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1
Summary
We propose to adopt the following for the structure of uplink demodulation RS in E-UTRA:

· Demodulation RS bandwidth span

· Same BW as data

· RS sequences

· Zadoff-Chu (ZC) sequences
· RS sequence length

· Equals length of data measured in terms of 15 KHz resource units

· RS sequence planning

· One base sequence per cell

· Multiple cyclic shifts and time domain CDM thereof

· RS construction

· Coordinated across network

· Implicit mapping derived from:

· Cell ID

· Spatial multiplexing mode

· Bandwidth allocation

2
Discussion
2.1
Sequence Planning

Consider a ZC sequence of natural length N and base sequence parameter λ as shown below:
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In E-UTRA uplink, each resource block spans 180 KHz over 1ms. Assuming that the maximum number of RB is 100, we have:
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It is desirable to have a large number of base sequences available to minimize the amount of cell planning. Note that the base sequence parameter λ needs to be relatively prime to the sequence length.
Figures 1 and 2 illustrate the number of base sequences available as a function of sequence length. The sequence length is in units of number of resource blocks, so the natural sequence length is a multiple of 12 with the index.
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Figure 1

Number of ZC Sequences – Nrb = 1:100
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Figure 2

Number of ZC Sequences – Nrb < 25

	Number of Resource Blocks
	RS Sequence Length
	Number of Base Sequences

	1
	12
	4

	2
	24
	8

	3
	36
	12

	4
	48
	16

	5
	60
	16

	6
	72
	24

	7
	84
	24

	8
	96
	32

	9
	108
	36

	10
	120
	32

	11
	132
	40

	12
	144
	48

	13
	156
	48

	14
	168
	48

	15
	180
	48

	20
	240
	64

	25
	300
	80

	50
	600
	160

	75
	900
	240

	100
	1200
	320


Table 1
Number of ZC Sequences
Assuming that we need a large reuse on base Chu sequences (to account for at least two tiers of cells), it is seen that for smaller bandwidth allocations, we do not have enough natural length ZC sequences. 
It should be noted that the sequences must be chosen such that the difference of any two base parameters is also relatively prime to N. This aspect has not been taken into account in Table 1.
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To avoid this problem, we support the proposal to use extensions of prime length sequences.
2.2
Sequence Generation

There are two approaches to generate cyclically shifted ZC sequences – with or without DFT operation. 
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Figure 3

ZC Sequence Generation
Consider a base sequence of natural length N. We define a cyclically shifted sequence as follows:
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Let two different cyclically shifted sequences from different users (or antennas) occupy the same BW. The cyclic shifts are indexed by (a, b).

2.2.1
No DFT Operation

After the FFT operation at the receiver, in the absence of any other noise or interference, we have:
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To extract the relevant RS, we match the signal with the corresponding sequence in frequency domain:
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This needs to be further processed in time domain to suppress the additive term.
2.2.2
With DFT Operation
After DFT operation at transmitter, we have:
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After the FFT operation at the receiver, in the absence of any other noise or interference, we have:
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To extract the relevant RS, we match the signal with the corresponding sequence in frequency domain:
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This needs to be further processed in time domain to suppress the additive term.

2.3
Number of Cyclic Shifts

From sections 2.2.1 and 2.2.2, it is seen that one needs to resort to time domain processing to suppress co-channel interference.

This can be ensured by assuming that the cyclic shifts are well spaced in time, much larger than the delay spread of the channel.

We propose to multiplex at most 6 cyclic shifts within one RB for natural length ZC sequences.

However, the exact number of shifts needs to be further verified if one uses extended or truncated ZC sequences.
2.4
Time domain CDM

For low doppler, non frequency hopped scenarios, time domain CDM is a simple technique to multiplex RS from up to two antennas within the same set of RB. These antennas can be from the same UE (SU-MIMO) or different UEs (SDMA).

Time domain CDM is achieved by employing orthogonal Walsh covering over the transmitted RS as shown in Figure 4.
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Figure 4

RS Structure – Time Domain CDM
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