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1
Introduction
In LTE-A, SU-MIMO is to be supported in the uplink, which requires multiple demodulation reference signals (DM-RS) for all spatial layers to be multiplexed together to enable channel estimation of each layer at the receiver side. In 3GPP RAN1 #57, the following principles for DM-RS multiplexing have been agreed on in support of uplink spatial multiplexing:

· Cyclic shift (CS) separation is the primary multiplexing scheme

· FFS: Orthogonal cover code (OCC) separation between slots as complementary multiplexing scheme

In [1],  we have shown that utilizing CS and OCC together for DM-RS multiplexing can provide the best orthogonality among different reference signals, and hence offers the optimum performance (see also Appendix for performance comparisons). In this paper, we will provide our views on the signaling of CS and OCC. Meanwhile, we will also provide details on the construction of DM-RS for each layer.

2
Signalling of CS and OCC
In LTE Rel-8, DCI (downlink control information) format 0 for PUSCH scheduling [5] has a 3-bit filed for signaling of the cyclic shift for DM-RS. To support SU-MIMO in the uplink of LTE-A, multiple cyclic shifts and/or orthogonal cover codes are needed to be signaled to the UE for DM-RS multiplexing. It is not practical to signal multiple cyclic shift indices explicitly for all layers considering the large overhead incurred. So our view for CS signaling is:

· Only one cyclic shift index is signaled in the corresponding DCI as in Rel-8; the mapped cyclic shift value: 
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 [4] from the signaled cyclic shift index is used for DM-RS of layer-0;  the cyclic shift values for other layers are derived from 
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There are two possible orthogonal cover codes over the two DM-RS symbols within on sub-frame (see Table 1). On top of separating multiple DM-RS by different cyclic shifts, OCC can be signaled to the UE to provide better orthogonality among the multiplexed DM-RS from different layers. Two possible options for OCC signaling are:

·  Explicit signaling of OCC: one bit in the corresponding DCI is needed in order to signal the assigned OCC index (IOCC) explicitly;

· Implicit signaling of OCC: the implicitly assigned OCC can be derived from the signaled cyclic shift value: 
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 is provided by higher layers [4] and 
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 is the signaled cyclic shift value in the most recent DCI for the corresponding PUSCH transmission, according to a pre-defined rule. No additional bit is needed in the corresponding DCI

· One example of the mapping from cyclic shift value to OCC is illustrated in Table 2.

Table 1. OCC for DM-RS

	OCC Index: IOCC
	Orthogonal Cover Code

	0
	[+1, +1]T

	1
	[+1, -1] T


Table 2. Exemplary mapping from Cyclic Shift to Orthogonal Cover Code for Implicit OCC Signaling

	Cyclic Shift Value: n
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11

	OCC Index: IOCC = f(n)
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1


3
DM-RS Construction

Depending on whether the OCC will be signaled to the UE explicitly in the corresponding PDCCH or implicitly, the DM-RS for each layer (a.k.a. virtual antenna) can be constructed as follows: 

3.1 
Explicit Signalling of OCC
After receiving the OCC index: IOCC and CS value: 
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 from the corresponding PDCCH, the DM-RS for each virtual/physical antenna can be constructed according to the following rules:

3.1.1 Rank-1 Transmission

	Physical/Virtual Antenna
	DM-RS in Slot 0 & 1

	0
	CS: 
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3.1.2 Rank-2 Transmission

	Physical/Virtual Antenna
	DM-RS in Slot 0 & 1

	0
	CS: 
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	1
	CS: 
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+6, OCC Index: 1-IOCC


3.1.3 Rank-3 Transmission

	Physical/Virtual Antenna
	DM-RS in Slot 0 & 1

	0
	CS: 
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	1
	CS: 
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+3, OCC Index: 1-IOCC

	2
	CS: 
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+6, OCC Index: IOCC


3.1.4 Rank-4 Transmission

	Physical/Virtual Antenna
	DM-RS in Slot 0 & 1

	0
	CS: 
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	1
	CS: 
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+3, OCC Index: 1-IOCC

	2
	CS: 
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+6, OCC Index: IOCC

	3
	CS: 
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+9, OCC Index: 1-IOCC


3.2 
Implicit Signalling of OCC
After receiving the cyclic shift value: 
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 from the corresponding PDCCH and the cyclic shift value: 
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 from higher layers, according to the pre-defined rule as in Table 2, we can determine the mapped orthogonal cover code index as: IOCC=f(
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). Then, the DM-RS for each layer can be constructed according to the same rules as described in Sections 3.1.1 - 3.1.4.

4
Support of MU-MIMO

In LTE Rel-8, we only rely on cyclic shifts to separate the DM-RS for different UEs participating in the MU-MIMO operation. To maintain DM-RS orthogonality among different UEs, the transmission bandwidth of those UEs paired for MU-MIMO has to be identical to each other, which reduces scheduling flexibility. It turns out that UEs with different transmission bandwidth can still be paired together while enjoying orthogonal DM-RS provided they are assigned different orthogonal cover codes [3]. Clearly, explicit signaling of OCC will easily enable this feature. For implicit OCC signaling scheme, this feature is also supported as long as the scheduler assigns the cyclic shift index cleverly. For example, according to the mapping rule in Table 2, one UE can be assigned a cyclic shift value of 8 and the other UE can be assigned a cyclic shift value of 9. Then, these two UEs can be paired for MU-MIMO operation while they can have different transmission bandwidth.

It is worthwhile to mention that the cell-specific “group hopping” and “sequence hopping” of the reference signal sequence [4] should be disabled to allow multiplexing MU-MIMO UEs with non-identical transmission bandwidth. 

5
Conclusions 

In this contribution, we have provided our views on uplink DM-RS in support of spatial multiplexing:




· Both CS and OCC should be utilized for DM-RS multiplexing 

· provide the best orthogonality among those multiplexed DM-RS

· enable multiplexing MU-MIMO UEs with non-identical transmission bandwidth

· Only one cyclic shift index is signaled in the corresponding DCI

· OCC index can be signaled either explicitly or implicitly

· For multi-carrier scenario, independent CS index + OCC index is signaled for DM-RS in each component carrier

· Within one component carrier, a single CS index + OCC index is signaled for DM-RS and applies to all PUSCH clusters for the given UE 
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Appendix: Link Throughput Comparisons 

Table: A-1: Link Simulation Parameters:

	Carrier frequency 
	2.0GHz 

	System bandwidth 
	5 MHz 

	Slot format 
	Normal CP (7 symbols per slot) 

	Channel coding 
	Turbo code 

	Modulation 
	QPSK, 16QAM, 64QAM 

	Receiver 
	MMSE-SIC 

	Channel model 
	Typicla Urban (TU) [3GPP TS 45.005] 

	Speed 
	3, 30km/h 

	Data transmission BW 
	4 RBs (48 tones), 10 RBs (120 tones)
Fixed BW Allocation 

	Antenna configuration 
	2x2, 4x4 

	Tx/Rx Antenna correlation 
	0.0 

	Channel estimation 
	Realistic 

	AMC target FER 
	10% at 1st subpacket 

	Scheduling delay 
	4ms 

	DM-RS Configuration 
	 CDM, Freq-x, Time-y: 
     pilots are Code-division multiplexed 
     utilize x Chu-shifts and y Orthogonal Covers in Time 

	Freq. Hopping at Slot Boundary 
	No
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Figure A-1: Antenna Config: 2x2, Left: 3kmph, Right: 30kmph
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Figure A-1: Antenna Config: 4x4, Left: 3kmph, Right: 30kmph
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