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1
Introduction
As a possible operating mode, multi-user spatial processing in the UL is supported in LTE Rel-10. In order to enable accurate channel estimation in the MU-MIMO operating mode, the effect of multi-user interference should be controlled. As an option to reduce MU-MIMO (or SU-MIMO) cross-layer interference for channel estimation, orthogonal cover code (OCC) has been adopted for the UL DM-RS.  OCC can be used in the case of equal or unequal BW UL resource allocation. In the latter case, the DM-RS sequence hopping should be disabled; otherwise the OCC orthogonality would not be maintained. 
It has not been decided whether the UE-specific disabling of hopping switches off only the intra-subframe sequence hopping or also the inter-cell sequence hopping. This contribution further discusses the methods for disabling sequence hopping. 
2
Discussion
2.1
Support of MU-MIMO
In LTE Rel-8, we only rely on cyclic shifts to separate the DM-RS for different UEs participating in the MU-MIMO operation in the uplink. To maintain DM-RS orthogonality among different UEs, the transmission bandwidth of those UEs paired for MU-MIMO has to be identical to each other, which reduces scheduling flexibility. UEs with different transmission bandwidth can still be paired together while enjoying orthogonal DM-RS provided they are assigned different orthogonal cover codes. Clearly, explicit signaling of OCC could easily enable this feature. For implicit OCC signaling scheme, this feature is also supported as long as the scheduler assigns the cyclic shift index appropriately. For example, one UE can be assigned OCC=[+ +] and the other UE can be assigned OCC=[+ -]. Then, these two UEs can be paired for MU-MIMO operation while they can have different transmission bandwidth.

For identical transmission bandwidth multiplexing, OCC provides better reference signal orthogonality among those multiplexed MU-MIMO UEs even in the presence of slot-level “group hopping” and “sequence hopping” of the reference signal sequence. However, the cell-specific slot-level “group hopping” and “sequence hopping” of the reference signal sequence [1] should be disabled to allow multiplexing MU-MIMO UEs with non-identical transmission bandwidth. The performance may be negatively impacted by the lack of sequence hopping, since sequences with poor correlation may be allocated in adjacent cells. However, the lack of sequence hopping is mitigated by the following factors:

· There is always slot-level cyclic shift hopping enabled.  Since a sequence pair with bad cross-correlation exhibit high correlation values only at a limited number of cyclic shifts, the cyclic shift offset hopping already mitigates the lack of sequence hopping to some extent. 

· In certain deployments, where tight coordination is used, sequence hopping is anyhow disabled, and instead, the sequence group number is carefully selected among neighboring cells to minimize the occurrence of identical sequences. In this case, obviously, the lack of sequence hopping has no negative consequences. 

Regarding the operation of sequence hopping/sequence group hopping, our views are as follows:

· Dynamic disabling of sequence hopping by DCI should *not* be adopted

· the CSI values are already used for PHICH collision mitigation so it would be difficult to reserve a portion of CSI for cyclic shift control

· RRC-based UE-specific disabling of slot level cyclic shift hopping would be possible and would not be a significant increase in UE complexity; we find this option acceptable.  

Proposal: 

UE-specific disabling of SGH is accomplished via RRC signalling. 

When UE-specific disabling of SGH is activated, only intra-subframe sequence hopping is disabled. In this case, the DM-RS sequence in the second slot of a subframe is set equal to the DM-RS sequence in the first slot of the same subframe.   
Inter-subframe sequence hopping is not disabled by UE-specific disabling of SGH.   
UE-specific disabling of SGH is only applicable to the PUSCH. 

UE-specific disabling of SGH is not allowed when the PUSCH is configured with intra-subframe frequency hopping.   

3
Conclusions 

In this contribution, we have provided our views on the remaining issues of SGH disabling for MU-MIMO operation. Our proposals are summarized as follows:
UE-specific disabling of SGH is accomplished via RRC signalling. 

When UE-specific disabling of SGH is activated, only intra-subframe sequence hopping is disabled. In this case, the DM-RS sequence in the second slot of a subframe is set equal to the DM-RS sequence in the first slot of the same subframe.  

Inter-subframe sequence hopping is not disabled by UE-specific disabling of SGH.  
UE-specific disabling of SGH is only applicable to the PUSCH. 

UE-specific disabling of SGH is not allowed when the PUSCH is configured with intra-subframe frequency hopping.
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