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1 Introduction
In previous RAN1 meetings, it was agreed that the OCC is introduced for the potential benefit for SU-MIMO with high rank and MU-MIMO using equal/unequal bandwidth pairing. One of the main motivations to introduce OCC is to provide the flexible UE pairing in MU-MIMO without being limited by the equal bandwidth pairing. However, it is identified that the OCC cannot guarantee the orthogonality among UEs allocated with unequal bandwidths if sequence hopping/group hopping in Rel.8 is enabled [1-7]. Consequently, it is necessary to find a solution to support OCC in sequence hopping/group hopping configuration.
This contribution gives analysis to the issue and provides possible solutions. 
· Alt1: Disable sequence hopping/group hopping in the cell

· Alt2: Enable/Disable sequence hopping/group hopping for Rel.10 UEs independent of Rel.8/9 UE configuration

· Alt3: Introduce subframe-level sequence hopping/group hopping for Rel.10 UEs
Alt1 is not suggested due to the loss of uplink inter-cell interference randomization effect for the whole cell. Alt2 and 3 are recommended due to the flexible scheduling, no signaling overhead, limited implementation effort. Alt3 is slightly preferred due to better ICI randomization effect.

2 Necessity to support OCC on sequence hopping/group hopping
In Rel.8, sequence hopping/group hopping is introduced as an inter-cell-interference (ICI) randomization technique to benefit the uplink transmission [8]. eNodeB can enable sequence hopping/group hopping with a cell-specific signaling for UEs in the cell. In that case, the sequence group of DM RS symbols hops in a slot-level manner.

In Rel.10, OCC is introduced to enhance uplink DM RS. One major motivation to introduce OCC is the support for MU-MIMO with unequal bandwidth allocation [9]. From the aspect of backward compatibility, Rel.8/9 UEs should not be affected if OCC is introduced. However, according to [1], OCC cannot guarantee DM RS orthogonality in MU-MIMO scenarios with unequal bandwidth allocation when sequence hopping/group hopping is enabled. Consequently, how to support OCC on sequence hopping/group hopping needs to be considered.

3 Methods to support OCC in sequence hopping/group hopping configuration
In order to support OCC in sequence hopping/group hopping, several mechanisms are under consideration.
Alt1: Disable sequence hopping/group hopping in the cell
According to the current design, eNodeB can enable/disable sequence hopping/group hopping with a cell-specific signaling. In order to support unequal bandwidth paring of Rel.10 UE with OCC, the sequence hopping/group hopping needs to be disabled throughout the cell.

Since sequence hopping/group hopping is regarded as an important ICI randomization technique in Rel.8 to benefit the uplink transmission, disable the hopping may degrade the uplink transmission reliability, especially for PUCCH performance. Moreover, the sequence hopping/group hopping is conveyed by higher layer signaling which may limit scheduling flexibility of dynamic switch between different transmission schemes. Thus in order to guarantee the uplink interference randomization effect of Rel-8 is also reachable in R10, this alternative is not suggested.
In order to introduce OCC without impact to Rel.8/9 UEs, a new hopping mechanism can be considered. Two candidate schemes may be utilized in sequence hopping/group hopping configuration:
Alt2: Enable/Disable sequence hopping/group hopping for Rel.10 UEs independent of Rel.8/9 UE configuration
With this method, eNB can disable the sequence hopping/group hopping for Rel.10 UE with unequal bandwidth allocation regardless of the cell-specific sequence hopping/group hopping configuration, thus the impact to the uplink performance is limited to the Rel.10 UE with the new configuration. 

Since enable/disable the sequence hopping/group hopping configuration and detection are already implemented in the UE and eNB, this method brings in trivial (maybe zero) complexity. In addition, the signaling for the sequence hopping/group hopping can be conveyed in an UE-specific implicit manner, i.e. 3 bits in UL grant can convey the information of CS, OCC and sequence hopping/group hopping mode [2,9], thus there is no extra signaling overhead either.
Alt3: Introduce subframe-level sequence hopping/group hopping for Rel.10 UEs

Different from Alt2, this scheme introduces a subframe-level sequence hopping/group hopping for the Rel.10 UEs, i.e. the two DM RS symbols within the same subframe adopt the same sequence group, and sequence hopping/group hopping can be applied in DM RS symbols of different subframes.
This scheme may benefit the system with better ICI randomization effect than Alt2. The hopping design in Rel.8 can be reused, e.g. for the UEs configured to adopt the new hopping mechanism, the DM RS symbols within the same subframe can both employ the sequence group index for the first DM RS symbol in Rel.8 design.
This method has limited implementation complexity and maintains the hopping benefit between different subframes. As for Alt2, there is no signaling overhead if properly designed.
4 Conclusion
This contribution discusses three methods to support OCC with unequal bandwidth allocation MU-MIMO in sequence hopping/group hopping configuration.

· Alt1: Disable sequence hopping/group hopping in the cell

· Pros: Reuse Rel.8 mechanism

· Cons: Lose the benefit from ICI randomization and may result in uplink performance loss for the whole cell
· Alt2: Enable/Disable sequence hopping/group hopping for Rel.10 UEs independent of Rel.8/9 UE configuration

· Pros: trivial (maybe zero) implementation complexity; no signaling overhead
· Cons: ICI randomization may be affected by the UEs with the new configuration

· Alt3: Introduce subframe-level sequence hopping/group hopping for Rel.10 UEs
· Pros: the benefit of ICI randomization between subframes is maintained; no signaling overhead
· Cons: some standard effort is needed
Alt1 is not suggested due to the loss of uplink inter-cell interference randomization effect for the whole cell. Alt2 and 3 are recommended due to the flexible scheduling, no signaling overhead, limited standard effort. Alt3 is slightly preferred due to better ICI randomization effect.
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