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1. Introduction

In RAN1#62 meeting, the following conclusions were agreed. 

· The mapping of CSI to nOCC,0 is FFS 

· OCC for layer k is derived from CSI considering both SU-MIMO and MU-MIMO

· For 4 of the CSI values: nOCC,k= nOCC,0 for k=1 and nOCC,k=1-nOCC,0 for k=2,3

· FFS the OCC mapping for the other 4 CSI values, one example of the mapping 

· For the second 2 CSI values: nOCC,k= nOCC,0 for k=1,2,3
· For the third 2 CSI values: nOCC,k = 1-nOCC,0, for k=1,3 and nOCC,k=nOCC,0 for k=2

In addition, another open issue on OCC from RAN1#61 is whether to modify the sequence group hopping for MU-MIMO with UEs having different bandwidth. 

Below, we discuss (1)OCC indication for each layers, (2)Mapping of CSI to nOCC,0, (3)CS and OCC for non-adaptive retransmission, (4)Means to support OCC with sequence / group hopping. 
2. Signalling mechanism 
2.1. OCC indication for each layers

It was agreed that for 4 of the CSI values OCC for layer k is expressed as nOCC,k = nOCC,0 for k = 1 and nOCC,k = 1–nOCC,0 for k = 2, 3. In this section, we discuss OCC mapping for the remaining 4 CSI values. 
Three approaches which were discussed in the last meeting are considered below. 

Approach A: 
For the remaining 4 CSI values, nOCC,k = nOCC,0 for k = 1 and nOCC,k = 1–nOCC,0 for k = 2, 3
Approach B: 
For the remaining 4 CSI values, nOCC,k = nOCC,0 for k = 1, 2, 3
Approach C: 
For the second 2 CSI values, nOCC,k = nOCC,0 for k = 1 and nOCC,k = 1–nOCC,0 for k = 2, 3
For the third 2 CSI values, nOCC,k = nOCC,0 for k = 1, 2, 3
Approach A uses the same OCC for the first 2 layers and the different OCC for the remaining layers for all CSI values. Approach B supports the same OCC for all layers to allow MU-MIMO with different BW where each UE has more than 2 layers. Approach C further supports to use different OCC indices for 2-layer case. 
For approach C, the channel estimation accuracy may be improved in 2-layer SU-MIMO compared to approach A and B since OCC is utilized for 2-layer case on the third 2 CSI values. On the other hand, approach A and B has more choices of CSI (i.e. more flexibility of PHICH resource allocation) for a given scenario. Below, we compare these approaches in the perspective of BLER performance, the flexibility of PHICH resource and UE complexity. 
BLER performance
In order to evaluate the gain of approach C compared to approaches A and B, we evaluated the BLER performance of following two alternatives in 2-layer SU-MIMO with SIC receiver and MMSE receiver. 

· Same OCC index for layer #0, #1 (option 1)
· Different OCC index for layer #0, #1 (option 2) 
The simulation results are shown in Fig.3-7 in Appendix. The simulation results show option 2 provides only a small gain compared to option 1 for 4-PRB case even with SIC receiver. Moreover, very limited gain of option 2 is seen in case of 10 PRBs. 
From these results, same OCC index for up to 2 layers would be sufficient. 
Flexibility of PHICH resource allocation
For SU-MIMO, utilizing OCC up to 2 layers is sufficient since the performance gain of OCC for 2 layers is very limited as discussed above. For MU-MIMO, utilizing OCC for UEs with different bandwidth each having up to 2 layers would be sufficient. The remaining flexibility of CSI selection should be used for PHICH resource allocation. 

The scenarios, other than above, has also been considered such as SU-MIMO with 2 layers, MU-MIMO between UE having 3 layers and UE having 1 layer, and MU-MIMO between UEs having 4 layers, as described in some contributions. However, the more SU-/MU-MIMO scenarios OCC orthogonality is supported, the less CSI choices are available for a specific scenario, i.e. less flexibility of PHICH allocation. For example, in approach C, since there are only two CSI candidates for OCC mapping configuration of the 2nd and 3rd CSI sets, the only two choices of PHICH resource allocation is available when eNB assigns the OCC mapping of 2nd and 3rd CSI sets. Considering the transmission of 2 PHICHs for SU-MIMO and the possibility of cross carrier scheduling where PHICHs for different CCs are transmitted on one CC, to allocate the flexibility of PHICH resource allocation is better than to support more scenarios in which OCC is utilized.

UE Complexity

If the OCC mapping to each layer is changed by CSI such as approach B or C, the complexity and testing efforts of UE design are increased because it needs to switch the OCC mapping to each layer depending on the indicated CSI. 

From the above discussion, we prefer approach A
· For all 8 CSI values, nOCC,k = nOCC,0 for k = 0, 1 and nOCC,k=1–nOCC,0 for k = 2, 3. 
2.2. Mapping of CSI to nOCC,0
The mapping table between CSI and OCC index of the first layer (nOCC,0) is described in Table 1. In the mapping table, different OCC indices are used for neighbouring CSIs. . 
Table 1 Mapping table between CSI and OCC index of the first layer 

	CS index
	0
	2
	3
	4
	6
	8
	9
	10

	OCC 
	w0
	w1
	w0
	w1
	w0
	w1
	w0
	w1


2.3. CS and OCC for non-adaptive retransmission

For initial transmission or adaptive retransmission, CS and OCC for each layer are derived from CSI indicated in the UL grant as agreed. However, for non-adaptive retransmission, i.e., PHICH-triggered retransmission, CSI is not indicated for the retransmission. Therefore, a rule to determine CS and OCC for non-adaptive retransmission has to be specified. Below, we discuss two alternatives for the determination of CS and OCC for non-adaptive retransmission. 

· Alternative 1: CS and OCC are determined according to the CSI in the latest UL-grant-triggered transmission but the number of layers is adjusted to the current subframe. 

· Alternative 2: reuse the same CS and OCC for each layer as the latest PUSCH transmission triggered by UL grant without any modification.

When two TBs are NACK or only first TB (TB1) is NACK, the CS and OCC used for the retransmission are same for both alternatives. On the other hand, when first TB(TB1) is ACK and  second TB(TB2) is NACK, the CS and OCC used for the retransmission of TB2 is different. Figure 1 illustrates the CS and OCC determination for the alternatives when only TB2 is retransmitted. 

Both alternatives would be feasible. However, in case of retransmission for 3-layer, alternative 1 is advantageous from CS separation and OCC usage point of view. CS separation for the retransmission of TB2 is 6 in alternative 1 while 3 in alternative 2.  The separation of 6 CSs is desired especially for MU-MIMO with another 2-layer UE. In addition, the same OCC is used for the 2 layers in alternative 1. This is also preferable for the MU-MIMO point of view. 

Therefore, we suggest alternative 1 for CS and OCC determination for non-adaptive retransmission. 
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Figure 1 CS and OCC for non-adaptive retransmission
3. Means to support OCC with sequence / group hopping 

The combination of CS and OCC would be useful to suppress the inter-layer interference for MU-MIMO operation over same bandwidth. In addition, OCC can improve the orthogonality on MU-MIMO with different bandwidth and further throughput improvement is expected as shown in [1][2]. 

However, Rel-8/9 sequence/group hopping has to be disabled or a new sequence/group hopping is necessary. Although Rel-8/9 cell-specific enabling or disabling of the sequence/group hopping is available even in Rel-8/9, it makes the cell planning complicated. Hence, it would be beneficial to define new mechanism to support UE-specific enabling or disabling of the sequence/group hopping or UE-specific (or Cell-specific) subframe level sequence/group hopping. 
However, there are only a few meetings to discuss new mechanism in Rel-10. Hence, we propose to discuss the new sequence/group hopping for MU-MIMO with different bandwidth and consider them in Rel-11. 

If the new mechanism for MU-MIMO with different bandwidth is introduced in Rel-10, we prefer to use a simple sub-frame level sequence/group hopping, i.e. just no hopping at the slot boundary within a subframe, since it would be simpler than to disable the slot level sequence/group hopping. For example, Rel-8 slot level group hopping is reused and the sequence in the second slot is overridden by the sequence in the first slot as shown in Fig.2. In the mechanism, since only sequence in the second slot is changed from Rel-8/9 sequence/group hopping, the inter-cell interference would be small even in case the sequence shifting is used in cell cluster [3]. If the slot level sequence/ group hopping is disabled, the inter-cell interference of the first and the second slot may be necessary to consider. 
Moreover, we prefer to indicate the enable or disable of the hopping by higher layers, not derived from CS indication bits (3bits) in PDCCH, because the restriction of PHICH resources would be mitigated.  


[image: image2]
 Figure 2 Sub-frame level sequence/group hopping
4. Conclusion

We discussed (1)OCC indication for each layers, (2) Mapping of CSI to nOCC,0, (3)CS and OCC for non-adaptive retransmission, (4)Means to support OCC with sequence / group hopping. 
Our preference is as follows. 

· Signalling mechanism: 
· Even for the remaining 4 CSI values, nOCC,k= nOCC,0 for k = 0, 1 and nOCC,k=1–nOCC,0 for 
k = 2, 3. 
· CS and OCC determination for non-adaptive retransmission
· CS and OCC are determined according to the CSI in the latest UL-grant-triggered transmission but the number of layers is adjusted to the current subframe.
· Sequence/group hopping for MU-MIMO with different bandwidth:

· New sequence/group hopping should be considered in Rel-11. However, if introduced in Rel-10, we prefer to design a simple sub-frame level sequence/group hopping. 
· Rel-8 slot level group hopping is reused and the sequence in the second slot is overridden by the sequence in the first slot. 

· Enable or disable of the hopping is indicated by higher layers, not derived from CS indication bits (3bits) in PDCCH.
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Appendix A: Evaluation results 

We evaluated the average SNR vs. throughput performance between option 1 and 2 with link adaptation. Both MMSE and SIC receiver are evaluated. The evaluation parameters are shown in Table 2. 

· Option 1: Same OCC index for layer #0, #1
· Option 2: Different OCC index for layer #0, #1 
The simulation results of the BLER performance for (QPSK, 1/2), (16QAM, 1/2), (16QAM, 2/3), (64QAM, 1/2) and (64QAM, 2/3) are shown in Fig.3-7. As the results, even in case SIC receiver is used, the benefit of option 2 is marginal at data BLER = 0.1. Moreover, the difference between option 1 and 2 is further reduced in case of larger transmission BW (10 PRBs). 

Table 2 Simulation parameter
	System bandwidth
	5 MHz

	Waveform
	SC-FDMA

	Modulation, Coding rate
	For link adaptation : OFF 
(QPSK, 1/2) (16QAM, 1/2) (16QAM, 2/3)

(64QAM, 1/2) (64QAM, 2/3)

	Tx / Rx Antenna configuration
	2Tx /2Rx 

	Number of layers
	2

	Frequency allocation
	4RBs, 10RBs

	Channel model
	TU 12path, 3km/h

	MIMO detection
	MMSE, MMSE-SIC

	Channel estimation
	Actual

	One CS length 
	SC-FDMA Symbol length / 12 [us]

	OCC index, Cyclic shift index
	Approach 1:(w0, 0)(w0, 6) for layer#0, #1

Approach 2:(w0, 0)(w1, 6) for layer#0, #1

w0=[1 1], w1=[1 -1]
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(a) Transmission bandwidth (4RB)                     (b) Transmission bandwidth (10RB) 
Figure 3  average received SNR vs. BLER for (QPSK, 1/2)
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(a) Transmission bandwidth (4RB)                     (b) Transmission bandwidth (10RB) 

Figure 4 average received SNR vs. BLER for (16QAM. 1/2) 
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(a) Transmission bandwidth (4RB)                     (b) Transmission bandwidth (10RB) 

Figure 5 average received SNR vs. BLER for (16QAM. 2/3)  
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(a) Transmission bandwidth (4RB)                     (b) Transmission bandwidth (10RB) 

Figure 6 average received SNR vs. BLER for (64QAM. 1/2)  
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(a) Transmission bandwidth (4RB)                     (b) Transmission bandwidth (10RB) 

Figure 7 average received SNR vs. BLER for (64QAM. 2/3)  
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