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1 Introduction

In TR-031091 [1] presented during RAN1-34 meeting in Seoul, some aspects of OFDM-UE blocks’ complexity was presented. Those blocks, FFT operation, the channel estimation and the equalization, are independent and constitute functionalities used in order to perform OFDM reception.

This document concerns a text proposal for section  6.8.2 in TR 25.892 about the channel estimation complexity at the UE side.

2 Channel Estimation

In OFDM systems, since pilot symbols are transmitted in a specific time/frequency location and not in a continuous way as in the UMTS system, channel estimation is done mainly by interpolation among these pilots. Thus the channel estimation complexity depends basically on the interpolation method. 

When considering the channel sufficiently constant between tow consecutive pilots, the trivial interpolation may be applied, this is done by repeating the channel value of the pilot until the next pilot is reached (step interpolation), then the new channel value is repeated. This method has no additional complexity

Linear interpolation can be done also in similar conditions of slow varying channel, this is done by joining channel values on pilot symbols by a straight line, this method induces a very low complexity.

Interpolation by filtering can be also applied, the complexity of this method depends on the size of the used filters.

Other interpolation methods are based on projection over some orthogonal basis of dimension arbitrary chosen. The advantage of this method consists in its flexibility, the basis dimension is chosen to cope the best with the channel condition (higher dimension for higher channel variability). Interpolation by Fourier transform can be seen as a projection over frequency basis. It is worth noting that this method is considered among the most complex interpolating methods.

2.1 Channel estimation : Interpolation by projection over a basis

The two dimension channel interpolation can be turned to one dimension interpolation by gathering the received pilots values in one vector. Channel estimation is done independently for every block of one or several OFDM symbols. Let the number of the OFDM symbols in a TTI be T (27 for set1 and 12 for set2) let the number of the used sub-carriers within one OFDM symbol be L, thus the block sub-carriers number is L.T. Let the number of the received pilot symbols within a block of L.T symbols be P and finally, let K be the dimension of the basis (the number of the considered basis’ vectors). The considered basis {V} is then the set of K orthogonal vectors, each of length M = L.T : {V0, V1, …, VK-1}

The projection of the received signal y(t) over the basis can be written as :
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(ck stand for the projection coefficients) when sampled at t=nTc (Tc = 1/F0, F0 stands for sampling frequency), we can find :
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in a matrix representation, this gives :
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in our problem, the communication channel is only known at pilot positions which gives :
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the vector Y(P) is constituted by the received signal taken at the pilots positions. The matrix Vp(P,K) is the values of the vector basis taken at the pilots positions. Thus the projection coefficients vector C(K) is obtained by : 
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. The estimated channel values are obtained by : 
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In order to reduce complexity, the pilot symbols have to be identically localized within the data block where the interpolation is done in order to have always the same matrix 
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2.2 Channel Estimation block diagram

Channel estimation by projection over a basis can be done as illustrated in Figure 1.
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Figure 1 - channel estimation by interpolation

The basic operation consists on a multiplier and an accumulator (MAC). Let D denotes the number of the MAC units used in parallel, if we assume that a multiplication and an addition can be performed during one clock cycle then the processing time for projection coefficients calculation is 
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2.3 Numerical application

As numerical example, this section gives results in term of memory sizes, processing times and hardware amount required given different sets of parameters. ROM and RAM items are coded on 8 bits.

In this application the channel estimation is supposed to be done over a sub-band of T =27 (set1) and 12 (set2) OFDM symbols, and containing L = Nu/15 sub-carriers (Nu is the total number of modulated sub-carriers ~ 20 set1 and 47 set2). Thus the channel interpolation is done over M = 480 (set1) and 562 (set2) sub-carriers.

Let time pilot period be 3 (one pilot symbol every 3 OFDM symbols) and pilot frequency period be 8 (one pilot every 8 sub-carriers), thus the pilot symbols number within the considered sub-band is 

Set1 : ceil(20/8)*ceil(27/3) = 27

Set2 : ceil(47/8)*ceil(12/3) = 24

Parameters presented in Table 1 are considered as example.

	Parameter
	Set1
	Set2
	Set3
	Set4
	Set5
	Set6

	M (total number of symbols)
	520
	520
	520
	520
	520
	520
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(number of basis vectors)
	10
	15
	20
	10
	15
	20
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(number of pilot within a block)
	24
	24
	24
	24
	24
	24
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(Multiplier & Accumulator nbre)
	1
	1
	1
	2
	2
	2


Table 1 - 6 different sets of parameters

	Step/Set
	Set1
	Set2
	Set3
	Set4
	Set5
	Set6

	Coefficient projection calculation
	240
	360
	480
	120
	180
	240

	Channel tap calculation
	4960
	7740
	9920
	2480
	3870
	4960


Table 2 - Processing time expressed in clock cycles for coefficient and channel tap calculation.

	ROM Memory
	Set1/Set4
	Set2/Set5
	Set3/Set6

	INV_BASIS ROM
	240  items
	360  items
	480  items

	BASIS FUNCTION ROM
	5200 items
	7800 items
	10400 items

	Total
	5440 items
	8260 items
	10880 items


Table 3 - ROM required for the channel estimator given the set of parameters presented in Table 2.

	RAM Memory
	Set1/Set4
	Set2/Set5
	Set3/Set6

	PILOT RAM
	48 items
	48 items
	48 items

	Projection coefficients RAM 
	20 items
	30 items
	40 items

	Total
	68 items
	78 items
	88 items


Table 4 – RAM required for pilots and projection coefficients.
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Text proposal for section 6.8.2 in TR 25.892

Based on this study, we suggest to incorporate the following text proposal into the TR. 

--------------------------------------- start of text proposal---------------------------------------

6.8.2
UE Channel Estimation complexity

Since the pilot symbols are transmitted in a specific time/frequency locations, the channel estimation is done mainly by interpolating among these pilots. In this case the channel estimation complexity depends basically on the interpolation method. 

The simplest method without additional complexity is when considering the channel sufficiently constant between tow consecutive pilots, the trivial interpolation may be applied, this is done by repeating the channel value of the pilot until the next pilot is reached, then the new channel value is repeated. 

A more complex interpolating method is based on projection over some orthogonal basis of an arbitrary chosen dimension. The advantage of this method consists in its flexibility, the basis dimension is chosen to cope with the channel conditions (higher dimension for higher channel variability). When considering that channel estimation is done within a sub-band containing approximately 520 sub-carriers and 24 pilot symbols, and when using an orthogonal basis containing 15 vectors, then ROM memory requirement is 8260 items and RAM memory requirement is 78 items and sub-band estimation will requires roughly less than two OFDM symbols FFT processing time.

 --------------------------------------- end of text proposal---------------------------------------
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