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1. Introduction

In RAN1#60 meeting, OCC (Orthogonal Cover Code) for uplink DM RS multiplexing in addition to CS(Cyclic shift) was discussed [1]-[12]. Then the following conclusions are agreed. 
Continue discussion to RAN1#60bis, focusing particularly on the standardisation complexity of adopting OCC for SU-/MU-MIMO, including:

· signalling mechanism and 

· means to support OCC with sequence hopping and group hopping.

Below, we discuss above two topics. 
2. Signaling mechanism 
We think OCC should be supported without increasing the signalling over PDCCH and with a small standardization effort. 

For the PDCCH signalling for OCC indication, implicit and explicit ways has been discussed [1]-[12]. When OCC is implicitly indicated by CS (cyclic shift) index or layer index, the signaling overhead is not increased and modification to the existing DCI format is not required. In addition, OCC assignment is sufficiently flexible in our view. Hence, OCC implicit indication is preferable. 

The detail of our proposal is following:

· The relation between CS index for layer#0 and OCC index is defined (Table 1). 
· OCC index for layer#0 and #1 is derived from CS index (3 bits indication) for layer#0. 
· OCC index for layer#2 and #3 is the other OCC index from layer#0 and #1 (Table 2). 
The merit of the above our proposal is as follows: 
· The inter-layer interference in case of 3 or 4 layers SU-MIMO can be mitigated. 
· The inter-layer interference can be reduced in MU-MIMO between two UEs with each having two layers using a specific combination of CS and OCC, e.g. (nOCC =w1, CS=0, 6) and (nOCC =w2, CS=3, 9).
· MU-MIMO with different bandwidth between two UEs with each having two layers can be supported because different OCC indices can be assigned to these UEs. 
· Testing efforts are small for 2 antennas because same OCC index is always used for layer #0 and #1, i.e. the number of patterns is small. 
Table 1 Relation between CS and OCC

	CS index
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11

	OCC 
	w2
	w1
	w2
	w1
	w2
	w1
	w2
	w1
	w2
	w1
	w2
	w1


Table 2 Relation between layer index and OCC index (without modulo for simplicity)
	Layer
	0
	1
	2
	3

	OCC 
	nOCC
	nOCC
	nOCC+1
	nOCC+1


3. Means to support OCC with sequence hopping and group hopping 
MU-MIMO operation over same bandwidth has been supported in Rel.8. However, in an orthogonality of the CS sequences alone, it is not enough to suppress the inter-layer interference when the large number of layers is multiplexed as mentioned above. Hence, the combination of CS and OCC would be useful even for MU-MIMO operation.

In addition, further throughput improvement is expected by allowing MU-MIMO with different bandwidth as shown in [7][12], although Rel.8 sequence hopping and group hoping have to be disabled or a new group hopping, e.g., subframe level group hopping, is necessary. However, disabling the sequence and group hopping makes the cell planning complicated, moreover, there are only a few meetings to discuss the new sequence hopping and group hopping in Rel.10. 
Hence, we propose to introduce OCC for MU-MIMO with same bandwidth only together with sequence hopping/group hopping in Rel.10, in addition to SU-MIMO. Then RAN1 should discuss the new sequence and group hopping for MU-MIMO with different bandwidth and consider them in Rel.11. 

4. Conclusion

We discussed the signalling mechanism and means to support OCC with sequence hopping and group hopping due to introduce OCC for SU-/MU-MIMO. 
· OCC should be supported for the following reasons.
· OCC has the gain in some conditions.
· OCC can be supported without increasing the signalling over PDCCH and with a small standardization effort.

· OCC implicit indication should be used. 
· The relation between CS index for layer#0 and OCC index is defined. 
· OCC index for layer#0 and #1 is derived from CS index (3 bits indication) for layer#0. 
· OCC index for layer#2 and #3 is the other OCC index from layer#0 and #1.  
· Rel.10 should support OCC with MU-MIMO in the same bandwidth only together with sequence hopping/group hopping in addition to SU-MIMO.
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