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1. Introduction

RAN1 has discussed sequence and sequence group hopping for UL DM-RS to support MU-MIMO, and the following conclusions were captured in RAN1 #61 meeting: 

Agreement in RAN1#61meeting:

· Rel-8/9 cell-specific enabling or disabling of SGH is available in Rel-10

· In order to improve the inter-cell interference randomization for MU-MIMO with different bandwidth pairing, 14 companies are OK to consider defining a new mechanism for the Rel-10 and beyond UE if there is no big standardization effort.

· A new mechanism should show benefit in performance

· Continue discussion in the next meeting, including application scenarios

In this contribution, we discuss an aspect of sequence and sequence group hopping for non-equal bandwidth MU-MIMO supports.
2. Sequence and sequence group hopping (SGH) to support MU-MIMO with non-equal bandwidth
The introduction of OCC has benefit for case of MU-MIMO UEs paired with non-equal bandwidths. However, if the cell-specific SGH on the slot boundary is enabled, OCC cannot guarantee the DM-RS orthogonality between MU-MIMO paired UEs with non-equal BWs. Therefore, a method to maintain the DM-RS orthogonality and to randomize inter-cell interference is required in Rel-10.
There are two alternatives regarding SGH configuration to keep the DM-RS orthogonality in MU-MIMO paring of UEs with non-equal bandwidth as followings:
Alt 1: Disabling SGH
The sequence root indices should be the same within a subframe to maintain the DM-RS orthogonality between MU-MIMO UEs paired with non-equal bandwidths. The most straightforward solution is to disable SGH for non-equal bandwidth MU-MIMO operation in a cell. However, the cell-specific SGH disabling operation could derive performance degradation on PUCCH and SRS which is not supported by HARQ operation. Thus, UE-specific turn-off of SGH can be a simple extension from Rel-8 cell-specific SGH disabling. Regarding signalling of UE-specific disabling, there could be two mechanisms as follows:

· Alt 1-A : Signaling via PDCCH with CS configuration

This signaling method provides DM-RS orthogonality by using some of the CS index in PDCCH for disabling SGH [1]. However, it constraints PHICH resource flexibility as compared with PHICH resource in Rel-8 since some of CS indices are used to indicate enabling or disabling SGH.  As considering carrier aggregation in Rel-10, there will be more possibility of PHICH resource shortage than in Rel-8. Therefore, this method should be carefully evaluated not only for inter-cell interference randomization but also for PHICH resource flexibility in Rel-10.
· Alt 1-B : Signaling via higher layer

The UE-specific high layer signaling can be considered to disable SGH [2]. This method has advantage to Alt 1-A in terms of the PHICH resource flexibility because it does not require any CS indices for disabling SGH which can be used for one of PHICH resources. Therefore, Alt 1-B can keep the same amount of PHICH resources as Rel-8, and more suitable than Alt 1-A for carrier aggregation in Rel-10.
Regarding the compatibility with implicit mode adaptation between SU- and MU-MIMO, it is only scheduling issue since the time of mode changes and the decision of amount of frequency resource to be used for each paired UE are completely adjusted by the scheduler. Hence, mode adaptation can be adapted by scheduler according to SGH configuration. As an example, when UE-specific disabling SGH via high layer signaling is operating, the scheduler can intentionally adapt mode infrequently. Therefore, it is still unclear that Alt 1-B may have a significant degradation factor of signaling flexibility for mode adaptation.
Alt 2: Sub-frame level SGH
This method guarantees the orthogonality of DM-RS in non-equal bandwidth MU-MIMO by sub-frame level SGH. Even though the sub-frame level SGH could provide slightly better mean square error (MSE) of channel estimation performance than disabling SGH [3], it is still unclear for the necessity of the subframe level SGH since CS hopping between slots is always enabled to mitigate inter-cell interference from a small number of CS combination which might occur high cross-correlation. Moreover, since the sub-frame level SGH will cause change or modification in hopping sequence and pattern in the whole system perspective, RAN1 should carefully investigate how much additional specification changes are required from this new sub-frame level SGH.
Based on the above observations, the UE-specific disabling of SGH seems to be reasonable for UEs to support MU-MIMO with non-equal bandwidth in Rel-10 since it can be implemented by a simple operation without large specification impact. Therefore, we prefer UE specific disabling SGH via higher layer signaling taking into account of flexibility of PHICH resource in Rel-10.
Proposal: It seems reasonable to consider disabling SGH by UE-specific higher layer signalling in order to support MU-MIMO UEs paired with non-equal bandwidth.
3. Conclusion
In this contribution, we discussed two alternatives for sequence group hopping in order to maintain the DM-RS orthogonality in MU-MIMO with non-equal BWs. Based on the discussion above, our current preference is as follows: 
· Proposal: It seems reasonable to consider disabling SGH by UE-specific higher layer signalling in order to support MU-MIMO UEs paired with non-equal bandwidth. 
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