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1. Introduction

In RAN1#61bis meeting, the following conclusions are agreed. 

· For initial transmission the CSI to (CS, OCC) should follow the following

· CS and OCC for layer 0(nDMRS,0(2), nOCC,0) is derived from 3-bit cyclic shift indicator (CSI) in UL DCI format. 
· Mapping table between CSI and ( nDMRS,0(2) , nOCC,0) 
· Exact mapping  is FFS
· CS for layer k (k=0,1,2,3) is derived from CS offset according to nDMRS,k(2)=(nDMRS,0(2)+∆k) mod 12
· CS offsets (∆k) for 2 layers are 0, 6 for k=0,1
· CS offsets (∆k) for 4 layers are 0, 6, 3, 9 for k=0, 1, 2, 3
· CS offsets (∆k) for 3 layers are FFS. 
· FFS applicability of the above to retransmission cases
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. 

In this contribution, we discuss the signalling mechanism of OCC and CS. We also discuss the sequence group hopping. 
2. Signalling mechanism 
2.1. OCC indication for each layers
OCC index for layer #0 is derived from 3-bit cyclic shift indicator (CSI) as the agreement in the last meeting. Moreover, OCC index of layer #2-#4 has been discussed in the last meeting [1]-[12]. For OCC indication of layer #2-#4, it is necessary to discuss SU-/MU-MIMO scenarios for OCC since the choice of signalling mechanism depends on the scenarios to be optimized. 

Supporting many scenarios would cause a specification complexity and UE design complexity. Furthermore, 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. The flexibility of PHICH allocation is important 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. So, limiting the scenarios is preferable. 

Many scenarios has been considered in addition to support SU-MIMO with up to 4 layers, such as MU-MIMO with UEs each having 2 layers, MU-MIMO with UE having 3 layers and UE having1 layer, and MU-MIMO with UE each having 4 layers. In our view, for SU-MIMO, OCC orthogonality should be utilized for the case with more than 2 layers since the performance gain of OCC for up to 2 layers is very limited [16]-[20]. For MU-MIMO, utilizing OCC orthogonality for UEs with different BW each having up to 2 layers would be sufficient since majority of UEs would be up to 2 TX antennas in Rel.10 time frame. 

Below, we discuss OCC indication for each layer taking into account above aspects. 

· OCC for layer #0 and #1

From throughput performance perspective, we don’t see the necessity of OCC orthogonality for 2-layer SU-MIMO as shown in most evaluation results [16]-[20]. Therefore, the same OCC index for layer #0, #1 would be sufficient. If the same or different OCC indices for layer #0, #1 depend on CSI [13], the CSI choices for MU-MIMO with UEs having up to 2 layers, i.e. one OCC index for layer #0, #1 on UE#0 and the other OCC index for layer #0, #1 on UE#1, are restricted. For example, considering the signalling table in [13], the CS assignment is restricted to only one choice, i.e. nDMRS,0(2) = 0 or 6 for one UE and nDMRS,0(2) = 3 or 9 for the other UE because the other CSs implicitly indicates different OCC index for layer #0, #1. This is not preferable from PHICH allocation perspective. Therefore, we propose to assign the same OCC for layer #0 and #1 irrespective of CSI. 

· OCC for layer 2 and 3

There is a proposal that the different OCC index from layer #0, #1 is assigned for layer #2, #3 to utilize OCC orthogonality in 3- or 4-layers SU-MIMO[6][7][8][12]. On the other hand, there is a proposal to support same OCC index for layer #2, #3 as layer #0, #1 in addition to different OCC index by indicating via higher layer signalling [11] or implicitly by indicated CSI [1][3] to utilize OCC orthogonality also for MU-MIMO with many scenarios. However, this is not needed in our view because MU-MIMO with UEs having >2 layers (e.g. 4-layer UE + 4-layer UE, 3-layer UE + 1-layer UE, etc) would not be a major scenario as described above. 

From above discussion, we propose the following OCC indication for each layer. 

Table 1 Relation between layer index and OCC index 
	Layer
	0
	1
	2
	3

	OCC 
	nOCC,0
	nOCC,0
	1- nOCC,0
	1- nOCC,0


2.2. CS offset indication for 3 layers 
We compare two approaches for CS offset as follow because these approaches have been discussed in the last meeting [21]. 

· Approach 1: CS offsets (∆k) for 3 layers are 0, 4, 8 for k=0, 1, 2
· Approach 2: CS offsets (∆k) for 3 layers are 0, 6, 3 for k=0, 1, 2
Above approaches are discussed from SU-MIMO, MU-MIMO and UE complexity point of view. 
(Point A) SU-MIMO with 3 layers 

Approach 1 has large CS separations for each layer compared to Approach 2. However, both approaches would have similar inter-sequence interference due to sufficient CS separations for each layer and two dimensional codes, i.e. CS sequence and OCC. 

(Point B) MU-MIMO with 3-layer UE and 1-layer UE
Approach 2 can have larger CS separations for MU-MIMO with 3-layer UE and 1-layer UE, i.e. nDMRS,k(2)=0, 6, 3 for UE#0 and nDMRS,k(2)=9 for UE#1 although this scenario would not be important. The other scenarios for 3-layer UE (e.g. 3-layer UE and 3-layer UE) would be less important.  
(Point C) UE design complexity 

Approach 2 would be slightly simpler due to the same CS offsets as 4 layers SU-MIMO. 

We slightly prefer the approach 2.  

2.3. CS and OCC for non-adaptive retransmission

For initial transmission or adaptive retransmission, CS and OCC for each layer is 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 need 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 based on CSI in the latest UL-grant-triggered transmission but the number of layers is adjusted to the current subframe. 

· Alternative 2: use the same CS and OCC for each layer as the latest PUSH transmission triggered by UL grant without any modification.
When both TBs are NACK or only first TB (TB1) is NACK, the CS and OCC used for the retransmission is 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. CS separation of 6 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 [13][14]. 

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 the 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 design a simple sub-frame level sequence/group hopping. For example, Rel-8 slot level group hopping is reused and the sequence in second slot is overridden by the sequence in first slot as shown in Fig.2. In the mechanism, since only sequence in second slot is changed from Rel8/9 sequence/group hopping, the inter-cell interference would be small even in case the sequence shifting is used in cell cluster [15]. 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 the signalling mechanism of OCC index for each layer and CS offsets for 3 layers. In addition, we discussed the sequence/group hopping for MU-MIMO with different bandwidth. Our preference is follows. 
· Signalling mechanism:
· Regardless of total number of layers, OCC index (nOCC,k) for layer k is derived from OCC for layer 0 (nOCC,0)

· nOCC,0 for k=0,1
· 1-nOCC,0 for k=2,3
· CS offsets for 3 layers is 0, 6, 3 for k=0, 1, 2
· CS and OCC determination for non-adaptive retransmission
· CS and OCC are determined based on 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:
· The 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 second slot is overridden by the sequence in 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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