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1. Introduction

In LTE UL transmission based on single antenna, single cyclic shift (CS) based DM-RS is defined. To support UL MIMO transmission for LTE-A, one potential way is to apply multiple CS resources keeping backward compatible uplink sub-frame design. Considering multiple CS utilization for UL MIMO, one of important consideration points would be how to allocate CS resources efficiently. In addition, how to signal or define OCC to a UE could be an issue if OCC is introduced. In the contribution, we described some DM-RS design guidelines for UL MIMO in LTE-A. 
2. Consideration on DM-RS for UL MIMO transmission
· Cyclic shift allocation 
In the RAN1 #57 meeting, it was decided that cyclic shift (CS) separation is the primary multiplexing scheme [1]. To support UL MIMO transmission in LTE-A, the orthogonality using CSs among layers could be a considerable criterion so that channel estimation performances for multiple layers can be ensured. In CDM approach using CSs, it is desirable that the different CSs between layers have far distances as much as possible to minimize inter-layer interference in channel estimation for each layer resulting from delay spread of channel.

As detailed options to indicate multiple CSs to a UE, three options can be summarized [2, 3];
Option 1. Multiple CS fields for multiple layers
Option 2. One CS field for a reference layer (e.g. layer 0) and one gap field of increment indication for other layers
Option 3. Only one CS field for indication reference layer (e.g. layer 0) and predefined CS allocation for other layers
All the options described above can fulfil the important criterion which is large separation of CSs among the layers by means of implicit predetermination or explicit signalling. Therefore, there is no difference among three options in perspective of channel estimation performance. On the other hands, Option 1 and Option 2 require additional overhead of absolute or relative CS values in comparison of Option 3. In that sense, Option 3 is preferable for CS allocations in UL-MIMO.
As a detail for Option 3, the CS separation in layer-by-layer can be predefined as 12/N so that the CS separation can be maximized, where N is the number of layers. When N is provided by four which is the maximum rank, the CS separation becomes 3(=12/4) as seen in Figure 1. For example, if CS value ‘0’ and rank-4 transmission are indicated in DCI format for UL MIMO, four CS values (i.e. ‘0’, ‘3’, ‘6’ and ‘9’) can be assigned for each layer. Also, when CS value ‘2’ is configured and transmission rank is ‘3’, three cyclic shift values (i.e. ‘2’, ‘6’ and ‘10’) are allocated for three layers. 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
· Orthogonal cover code (OCC)
In [4]-[12], it is proposed that OCC in addition to CS separation is introduced to further reduce inter-layer interferences. The several contributions showed that the introduction of OCC has a benefit to further suppress interference. In addition, the orthogonal multiplexing for non-equal bandwidth in MU-MIMO can be supported by using OCC when group-hopping / sequence-hopping is disabled. Further, the introduction of OCC has a benefit to potentially increase the multiplexing capacity from 12 to 24. Therefore, to employ OCC on DM RS across slots both for SU and MU-MIMO is preferable.
· Configuration of CS and OCC
In our view, the separate transmission modes for SU/MU-MIMO may not be necessary in LTE-A. Therefore, the common configuration rule for CS and OCC might be necessary.
As for CS configuration, only one CS field is needed since the CS distance in layer-by-layer can be predefined. It means that the 3-bit CS value in DCI format can be reused to configure CS. It is noted that the CS values according to the layers can be defined in conjunction with OCC application. In case of over rank-2, it was shown that OCC can provide better orthogonality among the multiplexed DM RS from different layer [4]-[9]. On the other hands, in case of 2 layers transmission, OCC may provide marginal performance gain because the interference from other layer is reduced by the enough separation of DM-RS. Therefore, for conjunction of CS and OCC, it is desirable that OCC is adopted for 3rd layer and 4th layer.
Table 1. Example of conjunction of CS and OCC
	
	1st layer
	2nd layer
	3rd layer
	4th layer
	CS separation between DM RS for each layer

	Rank-1
	[1  1]
	
	
	
	-

	Rank-2
	[1  1]
	[1  1]
	
	
	12 / 2 

	Rank-3
	[1  1]
	[1 -1]
	[1  1]
	
	12 / 3

	Rank-4
	[1  1]
	[1 -1]
	[1  1]
	[1 -1]
	12 / 4


As for OCC configuration, the following two ways can be considered;

· Option A: One bit signalling for UE specific OCC index in DCI format in addition to predefined 3-bit CS value is provided. (total four bits)
· Option B: OCC is predefined in combination of predefined 3-bit CS value in order to make possible maximum CS distance between layers as well as non-equal bandwidth multiplexing between UEs. (total three bits)
For option A (explicit signalling), one bit signalling for UE specific OCC is required. If DCI format 0 type is used for SU/MU-MIMO, the frequency hopping flag can be reused due to the fact that OCC will be used in conjunction with frequency hopping disabled, in which payload information size is not increased. A simple example for option A is shown in Table 2.
Table 2. Example for option A
	
	1st Layer
	2nd Layer
	3rd Layer
	4th Layer

	CS value
	0
	3
	6
	9
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(a) When OCC is not configured

	
	1st Layer
	2nd Layer
	3rd Layer
	4th Layer

	CS value
	0
	3
	6
	9
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(b) When OCC is configured

For option B (implicit signalling), it is desirable that different OCC is assigned for contiguous CS value defined as 
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because the purpose of OCC for MU-MIMO is to enhance the orthogonality among multiplexed DM RS from each UEs. This approach may allow an eNB to assign CS values for multiple UEs with maximum degree of freedom as much as possible. Table 3 show an example of implicit signalling for OCC. 
Table 3. Example of implicit signalling both for SU and MU-MIMO
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	0
	[1  1]

	2
	[1 -1]

	3
	[1  1]

	4
	[1 -1]

	6
	[1  1]

	8
	[1 -1]

	9
	[1  1]

	10
	[1 -1]


Table 4 shows CS allocation with OCC according to the number of layers and OCC configuration. Basically, conjunction for CS and OCC is based on the principle explained in table 1. A few examples using Table 3 are shown in Table 4.
Table 4. Example for option B
	
	1st Layer
	2nd Layer
	3rd Layer
	4th Layer

	CS value
	0
	3
	6
	9
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(a) Example for four layers with Table 2
	
	1st Layer
	2nd Layer
	3rd Layer

	CS value
	2
	6
	10
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(b) When OCC is configured.
Assuming the used CS distance is two which is likely to be used in large delay spread environment such as TU channel, Option A has the multiplexing capacity of 12 (=6x2) while Option B has that of 6. The total supportable number of layers for SU/MU-MIMO is equal to the multiplexing capacity. Also, in case that DM RS based sounding is used although it is FFS, the configured UE specific OCC can help to reduce inter-code interferences as well as to provide more multiplexing order between users [13, 14]. Therefore, Option A with one bit signalling for UE-specific OCC seems to be reasonable for OCC configuration. 
3. Summary

In this contribution, we described some consideration aspects of DM-RS design for UL MIMO transmission in LTE-A. Based on the discussion above, our baseline proposals are as follows:
· Predefined CS values according to the number of layers in order to maintain maximum CS separation among layers.

· It can be predetermined by a function of the number of layers. (eg. d=12/N, d: CS gap in layer-by-layer, N: # of layers
· The configuration of three bit indicator for CS value from Rel-8 can be reused.
· OCC introduction

· OCC for the suppression of inter-layer interference can be also predefined in conjunction with predefined CS value.
· UE specific OCC with one bit to enable the different UEs to be multiplexed can be signalled via DCI format.
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