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1 Introduction

During the RAN1#59 meeting, the use of orthogonal cover codes (OCC) [1]-[7] and IFDMA [6][8] in addition to cyclic shift (CS) separation for uplink DM-RS was discussed. It was noted that there is a need to progress on this topic, considering SU-MIMO, MU-MIMO and uplink CoMP. The DMRS sequence design for non-contiguous resource allocation was also discussed [1][9][10]. In this contribution, we present our views on these two topics.
2 Increasing the layer multiplexing capability

2.1 OCC for DM-RS
In LTE-A UL codebook-based SU-MIMO, a UE may transmit 4 layers and be multiplexed together with other UEs on the same resources in MU-MIMO mode. The total number of streams may be equal to 8 with an 8-antenna eNB and even higher with UL CoMP. The use of OCC [1]-[7] in time domain is helpful in increasing the number of orthogonal DM-RS.
OCC advantages:

· Improved channel estimation through inter-layer interference mitigation for SU-MIMO

· When used in conjunction with CS as depicted in Figures 1b and 2b
· Especially for 4 layers and high-order modulations (according to simulation results in [6])
· Multiplexing of a higher number of layers in MU-MIMO

· 16 layers for normal CP, 8 layers for extended CP

· Multiplexing of Rel-8 and Rel-10 UEs in MU-MIMO
· Multiplexing of two groups of UEs, each group having the same resource allocation at least for a cluster (see section 3 for details)
OCC drawbacks:

· Only works with limited speed
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Figure 1: Different CS/OCC configurations for 4 layers.
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Figure 2: Different CS/OCC configurations for 2 layers.
OCC configuration:

In SU-MIMO, the CS indices for all layers can be configured from a single CS index, e.g., the CS index for layer 1. CS indices for other layers are computed from the signalled CS index. For instance, in Figures 3 and 4 for 4 Tx antennas, the cyclic shift is increased by TOFDM / 4 from one layer to the next. In all figures, CSi denotes a cyclic shift of i.TOFDM / 4.
The OCC index can be linked to the CS index, as shown in Figure 3 for MU-MIMO with 2 UEs. In Figure 3, there are two OCC/CS configurations, one for each UE, in order not to have the same OCC index for the same CS index. The used configuration must be signalled by one bit in addition to the CS index. 
It might be more appropriate to link the OCC index to the layer index as shown in Figure 4. In the example shown in Figure 4, i.e., 2 UEs with 4 layers; the bit for OCC configuration is saved since a single OCC/layer configuration is used. However, a single OCC/layer configuration is not enough when rank-1 UEs are multiplexed together. Indeed, with the OCC/layer configuration shown in Figure 4 (OCC for first layer is +1 +1), all rank-1 UEs would share the same OCC (+1 +1). One additional signalling bit might also be needed here. 
Thus, both solutions are quite equivalent. Two different OCC/CS or OCC/layer configurations can be signalled via one bit, together with the 3-bit CS index. In addition, if needed, more configurations could be addressed via higher layer signalling.
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Figure 3: Example OCC/CS configurations for 4 layers.
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Figure 4: Example OCC/layer configuration for 4 layers.
Proposal:

· Support of OCC for both SU-MIMO and MU-MIMO
· Linkage between OCC index and CS/layer index

· UE-specific higher layer configuration FFS
· Support of OCC for UL CoMP FFS
2.2 IFDMA for DM-RS

OCC only allows for the multiplexing of two groups of UEs, each UE within a group having a same resource allocation at least within a cluster (see section 3 for details). Furthermore, it only works at limited speed. Using IFDMA has been suggested to overcome these two issues [6][8].
IFDMA advantages:

· Multiplexing of RPF groups of UEs, each group having the same resource allocation, where RPF is the repetition factor as defined for Rel-8 SRS

· Orthogonality maintained for higher UE speed than with OCC
· However, limited speed is probably a relevant scenario for MU-MIMO

IFDMA drawbacks:

· Not backward compatible: Rel-10 UEs cannot be multiplexed with Rel-8 UEs in MU-MIMO mode
· No overall layer multiplexing capability increase: the number of available cyclic shifts per group is divided by the number of groups RPF
Proposal:

· IFDMA remains FFS
3 Sequence mapping for non-contiguous resource allocation
In case of non-contiguous resource allocation (clustered DFT-spread OFDM), two options have been proposed as depicted in Figure 5 when OCC is used.
Option 1: A single Rel-8 sequence is generated and divided to be mapped on all clusters

· Lower scheduling flexibility: UEs sharing the same cover code on a cluster must have exactly the same total resource allocation size and use the same portion of their cyclically-shifted DM-RS sequence on the cluster
· For instance, in Figure 5, UE3 and UE4, having different CS values, sharing the same cover code OCC#1 and the same resource on the first cluster have the same total resource allocation and both use the first half of their cyclically-shifted sequence on the first cluster.
· No new sequence design needed whatever the chosen PUSCH resource allocation
Option 2: One separate Rel-8 sequence is generated for each cluster
· Better scheduling flexibility: UEs sharing the same cover code on a cluster must have the same resource allocation only for this cluster
· For instance, on Figure 5, UE3 shares cover code OCC#1 with UE4 on the first cluster, UE3 and UE4 having different total resource allocation sizes.
· New sequences needed if the PUSCH resource allocation allows for clusters sizes which are not multiples of 2, 3 and 5 PRBs.

Proposal:
Because Option 1 and Option 2 exhibit similar CM properties, performance and complexity, we slightly prefer Option 2 for its scheduling flexibility.
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Figure 5: Scheduling flexibility with options 1 and 2.
4 Summary

Based on the discussion above, our preferences are:
· OCC support
· For both SU-MIMO and MU-MIMO

· UL CoMP FFS

· Linkage between OCC index and CS/layer index.

· UE-specific higher layer configuration FFS

· Sequence mapping for non-contiguous resource allocation

· Slight preference for Option 2: One separate Rel-8 sequence is generated for each cluster
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