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1. Introduction

In LTE UL transmission based on single antenna transmission, single cyclic shift (CS) based DM-RS is defined [1]. 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 is how to allocate CS resources efficiently (i.e. the required number of CS resources for UL MIMO transmission mode, CS resource separation and orthogonal cover code). 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
· The required number of cyclic shift resources
So far, a lot of UL MIMO transmission schemes have been considered as shown in Table 1 and Table 2. According to transmission scheme, different number of CS resources for DM-RS is required.

As candidates of 2Tx transmit diversity scheme, a slot based PVS and small delay CDD may require one CS resources for DM-RS. As different transmit diversity schemes, STBC, FSTD, and large delay CDD requires two CS resources. The candidates of 4Tx transmit diversity scheme require 1, 2, or 4 CS resources as shown in Table 1. As considering LTE design condition of limitation on the output power of OFDM symbols within an uplink sub-frame and one symbol allocation for DM-RS transmission, the transmit diversity schemes requiring up to 2 CS resources may be suitable for both 2Tx and 4Tx antenna case on the performance perspective as shown in our companion contributions [2][3].
In the RAN1 #57 meeting, it was agreed that precoded DM-RS is employed for UL MIMO transmission. As shown in Table 2, for the case of precoded DM-RS, the required number of cyclic shift for DM-RS depends upon the transmission rank value.

Table 1. The number of required cyclic shifts for transmit diversity scheme.
	
	2Tx
	4Tx

	1 cyclic shift
	Slot based PVS, 
Small delay CDD
	Slot based PVS, 
Small delay CDD

	2 cyclic shift
	STBC, SFBC, FSTD, 

Large delay CDD,
	STBC-CDD, SFBC-CDD, 
FSTD-CDD

	4 cyclic shift
	
	STBC-FSTD, SFBC-FSTD, 

FSTD, Large delay CDD


Table 2. The number of required cyclic shifts for spatial multiplexing

	
	2Tx
	4Tx

	1 cyclic shift
	Rank-1 SM with precoded DM-RS
	Rank-1 SM with precoded DM-RS

	2 cyclic shift
	Rank-2 SM with precoded DM-RS
(Using identity matrix)
	Rank-2 SM with precoded DM-RS

	3 cyclic shift
	
	Rank-3 SM with precoded DM-RS 

	4 cyclic shift
	
	Rank-4 SM with precoded DM-RS 
(Using identity matrix)


· Cyclic shift resource allocation

In the RAN1 #57 meeting, it was decided that cyclic shift (CS) separation is the primary multiplexing scheme [4]. In terms of CDM based channel estimation, it can be considered that CS resources with long separation are assigned for each layers or each transmit antennas to achieve better channel estimation performance. For example, separation between CS resources can be settled as 12/N (12 means total number of cyclic shift for DM-RS and N means the number of rank) to keep the longest distance between CS resources according to transmission rank. For the case of SU-MIMO, when CS value for first layer is indicated, CS values for the other layers can be allocated according to the fixed increment [6]. Also, for the case of MU-MIMO, difference among CSs can be assigned using CS indication bit in DCI format for UL transmission. As considering that timing offset of each UE can be different on MU-MIMO, CS resources should be carefully assigned in terms of multiple UEs with multi-layer. And when CS resources are assigned to multiple UE with different transmission rank, fixed increment rule may not guarantee a large CS separation between UEs. Therefore, an adaptive CS assignment scheme can be introduced to enhance channel estimation performance according to UL MIMO transmission mode.
· Orthogonal cover code

In the RAN1 #57 meeting, it was decided that ‘Orthogonal cover code (OCC) separation between slots as complementary multiplexing scheme is needed for further study [4]. For the case of SU-MIMO, OCC may have an advantage on viewpoint of inter layer cancellation. However, the benefit of OCC should be carefully observed for various types of receiver implementation such as an enhanced channel estimator with successive inter-layer cancellation. 
3. Performance Evaluation
In this section, we provide the BLER performance for precoded DM-RS on rank-3 SM transmission case and more focus on the channel estimation performance of orthogonal cover code (OCC) and Successive Inter-layer Cancellation (SIC) channel estimator. In this simulation, we employ an orthogonal cover code for precoded DM-RS and also assume 6 time iterations for SIC channel estimator. The simulation parameters are shown at the Table A in the appendix. 
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Figure 1. BLER performance of spatial multiplexing (rank-3) according to using OCC and channel estimation type - (1: Normal channel estimator, 2: SIC channel estimator) 
Figure 1 shows BLER performance of rank-3 SM transmission according to using OCC and channel estimation type. The BLER curve legends with ‘+W’ represents OCC. From this figure, we can see that 

· In low geometry, OCC and SIC estimator do not show any effect on the link level performance.

· In high geometry, OCC can provide a benefit in terms of channel estimation performance.

· When SIC channel estimator is employed, the gain of OCC almost disappears at the point of 10% BLER.
On the viewpoint of CS allocation between layers, we provide the link level simulation results on UL SU-MIMO according to the cyclic shift spacing for DM-RS between multiple layers. The simulation parameters are shown as Table B in the appendix.
We consider several kinds of cyclic shift spacing between different multiplexed DM-RSs on multiple layers. The case-1 is that the cyclic shift separation between DM-RSs allocated to each layer is equal to 1/2 of the OFDM symbol duration and the case-2/case-3 are that the spacing between cyclic shifts is 1/4, 1/6 of the OFDM symbol duration respectively. In this simulation, we compare MSE performance among case-1, case-2 and case-3 for rank-2/rank-4 spatial multiplexing.
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(a) Rank-2 SM transmission


(b) Rank-4 SM transmission
Figure 2. MSE performance of spatial multiplexing (rank-2/rank-4) according to cyclic shift spacing between different multiplexed DM-RSs
The figure 2 shows the MSE performance results according to cyclic shift spacing for different multiplexed DM-RS on UL SU-MIMO with 2x2 and 4x4 case respectively. From the simulation results, we can see that the MSE degradation appears as increasing cyclic shift spacing between different multiplexed DM-RSs. The link performance effect on MSE degradation would be more severe as increasing SNR, MCS level and MIMO order. Therefore, it should consider that the cyclic shift between layers is allocated as large as possible on UL SU-MIMO.
4. Summary

In this contribution, we described some consideration aspects of DM-RS design for UL transmit diversity scheme and spatial multiplexing scheme in LTE-A. Based on the preliminary performance evaluation results in the contributions [2-3] and discussion above, our baseline proposals are as follows:
· For UL transmit diversity, it seems to be beneficial to use the number of DM-RS CS resources of at most 2 for both 2Tx antennas and 4Tx antennas if there is no modification of DM-RS design in LTE-A.
· It should be considered to adaptively allocate cyclic shift resources for DM-RS between layers according to UL MIMO transmission mode.
· It should be considered that the cyclic shift spacing between layers is allocated as large as possible on UL SU-MIMO.
· Orthogonal cover code (OCC) separation between slots has to be further investigated.
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Appendix

Table A. Simulation parameters

	Parameters
	Value

	Carrier Frequency
	2GHz

	System Bandwidth
	5MHz

	# of used RB
	5RB (60 subcarriers)

	UE Velocity
	3km/h

	Channel Model
	SCM-C (Cross-polarization)

	Channel Estimation
	DFT based channel estimation
1: Normal channel estimator

2: SIC channel estimator (Iteration 6)

	Antenna configuration
	4x4

	Rank
	3

	Pre-coder
	CMF precoder [6]

	MCS
	QPSK 1/2, 16QAM 3/4


Table B. Simulation parameters

	Parameters
	Value

	Carrier Frequency
	2GHz

	System Bandwidth
	5MHz

	# of used RB
	3RB (36 subcarriers)

	UE Velocity
	3km/h

	Channel Model
	TU 6-ray

	Channel Estimation
	DFT based channel estimation

	Antenna configuration
	2x2, 4x4

	Pre-coder
	Identity for 2x2, Identity for 4x4
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