3GPP TSG-RAN WG1 #61bis
R1-103517
Dresden, Germany, June 28-July 2, 2010
Source:
Ericsson, ST-Ericsson
Title:
OCC mapping design in LTE-A
Agenda Item:
6.3.1.1
Document for:
Discussion and Decision
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
OCC mapping design in Rel-10 has started since last meeting, mainly focusing on length-4 case [2]. Two way forwards were submitted [3-4] but no conclusion was drawn. It seems a lot of solutions are proposed based on respective preferred criterion [5-9]. From our side, the following issues should be addressed and are worthy of more attentions:

· In Rel-10, a unified OCC mapping pattern is designed to support all cases and existing length-2 pattern should become a subset of length-4 pattern when low rank is running
· The relation between two CDM groups on OCC mapping is considerable.

· Three design criterions, such as backward compatibility, time-frequency 2D-orthogonality and peak power randomization, need to be more carefully analyzed 
· Also consider OCC mapping pattern for extended CP, although DM-RS pattern is being designed in parallel
In our contribution, we will share our views on OCC mapping design in Rel-10. Afterwards, OCC mapping patterns for both normal CP and extended CP are proposed. 

2. Discussion
In this section, we present our views or preference on some considerable aspects: 

· Backward compatibility with length-2 pattern. We think a unified length-4 pattern is applied in Rel-10 to support all cases, which means existing length-2 pattern in Rel-9 should be re-used when low rank is running. Another reason to make such a subset design is to enable the co-scheduling of Rel-9 and Rel-10 UE in case of MU-MIMO mode. So, backward compatibility with Rel-9 length-2 pattern has highest priority from our side and should be maintained.
· Time-frequency 2D-orthogonality. Although 2D-orthogonaity is a by-product property when we design OCC mapping, we think an important feature potentially exploited by 2D-orthogonality property is to provide terminals the possibility of enabling slot-by-slot processing, including per-slot channel estimation or per-slot soft-value level detection. Like this, processing time can be efficiently saved to a great extent since 1st slot can be first processed without waiting the reception of a whole subframe. This especially benefits high rank transmission, where multiple layers are expected to take more time. In order to make a general application, we prefer to have per-PRB time-frequency 2D-orthogonality regardless of whether PRB bundling is applied or not. 
· Peak power randomization. It seems the value to exploit full peak power randomization is only limited in some corner cases, e.g. wideband resource allocation and particular precoder structure. Actually, transmit power is already randomized from user to user in frequency domain to some extent. In addition, OCC mapping is only applied on DM-RS subcarriers, not for data subcarriers, which further limits the application. So, we prefer not to set high priority of exploiting full peak power randomization. From implementation perspective, partial peak power randomization could be acceptable by us. 
· 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, we don’t see clear benefit to introduce such a shift between two CDM groups although it looks pretty beautiful. Actually, there could exist another corner case to make this proposal broken. So, we prefer to keep the same OCC mapping for two CDM groups to reduce implementation complexity. 
· OCC mapping design for extended CP. Although DM-RS pattern for extended CP is being designed and not decided yet, we can still consider how to design OCC mapping pattern at this time since with agreed DM-RS overhead, OCC mapping pattern could be less relevant with detailed DM-RS pattern. 
3. OCC mapping pattern 
3.1. Normal CP pattern
Length-4 OCC mapping for normal CP in Rel-10 is proposed in Figure 2, which is a simple extension based on length-2 pattern shown in Figure 1. Length-4 Walsh Codes are applied here in each CDM group. 
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Figure 2
Proposed length-4 OCC mapping pattern for normal CP in Rel-10
Main characteristics can be summarized as
· When rank 1-4 is running, length-4 pattern is backward compatible to length-2 pattern. This satisfies our highest priority to keep backward compatibility with Rel-9.
· Per-PRB time-frequency 2D-orthogonal is enabled. In order to exploit slot-by-slot processing at terminal side in case of rank 5-8 case, length-4 code despeading in frequency domain is applied in stead of conventional code dispreading in time domain. Performance comparison between two 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. So, two advantages of  frequency domain method can be investigated: 1) processing time can be efficiently saved by enabling slot-by-slot processing, especially for high rank transmission (i.e. two slots can be independently processed); 2) performance can be improved by taking Doppler impact into account between two slots (i.e. by weighting 2nd slot using proper Doppler factor). In principle, in high rank transmission, less frequency selective channel is expected to support this feature. Of course, whether to use this feature is up to terminal and is totally an implementation issue, so some freedom can be provided for terminals. 
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Figure 3
Performance comparison between two methods (rank-8)
· From Figure 2, we can find this proposed pattern can only achieve partial peak power randomization if rank 5-8 is running. 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, 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 3 is proposed for normal CP
3.2. Extended CP pattern
In companion contribution [10], we present our view on DM-RS pattern design for extended CP. We prefer to optimize rank 1-2 pattern based on performance evaluations. Here, we provide OCC mapping pattern for rank 1-2 in Figure 4, where similar length-2 OCC mapping as in normal CP is proposed for extended CP. This somehow keeps commonality between normal CP and extended CP. Here, we assume to use the rank 1-2 DM-RS pattern [11].
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Figure 4
Proposed OCC mapping pattern for extended CP in Rel-10
Main characteristics can be summarized as

· Similar 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 due to the same property by length-2 pattern in Rel-9
· 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 3 is proposed for normal CP

· The OCC mapping pattern shown in Figure 4 is proposed for extended CP with rank 1-2
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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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