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1. Introduction

In RAN1#59bis meeting, the enhancement for uplink DM RS multiplexing was discussed [1]-[11]. OCC (Orthogonal Cover Code) was supported by 12 companies and 8 companies see the need of further evaluations. 
Below, we show the use cases of OCC and signalling of CS (Cyclic Shift) and OCC for SU/MU-MIMO. In addition, we evaluate the performance for uplink SU-MIMO and MU-MIMO.
2. Use cases of OCC
SU-MIMO

OCC is beneficial to reduce inter-layer interference especially for 4-layer SU-MIMO according to the simulation results shown in appendix 1. 
The simulation results for 4x4 SU-MIMO in Fig.1 show combination of CS and OCC provides about 0.3 and 2.5 dB gain at BLER=0.1 compared to CS only in condition of 16QAM R=1/2 and 16QAM R=2/3, respectively. Although no timing alignment error is assumed in the evaluations, there is a reception timing error due to the resolution of TA (Timing Alignment) indication [16] in a practical situation. The gain of OCC would be higher in a practical situation. 

Moreover, OCC may be beneficial in case the transmission power is different between antennas, e.g. on the antenna gain imbalance [13]. In case the DMRS transmission power is different between layers, it causes the larger inter-layer interference to small power DMRS. So, only CS may not be sufficient to remove the inter-layer interference and the combination of OCC and CS may be beneficial. 
Therefore, OCC should be introduced for SU-MIMO and be suitable for more than 2 layers. 
MU-MIMO

MU-MIMO is beneficial to improve the average cell throughput. MU-MIMO operation with same bandwidth has been supported in Rel.8. However, when the large number of layers is multiplexed, CS only is not sufficient to suppress inter-layer interference. Therefore, the combination of CS and OCC is useful for MU-MIMO operation. 

In addition, OCC can provide the orthogonality among the UEs with different bandwidth. Although Rel.8 sequence group hoping has to be disabled, further throughput improvement is expected according to our system level simulation results shown in Appendix 2. The evaluation results show that MU-MIMO with different bandwidth can improve the system throughput by 10% at 50% CDF point of the user throughput. Similar results are also seen in [14]. If there are any issues, e.g. for cell planning, any simple solution may be considered to avoid cell planning.
Uplink CoMP
CoMP reception is beneficial to improve the cell-edge user throughput. However, the average cell throughput would be decreased when CoMP UEs exclusively use RB resources in the multiple cells. Hence, it would be beneficial to spatially multiplex UEs in CoMP operation in order to improve the cell edge throughput while keeping the average cell throughput. 

However, since different CS hopping is used among neighboring cells in Rel.8, it is not possible to keep the orthogonality of RS with OCC. Therefore, modification of Rel.8 design is necessary. For example, it would be necessary to use common CS hopping among CoMP UEs and disabled the SG/Sequence hopping. Such concept is proposed for CS for PUCCH [11]. 

The gain and the specification impact should be carefully studied.  
3. Signaling of CS and OCC for SU/MU-MIMO
Introduction of at least one new transmission mode would be necessary for supporting SU-MIMO. It is preferable to define a single transmission mode to support both SU- and MU-MIMO for a simple system design. Below, we discuss the signaling schemes of CS and OCC which is commonly used for SU/MU-MIMO operation. 
One CS index (for 1st layer) is indicated explicitly by PDCCH as well as Rel.8. Assuming SU-MIMO up to 4 layers in Rel.10, CS indications for 2nd– 4th layers are necessary. In order to avoid unnecessary signaling it would be preferable to implicitly derive the CS indices from the CS index of 1st layer. In details, predefined offsets from the CS of 1st layer are used to determine CS for 2nd to 4th layer as in Table 1. Namely, denoting the explicitly indicated CS index as “nCS”, CS indices for 1st -4th layer are calculated by modulo 12 of “nCS”, “nCS + 6”, “nCS + 3” and “nCS + 9”, respectively. The offset values achieve sufficiently large CS separation among layers. Irrespective of the number of multiplexed layers, we propose to use the fixed offset value as in Table 1. 
Table 1 Relation between layer and CS (without modulo for simplicity)
	Layer
	0
	1
	2
	3

	CS 
	nCS
	nCS+6
	nCS+3
	nCS+9


Regarding the OCC index, as discussed in the previous section OCC is beneficial especially for SU-MIMO with more than 2 layers. Hence, as for OCC configuration it is preferable that one same OCC index (w1=[1 1] or w2=[1 -1]) is assigned for 1st and 2nd layers and the other OCC index is assigned for 3rd and 4th layers. This configuration also provides additional orthogonality for MU-MIMO operation up to 2 UEs with 2 layers. Table 2 illustrates the relation between the layer and OCC indices.  nOCC denotes OCC index as shown in Table 3. nOCC is explicitly or implicitly indicated per UE. 

The combination of the CS indices in Table 1 and OCC indices in Table 2 provides better channel estimation accuracy in SU-MIMO because different OCC index is assigned for the smaller CS interval between layers.  

Table 2 Relation between layer and OCC sequence index 
	Layer
	0
	1
	2
	3

	OCC 
	nOCC
	nOCC
	nOCC+1
	nOCC+1


 Table 3 Relation between nOCC and OCC
	nOCC
	OCC

	0
	w1(=[1 1])

	1
	w2(=[1 -1])


As mentioned above, nOCC can be indicated either explicitly or implicitly. In case of explicit indication, OCC index for 1st layer is indicated by 1 bit in PDCCH. OCC indices for the other layers are derived according to Table 2. This provides flexible assignment of the OCC index though the PDCCH overhead is increased. 
In case of implicit indication, for instance, OCC index for 1st layer nOCC is implicitly derived from the CS index for 1st layer which is indicated in PDCCH. OCC indices for the other layers are derived from the OCC index of 1st layer as shown in Table 2. The relation between the CS index and the OCC index for the 1st layer is illustrated in Table 4, where different OCCs are assigned for neighbouring CS indices in order to minimize the inter-sequence interference. However, further investigation on the exact relation may be needed. This can avoid unnecessary signaling bit with retaining the benefit. 
Table 4 Relation between CS and OCC

	CS index
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11

	OCC 
	w2
	w1
	w2
	w1
	w2
	w1
	w2
	w1
	w2
	w1
	w2
	w1


4. Complexity and test of OCC for SU/MU-MIMO
In DMRS generation of OCC, UE just multiplies “-1” in 2nd slot compared to DMRS of Rel.8. Therefore, additional complexity and test effort would be very limited. 
Moreover, predefined linkage between OCC and CS (i.e. implicit OCC indication) does not require additional signalling bits for DCI format and this would minimize additional test effort and the specification impact. 
5. Conclustion

We discussed the use cases of OCC and signalling for OCC index and CS index in SU/MU-MIMO. With OCC, the gain is obtained in SU/MU-MIMO with larger layers and higher MCS, and the complexity of introducing OCC is very small. Therefore, we propose to adopt OCC for MU-MIMO and SU-MIMO with more than 2 layers. 
Regarding the CS and OCC signalling for SU/MU-MIMO, our preferences are as follows:
· CS index for 1st layer is explicitly indicated by reusing Rel.8 PDCCH design. 
· CS indices for 2nd-4th layers are derived from the indicated CS index and predefined CS offset values.

· One same OCC index is used for 1st and 2nd layer and the other OCC index is used for 3rd and 4th layers. 

· OCC index for 1st layer is implicitly derived from the indicated CS index.
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Appendix 1 (LLS evaluation)

We compare BLER performances of the following DM-RS structures by LLS in order to consider whether OCC is beneficial for SU/MU-MIMO.  
Table 5 DM-RS structures
	Type
	CS (layer #0~#3)
	OCC(layer #0~#3)

	 CS only (with linear interpolation)
	#0, #6, #3, #9
	w1, w1, w1, w1

	CS only (with average)
	
	

	Combination of CS and OCC
	#0, #6, #3, #9
	w1, w1, w2, w2


The simulation parameters are shown in Table 6 in appendix 1. 
The results of coding rate 1/2, 2/3 (Evaluation.1) are shown in Fig.1(a)(b). As seen in Fig.1(a)(b), The ccombination of CS and OCC has about 0.3 dB, 2.5dB gain at BLER=0.1 compared to the CS only (with average) due to reduce the inter-layer interference. Therefore, OCC is beneficial for 4×4 SU-MIMO, especially for higher MCS. 

 Table 6: Simulation parameters
	System bandwidth
	5 MHz

	Waveform
	SC-FDMA

	Modulation
	16QAM

	Code
	Rate 1/2, 2/3 turbo code, max-log-MAP 

	MIMO scheme
	Full-rank SU-MIMO

	Tx / Rx Antenna configuration
	4Tx /4Rx 

	Frequency allocation
	5 RBs, no channel-dependent scheduling

	Channel
	TU 12path, 3km/h

	MIMO detection
	MMSE-SIC

	Channel estimation
	Actual, Ideal

	One CS length 
	SC-FDMA Symbol length / 12 [us]

	Transmission timing error
	0us 
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(a) 16QAM, coding rate 1/2                                                (b) 16QAM, coding rate 2/3

Figure.1  SNR vs. BLER performance for 4×4 SU-MIMO 

Appendix 2(SLS evaluation)
We compare the throughput performances of the following MU-MIMO types by SLS evaluation.  
· Type (a) : MU-MIMO with only equal band assignment

· Assumption is different UEs are multiplexed by only CS.  

· Type (b) : MU-MIMO with non-equal band assignment 
· Assumption is different UEs are multiplexed by CS and OCC.
Table 5 gives the system level simulation parameters used in our evaluation. 
Type (a) can improve the user throughput as shown in Figure 3 compared to type (b). In Fig.3, type (a) has about 10% gain on the user throughput at CDF=50%. 
Table 5  System level simulation conditions. 
	Parameter
	Value

	System bandwidth
	10 MHz (50RBs)

	Carrier frequency
	2.0 GHz

	Multiple access scheme
	Clustered DFTS-OFDM
(Non-contiguous resource allocation)

	Inter-site distance(ISD)
	500m for 3GPP Case 1

	Maximum transmission power at UE
	23dBm (1cluster), 22dBm (2clusters), 
21dBm (>2clusters)

	Number of UEs per sector
	10 UEs

	Number of the max. allocated UEs per sub-frame
	6 UEs                                                  

	Antenna configuration 
	1Tx / 4Rx 

	UE mobility
	3 km/h

	Channel model
	3GPP Urban Macro (UMa) [16] 

	Cellular Layout
	Hexagonal grid, 19 cell sites,3 sectors per site

	Sub-frame length
	1 msec

	Transmit power control (TPC)
	P = min{Pmax, P0 + 10·log10·M + α · L}  
where 
Pmax : the maximum UE transmit power,
P0 : a cell-specific parameter,
M : the number of RBs allocated to the UE,
α : a cell-specific path-loss compensation factor,
L : the path-loss measured at the UE.

	[α, P0] for TPC
	[0.8, -90dBm]

	Hybrid ARQ
	Incremental redundancy

	Max. retransmissions
	3

	Scheduling algorithm
	Proportional fairness

	Target BLER
	10% for 1st transmission

	Receiver type 
	MMSE

	Frequency domain equalization
	MMSE

	Traffic model
	Full buffer

	Channel estimation error
	Ideal (without impairment for demodulation)

	SRS
	Bandwidth
	48 RBs (PUCCH overhead is 2RB)

	
	Estimation error
	Gaussian noise with N[0,1] is added to ideal SINR per RB

	
	Feedback period
	5ms
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Figure 3 User throughputs vs. CDF performance 
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