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1. Introduction

In the previous RAN1#61 meeting, it has been discussed on sequence hopping and sequence group hopping for UL DM-RS and the following conclusion was captured in RAN1 chairman’s note. 

Agreement:

· Rel-8/9 cell-specific enabling or disabling of SGH is available in Rel-10

· In order to improve the inter-cell interference randomization for MU-MIMO with different bandwidth pairing, 14 companies are OK to consider defining a new mechanism for the Rel-10 and beyond UE if there is no big standardization effort.

· A new mechanism should show benefit in performance

· Continue discussion in the next meeting, including application scenarios

In this contribution, we discuss further considerations for UL DM-RS such as OCC support in sequence hopping/ sequence group hopping, cyclic shift (CS) allocation for multiple layers and implicit mapping between OCC and dynamically signalled CS index.
2. Further Consideration on UL DM-RS 
2.1. OCC support in sequence hopping/sequence group hopping 
The introduction of OCC has benefit for case of MU-MIMO UE paring with non-equal bandwidth. However, if cell specific sequence/group hopping on slot boundary is enabled, OCC cannot guarantee the DM-RS orthogonality for each UE in MU-MIMO scenarios above. Therefore, the method to maintain DM-RS orthogonality on sequence/group hopping is required in case MU-MIMO paring of UEs with non-equal bandwidth.
There are two alternatives to support OCC on sequence/group hopping in case MU-MIMO paring of UEs with non-equal bandwidth as followings: 
· Alt A : Keep Rel-8 sequence/group hopping based on slot boundary

· Alt B : Introduce new hopping mechanism
As a method to keep Rel-8 sequence/group hopping mechanism, it seems reasonable to disable the sequence/group hopping of all the UEs in the cell to support un-equal bandwidth pairing of Rel-10 UE with OCC. This method can be implemented by simple operation without specification impact. However, it requires more complicate sequence planning due to non-sequence/group hopping. 
If new sequence/group hopping mechanism is introduced in Rel-10, it could be considered to adopt disabling sequence/group hopping UE-specifically or UE specific sub-frame level both sequence/group hopping in Rel-10 only for UL DM-RS due to the fact that cell specific sequence/group hopping operation is commonly applied even for PUCCH and SRS. It seems proper that the indication for disabling sequence/group hopping and for sub-frame level sequence/group hopping of DM-RS is set to UE-specific parameter. The details of indication are FFS.
Proposal: It seems reasonable to consider a method in order to support MU-MIMO paring UEs with non-equal bandwidth on sequence/group hopping with minimal specification impact
2.2. Configuration between OCC and CS index
According to the conclusion in RAN1 #60bis meeting, it has been agreed to introduce the OCC in Rel-10 without increasing UL grant signalling overhead. That is to say, implicit signalling for OCC configuration is required. The OCC configuration could be linked to predefined 3-bit CS value in order to guarantee orthogonality for DM-RS with possible maximum CS distance between layers as well as non-equal bandwidth multiplexing between UEs. Table 1 shows an example of implicit signalling for OCC configuration. 

Table 1. Example of implicit signalling both for SU and MU-MIMO
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	000
	0
	[+1 +1]

	001
	6
	[+1 +1]

	010
	3
	[+1  -1]

	011
	4
	[+1  -1]

	100
	2
	[+1 +1]

	101
	8
	[+1 +1]

	110
	10
	[+1  -1]

	111
	9
	[+1  -1]


By implicit signalling for OCC configuration as shown in Table 1, DM-RS orthogonality can be guaranteed for different number of layers in condition of not applying OCC between layers for rank-2 transmission since introduction of OCC does not improve SU-MIMO performance up to rank-2. Additionally, it seems reasonable not to apply OCC between layers for rank-2 transmission due to the fact that DM-RS orthogonality between MU-MIMO paring UEs with non-equal bandwidth should be obtained by applying different OCC index between UEs and also rank-2 transmission in SU-MIMO could be part of MU-MIMO paring. Table 2 shows an example for CS/OCC combination according to the number of layers based on implicit mapping as shown in Table 1.
Table 2. Example for implicit mapping on OCC/CS configuration
	
	1st Layer
	2nd Layer
	3rd Layer
	4th Layer

	
[image: image3.wmf])

2

(

DMRS

n


	0
	3
	6
	9

	
[image: image4.wmf]OCC

n

DMRS


	[+1 +1]
	[+1  -1]
	[+1 +1]
	[+1  -1]


(a) Example for rank-4 transmission
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(b) Example for rank-3 transmission 
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(c) Example of rank-2 transmission
Proposal: It seems beneficial to adopt implicit signalling for OCC/CS configuration in condition of not applying OCC between layers for rank-2 transmission
2.3. Cyclic shift configuration for multiple layers
To support UL MIMO transmission in LTE-A, multiple CSs for UL DM-RS need to be allocated to a UE. And it is also desirable as criterion for CS allocation that the CS separation among layers have as large as possible in order to minimize inter-layer interference from the perspective of CDM approach using CSs among multiple layers. 
There are three alternatives as detailed options to indicate multiple CSs to a UE [1][2].
· Alt 1: Multiple CS fields for multiple layers

· Alt 2: One CS field for a reference layer (e.g. layer 0) and one gap field of increment indication for other layers

· Alt 3: Only one CS field for indication reference layer (e.g. layer 0) and predefined CS allocation for other layers

All of alternatives can guarantee large separation of CSs among layers as criterion for CS allocation by implicit or explicit signalling. Therefore, there is no difference among three alternatives from the perspective of channel estimation performance. On the other hand, Alt 1 and Alt 2 require additional control overhead for absolute or relative CS values as compared with Alt 3. In that sense, Alt 3 is beneficial as CS configuration for multiple layers in UL-MIMO.
As a predefined CS allocation rule in Alt 3, the CS index for multiple layers can be derived by using rank indicator from only one CS indication on reference layer so that the CS separation can be maximized. Figure 1-(a), (b) are examples for CS allocation on rank-4, rank-3 transmission respectively in case of applying 12/N, where N is rank indicator. With this approach, the same overhead as Rel-8 can be maintained while all CS values can be optimized. 
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(a) CS value assignment for rank-4 transmission
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(b) CS value assignment for rank-3 transmission

Figure 1. Example of CS resource separation within 12 elements
Proposal: Only one CS field for indication reference layer and predefined CS allocation (e.g. d=12/N, d: CS gap in layer-by-layer, N: # of layer) for other layers

3. Conclusion
In this contribution, we described further consideration for UL DM-RS design on UL MIMO transmission in LTE-A. Based on the discussion above, our proposals are as follows:
· Proposal: It seems reasonable to consider a method in order to support MU-MIMO paring UEs within non-equal BW on sequence/group hopping with minimal specification impact.
· Proposal: It seems beneficial to adopt implicit signalling for OCC/CS configuration in condition of not applying OCC between layers for rank-2 transmission.
· Proposal: Only one CS field for indication reference layer and predefined CS allocation (e.g. d=12/N, d: CS gap in layer-by-layer, N: # of layer) for other layers.
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