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Introduction
Need for orthogonal code cover (OCC) as complementary DM RS multiplexing scheme was discussed in previous RAN1 meetings, and  in RAN1#60bis meeting it was agreed that OCC is introduced in Rel-10 without increasing UL grant signaling overhead and that OCC can be used for both SU and MU-MIMO. The CS and OCC signaling details were briefly discussed in RAN1#61bis with the following agreements:

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

Furthermore, in RAN1#62 some further decisions were made:

Agreement:

· 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 present our views on OCC configuration.
2 OCC configuration
Good progress was made in the area of OCC and CCS configuration in RAN1#61bis and RAN1#62. The main remaining open issue is how to exactly define the OCC for each layer so that
· OCC configuration is flexible, supporting various transmission ranks and MU-MIMO allocations as discussed below.

· OCC configuratoin can efficiently support both SU-MIMO and MU-MIMO.

In [1] it is proposed that the same OCC is used for 1st and 2nd layer. While this is clearly favourable in the case of MU-MIMO operation, such inflexible arrangement would clearly be harmful to SU-MIMO performance as shown in [3]. The simulation results with and without OCC separation between DM RS layers are shown for 2 layers in Figure 1. It can be clearly observed that OCC provides significant gain already for two layers especially with SIC receiver and in SNR range typically required for these spatial multiplexing ranks. In fact the OCC mapping has a direct impact on the practically achievable UL peak Throughput. Hence it is obvious there should be a possibility to allocate different OCC for 1st and the 2nd transmission layer.
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Figure 1. Throughput as function of SNR, with and without OCC separation between 2 DMRS layers [3]
Proposal 1: OCC mapping should allow for both high-performance SU-MIMO operation as well as flexible MU-MIMO pairing
Therefore, considering the performance with both SU-MIMO and MU-MIMO and also support for high rank MU-MIMO pairing, our proposal for the OCC mapping table is given Table 1. Following notes can be made on the table: 

· SU-MIMO:  CSI values 0 – 3 provide good CS/OCC configuration for high rank SU-MIMO, whereas CSI values 6 - 7 are beneficial in rank-2 transmission due to better separation of reference signals,
· MU-MIMO w/ same PRB allocation: For rank-3 or rank-4 MU-MIMO, the same CS/OCC configurations can be made over involved Ues as can be made for a SU-MIMO UE with CSI values 0 – 2. For rank-2  MU-MIMO, good reference signal separation by  use of both OCC & 6 cyclic shift separation is obtained with CSI value combinations 3&6 and 4 &5.
· Multi-BW MU-MIMO: OCC can be turned off between the layers of same UE with CSI values 0 – 5  for rank 2 and with CSI values 4 – 5 up to rank 4. Same OCC can also be selected for 2 rank-1 Ues with cyclic shift separation of 6 between the Ues (CSI combinations 0&1 and 2&7). 
Table 1. Proposed OCC mapping table allowing for high-performance SU-MIMO operation as well as flexible MU-MIMO pairing.
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LTE Rel-8 PUCCH applies CS hopping and CS-remapping at the slot boundary. The goal of the remapping is to randomize the intra-cell interference between the occupied PUCCH resources. We note that CS randomisation between the spatial layers of single UE could be considered as a way to improve DM RS orthogonality similarly as in PUCCH. It is noted that randomization is achieved also in the case when SU-MIMO rank=2 transmission is part of MU-MIMO transmission with total rank over 2.

Proposal 2: Randomisation between cyclic shifts allocated to single UE to be considered as a way to improve the DM RS randomization between multiple spatial layers
4
Summary 

In this contribution we have considered OCC mapping details for UL DM RS. We make the following proposals: 

Proposal 1: OCC mapping should allow for both high-performance SU-MIMO operation as well as flexible MU-MIMO pairing
Proposal 2: 
Randomisation between cyclic shifts allocated to single UE to be considered as a way to improve the DM RS randomization between multiple spatial layers
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