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1
Summary

We propose to adopt the following for E-UTRA:

· RS bandwidth span

· RS effectively spans the same BW as data

· RS structure for data demodulation
· Four SB in 1ms

· Study the possibility of a new uplink subframe structure

· 7 or 6 LB per subframe with short/long CP

· RS structure for channel sounding

· Use of dedicated LB from a few subframes

· Signaled to UE during channel assignment
· RS sequences

· Zadoff-Chu (ZC) sequences

· RS multiplexing in a given cell
· Orthogonal FDM between users/streams in a given cell
· RS multiplexing across multiple cells

· Structure allows for time domain CDM between cells
· Sequences multiplied by orthogonal (Hadamard) codes in time

· Structure allows for frequency domain CDM

· Cyclic shifts of same ZC sequence

· RS construction
· Coordinated across network

· Implicit mapping derived from:

· Cell ID

· Spatial multiplexing mode
· Bandwidth allocation
2
Bandwidth Span
2.1
FDM vs. CDM-FDM Hybrid RS
We compare the link performance with two pilot structures, as shown in Figures 1 and 2.

· Orthogonal FDM pilot with same BW span as data – Figure 1
· Hybrid CDM-FDM pilot – Figure 2
· CDM pilot spans entire BW in 1st SB

· FDM pilot spans same BW as data in 2nd SB
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Figure 1

FDM RS
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Figure 2

Hybrid CDM-FDM RS
2.2
Simulation Setup

The MCS for all link simulations are shown in Tables 1 and 2.

	Modulation
	TB Size
	Number of data “tones” per symbol
	Code Rate

	QPSK
	300
	50
	0.50

	16-QAM
	600
	
	0.50


Table 1
Allocation = 750 KHz
	Modulation
	TB Size
	Number of data “tones” per symbol
	Code Rate

	QPSK
	600
	100
	0.50

	16-QAM
	1200
	
	0.50


Table 2
Allocation = 1500 KHz
The results are shown in Figures 3 and 4. It is seen that the link performance with a FDM pilot is always better. 
As expected, the performance gap increases, as the data occupied bandwidth decreases. Even with a 750 KHz transmission, the performance with a FDM pilot outperforms that with a hybrid pilot 1 dB. With a minimum allocation spanning 180 KHz (12 “tones”), the gap is expected to widen further.
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Figure 3

FDM vs. Hybrid RS – QPSK – Rate 1/2
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Figure 4

FDM vs. Hybrid RS – 16-QAM – Rate 1/2
3
Demodulation

The current short CP subframe structure allows for 4 SB and 12 LB within 1ms TTI. However, this structure was created with a 0.5ms TTI in mind.

One possibility is to consider an alternative subframe format with 14 LB (short CP subframe format) or 12 LB (long CP subframe format) with no SB. This is shown in Figure 5.
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Figure 5

RS for Demodulation
The new structure has the following benefits:

· Symmetric structure with downlink

a. Simplifies the implementation with reuse of blocks across uplink and downlink

· For the short CP subframe format, the CP length is longer in the new format

· Increased choice of Chu sequences for cell planning
a. More sequences available as RS, especially for smaller BW allocations
b. For minimum BW (180 KHz), using a length-12 sequence, we have 5 base sequences and 11 cyclic shifts thereof

· One-to-one correspondence between data and pilot “tones”

a. Useful in certain SDMA scenarios

However, it is possible that channel estimation loss is increased, especially in the presence of very high Doppler. The performance needs to be investigated further, but the pros outweigh the cons in most scenarios.
4
Broadband RS
For FDD systems, a broadband RS is necessary to benefit from uplink frequency selective scheduling (FSS) and potentially as a reference for intra-cell power control. However, FSS is not seen as necessary across all system bandwidths, especially for smaller bandwidths such as 1.25 MHz, where the gains from FSS are limited.
From this viewpoint, we propose that a few LB in a given 10ms radio frame are set aside for channel sounding. The presence of LB for broadband RS is indicated via L3 signaling during channel assignment.
5
RS Multiplexing

For intra-cell transmissions, we propose to retain an FDM RS structure. This is shown in Figure 6. 

Two streams occupy the same bandwidth. These streams can be from the same UE (SU-MIMO) or different UEs (SDMA). The RS for both streams are orthogonally transmitted using FDM.
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Figure 6

RS Multiplexing – Intra-cell FDM
To create multiple RS across cells, time-domain CDM construction is used. 

There are 4 SB per 1ms TTI, allowing for 4 time-domain orthogonal signals for the same frequency domain Chu sequence. In case the new subframe format is eventually adopted, there are 2 time-domain orthogonal sequences for the same frequency domain Chu sequence.
This is shown in Figure 7. Each of the four sequences represents a different cell.
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Figure 7

RS Multiplexing – Inter Cell CDM
To create even larger number of RS across cells, different cyclic shifts of the same base set of Chu sequences are used. As long as each cyclic shift corresponds to value greater than the channel delay spread, this can be called as frequency domain CDM construction. The length of each such sequence in frequency domain must clearly be within the channel coherence bandwidth. 

Finally, a large set of base Chu sequences are used across the entire system.

As an example, for the short CP based numerology, the coherence bandwidth is ~200 KHz. Therefore, we can construct 2 base Chu sequences of length-6, with 5 cyclic shifts per base sequence.
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