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1. Introduction 
It has been proposed to support co-scheduling of up to 4 simultaneous UEs using Rel 9 Dual Layer Beamforming. This document considers some ways in which this could be done.
2. Discussion
2.1
Current assumptions
The current working assumption is to use a 2D orthogonal cover code (of length 2) as proposed by Docomo in [1], and applied to the UE specific reference symbols (URS). The specific codewords (defined across two pairs of REs) would be:-
Layer 1
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This will support up to 2 layers transmitted to a single UE or 1 layer to each of two UEs.with orthogonal reference symbols for each layer. 
Following Rel 8, a scrambling sequence would be applied to the URS. For the purposes of discussion we assume that this would be cell specific, and be applied directly to the REs carrying the URS.

2.2
Support for 4 UEs
Assuming an interest in supporting co-scheduling of up to 4 UEs, some additional features are necessary to provide additional URS, such as:
1. Additional URS distinguished by non-orthgonal scrambling sequences

The URS sequence could be defined by
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The pseudo-random sequence generator, 
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 at the start of each subframe where 
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 may take the value 0 or 1 and is a dynamically configurable scrambling ID in DCI format 2B, otherwise it is assumed to be 0. 
Layers 1 and 2 would be supported by 
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This has the disadvantage that the URS for Layers 3 and 4 would not be orthogonal to those for Layers 1 and 2. In addition the implementation requirements are not clear for suppressing the interference between the sequences.   
2. Additional URS distinguished by an orthgonal scrambling sequence

The prevoious approach could be modified such that the URS sequence for the additional layers are orthogonal. This can be done by modifying one srequence to generate a second orthogonal sequence. Since the first sequence consists of QPSK symbols, this can be done by inverting every other symbol of the complex conjugate of the first sequence, i.e. by multiplying by an alternating inversion sequence {1,-1,1,-1,1,-1……..). A large number of potential inversion patterns exist. For example, more generally this could be done by inverting every other group of N symbols. The proposed sequence has the advantage of ensuring URS orthogonality over the minimum number of REs. As a concrete example, the first URS sequence could be defined by:-
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and the second sequence generated by
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The first term of this equation is intended to generate the alternating inversion sequence.
The pseudo-random sequence generator, 
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 at the start of each subframe. The parameter 
[image: image12.wmf]SCID

n

 is now used in a different way to method 1 (i.e. to enable or disble the inversion pattern), but could still be signalled dynamically in the same way as for Methsd 1. 
This equation has the disadvantage that the sequences are not necessariliy fully orthogonal within one RB. This can be addressed with a modification such as:-
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This is intended to provide for adjusting the starting value of the inversion sequence for application to the URS appearing in different OFDM symbols, such that the successive inversion sequences are {1,-1,1,-1,1,-1……..) and {-1,1,-1,1,-1,1,……..). 

The result would be a pattern similar to the following for the 12 REs for the URS in a single RB.

	1
	-1
	1
	-1

	-1
	1
	-1
	1

	1
	-1
	1
	-1


3. Additional URS distinguished by additiuonal length 2 OCCs

One possibility for the codes would be as follows:
Layer 1

Layer 2

Layer 3

Layer 4

Subcarrier 1

(1,1)


(1,-1)


(1,1)


(1,-1)
Subcarrier 2

(1,1)


(-1,1)


(-1,-1)


(1,-1)
These codes would provide orthogonality between all four URS. One point to note is that the code for Layer 4does not conform to the “reverse mapping” concept in [1]. This would mean less resistance to time domain channel varaiations. However, in the case that simultaneous scheduling of four high mobility UEs is really required, this disadvanrage would be offset by the better performance from full orthogonality between the URS. 
4. Additional URS distinguished by extending to length 4 OCCs

This could be done by extending in the time domain or the frequency domain. However, although technically quite viable, since this aproach seems inconsistent with current assumptions in RAN1 it is not cosnidered further here.
3. Conclusions
Methods for providing URS for co-scheduling up to 4 UEs in Release 9 Dual Layer Beamforming have been considered. It seems possible to achieve this with orthogonal URS in a way which is consistent with current agreements and working assumptions for supporting 2 UEs. Therefore either of the following solutions are recommended:

· Method 2: Additional URS are distinguished by an orthgonal scrambling sequence

or 

· Method 3: Additional URS are distinguished by additional length 2 Orthogonal Cover Codes
If neither of these approachs are adopted, then the numberof URS should be limited to 2 and no explicit specification support provided for co-scheduling up to 4 UEs.
4. References
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