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1
Introduction
Regarding the application of OCC to the DM-RS for PUSCH MIMO transmission, RAN1 has arrived at the following agreements:

· Initial PDCCH-based OCC/CS mapping table

· The mapping of CSI to nOCC,0 is 

· [1 1] for CSI
={000,011,100,111} 

· [1 -1] for CSI
={001,010,101,110} 

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

· For the following 4 CSI values {000,001,010,111}: nOCC,k= nOCC,0  for k=1 and nOCC,k=1-nOCC,0 for k=2,3

· For the remaining 4 CSI values {011,100,101,110}: nOCC,k= nOCC,0  for k=1,2,3
· could be revisited if there is consensus that PHICH collision issue is not relevant

· Whether or not to have a revised table that allows up to 2 rows can supports OCC switching from layer 1 to layer 2
In this paper, we discuss the benefit of allowing 
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Implicit Signalling of OCC
Our proposed scheme for OCC signaling without increasing the signaling overhead is as follows:
· The implicitly signaled OCC for layer 0: nOCC,0  is derived from the the sum of signaled cyclic shift values: 
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 is provided by higher layers [1] and 
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 is the signaled cyclic shift value in the corresponding DCI for the initial PUSCH transmission, according to a pre-defined rule. 

· One possible mapping from cyclic shift value to OCCs is illustrated in Table 2, which follows the agreements in last RAN1 meeting when confined to those cyclic shift values {0, 2, 3, 4, 6, 8, 9, 10} mapped from 
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itself will only be able to signal 8 cyclic shift values. However, the sum:
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 will be able to address all possible cyclic shift values. Given that we can now address all 12 possible cyclic shifts, we can divide the 12 cyclic shifts into 3 groups which are shaded in different colors in Table 2. Note that each group now contains 4 cyclic shift values:
· for the first group (red), 
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 for k=2, 3; 
· for the second group (blue), 
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for k=1,2,3; 
· for the third group (green), we have 
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for k=1,3 and 
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 for k=2;
· this group is not supported in the working assumption agreed in last RAN1 meeting
· in Table 2, we have 4 columns supporting OCC switching from layer 1 to layer 2

Table 1. OCC for DM-RS

	OCC Index: IOCC
	Orthogonal Cover Code

	0
	[+1, +1]T

	1
	[+1, -1] T


Table 2. Mapping from Cyclic Shift Value to Orthogonal Cover Codes for Implicit OCC Signaling
	n=
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	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11

	OCC Index: nOCC,0
	0
	1
	0
	1
	0
	1
	1
	0
	1
	0
	1
	0

	OCC Index: nOCC,1
	0
	0
	0
	1
	0
	0
	1
	1
	1
	0
	1
	1

	OCC Index: nOCC,2
	1
	1
	0
	0
	0
	1
	0
	0
	1
	1
	1
	0

	OCC Index: nOCC,3
	1
	0
	0
	0
	0
	0
	0
	1
	1
	1
	1
	1


Note that the proposed solution, i.e. determining OCC from the sum: 
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, also supports possible MU-MIMO pairing of SPS allocations. Since 
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 is set to 0 for SPS users, this is the only possibility to use the same OCC allocation scheme for both SPS and dynamic allocations.  
The above proposed solution will be able to support OCC switching from layer 1 to layer 2 naturally. Another possible way to support OCC switching from layer 1 to layer 2 without impacting the RAN1 agreements much could be as follows:

· when the value of 
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 belongs to {0, 2, 4, 6, 8, 10}, OCC for each layer is derived from CSI: 
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 by following the agreed mapping table as follows:
· For the following 4 CSI values {000,001,010,111}: nOCC,k= nOCC,0  for k=1 and nOCC,k=1-nOCC,0 for k=2,3

· For the remaining 4 CSI values {011,100,101,110}: nOCC,k= nOCC,0  for k=1,2,3
· when the value of 
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 belongs to {3, 9}, OCC for each layer is derived from CSI: 
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according to a revised table that allows up to 2 rows to support OCC switching from layer 1 to layer 2, e.g.
· For the following 4 CSI values {000,001,010}: nOCC,k= nOCC,0  for k=1 and nOCC,k=1-nOCC,0 for k=2,3

· For the remaining 4 CSI values {011,100,101}: nOCC,k= nOCC,0  for k=1,2,3
· For the remaining 4 CSI values {110, 111}: nOCC,k= nOCC,0  for k=2 and nOCC,k=1-nOCC,0 for k=1,3
3
Conclusions 

In this contribution, we have provided our views on remaining details in signaling of OCC in support of uplink spatial multiplexing. Our proposals are summarized as follows:
· take into account 
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 in determining the OCC for each spatial layer
· Alt 1: OCC indices for all spatial layers are derived from the sum:  
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 according to Table 2
· since
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is a UE-specific higher layer configured parameter and 
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is dynamically signaled in the UL grant, the sum: 
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can be used to address one out of the 12 possible cyclic shifts flexibly
· Alt 2: according to the value of 
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, select one OCC mapping table from two available tables

· for each mapping table, OCC indices for all spatial layers are derived from the CSI: 
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· one table follows the agreements made in RAN1#62bis
· the other table supports OCC switching from layer 1 to layer 2
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