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1. Introduction
Considering the new uplink transmission scenarios in LTE-A with multiple transmit antennas and non-contiguous resource allocation, the DMRS design for PUSCH should be reconsidered for LTE-A. New enhancements may be introduced to make sure that DMRS can work well in all of the scenarios of LTE-A. In RAN1#60 meeting, the following conclusions were agreed for uplink DMRS:
Conclusion:

· Continue discussion to RAN1#60bis, focusing particularly on the standardization complexity of adopting OCC for SU-/MU-MIMO, including:

· signaling mechanism and 

· means to support OCC with sequence hopping and group hopping.
OCC for SU-MIMO:

· OCC is supported by 11 companies (Nokia Siemens Networks, Nokia, LG, CATT, DOCOMO, Qualcomm, Mitsubishi, Texas Instruments, Sharp, and  Panasonic, NEC)
· 11 companies (ZTE, CATR, Alcatel Lucent, Alcatel Lucent Shanghai Bell, Motorola, Pantech, Research in Motion, Ericsson, ST-Ericsson, Samsung, Huawei) see some further evaluations would be beneficial.
In this contribution, we provide our views on UL DMRS design for LTE-A, focusing on the signaling to support OCC for SU/MU MIMO.
2. Downlink signaling for DMRS
2.1. CS indication
There is only one CS index indicated by PDCCH for each UE in LTE R8. However, multiple DMRS ports are supported in LTE-A, and the CS indices should be DMRS-ports-specific to separate multiple ports by CDM. To reduce the signaling overhead and keep backward compatibility, the multiple CS indices can also be indicated by PDCCH implicitly. That is to say, we can only indicate the CS index of the first port as in Rel-8, and use predefined CS offsets for the other ports. For example, the other CS indices can be predefined with maximal CS offset among ports, and then the inter-layer interference could be kept small.
2.2. Signaling for OCC
OCC pattern indication

If OCC is introduced as a DMRS enhancement, the indication of OCC index should also be considered. OCC can be exploited to preserve orthogonality among multiple ports for SU-MIMO or among users for MU-MIMO without knowledge of operating modes (SU/MU) at UE. Therefore, the indication of OCC index should be UE-specific and consider both applications. Concretely, four schemes can be considered for downlink signaling of OCC index.
Alt.1: Implicit signaling linked to the signaling of CS index [1].
· Advantages:

· SU-MIMO and MU-MIMO with up to rank 2 transmission per user can be supported by this linkage without any additional downlink signaling.
· Disadvantages:

· The scheduling flexibility is restricted with fixed CS indexes for certain rank.
· High order MU-MIMO such as rank>2 transmission can’t be supported by this scheme.
· OCC can’t be adopted with group/sequence hopping.
Alt.2: Implicit signaling linked to the signaling of CS index and RI [2]. 
· Advantages:

· OCC can be adopted for different scenarios of SU-MIMO and MU-MIMO without any additional downlink signaling.
· Disadvantages:
· Backward compatibility to R8 is lost.
· The standardization complication as well as scheduling complication will be significant.
· OCC can’t be adopted with group/sequence hopping.
Alt.3: Explicit signaling via one bit in DCI [3][4][5].
· Advantages:

· The signaling overhead is small.
· Disadvantages:
· The application scenarios are similar as Alt1.
· OCC can’t be adopted with group/sequence hopping.
Alt.4: Explicit signaling via two bits in DCI (as shown in Table1).
· Advantages:

· The CS indication is backward compatible and not restricted.
· All UL transmission can be well supported by this scheme.

· OCC can be adopted in cells enabling group/sequence hopping as introduced below.
· Disadvantages:
· The signaling overhead is a little high.
Table 1: Definition of OCC indication bits
	Index Bits
	OCC pattern

	00
	[1 1] for all ports(for MU)

	01
	[1 -1] for all ports(for MU) 

	10
	[1 1] for odd ports

[1 -1] for even ports(for SU)

	11
	OCC is disabled


Signaling to support OCC with sequence/group hopping
Sequence/group hopping is introduced in R8 as a cell-specific configuration for interference-randomization. For a cell enabling sequence/group hopping, OCC is hard to be adopted with different DMRS sequences between slots. However, as only part of users (e.g. MU users or high rank SU users) have the requirement for OCC, sequence/group hopping in PUSCH can be disabled individually for these users. 

If UE has no information of whether OCC is enabled for itself (e.g. Alt1-3 in above discussion), explicit signaling is needed for UE-specific hopping configuration. On the contrary, if UE can obtain the information by OCC signaling, the configuration can be indicated implicitly. For example, in Alt4 above, sequence/group hopping is cell-specific and applicable for a UE if OCC is disabled (by index bits ‘11’); otherwise, sequence/group hopping in PUSCH will be disabled for the UE in spite of cell-specific hopping configuration.
Proposal for OCC signaling
Considering the scheduling flexibility, backward compatibility and application of OCC in different scenarios, we propose that additional two bits are needed in DCI format for indicating OCC configurations to make full use of OCC in both SU-MIMO and MU-MIMO scenarios, as well as cells with different hopping configurations.
3. Conclusions
In this contribution, we discuss the signaling design for LTE-A uplink DMRS transmission. We propose:
· OCC should be an enhancement to CS for better orthogonality.
· The CS indication in LTE-A can be reused as in R8.
· Additional two bits are needed in PDCCH for indication of OCC configurations to robustly support OCC for SU/MU MIMO even with sequence/group hopping.
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