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1. Introduction
This document in an update of R1-073420 which now includes throughput results. A companion document [4] addresses the sufficient “number of sequences” issue. In high-Doppler environments, the EUTRA UL link performance suffers from serious performance degradations. For example, this is the reason that for frame structure “type 2,” inserting additional RS for high-speed UEs [1] is an option. Overall, performances of both FDD and TDD suffer at high speeds. The reason for such degradations is that the rate of RS transmission struggles to cope with fast changes of the channel. For example, in high – Doppler environments, channel at one end of the slot has little correlation with the channel at the other end of the slot, and thus, applying a single channel estimate for data demodulation becomes increasingly problematic as the UE speed grows. 
There are few options to consider for high-speed mobiles that maintain the existing numerology [1, 2]. One option [the baseline option] is to disregard performance degradation at high speeds, and to use a common RS location for both high and low speed UEs. This RS location occupies the entire 4-th OFDM symbol (S4) in the accepted slot structure, as in Figure 1. Another option would be to have a specialized RS for high – speed mobiles. The problem with this option [Option 2], as discussed on the reflector, is the RS overhead. Essentially, by introducing an additional RS overhead (entire OFDM symbol) for high – speed mobiles, the UE throughput would drop by about 20%, since there would be only 5 instead of 6 data-bearing OFDM symbols. In this contribution, we show that RS can in fact be piggy-backed with the data transmission in a portion of SC-OFDMA symbol and the throughput degradation due to high UE speed can be completely avoided. This can be achieved while keeping the single – carrier property of the uplink transmission.    
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Figure 1: Timing Diagram of a 0.5ms Slot
Timing diagram for the uplink slot is given in Figure 1, as per the adopted numerology. There are 7 SC–OFDMA symbols, which are realized through the DFT-spread OFDMA transmission. Slot duration is 0.5ms. For low–speed UEs, the RS is located in S4, and is based on Zadoff-Chu CAZAC sequences. 
2. Options for Support of High – Speed Mobiles

2.1. Option 1: RS in the Middle (S4) as for Low – Speed UEs
As optimized for the low – speed UEs, the RS can be positioned in the middle of the slot, inside S4. The link performance of such set-up is good for low – speed mobiles, while, for high – speed mobiles, it suffers from link-level performance degradations, which we confirm below. Link-level losses become apparent already in the range 100-200kmh and 2GHz carrier frequency. 

2.2. Option 2: Piggy-Back RS with Data in S2 and S6  
Another option is to introduce an RS configuration for high-speed UEs. Dedicating entire two SC-OFDMA symbols for the RS would cause severe 20% throughput losses, so instead, we consider piggy-backing RS with data in S2 and S6. For the sake of description, consider the symbol S2, which is transmitted using SC-OFDMA transmission. Transmission diagram is shown in Figure 2. The symbol S2 can be divided into four parts (“before the DFT”): S2.1, CP2.1, S2.2, and CP2.2. These four parts collectively comprise S2. The part S2.1 is data–bearing part, whereas CP2.1 is cyclic prefix [or it could be simple guard-time] to S2.1, as defined before the DFT, as shown in Figure 2. Part S2.2 is the reference signal (RS), of whose cyclic prefix [or alternatively, a simple guard-time] is CP2.2, also defined before the DFT, as shown in Figure 2.      
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Figure 2: Insertion of RS in a part of S2. The RS is placed in S2.2.
The purpose of CP2.1 and the CP2.2 is to shield S2.1 and S2.2 against multi-path propagation and spill – over effects. This is achieved since S2 is basically a signal in the time-domain. As emphasized earlier, the reference signal is positioned inside S2.2 (slightly shaded in Figure 2). Note that aggregate S2 can be regarded just as any other SC-OFDMA symbol, except that its components are now specifically defined. Thus the low PAPR property (single-carrier property) is maintained with Option 2. Clearly, duration of each of components could be any fraction of duration of S2; however, for the sake of numerology compliance, we suggest the following: 

· Length of S2.1 equals half of the length of S2.
· Length of S2.2 equals a third of the length of S2. “First” RS is placed here.
· Length of CP2.1 equals one twelve-th of the length of S2
· Length of CP2.2 equals one twelve-th of the length of S2
Since 1 = 1/2 + 1/3 + 1/12 + 1/12, the entire duration of S2 is spanned.  S6 is partitioned in a similar proportion, except that, due to mirror-symmetry, following partition is applied
· Length of S6.1 equals a third of the length of S6. “Second” RS is placed here. 
· Length of S6.2 equals a half of the length of S6.
· Length of CP6.1 equals one twelve-th of the length of S6.
· Length of CP6.2 equals one twelve-th of the length of S6.
Further reason for such a partition is as follows. Since worst-case delay spread (5μsec) is less than one twelve-th of the OFDM symbol duration (66.7μsec), the CP2.1 and CP2.2 provide a sufficient guard (also CP6.1 and CP6.2). Data-bearing samples S2.1 and S6.2 collectively carry enough data as a single SC-OFDMA symbol, and thus, when combined with S1, S3, S4, S5, and S7, the amount of channel bits carried by high-speed UEs is the same as the amount of channel bits carried by the low-speed UEs (which use a sole RS is S4). Thus, there are no rate-matching issues. Finally, since the length of S2 is a multiple of 12, and of {2, 3, 5}, the length of each of the (non-prefix) components S2.1 and S2.2 remains a multiple of {2, 3, 5} as permissible by the EUTRA DFT sizes numerology. Figure 3 shows a description of RS locations in Option 2. It is important to note that cyclic prefixes {CP1, CP2, …, CP7} to full OFDM symbols {S1, S2, …, S7} are added after the IDFT, whereas cyclic prefixes {CP2.1, CP2.2, CP6.1, CP6.2} to {S2.1, S2.2, S6.1, S6.2} are added before the DFT.   
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Figure 3: 0.5ms Slot Diagram. RS locations in Option2 are in S2.2 and S6.1.
Initial stages of the reference receiver are shown in Figure 4. The reference receiver in Figure 4 essentially undoes operations from Figure 2. Channel estimates are derived from the reference signal S2.2 (and also from S6.1). Furthermore, time-domain channel taps can be estimated as for the low-speed UEs: by taking a further DFT of S2.2 from Figure 4, demodulation in the “frequency domain,” coming back to time domain with an IDFT, and zeroing taps beyond the delay spread (5μsec). From here, channel estimates for frequency-domain equalization can be found by taking a DFT of appropriate size. All sizes involved are a multiple of {2, 3, 5}.
Furthermore, with such partition, when the length of S2 is 12, which is only one RB, the length of S2.2 then equals 4, which means that sequences of length 4 are required. Here, any solution can be adopted, including truncated or extended Zadoff-Chu, computer-generated CAZAC, etc. It ought to be noted that only a fraction of UEs in any given cell would use the piggy-backed RS in S2 and S6, and thus, their RS would collide with (random) data, from low-speed UEs, from other cells. This would provide sufficient out-of-cell interference randomization. 
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Figure 4: Reference Demodulator. Channel Estimation Proceeds from RS in S2.2 [and in S6.1]
Clearly, it would also be feasible to come up with a different partition. For example, the RS portion of S2, which is the S2.2, could be 5/12 of the length of S2, and the S2.1 could also be 5/12 of the length of S2, where the rest would be occupied by prefixes. Such partition would also satisfy the numerology that DFT sizes are multiples of {2, 3, 5}, but the amount of channel bits carried by high and low speed UEs would be different. So, in order to have a fair comparison (and to keep the rate-matching transparency) between Option 1 and Option 2, we do not elaborate on alternate partitions further. 
3. Simulation Results
Since the piggy-backed RS is applied only for high–speed UEs, we performed link-level simulations for 100kmh, 200kmh, and 350kmh with 2GHz carrier frequency (as per [3]). Both QPSK and 16QAM was simulated with 3gpp Turbo – code rate R = ½. Frequency hopping (FH) at the slot-boundary is applied to simulate persistently-scheduled allocations, which are expected to be applied for certain high-speed UEs. Linear interpolation was used in between RS in S2.2 and RS in S6.1.   
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Figure 5: Link Performance @ 100kmh, QPSK [Left] and 16QAM [Right] 
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Figure 6: Link Performance @ 200kmh, QPSK [Left] and 16QAM [Right] 
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Figure 7: Link Performance @ 350kmh, QPSK [Left] and 16QAM [Right] 
As seen from Figure 5, already at 100kmh, Option 1 and Option 2 perform similarly for QPSK, while Option 2 maintains higher performance at 16QAM. More benefits of Option 2 for high – speed UEs become obvious already at 200kmh, as seen from Figure 6. Even with QPSK modulation, it outperforms Option 1 by 2dB at BLER = 1%. With 16QAM, the benefits of Option 2 are even higher. Overall, from Figure 6, we can conclude that, irrespective of the modulation, the Option 2 becomes preferred for SNRs beyond 4dB, at 200kmh. From Figure 7, we can conclude that the Option 2 becomes preferred for SNRs beyond -1dB, at 350kmh. Option 1 is still recommended for low speeds.     
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Figure 7: Spectral. Efficiency comparison of Option 1 and Option 2 @ 200kmh [Left] and @350kmh [Right] 
Throughput results are shown in Figure 7, for 200kmh (left) and for 350kmh (right). Formula Rate*(1-BLER) was used to evaluate throughput at a given SNR, since, for high-speed UEs, there is no channel-adaptive MCS. Alternatively, the formula Rate/(1 + BLER), which assumes that 1st-retransmssion is always successful, could have been used. Difference between two formulas is small, since (1 + BLER)(1 – BLER) = 1 – BLER^2 ≈ 1. Either way, at high speeds, it is evident that substantial improvements in throughput can be made by employing the Option 2. Thus, it would be beneficial to employ Option 1 for low-speed UEs and Option 2 for high-speed UEs.  
4. Conclusion
Primary cause of the Doppler Effect is the UE speed, but the Doppler phenomenon can further be exacerbated and amplified by additional movements of scatterers in the propagation environment. A robust EUTRA solution, where Option 1 RS and Option 2 RS can coexist in one cell, with Option 1 applied for low-speed, and Option 2 applied for high – speed, is possible while maintaining the existing numerology, and meeting the high performance requirements for high speed UEs. The one-bit signaling required for support of flexibility (Option 1 or Option 2) is minimal (could even be L2/L3), since UE speed practically stays constant for a large number of frames. Alternatively, this signaling could also be in PDCCH. For extended CP slot – format, with only 6 OFDM symbols, the reference symbol S2 and S5 can piggy-back the RS.  
Even worse performance degradation for high-speed UEs will be experienced with 2.6GHz carrier frequency, which is an option in accordance to the table in R4-071602. There, link – performance degradations will show even at lower speeds (for Option 1) and the switch between high and low – speed structure (to Option 2) could be made even at speeds as low as 80kmh, for 16QAM modulation and 150kmh for QPSK. 
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6. Detailed Simulation Assumptions 
	Parameters
	Assumptions

	Carrier Frequency
	2.0GHz

	Resource Block
	180 kHz [15 kHz x 12]

	Number of Used Resource Blocks
	1

	Modulation
	QPSK, 16QAM

	Code Rate
	½, 1/3 

	UE Velocity
	100kmh, 200 km/h, 350 km/h

	Channel Model
	SCM–C

	Frequency Hopping
	At the slot boundary

	Number of Receive Antennas
	2 – Uncorrelated

	Number of Transmit Antennas
	1

	Error Correction Coding
	3gpp Turbo


Table 1: Link Level Simulation Assumptions
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