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1 Introduction
The UE-RS pattern in normal subframe for rank upto 8 has been agreed. The patterns is based on a hybrid CDM/FDM approach with spreading using two orthogonal cover codes on two REs in time (OCC=2) for rank upto 4 and with 4 orthogonal cover codes and spreading over 4 REs (OCC=4) in time for rank > 4. 
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Two aspects remain for the normal CP pattern – the OCC mapping and whether PRB bundling will be supposed. Our views on bundling are discussed in [1]. Here we present our views on the OCC mapping.

2 Orthogonal Cover Code Design Considerations

In design of the orthogonal cover for the UE-RS the following aspects should be considered:

· Peak Power randomization (see [2]): If the same orthogonal cover is used for the all looks in time and if wideband precoding is employed then the same combination of precoding vectors is transmitted on all the UE-RS REs in a symbol. This has larger peak to average ratio when compared with a scheme in which several different combinations of the precoding vectors are transmitted.  
· Performance at high Doppler. Since the agreed UE-RS patterns employ CDM in time, the layers remain orthogonal at low mobility when the channel does not vary significantly across the different looks in time. At high Doppler the orthogonality may be lost.  For rank > 4 the CDM is over 4 REs in time which are not contiguous. Such a design leads to significant loss in orthogonality even at moderate doppler. Since high ranks are likely to be used only at low speeds performance improvements even at moderate Doppler is less critical however any gains that come for free should be considered. 

· Inter tone interference suppression between the two CDM groups [3]. 

· Backward compatibility with the agreed spreading/scrambling sequences for rank 2 is desirable.
· The spreading and scrambling sequences should preferably be QPSK alphabets {1, -1, j, -j} to keep complexity low.

3 OCC Mappings
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Figure 1: OCC Mapping Patterns 
The patterns considered in [4, 5] are shown in Fig. 1. They assume the same scrambling sequence is used for all layers in a CDM group. With the same scrambling sequence the simple mapping (a) doesn’t have any peak power randomization, and isn’t backward compatible. The cyclic shift mapping (b) when extended to 4 RBs achieves full power utilization but over 2 RBs it doesn’t achieve the full power utilization. Mapping (c) has the best 2D orthogonality but peak power randomization is worse than that of (b),(d),(e) which have similar peak power randomization. Mapping (d) proposed in [4] has good 2D orthogonality but is not backward compatible. Mapping (e) was proposed in [5] as an alternative to (d) where some 2D orthogonality is lost to make it backward compatible. 
In [6], an OCC mapping using length 6 DFT sequences was proposed. However, since it uses non QPSK alphabets, it has higher complexity and is hence not considered here. 
Proposed OCC Mapping
The OCC for layer/antenna port 
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  mapped in the 2D frequency – time grid is given as 
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 are listed in Tables 1 and 2.  The spreading sequence is the Walsh sequence. 
In the design we make two groups of spreading sequence, 
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. Since the spreading over 4 REs in time involves two groups of contiguous REs which are separated by 6 OFDM symbols, the interference seen due to loss of orthogonality with Doppler on layer with spreading sequence in 
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. The scrambling sequences shown in Table 3 are chosen to provide 2D orthogonality for sequences within a group that have the worst time domain orthogonalization. 
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Table 3  Frequency domain OCC component 
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Table 4  Time domain OCC component 
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Figure 2: Proposed Mapping
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Figure 3: Frequency domain orthogonalization between pairs of sequence with largest impact due to loss of time domain orthogonalization with Doppler 
The peak power randomization provided by the proposed mapping is similar to that of patterns (b),(d),(e). In the simulations below (Fig. 3 and Fig. 4) we show that the proposed pattern is among the patterns with best performance at high Doppler. The proposed pattern is preferred over patterns (a),(b), (e) since it has better performance at high Doppler. It is preferred over pattern (c) since pattern (c) has poor peak power randomization and is preferred over pattern (e) since pattern (e) is not backward compatible.
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Figure 3: Performance with different OCC mapping at 10 Kmph
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Figure 4: Performance with different OCC mapping at 30 Kmph
4 Precoding vector phase rotation to achieve peak power randomization
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Figure 5: Mapping to achieve full power utilization on antenna 0 with precoding matrix containing all 1 row 
In [7] Pattern B was proposed as an alternative to the Pattern A for OCC mapping across CDM groups since it equalized the power for the first  antenna when using the precoding matrix 1 in Fig. 6. However, this doesn’t solve the problem. For example if the first four layers in the precoding matrix are mapped to first CDM group and the 2nd four layers are mapped to the 2nd CDM group using the 2nd precoding matrix shown in Fig. 6 leads to non-uniform power across different OFDM symbols for mapping B.
A different way to achieve peak power randomization in situations where the spreading and scrambling sequence design doesn’t guarantee full peak power randomization is to consider phase rotations of the precoding vectors. In Fig. 6 we consider the power usage for Mapping A on antenna 0 with precoding matrix 1 and 2. Precoding matrix 2 is obtained by multiplying the last two columns for precoding matrix 1 by -1. We see that with the phase rotation the power is equalized on both symbols.  The phase of the precoding vectors doesn’t impact performance and since the UE-RS are precoded, such changes in the phase of the precoding vector can be done in a UE transparent manner as long as the changes are not within an RB (or within group of bundled RBs when bundling is employed).
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Figure 6: Power used on antenna 0 with two precoding matrices that differ only in phase
5 Reducing inter tone interference
In [3] it was noted that when the same orthogonal cover code is used in two neighbouring CDM groups, in case of frequency offset, each layer in the CDM group sees interference from the layer using the same OCC sequence in the neighbouring CDM group. To mitigate this one could use different OCC sequences across the two CDM groups. For example with 4 orthogonal cover codes for rank upto 4 we can use different sequences across the two groups. This would completely remove inter tone interference for rank <=4. However, beyond rank 4 same sequences will need to be used. To mitigate this inter tone interference between layers using same OCC sequences we propose using different scrambling sequences across the two CDM groups for layers corresponding to same OCC spreading sequence. For example if scrambling sequence for CDM group 1 for a layer is all 1 and scrambling sequence of corresponding layer in CDM group 2 has alternate 1 and -1 the inter tone interference power can be reduced by a factor of 9 for a frequency flat channel. Using length 3 FFT sequence would remove the inter tone interference completely in a frequency flat channel but that is not preferred since it requires use of non QPSK alphabets.
6 Conclusion

We proposed a simple OCC mapping that is backward compatible, has the best performance at moderate Doppler and provided good peak power randomization. The mapping uses the same OCC sequences across frequency and uses different scrambling sequences for the different layers. Across CDM groups we proposed that the scrambling sequence of two layers with same OCC be chosen such that their product has alternate 1 and -1 to reduce the impact of inter tone interference on the channel estimate. We also proposed using phase rotations of the precoding vectors to reduce peak power on the UE-RS REs. 
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8 Appendix

Table 5: Simulation Assumptions

	Transmission Bandwidth
	5 MHz

	Channel Model
	Ped A 10, 30 Kmph

	Number of Tx antennas
	8

	Number of Rx antennas
	8 

	Transmission scheme
	Rank adaptation with max rank 8

	Receiver Type
	MMSE Receiver

	Allocation Size 
	12 RBs

	Number of Control Symbols
	3

	Number of CRS antenna ports
	2

	CQI/Precoding feedback
	Perfect, per 6 RBs

	Channel Estimation
	UE-RS Based

	Interference Estimation
	Perfect

	HARQ termination 
	1st Tx with 10% error rate
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