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1 Introduction

In RAN1#61bis, it was agreed that [1]
1. For initial transmission the CSI to (CS, OCC) should follow the following

· CS and OCC for layer 0(nDMRS,0(2), nOCC,0) is derived from 3-bit cyclic shift indicator (CSI) in UL DCI format. 
· Mapping table between CSI and ( nDMRS,0(2) , nOCC,0) 
· Exact mapping  is FFS
· CS for layer k (k=0,1,2,3) is derived from CS offset according to nDMRS,k(2)=(nDMRS,0(2)+∆k) mod 12
· CS offsets (∆k) for 2 layers are 0, 6 for k=0,1
· CS offsets (∆k) for 4 layers are 0, 6, 3, 9 for k=0, 1, 2, 3
· CS offsets (∆k) for 3 layers are FFS. 
2. FFS applicability of the above to retransmission cases

According to the agreement, CS offsets for 3 layers should be determined first, which is discussed in the contribution with link-level evaluation results. Based on the results and analysis, it is proposed that

· CS offsets for 3 layers are 0, 6, 3 considering performance of both SU-MIMO and MU-MIMO.
Further, the design for CS/OCC mapping is analyzed, and a mapping table is proposed, taking backward compatibility, SU-MIMO performance, complexity, and MU-MIMO flexibility into account.
The CS/OCC resources for retransmission are also discussed in the contribution.
2 Basic UL DM RS design
2.1 CS offsets for Rank=3

In previous discussion, there are mainly two CS design schemes for rank=3. In [9-11], CS spacing is proposed to be a multiple of 3 to simplify the signaling design. Another design is also proposed to set CS spacing to be a multiple of 4, so that the best orthogonality can be obtained [12-13].
To compare the two schemes, link-level simulation results are provided in Fig. 1. The simulation assumptions are given in Appendix 1. The scheme with CS separation=2 is also investigated. It can be observed from the results that:

· For rank=3 SU-MIMO, the scheme with CS spacing=3 has similar performance with CS spacing=4.
· For MU-MIMO scenario with a 3-layer UE and a 1-layer UE (emphasized in [14]), performance with CS spacing=4 suffers evident degradation especially for 64QAM, since the CS spacing between UEs is not more than 2.
In conclusion, the scheme with CS spacing=3 has similar performance with CS spacing=4 for SU-MIMO but evidently better performance for MU-MIMO. Further, in order to accord with the CS offsets for rank=2 (CS offsets are 0, 6) and rank=4 (CS offsets are 0, 6, 3, 9), it is proposed that:
· CS offsets for 3 layers are 0, 6, 3.
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Fig. 1 Link-level simulation results for rank=3 SU-MIMO
2.2 CS/OCC mapping table
According to previous discussions about the benefit from CS/OCC, the following design criteria should be considered in signaling besides current agreements and the proposal above:

· When rank=2, the same OCC may be applied for both layers to benefit MU-MIMO with unequal bandwidth allocation (the benefit from better orthogonality by OCC is negligible for rank=2 SU-MIMO [2]).

· The 3rd & 4th layers may adopt the OCC different from the 1st & 2nd layers for some configurations, so as to improve SU-MIMO performance.
· For some configurations, the same OCC (OCC [+1 +1] or OCC [+1 -1]) may be adopted for all layers to facilitate MU-MIMO with unequal bandwidth allocation and a larger number of layers per UE.
· CS values for the 1st layer may follow Rel-8 design, since the design has been justified in previous discussions for Rel-8 and small standardization efforts for indicating PHICH resources are needed with the criterion (the same PHICH resource mapping rule can be reused).

· Low implementation complexity and standardization efforts should be introduced.

Base on the criteria above, an example satisfying all the criteria is provided in Table 1. The merits of such design include:

· Backward compatibility: the CS values for Layer 0 follow Rel-8 design.

· SU-MIMO performance: CS spacing between layers is at least 3 to bring high orthogonality.

· Complexity: a simple nested design is proposed (similar to the structure of [10][11]) to simplify the configurations.
· MU-MIMO flexibility: all MU-MIMO scenarios can be supported (details in section 2.3).
Table 1 Proposed DM RS configuration design
	DM RS configuration 
	CS
	OCC

	
	Layer0
	Layer1
	Layer2
	Layer3
	Layer0
	Layer1
	Layer2
	Layer3

	0
	0
	6
	3
	9
	0
	0
	1
	1

	1
	6
	0
	9
	3
	1
	1
	0
	0

	2
	3
	9
	6
	0
	1
	1
	0
	0

	3
	4
	10
	7
	1
	0
	0
	0
	0

	4
	2
	8
	5
	11
	0
	0
	0
	0

	5
	8
	2
	11
	5
	1
	1
	1
	1

	6
	10
	4
	1
	7
	1
	1
	1
	1

	7
	9
	3
	0
	6
	0
	0
	1
	1


“0” denotes OCC [+1 +1] and “1” denotes OCC [+1 -1]
Note that the performance for SU-MIMO has been justified in previous contributions [2][6], hence the design in Table 1 can well guarantee orthogonality between layers. The following section only considers application for MU-MIMO scenarios.
2.3 Application for MU-MIMO scenarios
In this section, we adopt a graphical way to describe DM RS configurations. DM RS configurations in Rel-8 are shown in Fig. 2, and the proposed DM RS configurations in Table 1 are shown in Fig. 3.
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Fig. 2 A graphical sketch for DM RS configurations in Rel-8
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Fig. 3 A graphical sketch for the proposed DM RS configurations in Table 1
In the following description, some typical scenarios are investigated, and several implementation schemes of the DM RS configurations in Table 1 for the scenarios are given. Note that all following options can support either equal or unequal bandwidth allocation, when SGH issue described in [15] can be solved.
2.3.1 Scenarios for pairing Rel-8 and Rel-10 UEs

Scenario 1: 2 Rel-8 UEs, 1 Rel-10 UE/2 layers
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Fig. 4 Application of the proposed DM RS configurations for Scenario 1
2.3.2 Scenarios for pairing Rel-10 UEs
Scenario 2: maximum 4 Rel-10 UEs
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Fig. 5 Application of the proposed DM RS configurations for Scenario 2

Scenario 3: 2 Rel-10 UEs/2 layers
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Fig. 6 Application of proposed DM RS configurations for Scenario 3

Scenario 4: 2 Rel-10 UEs/4 layers
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Fig. 7 Application of proposed DM RS configurations for Scenario 4

From the examples above, it can be concluded that the proposed DM RS configurations can satisfy all MU-MIMO scenarios. Note that not all possibilities are shown. Since there are several options for any usual MU-MIMO scenario, PHICH collision is not a problem with the proposed DM RS design.
3 CS/OCC resources for retransmission
With adaptive retransmission, CS/OCC resources can be reassigned to UE with a new UL Grant, so as to adapt to the channel fluctuation and optimize link quality in retransmission. This section only discusses the non-adaptive retransmission case.

In SU-MIMO scenarios, a simple solution is to reuse the same resources (i.e. the CS value 
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 in Rel-8) in retransmission as those in the initial transmission. This method is backward compatible and works well even when there are multiple codewords. Satisfying performance can be foreseen if the DM RS configuration table is well designed. Enhancement with additional interference randomization may help improve the transmission quality, but require demonstrating evident gain. The current interference randomization techniques (CS hopping, sequence/group hopping) reduce the necessity for the introduction of an additional interference randomization technique.

4 Conclusion

This contribution discusses current issues in UL DM RS design. Based on link-level evaluation and analysis, it is proposed that

· CS offsets for 3 layers are 0, 6, 3 considering performance of both SU-MIMO and MU-MIMO.
About the CS/OCC mapping, backward compatibility, SU-MIMO performance, complexity MU-MIMO flexibility etc. are taken into account, and a mapping table is proposed as follows:
	DM RS configuration 
	CS
	OCC

	
	Layer0
	Layer1
	Layer2
	Layer3
	Layer0
	Layer1
	Layer2
	Layer3

	0
	0
	6
	3
	9
	0
	0
	1
	1

	1
	6
	0
	9
	3
	1
	1
	0
	0

	2
	3
	9
	6
	0
	1
	1
	0
	0

	3
	4
	10
	7
	1
	0
	0
	0
	0

	4
	2
	8
	5
	11
	0
	0
	0
	0

	5
	8
	2
	11
	5
	1
	1
	1
	1

	6
	10
	4
	1
	7
	1
	1
	1
	1

	7
	9
	3
	0
	6
	0
	0
	1
	1


About the CS/OCC resources for retransmission, the resources in initial transmission can be reused in retransmission to simplify the design.
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Appendix 1: Simulation assumptions for Rank=3 evaluation
Table 3 Link-level simulation assumptions
	Description
	Assumption

	Carrier frequency
	2GHz

	System bandwidth
	5MHz

	FFT size
	512

	Moving speed
	3kmph

	Antenna configuration
	4 (UE) (4 (eNB)

	Channel model
	TU (6-Ray) [17]

	PRB number
	10

	Modulation
	QPSK, 16QAM, 64QAM

	Code rate
	1/2

	Rank
	3
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