom)
Thus, common for both solutions is that the long block demodulation signal is always transmitted in the same long block, independent of UE conditions and that the extra demodulation reference signal (xDM) is transmitted in the first long block, LB1, when transmitted. Note that these positions are examples, and that the reference signal positions may be further revisited in order to optimize performance. 
For comparison, the original structure with the two short block reference signals has been considered. It is shown in Figure 2.
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Figure 2 UL slot formats with two short blocks for reference signals
2. Potential issues for further consideration

2.1. Extra demodulation reference signal

When it comes to the use of an extra reference signal, a possible issue is the impact of inaccurate speed estimation.  Due to the speed estimation error, using an extra reference signal at low UE speed may lead to poor efficiency due to the overhead; on the other side, using the single reference signal at high UE speed may lead to poor performance.  Note that it is in principle the channel variations during a subframe that are to be estimated, not necessarily speed in itself.  There are however some options.

Cell configuration parameter. Only in cells where very high velocities, above say 200km/h, an extra demodulation reference signal is used by all terminals in the cell. In other cells, the extra demodulation reference signal is not used. We expect that this kind of cell-configuration will capture most of the gain from having an adaptive insertion of an extra reference signal.

To further optimize performance, one may envision scenarios where extra demodulation reference signals are used on a per UE basis. Note that the terminal speed is not expected to vary so fast, so reconfiguration of UEs is not needed on a very fast basis. Channel variations may then be estimated in several ways, for example by analysis of terminal feedback or by letting eNodeB consider correlation between channel estimates of different long blocks  in a given UL subframe.  This may be done with channel estimates obtained from reference symbols for data non-associated signaling, by means of decision directed channel estimation during data transmission or by means of conventional channel estimation when the extra demodulation reference symbol is transmitted. 

Another simple and robust approach is to monitor the link throughput, and reconfigure the transmission of an extra demodulation reference symbol when the throughput goes down significantly. 

In summary, in addition to the basic solution of having the extra reference symbol as a cell configuration parameter, there are several implementation specific solutions which can be used to possibly further optimize performance.

2.2. Use of channel sounding pilots 

For the sounding assisted solution, there are concerns such as whether the sounding reference signal will be of sufficient quality so that they can be used for demodulation, the requirement on the bandwidth, power spectral density and repetition factor, and the potential impact on the multiplexing capacity of channel sounding from different terminals, adaptivity to traffic variations, interference between sounding signals of different UEs as well as the coupling between the scheduler and scheduling of sounding RS. Given the data-associated sounding reference signals reserved for the high speed users, the remaining capacity for multiplexed sounding reference signals within that cell might be limited. In addition, the complexity is another issue if the UL scheduler must not only schedule data but also control and take into account the transmission of uplink sounding reference signals. A further issue is whether this kind of sounding assisted solution can be designed without any impact on the UE. 
Taking into account the above concerns, the focus is on an extra LB demodulation reference signal for demodulation of high speed users.

3. Simulation assumptions

The simulation parameters for the link level evaluation are summarized in Table 1. 
Table 1 Simulation assumptions

	Parameters
	Values

	Carrier Frequency
	2.0 GHz

	Carrier Bandwidth
	5 MHz

	Sub-frame
	0.675ms

	Hopping
	No intra-TTI hopping

	FFT size
	512 in LB, 256 in SB

	Sub-carrier bandwidth
	15 kHz

	# of sub-carriers per resource block
	12 in LB, 6 in SB

	Resource allocation per user
	2 RBs

	Coding rates
	3GPP R6 turbo code, ½, ¼ 

	Modulation modes
	QPSK

	# of TX antennas at UE
	1

	# of RX antennas at Node B
	2

	Channel model
	Typical Urban channel model, independent fading

	Mobility speed
	150km/h, 200km/h and 350km/h

	Receiver processing
	MMSE frequency domain equalizer
MRC of antennas

	Speed estimation error
	Normally distributed


How to determine when to use an extra demodulation reference signal is expected to be implementation specific.  As mentioned in the previous section, there are several possibilities. In here, an estimate of the actual UE speed is used and compared to a threshold in order to determine when to use the extra demodulation reference symbol.

4. Simulation results
This evaluation takes an example of a speed estimation error with the standard deviation of 25km/h, and the speed threshold to use the extra RS is chosen as 175km/h. The BLER performances of the extra LB RS solution at different mobility speeds are compared with those of the original two SB RS solution, as shown in Figure 3 to 6.

Figure 3 and Figure 6 show the BLER performances at a UE speed of 120km/h and 350km/h respectively. At both 120km/h and 350km/h, the BLER performances of the extra LB RS solution are quite close to those of the original two SB RS solution, with the speed threshold of 175km/h.

As shown in Figure 4, at 150km/h, comparing to the two SB RS solution, 0.5dB loss at 10% BLER of the extra LB RS solution is observed for QPSK and ½ rate coding, with the speed threshold of 175km/h, but less than 0.1dB loss is observed for QPSK and ¼ rate coding.

Figure 5 shows the BLER performance at a speed of 200km/h, where a 175km/h speed threshold gives performance quite close to the two SB RS solution for both ½ and ¼ rate coding..
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Figure 3. Mobility velocity 120km/h, different speed thresholds for extra RS
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Figure 4. Mobility velocity 150km/h, different speed thresholds for extra RS
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Figure 5. Mobility velocity 200km/h, different speed thresholds for extra RS
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Figure 6. Mobility velocity 350km/h, different speed thresholds for extra RS
5. Summary

The evaluations show that good BLER performance of LTE TDD frame structure type2 can be kept at very high speed with an extra LB demodulation reference signal , even with considerable speed estimation error. It should be noted that the actual estimation of speed or some related measure as well as the criterion to determine when to use the extra demodulation reference signal is expected to be implementation dependent.  

As a way forward on this topic for frame structure type 2, we note that 

· there is a need for an additional demodulation reference signals to improve link performance for very high speed scenarios

and we therefore propose to

· adopt a long block only uplink structure for frame structure type 2,
· use an additional extra demodulation reference signals to improve link performance for very high speeds;

· keep  the position for the default demodulation reference signal fixed, independent of whether the additional demodulation reference signal is used or not

· keep the position for the additional demodulation reference signal fixed;

· make it possible to configure the use of an additional reference signal on a per UE basis 
· make it possible to configure the use of an additional reference signal with a per cell default

We also note that UL channel sounding pilots may still be used for demodulation, but specific support of the standard may not be needed for this purpose.
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