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1. Introduction
For frame structure type 1, it was decided at RAN1 #47bis that the uplink demodulation (DM) reference signal (RS) is mapped to a long block (LB). In the recent TDD AdHoc is was agreed to further study whether frame structure type 2 should also use one LB or two short blocks (SBs) for the uplink DM RS.  The advantages of LBs are outlined in [1], whereas the main motivation to have SBs for frame structure type 2 is to support higher speeds since interpolation of channel estimates within a subframe can be done. 

This contribution contains some simulations results of PUSCH performance at different UE speeds in order to compare the performance and to understand whether communication can be maintained with only a single LB at a very high speed such as 350km/h.

2. Uplink DM RS for frame structure type 2

For the frame structure type 2, the two uplink DM RS mapping schemes are given in Figure 1 and Figure 2 respectively, with the normal cyclic prefix (CP) and where the yellow blocks are used for the DM RS.

· The two-SB-RS mapping in Figure 1 maps the RS sequences to the two SBs, which are the 2nd  and the 9th  SC-FDMA symbols in each 0.675ms sub-frame. The channel estimated based on the RSs are used for the demodulation of the data symbols transmitted in the eight long blocks.
· The one-LB-RS mapping in Figure 2 maps the RS sequence to the 5th  SC-FDMA symbol, which is the LB in the middle of the 0.675ms sub-frame. In this mapping scheme, all the SC-FDMA symbols are long blocks.
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Figure 1. Two-SB-RS mapping
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Figure 2. One-LB-RS mapping
3. Simulation assumptions

In Tables 1, the simulation parameters for the link level evaluation are summarized. 
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, 1/2, 1/4, 1/8

	Modulation modes
	QPSK

	# of TX antennas at UE
	1

	# of RX antennas at Node B
	2

	Channel model
	Typical Urban (TU), independent fading

	Mobility speed
	3km/h, 30km/h, 120km/h and 350km/h

	Channel estimator
	MMSE in frequency domain, 

and linear interpolation in time domain for SB, 

no interpolation in time domain for LB.

	Receiver processing
	MRC


Note that knowledge of the SNR as well as the power delay profile are assumed in order to determine the frequency domain correlation for the channel estimator. Additionally, no knowledge of the speed is assumed in this baseline simulation.

4. Simulation results
Simulation results are presented for the three different code rates and QPSK modulation for operating points around 10% BLER after channel decoding for the basic channel estimator and receiver processing assumed.  In Figures 3 and 4, the results for a low speeds 3km/h and 30km/h are presented, and as can be seen, for the code rates considered, the performances are similar, showing some advantages of using a single long block.
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Figure 3 Performance for 3km/h
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Figure 4 Performance for 30km/h




In Figures 5 and 6, performance for higher speeds 120km/h and 350km/h are shown. As can be seen, performance is similar for 120km/h, but at the higher code rate, the short block structure has a performance advantage. Finally, in Figure 6, for a very high speed, such as 350km/h, there is as expected an advantage to use the two short blocks. The Figure also shows that communication can be maintained at high speeds using a single long block.
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Figure 5 Performance for 120km/h
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Figure 6 Performance for 350km/h




It should be noted that performance with 16QAM as well as with more advanced receiver processing and channel estimation remains to be investigated.
5. Conclusion
This contribution investigated the uplink DM RS mappings for frame structure type 2. The present simulation results show that the one-LB-RS performs better than two-SB-RS slightly at mobility speeds of 3km/h and 30km/h for a BLER around 10%; they behave quite similar at 120km/h; while the two-SB-RS is better than one-LB-RS at 350km/h. Additionally, the one-LB-RS is still capable to support the link transmission with low coding rate or HARQ also at 350km/h.

In [2] section 7.3, the mobility requirement says: “The E-UTRAN shall support mobility across the cellular network and should be optimized for low mobile speed from 0 to 15 km/h. Higher mobile speed between 15 and 120 km/h should be supported with high performance. Mobility across the cellular network shall be maintained at speeds from 120 km/h to 350 km/h.”
The one-LB-RS is able to fulfil the above requirements for the cases considered. However, until performance with 16QAM, as well as with more advanced receiver processing and channel estimation have been considered, it is recommended to not preclude mapping uplink DM RS to one LB for frame structure type 2.  Further, not only performance for PUSCH but also UL control signalling design as well as commonality with frame structure 1 when it comes to RS planning issues need to be considered as well.
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