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1. Introduction

The following has been agreed in the recent RAN1 meetings (RAN1#61bis, RAN1#62) regarding OCC and CS mapping for UL DM-RS:

RAN1#61bis meeting:

1. 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. 
2. FFS applicability of the above to retransmission cases
RAN1#62 meeting:

· The R8 mapping table is reused for nDMRS,0(2)

· The mapping of CSI to nOCC,0 is FFS 

· CS offsets (∆k) for 3 layers are 0, 6, 3 for k=0, 1, 2

· 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 this contribution, we discuss the remaining details for OCC and CS configuration and signalling for SU/MU-MIMO up to four layer transmission.
2. Cyclic Shift and OCC Mapping and Signalling 
2.1. DM-RS field in UL DCI Formats and OCC for UL SU/MU-MIMO layers
As in Rel-8/9, the Rel-10 uplink DCI formats will include a (3-bit) DM-RS field. As agreed in RAN1#61bis, at least for the initial transmission, the DM-RS field in the Rel-10 UL DCI formats is will indicate the DM-RS CS offset (
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)which in the case of SU-MIMO is for the lowest layer of the first codeword (layer 0). In RAN1#62, it has agreed to reuse the Rel-8 mapping table for DM-RS field to DM-RS CS offset (
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).  
In Rel-10 UL SU-MIMO, up to two transport blocks is mapped on to two codewords which can be transmitted on up to four layers. In RAN1#61bis it has been agreed that the CS offset for layer k (k=0,1,2,3) is derived according to nDMRS,k(2)=(nDMRS,0(2)+∆k) mod 12 with offset, ∆k for L=2 layers are 0, 6 for k=0,1 and offsets (∆k) for L=4 layers are 0, 6, 3, 9 for k=0, 1, 2, 3. Offsets, ∆k, for L=3 layers are are 0, 6, 3 for k=0, 1, 2 as agreed in RAN1#62. 
In RAN1#60bis meeting it was agreed that OCC can be used for both SU and MU-MIMO. The OCC for the different layers can be determined as follows:

· for 4 of the CSI values, OCC for layer k is derived according to: 
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 for k=2,3 as agreed in RAN1#62. 

· It is proposed that the 4 CSI values correspond to code-points of the CS for DM-RS field in UL DCI format corresponding to  
[image: image7.wmf]10

,

9

,

4

,

3

)

2

(

0

,

=

DMRS

n

 as shown in Table 1.
· The same OCC mapping can be used for all the CSI values as OCC is beneficial for rank>2 transmissions. 

· However, it has been suggested that alternating the OCC between layers of a codeword is beneficial in case advanced SIC receivers are used. 

· For two of the CSI values, 
[image: image8.wmf]0

,

,

1

OC

k

OC

n

n

-

=

 for k=1,3 and 
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· The 2 CSI values corresponding to 
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 are proposed with this alternating OCC between layer mapping.

· The same OCC for all the layers has been proposed to support MU-MIMO with different bandwidths with different OCC for different UEs.

· For two of the CSI values, 
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· The 2 CSI values corresponding to 
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 are proposed with this alternating OCC between layer mapping.
A proposed mapping of the DM-RS field to the CS offset 
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), CS offsets ∆k, and OCC 
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for layer k is shown in Table 1. 
Table 1: Mapping of Cyclic Shift for DM-RS Field in UL DCI format  to 
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Proposal 1:

· Proposed mapping of CS for DM-RS field in UL DCI format according to Table 1.

2.2. CS and OCC mapping for re-transmissions 

As discussed above (Section 2.1), the CS for DM-RS field in UL DCI format indicates the CS offset (
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) for the DM-RS on the lowest layer of the first codeword (layer 0). The CS and OCC for the other layer of the first codeword and layers of second codeword, if/when present is implicitly determined from the CS offset (
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) for layer 0. The CS and OCC are thus linked to the DM-RS transmission on a particular layer. 

In case of non-adaptive and adaptive retransmissions, the DM-RS field in the most recent PDCCH UL DCI grant for the transport block(s) associated with the corresponding PUSCH transmission can be used to determine the CS offset (
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) for the DM-RS for layer 0. In normal operation as the eNB and the UE are in sync with respect to the total number of layers (L) in the corresponding PUSCH transmission, for non-adaptive (and adaptive) retransmissions the same CS and OCC determination mechanism for other layers as for the initial transmission is used for non-adaptive (and adaptive) retransmissions. Thus, for retransmission (non-adaptive and adaptive), CS offsets, ∆k, and OCC, 
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for the layers are determined from the number of layers, L associated with the corresponding L-layer PUSCH re-transmission (similar to the initial transmission case).
Proposal 2:

· For retransmissions (non-adaptive and adaptive):

· CS for DM-RS field in the most recent UL DCI format for the transport block(s) associated with the corresponding PUSCH transmission indicates the DM-RS CS offset (
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) for the lowest layer of the first codeword (layer 0).
· CS offsets, ∆k, and OCC, 
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 for the layers are determined from the number of layers, L associated with the corresponding L-layer PUSCH re-transmission (similar to the initial transmission case).

3. Conclusion
We propose the following for OCC and CS mapping for UL DM-RS:

Proposal 1: DM-RS field in UL DCI Formats
· Proposed mapping of CS for DM-RS field in UL DCI format according to Table 1.

Proposal 2: CS and OCC mapping for re-transmissions (non-adaptive and adaptive):
· CS for DM-RS field in the most recent UL DCI format for the transport block(s) associated with the corresponding PUSCH transmission indicates the DM-RS CS offset (
[image: image42.wmf](2)

DMRS,0

n

) and OCC (
[image: image43.wmf]OC,0

n

,
[image: image44.wmf]OC,0

w

) for the lowest layer of the first codeword (layer 0).
· CS offsets, ∆k, and OCC, 
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 for the layers are determined from the number of layers, L associated with the corresponding L-layer PUSCH re-transmission (similar to the initial transmission case).
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