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Introduction

This contribution deals with DM RS configuration for SU-MIMO. In RAN1#57 meeting [1], the following working assumption was agreed for uplink DM RS multiplexing on SU-MIMO. 

· Cyclic shift (CS) separation is the primary multiplexing scheme. 
· FFS: Orthogonal cover code (OCC) separation between slots as complementary multiplexing scheme.
· Codes are {+1, +1} and {+1, -1} 
Following DM RS discussions in 3GPP have largely focused on OCC. With respect to cyclic shift separation, it is currently open issue how multiple cyclic shifts are configured for spatial multiplexing with multiple layers. In this contribution, we address this issue, thus, continuing discussion in [2]. 

2 Discussion
In SU-MIMO spatial multiplexing, several DM RS cyclic shifts need to be configured and transmitted. As discussed in [3], there is no need for explicit signalling of multiple DM RS resources on PDCCH. Instead, multiple DM RS configurations can be reasonably derived from the single signalled DM RS cyclic shift index by using rank indicator and cyclic shift offset signalled via higher layers. 
Proposal: Existing cyclic shift signalling on PDCCH is sufficient for configuring multiple DM RS cyclic shifts. 
Proposal: Multiple DM RS cyclic shift configurations are derived from the single signalled CS index using rank indicator and cyclic shift offset signalled via higher layers 
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: Randomisation between cyclic shifts allocated to single UE to be considered as a way to improve the DM RS randomization between multiple spatial layers
3
Summary 

In this contribution, we considered DM RS cyclic shift configuration for SU-MIMO. 
Based on discussion, we propose the following:

Proposal 1: 
Existing cyclic shift signalling on PDCCH is sufficient for configuring multiple DM RS cyclic shifts. 
Proposal 2: 
Multiple DM RS cyclic shift configurations are derived from the single signalled CS index using rank indicator and cyclic shift offset signalled via higher layers 
Proposal 3: 
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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