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1
Introduction
Need for orthogonal code cover (OCC) as complementary DM RS multiplexing scheme was discussed in previous RAN1 meetings, but no agreement was reached. In this contribution, we consider the use of OCC from the viewpoint of SU-MIMO, MU-MIMO and L1 signalling.
2 Evaluation
In this chapter we discuss the impact of OCC with Doppler and frequency offset in Section 2.1, on SU-MIMO in Section 2.2, on MU-MIMO on Section 2.3, and on L1 signalling on Section 2.4. 
2.1 Doppler and frequency offset 
Target use cases for OCC, namely MU-MIMO and SU-MIMO with spatial multiplexing, are not used at high UE velocities as both rely on availability of timely CSI at eNB and, thus, do not provide gain at high UE velocities. Of course, the benefits of OCC diminish at high UE velocity as the orthogonality of OCC is degraded. Nevertheless, 

From Doppler /frequency offset viewpoint, OCC and target use cases (SU-MIMO/MU-MIMO) are well suited for each other as both are sensitive for very high Doppler and frequency offset 
Since OCC is a complementary multiplexing method, the situation with OCC is never worse than without OCC even when the benefits of OCC disappear at very high Doppler. Further, as eNodeB always knows which OCC the UE applies, there is not any performance impact on channel estimation, frequency offset estimation or Doppler estimation. Thus, 
Use of OCC never causes performance loss
2.2 Performance with SU-MIMO
Simulation results with and without OCC separation between DM RS layers are shown for 2 layers in Figure 1 and for 3 layers in Figure 2. Used OCC and CS configurations are shown in Table 1. Maximum CS separation between layers is assumed in all cases not using OCC. Channel model used was ITU Urban macro according to [1].  Other simulation parameters are tabulated in Table 2. From results, it can be seen that 
OCC provides significant gain already for two layers with SIC receiver and particularly for 3 layers in SNR range typically required for these spatial multiplexing ranks. 
Table 1 DMRS configuration for 2 and 3 layers with and without OCC separation
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Table 2 Simulation parameters
	Channel
	ITU Urban Macro (3 km/h)

	Antenna configuration
	2x2 and 4x4 cross-polarized antenna elements with ½ lambda 

antenna element separation 

	Receiver
	MMSE, SIC

	Modulation
	QPSK,16-QAM and 64-QAM

	Link adaption
	Enabled

	HARQ transmission
	max 4 transmissions

	PRB allocation
	4 PRB

	Rank adaptation
	Disabled
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Figure 1. Throughput as function of SNR, with and without OCC separation between 2 DMRS layers
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Figure 2. Throughput as function of SNR, with and without OCC separation between 3 DMRS layers

2.3 Performance with MU-MIMO

Demodulation reference signals need to have very low cross-correlation in MU-MIMO transmission. In the LTE UL, zero-autocorrelation codes are used as DM RS sequences. Hence, different cyclic shifts of DM RS sequence can be used as orthogonal reference signals in MU-MIMO. However, orthogonality between the reference signals is lost if the transmissions involved in MU-MIMO have different bandwidth (i.e. number of physical resource blocks (PRB)) or allocation in frequency. 

Optimized multi-bandwidth MU-MIMO transmission requires that DM RS with different bandwidths are orthogonal. Orthogonality can be obtained by applying orthogonal cover code over the DM RS blocks within TTI. With Rel’8 DM RS specification, OCC based orthogonality with multi-bandwidth MU-MIMO is achieved when sequence planning is used. If seen necessary, the use of OCC with multi-bandwidth MU-MIMO can be extended also to the other two options, sequence group hopping and sequence hopping, by modifying hopping pattern.
Performance of UL MU-MIMO has been studied in [2], and results are shown in Figure 3 for convenience. Performance results show 15 % throughput gain from the enhanced DM RS structure as the current Rel’8 DM RS allows only for pairing over equal bandwidth allocation. Besides throughput gain, introduction of OCC will remove an important scheduling constraint for UL MU-MIMO scheduling. This will ease scheduler implementation and increase scheduling flexibility which is very valuable when considering scheduling based QoS provisioning. 
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Figure 3. Throughput distribution in 3GGP Macro Case1. Increased probability of user pairing brings large gains with UL MU-MIMO.
2.4 Signalling impact
OCC should be configured dynamically to allow for flexible SU-MIMO rank adaptation and MU-MIMO pairing. To save control signalling, we see that 
OCC index can be directly derived from the allocated cyclic shift indexes 
as discussed in [3]. In fact we see that orthogonality between allocated DM RS resources can be optimised for both SU-MIMO and MU-MIMO by linking OCC index to the dynamic cyclic shift index. Example on mapping between OCC and dynamic CS index is shown in Table 3. DM RS orthogonality is maximised for different number of DM RS layers for example with CS/OCC combinations shown in Table 4. In the table, options 2 and 3 with rank 2 show that OCC can be ‘turned off’ for SU-MIMO e.g. when SU-MIMO rank-2 transmission is part of multi-bandwidth MU-MIMO transmission. It is also noted that with mapping in Table 3 DM RS orthogonality is improved also for higher DM RS multiplexing orders, although the CS/OCC combinations do not fully optimise DM RS orthogonality. In short, 

OCC does not require any additional PDCCH signaling 

Table 3 Mapping between OCC and dynamically signalled cyclic shift index
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	000
	0
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	3
	[+1 -1]

	011
	4
	[+1 +1]

	100
	2
	[+1 +1]

	101
	8
	[+1 -1]

	110
	10
	[+1 -1]

	111
	9
	[+1 -1]


Table 4 Examples on the OCC configurations based on the OCC/CS index mapping
[image: image7.emf]OCC OCC OCC OCC OCC OCC

Notes

Layer 1 0 [+1 +1] 0 [+1 +1] 0 [+1 +1] 2 [+1 +1] 0 [+1 +1] 3 [+1 -1]

Layer 2 3 [+1 -1] 4 [+1 +1] 3 [+1 -1] 8 [+1 -1] 6 [+1 +1] 9 [+1 -1]

Layer 3 6 [+1 +1] 8 [+1 -1] 6 [+1 +1]

Layer 4 9 [+1 -1]

CS emphasized Max. separation Part of MU-MIMO Part of MU-MIMO OCC emphasized

Option 2 Option 3

4 layers 3 layers 2 layers



Option 1 Option 2 Option 1

DM RS configuration examples

) 2 (

DMRS

n

) 2 (

DMRS

n

) 2 (

DMRS

n

) 2 (

DMRS

n

) 2 (

DMRS

n

) 2 (

DMRS

n


2.5 Evaluation summary

Evaluations in previous sections are summarized in Table 5. As OCC provides considerable gains without drawbacks, we recommend that demodulation reference signal structure is modified by adopting OCC in LTE-Advanced.
Table 5 Evaluation summary
	
	SU-MIMO
	MU-MIMO

	Pros
	Improved DM RS orthogonality and throughput w/ spatial multiplexing
	Considerable throughput gain and more flexible scheduling w/ sequence planning

	Cons
	None?
	None?

	Control signalling 
	No additional signalling

	Standardization effort
	Marginal – essentially one table in 36.211

	Implementation effort at UE
	Marginal – essentially multiplication with -1


3
Summary 

In this contribution we have shown that in the case of SU-MIMO OCC provides significant gain already for two layers with SIC receivers and particularly for 3 layers.  Furthermore, we note that OCC does not have any negative performance impact on channel estimation, frequency offset estimation or Doppler estimation.
In the case of MU-MIMO, OCC enables pairing of users with different bandwidth allocation. The improved pairing probably of users translates into significant cell throughput gains in the order of 15%. 

As OCC can be linked to the dynamic DM RS cyclic shift index, introduction of OCC does not increase control signalling.
Given the above aspects, we propose that OCC is adopted for LTE-Advanced as complementary RS multiplexing method for both SU-MIMO and MU-MIMO.
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