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1. Introduction

OCC mapping was originally introduced in Rel-9 for dual layer beamforming to potentially reach full peak power randomization [1]. Such a mapping pattern shown in Figure 1 is only designed for normal CP with length-2 OCC, where length-2 Walsh Codes are switched from DM-RS subcarrier to DM-RS subcarrier, and different mapping pattern is applied in even PRB and odd PRB.
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Figure 1
Length-2 OCC mapping pattern applied for normal CP in Rel-9
In RAN1 #61bis, two way forwards were submitted [2-3] and more discussions seems needed. In general, the following issues should be addressed:  

· Design a unified OCC mapping pattern in Rel-10 to support all cases and make existing length-2 pattern become a subset of length-4 pattern when low rank is running
· Consider the relation between two CDM groups on OCC mapping
· Prioritize design criterions, such as backward compatibility, time-frequency 2D-orthogonality, peak power randomization and interference suppression, etc 
· Design OCC mapping pattern also for extended CP since DM-RS pattern has been designed in RAN1 #61bis [4]
In our contribution, we continue to share our views on OCC mapping design in Rel-10. Our preference to OCC mapping patterns for both normal CP and extended CP are proposed. 

2. Discussion
In this section, we present our views or preferences on some design criterions: 

· Backward compatibility with Rel-9 length-2 pattern. Our preference is existing Rel-9 length-2 pattern should be re-used when low rank is running. So, backward compatibility has highest priority from our side and should be maintained.
· Time-frequency 2D-orthogonality. An important feature potentially exploited by 2D-orthogonality property is to provide terminals the possibility of enabling slot-by-slot processing, i.e. 1st slot can be first processed without waiting for the reception of 2nd slot. Like this, processing time and hardware cost can be potentially saved to some extent. This feature especially benefits high rank transmission, where multiple layers are expected to take much processing time. In addition, good design can keep 2D-orthogonality even between RPBs to adapt the application of PRB bundling.
· Peak power randomization. In Rel-10 for high rank transmission, the benefit of reaching full peak power randomization is not so clear since this could solve some corner cases but depends on resource allocation and precoder structure. Actually, transmit power is already randomized from user to user in frequency domain to some extent and OCC mapping is only applied on DM-RS subcarriers, not for data subcarriers. So, our preference is not to set high priority of exploiting full peak power randomization.
· The relation between two CDM groups. Some solutions are proposed to introduce CDM group specific shift between two CDM groups with the aim to further randomize peak power. However, the benefit to introduce such a shift between two CDM groups is not clear to us.
· Inter-tone interference between two CDM groups. Some solutions have been proposals to handle inter-tone interference between two CDM groups when synchronization is not perfect [5-6]. This is an interesting issue and needs for further consideration.  
· OCC mapping design for extended CP. Our preference is to re-use the design principles applied for normal CP as much as possible. 
3. OCC mapping pattern 
3.1. Normal CP pattern
Based on the discussion in section 2, our preferred length-4 OCC mapping for normal CP in Rel-10 is shown in Figure 2. Length-4 Walsh Codes are applied here in each CDM group. Further consideration whether to introduce the handling of inter-tone interference is needed. 
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Figure 2
Proposed length-4 OCC mapping pattern for normal CP in Rel-10
Main characteristics can be summarized as
· Backward compatibility with Rel-9 length-2 pattern is maintained. A simple extension to length-4 pattern is designed.
· Per-PRB time-frequency 2D-orthogonal is enabled. Performance comparison between two dispreading methods is provided in Figure 3. We note that two methods are expected to achieve similar performance in 3km/h but with speed goes up, frequency domain method performs better and much gain can be obtained. In summary, three advantages of frequency domain method can be investigated: 1) performance can be improved by taking Doppler impact into account between two slots; 2) processing time and hardware cost can be efficiently saved by enabling slot-by-slot processing, especially for high rank transmission; 3) based on the preferred pattern, 2D-orthogonality can be also applied for PRB bundling, which benefits to most of application cases. Of course, whether to use this feature is up to terminal and is totally an implementation issue, but some degrees of freedom can be provided for terminals. 
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Figure 3
Performance comparison between two methods (rank-8)
· Only partial peak power randomization is achieved when rank 5-8 is running and full peak power randomization can be still achieved for rank 1-4 thanks to backward compatibility property. 
· The same OCC mapping for two CDM groups is applied for simple implementation.
· The same as in Rel-9 for normal CP, different pattern is applied in even PRB and odd PRB. 
· Similar pattern is applicable to DwPTS cases due to similar DM-RS pattern in DwPTS.
Proposal: 

· The OCC mapping pattern shown in Figure 2 is proposed for normal CP
3.2. Extended CP pattern
DM-RS pattern for extended CP has been specified in RAN1 #61bis [4], where only rank 1-2 is supported in Rel-10. Based on this decision, our preferred OCC mapping pattern for rank 1-2 in extended CP is shown in Figure 4, where the same design principle applied in normal CP is simply re-used to keep commonality between normal CP and extended CP. 
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Figure 4
Proposed OCC mapping pattern for extended CP in Rel-10
Main characteristics can be summarized as

· Same mechanism of length-2 OCC mapping is simply re-used to keep commonality between normal CP and extended CP. 

· Time-frequency 2D-orthogonality is enabled.

· Full peak power randomization can be achieved within one PRB 
· The same pattern is applied in even PRB and odd PRB due to symmetry structure in a PRB.
Proposal: 

· The OCC mapping pattern shown in Figure 4 is proposed for extended CP with rank 1-2
4. Conclusion
In this contribution, we analyzed OCC mapping design in Rel-10 and proposed the following
· The OCC mapping pattern shown in Figure 2 is proposed for normal CP in Rel-10
· The OCC mapping pattern shown in Figure 4 is proposed for extended CP in Rel-10
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Appendix: Simulation assumptions

	Number of Antennae
	Rank-8: 8x8, uncorrelated antenna

	Carrier Frequency
	2.0 GHz

	System bandwidth
	5M

	Scheduled subcarriers
	Contiguous 6 PRBs

	Frame configuration
	Normal CP

(The first three OFDM symbols for control channel, 4 Rel-8 CRS, no Rel-10 CSI-RS)

	Channel Model
	EPA

	Speed
	3, 10, 30km/h

	Rank adaptation
	Fixed rank 8

	Precoding
	8TX codebook based precoding

	Link adaptation
	On

	Channel estimation
	2D-MMSE filter

	MIMO detection algorithm
	MMSE

	Interference estimation
	Realistic measurement

	Channel Coding
	Turbo code

	HARQ
	On

	DM RS pattern
	Length-4 normal CP pattern
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