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1 Introduction

At TSG-RAN WG1#44 NEC presented a contribution [1] comparing Distributed FDMA (D-FDMA, or IFDMA) and Localised FDMA (L-FDMA) with subframe based frequency hopping (L-FDMA+FH). In that contribution the effect of using CAZAC pilot sequences is evaluated for both D-FDMA and L-FDMA. Results from that document indicate that L-FDMA with frequency hopping always outperforms D-FDMA particularly in the case of longer TTI’s (concatenation of multiple 0.5 ms subframe) and higher order modulations.
In this contribution we further extend the comparison through a more advanced channel estimator algorithm as was requested in RAN1#44. The motivation is to obtain a fair comparison of performance of the two schemes and suggest a way forward in the selection of the user data multiplexing for the E-UTRA uplink.  

2 Simulation Results
Note that as the length of pilot sequences is equal to the length of a SB and hence not prime, the full set of sequences is not available.  Also note that when CAZAC pilots are used, scrambling is only applied to the data blocks.
Four users share 10 MHz spectrum in the simulated scenario. Additional simulation assumptions are identical to [1].
In both the D-FDMA and L-FDMA+FH cases, channel estimation is performed in the frequency domain by dividing the FFT of the received pilot block by the FFT of the transmitted pilot samples (including pulse shaping). 

In the L-FDMA+FH, the channel estimates from the two pilot blocks in each sub-frame are combined in the frequency domain using maximum ratio combining. In D-FDMA using staggered pilot transmission, a frequency domain channel estimate is calculated from each pilot block and these are then interleaved in the frequency domain. Thus staggered pilot transmission increases the frequency resolution of the channel estimate but reduces the SNR of each occupied pilot bin. 
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           Figure 1: 0.5 ms TTI - L-FDMA with FH & D-FDMA
In all cases, linear interpolation between adjacent pilot bins in the frequency domain is used to generate the channel estimate for equalisation of the data blocks. Noise suppression techniques are applied prior to interpolation in both cases.

From the simulation results in Figure 1 and Figure 2 it can be seen that L-FDMA with frequency hopping among subframes outperforms D-FDMA in the scenarios considered. Hence we propose that frequency hopping be considered as a mechanism to provide diversity to L-FDMA transmission in the evaluation of the E-UTRA uplink.
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Figure 2: 2.0 ms TTI - L-FDMA with FH & D-FDMA
3 Interaction of Frequency Hopping with other functionality

The interaction of frequency hopping with time/frequency scheduling has been questioned in RAN1#44. It is to be noted that we are suggesting the adoption of frequency hopping as a mechanism to provide frequency diversity to users who cannot be scheduled via their control channel. Users at high speeds are a potential group of users who can benefit from such a mechanism. Obviously, frequency resource blocks that are used by hopping users cannot be used for frequency scheduling but this is identical to the case when D-FDMA and L-FDMA transmissions are multiplexed via the reservation of a certain part of the spectrum for distributed users. 
An alternate usage of frequency hopping together with time/frequency scheduling can be envisaged in the case of users with a TTI duration spanning a number of subframes. In such case, the initial resource block selected for transmission (in the first subframe) can be chosen based on UE CQI reports while the subsequent resource blocks are chosen from a deterministic hopping pattern.
4 Complexity of Frequency Hopping

The complexity of frequency hopping has also been raised in prior RAN1 meetings. It is to be remembered that frequency hopping already exists in current GSM systems and their adoption in E-UTRA is not expected to be any more complex than already experienced there. Since the hopping pattern will need to be orthogonal within a cell, the hopping sequence (and a possible user offset in case all UE’s use the same sequence) needs to be allocated by the Node B to ensure that there is no collision between UE transmissions in subsequent hops.
5 Conclusions
In this document we have compared the performance of L-FDMA with frequency hopping with D-FDMA using an advanced channel estimator in realistic high-speed scenarios. Simulation results indicate that L-FDMA with frequency hopping can outperform D-FDMA by providing more than adequate frequency diversity. Hence we propose that L-FDMA with frequency hopping be considered for users who cannot benefit from time/frequency scheduling as an alternative to D-FDMA. A text proposal addressing the same is included below.
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------------------ --------------Start of Text Proposal ----------------------------------------------

9.1.1
Basic transmission scheme

The basic uplink transmission scheme is based on low-PAPR single-carrier transmission (SC-FDMA) with cyclic prefix to achieve uplink inter-user orthogonality and to enable efficient frequency-domain equalization at the receiver side. Frequency-domain generation of the signal, sometimes known as DFT-spread OFDM, is assumed and illustrated in Figure 9.1.1-1. This allows for a relatively high degree of commonality with the downlink OFDM scheme and the same parameters, e.g., clock frequency, can be reused,
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Figure 9.1.1-1 Transmitter structure for SC-FDMA.

The sub-carrier mapping determines which part of the spectrum that is used for transmission by inserting a suitable number of zeros at the upper and/or lower end in Figure 9.1.1-2. Between each DFT output sample L-1 zeros are inserted. A mapping with L=1 corresponds to localized transmissions, i.e., transmissions where the DFT outputs are mapped to consecutive sub-carriers. Additional frequency diversity may be achieved in such a case with subframe based frequency hopping. With L>1, distributed transmissions result, which are considered as a complement to localized transmissions and provide  frequency diversity without the need for frequency hopping.
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Figure 9.1.1-2 Localized mapping (left) and distributed mapping (right).

The basic sub-frame structure for the uplink transmission is given in Figure 9.1.1-3 using two short blocks (SB) and six long blocks (LB) per sub-frame. Short blocks are used for reference signals for coherent demodulation and/or control/data transmission. Long blocks are used for control and/or data transmission. Note that the data could include either or both of scheduled data transmission and contention based data transmission. Furthermore, the same sub-frame structure is used for both localized and distributed transmission.

The numerology for the different spectrum allocations is shown in Table 9.1.1-1. The minimum TTI for uplink transmission is equal to the uplink sub-frame duration. Similar to the downlink, the possibility to concatenate multiple sub-frames into longer uplink TTIs should be considered.
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Figure 9.1.1-3. Sub-frame format with two short blocks/sub-frame

Table 9.1.1-1. Parameters for Uplink Transmission Scheme using BW efficiency of ~90%

	Spectrum Allocation
(MHz)
	Sub-frame duration
(ms)
	Long block size
((s/#of occupied subcarriers /samples*2)
	Short block size
((s/#of occupied subcarriers /samples)
	CP duration
((s/samples *1)


	20
	0.5
	66.67/1200/2048
	33.33/600/1024
	(4.13/127) ( 7,

(4.39/135) ( 1*

	15
	0.5
	66.67/900/1536
	33.33/450/768
	(4.12/95) ( 7,

(4.47/103) ( 1*

	10
	0.5
	66.67/600/1024
	33.33/300/512
	(4.1/63) ( 7,

(4.62/71) ( 1*

	5
	0.5
	66.67/300/512
	33.33/150/256
	(4.04/31) ( 7,

(5.08/39) ( 1*

	2.5
	0.5


	66.67/150/256
	33.33/75/128
	(3.91/15) ( 7,

(5.99/23) ( 1*

	1.25
	0.5
	66.67/75/128
	33.33/38/64
	(3.65/7) ( 7,

(7.81/15) ( 1*1


*1: {(x1/y1) ( n1, (x2/y2) ( n2} means (x1/y1) for n1 reference signal or data blocks and (x2/y2) for n2 reference signal or data blocks

*2: FFT size = samples
------------------ --------------End of Text Proposal ----------------------------------------------
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