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1
Introduction
The way forward for DMRS CSI selection for initial transmissions was agreed in RAN1#61bis as follows [1]:
· 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(2),0 , 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. 

· Choose either of {0, 6, 3} or {0, 4, 8} for k=0, 1, 2

· OCC for layer k is derived from OCC for layer 0

· nOCC,k= nOCC,0  for k=1

· nOCC,k=1- nOCC,0  for k=2,3

For non-adaptive retransmission, there is no explicit signal to inform the UE of the CSI (Cyclic Shift Indicator). In addition, with multiple codewords transmission, the number of layers in the retransmission may be different from the initial transmission, if one of the codewords is received correctly while the other is not. Therefore the rules for OCC and CS configuration for non-adaptive retransmissions are still an open issue and need to be defined without explicit signalling.
Here we discuss two possible alternatives for this point. 
2 CS and OCC selection for retransmission 
In this section, we outline two options on CS/OCC selection and discuss the corresponding pros and cons. 
SU-MIMO:

Option 1 : To keep the DMRS configuration the same as the one in the initial transmission.
An example is given in the following two tables. 

Table 1-1:  example DMRS configuration for the initial transmission
	Initial transmission 
	3 layers
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DMRS

n


	OCC

	Layer 0
	0
	[+1  +1]

	Layer 1
	6
	[+1  +1]

	Layer 2
	3
	[+1  -1]


Let us assume that the codeword on layer 0 is received correctly and the codeword on layers 1 and 2 is not correctly received and needs to be retransmitted; then the DMRS configuration for the retransmission could be as shown below. 
Table 1-2  Example DMRS configuration for retransmission
	HARQ retransmission 
	2 layers
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DMRS

n


	OCC

	Layer 0
	6
	[+1  +1]

	Layer 1
	3
	[+1  -1]


Pros: easy to implement and with no standardization effort. 

Cons: could not achieve maximal RS separation among the different layers for the retransmission, where the number of layers may be decreased by up to a factor of 2. 

Option 2 : reconfigure the OCC and CS according to the rules for initial transmission with respect to the updated transmission situation in the retransmission.
Table 2-1: example DMRS configuration for initial transmission
	Initial transmission 
	3 layers
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DMRS

n


	OCC

	Layer 0
	0
	[+1  +1]

	Layer 1
	6
	[+1  +1]

	Layer 2
	3
	[+1  -1]


Table 2-2: example DMRS reconfiguration for retransmission
	HARQ retransmission 
	2 layers
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DMRS

n


	OCC

	Layer 0
	0
	[+1  +1]

	Layer 1
	6
	[+1  +1]


Pros: Could obtain the maximal DMRS separation. 

Cons: need some (albeit very small) standardization effort and processing for updating OCC and CS for retransmission. 

MU-MIMO
An important principle is that the CSI mapping table should be optimized to support MU-MIMO. For UL MU-MIMO, the same OCC should be applied to the different layers for one UE, as shown in the table 3-2, which could allow different OCCs to be used by other paired UEs. 
Table 3-1: example DMRS configuration for one UE
	
	2 layers
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DMRS

n


	OCC

	Layer 0
	0
	[+1  +1]

	Layer 1
	6
	[+1  +1]


Table 3-2: example DMRS configuration for another UE
	
	2 layers
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DMRS

n


	OCC

	Layer 0
	0
	[+1  +1]

	Layer 1
	6
	[+1  -1]


According to the agreed DMRS configuration for initial transmissions, here we assume a mapping table between the signalled CSI and the CS and OCC as shown in table 4; this example keeps the OCC the same with interval 6 between the nDMRS CSs. Therefore, there are 8 DMRS configurations for two-layer transmissions, that is four pairs of CSs (0,6), (3, 9),(4, 10), (2, 8), each using the same OCC. 
Table 4  Example OCC and CSI mapping table.
	Cyclic Shift Field in

DCI format 0
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DMRS

n


	OCC

	000
	0
	[+1 +1]

	001
	6
	[+1 +1]

	010
	3
	[+1 -1]

	011
	4
	[+1 +1]

	100
	2
	[+1 -1]

	101
	8
	[+1 -1]

	110
	10
	[+1 +1]

	111
	9
	[+1 -1]


When a UE is paired with another UE for a retransmission, option 2 with this kind of mapping table can ensure that two layers in one UE use the same OCC, so that it is possible to assign two users in MU-MIMO with different OCCs to increase DMRS orthogonality, especially for un-equal bandwidth allocations for MU-MIMO. (For option 1, as shown in the table 1-2, the two layers in one UE may use different OCCs, which makes it difficult to ensure OCC orthogonality between users.)
3
Summary 

In order to maximise the RS separation for MU-MIMO with retransmissions, we propose that the OCC and CS for non-adaptive retransmissions are reconfigured according to the same mapping table based on the CSI field as was used for the initial transmission (e.g. as shown in Table 4).  
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