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1. Introduction
In RAN1 #61bis meeting, backward compatibility with length 2 OCC mapping in R9 was agreed for length 4 OCC mapping, and two WF alternatives were built [1][2] as shown in Figure 1. The OCC mapping in alternative-1 has 6PSK alphabet and focus more on peak power randomization; the OCC design in alternative2 is based on BPSK alphabet and focus more on 2-D orthogonality. 
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Figure 1 Alternatives on OCC mapping
This contribution further analyzes these two alternatives and gives our viewpoint on OCC design.
2. Alternatives for OCC mapping
The analysis on two alternatives is separated into intra-group mapping and inter-group mapping.

2.1. Intra-group OCC mapping
The main divergences between these two alternatives are shown below. 
· UE complexity: For BPSK or QPSK alphabet, only addition or subtraction is needed for DMRS despreading, while for 6PSK in alterenative-1, additional arithmetic operations are needed, which leads to higher complexity. However, for the system where 16QAM/64QAM is defined, the eNB/UE may already implement the lookup tables for high-order modulation calculation. This makes it less concerned to also have lookup table for 6PSK-related calculation. 
· Peak power randomization: It is suggested in [3] that the benefit to exploit full peak power randomization is limited in some corner cases, under the special conditions such as wideband resource allocation, particular precoder property and transmit power that is somehow already randomized from user to user. On the other hand, the peak power randomization functionality has already been implemented in Rel9 for OCC=2, and the peak power issue caused by length-4 OCC mapping in Rel10 can be generally more severe than length-2 OCC. So if the additional complexity relating to 6PSK is acceptable, the benefits on peak power randomization based on 6PSK in alternative-1 should be well considered.

Table 1 compares the pros and cons of two alternatives. In alternative1, full power randomization can be achieved across two PRBs as R9, while alternative2 can only obtain partial power randomization. On performance side, even though the two alternatives have different spans of 2D-orthogonality (11 sub-carriers for alt1 and 5 sub-carriers for alt2), our simulation results in section3 show very small performance gap between two alternatives. 
Because of the similar performance observed for two alternatives, the difference on 2D orthogonality is no longer the top condition in ranking the two choices. Instead, the final decision should be based on the trade-off between implementation complexity and property on peak power.
Table1 Comparison of two alternatives for OCC mapping
	
	 Alt1
	Alt2

	Per PRB 2D orthogonality
	Yes (across 11 subcarriers)
	Yes (across 6 subcarriers)

	Peak power randomization
	Full power randomization

（across two PRBs as R9）
	partial power randomization

	Implementation complexity
	6PSk
	BSPK


2.2. Inter-group OCC mapping

The following inter-group OCC mappings are considered in the two alternatives:
Option-1: OCC sequence offset is applied between two CDM groups (alternative1).
Option-2: 2nd CDM group is multiplied with an alternating sign (alternative2).
The advantage in Option-1 is the peak power randomization, rather than the inter-tone interference suppression. Because transmission power is also randomized by precoding matrices on layers as well as in different CDM groups, the necessity for Option-1 is not that obvious. Even if the same precoding matrix happens to be used cross CDM groups, some standard-independent processing, such as phase rotation for 2nd group precoding matrix [4], can be adopted. 
On the other hand, Option-2 focuses on inter-tone interference suppression between two CDM groups [4][5]. However, the issue with Option-2 is that the inter-tone interference mitigation can be achieved only when despreading is performed on 8 REs, as shown in Figure 2. If the channel estimation is performed by despreading on time-domain only, there is no benefit for inter-tone interference suppression. If the channel estimation is perform by despreading on frequency-domain only, the benefit for interference suppression exists only on certain specific layers for the limited ranks, as shown in Figure 3. Given the fact that how to perform channel estimation is an implementation issue, it is not reasonable to force despreading over 8REs as shown in Figure 2. 
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Figure 2 2D orthogonality for inter-tone interference suppression in Alternative-2
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Figure 3 Inter-tone interference in Alternative-2 with 1D channel estimation

It was firstly proposed in [5] to use different OCC allocations in two CDM groups to suppress the inter-tone interference, where CDM group1 has OCC of {a, b, c, d} and {d, c, b, a} allocated to even and odd DMRS sub-carriers respectively, and CDM group2 has OCC of {d –c, -b a} and {a, -b, -c, d} allocated to even and odd DMRS sub-carriers respectively (Note that corresponding to DMRS port, the OCC in time direction for even and odd sub-carriers are expressed as {a, b, c, d} and {a,–b, -c, d} in CDM group1, and { d –c  -b a } and { d c b a } in CDM goup2). Based on this allocation method, the inter-tone interference in rank3~4 DMRS can also be mitigated completely if length4 OCC despreading is used. Apparently, neither length-4 despreading in rank3~4 DMRS nor length-8 despreading in rank5~8 DMRS as in Figure 2 is the baseline assumption in channel estimation applied to R10 DMRS. However, if one of them can be considered, the other also can. For rank5~8, the benefit of inter-tone interference suppression exists in the channel estimation on certain layers and can be achieved on either time domain despreading or frequency domain despreading. This OCC mapping method also functions as inter-group peak power randomization. 
Therefore we do not think the current inter-group OCC mapping method in alternative2 is the best solution. If the different OCC mappings in two CDM groups are allowed, our preference is the combination of Option2 and OCC allocation described in [5]. Such combination is shown in Figure 4 and includes following benefits: 

1) While inter-tone interference mitigation based on 8-RE despreading is maintained, inter-tone interference suppression for certain layers when rank < 8 can still be achieved base on 1D despreading, as shown in Figure 5.
2) Inter-group peak power randomization can be achieved even when the same pre-coding matrix is used in two CDM groups. 
3. Performance evaluation

In this section, we compare the performances of alternative1 and alternative2 based on different despreading methods in the channel estimation. The simulation results are given in Figure 6 for the frequency domain despreading, in Figure 7 for the time domain despreading and in Figure 8 for the averaging of despreading in both time and frequency domains. Figure 9 shows the performance difference between the channel estimation with 8-RE 2-D despreading and the channel estimation with 4-RE frequency domain despreading based on alternative2 OCC mapping. Throughout simulations, the channel estimation is based on per-PRB 2DMMSE, and the detailed simulation assumptions are listed in Appendix. 

From the simulation results, we can see that:

· Alternative1 and alternative2 can get almost the same performance in PA channel for any given despreading method and UE speed applied in simulation. 

· For moderate UE speed, frequency domain despreading can achieve much better performance than time domain dispreading under PA channel model. 

· For moderated UE speed, despreading on 8 REs brings lower performance than any despreading on 4 REs studied in our simulation.
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Figure 4 Proposed inter-group OCC mapping for two alternatives
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Figure 5 inter-tone interference suppression for the proposed inter-group OCC mapping
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Figure 6 despreading in freq direction                      Figure 7 despreading in time direction
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Figure 8 average for time & freq direction despreading      Figure 9 8-RE despreading in Fig.4 vs 4REs in freq-domain
4. Conclusion
This contribution analyzes the two OCC mapping alternatives, including both intra-group mapping and inter-group mapping.
· For intra-group mapping：The decision between two alternatives should be based on the trade-off between implementation complexity and signal property on peak power. 2D-orthogonality is not the top judging condition.
· For inter-group mapping：If OCC mappings in two CDM groups are allowed to be different, combination of Option2 with OCC allocation as shown in Figure 4 is preferred.
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Appendix  Simulation parameters

	Parameter

	Assumption

	Antenna configuration
	8x8 (ULA) 

	Antenna correlation
	Independent

	Bandwidth
	5M

	Channel estimation
	Real, per-PRB 2DMMSE

	Channel model
	PA 

	MCS 
	Adaptive

	Carrier frequency
	2.0 GHz

	MIMO detection algorithm 
	MMSE

	Codeword number
	2

	Rank adaptation
	Disable，Fixed 8 layer

	Scheduled resource block
	4 contiguous PRBs 

	Precoding 
	SVD decomposition based precoding,

	CQI/Precoding feedback
	delay 5ms

	PDCCH OFDM number
	3

	CRS + CSI-RS overhead
	28

	UE mobile speed
	3 km/h,
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