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1 Introduction

In previous RAN1 meetings, it was agreed that the OCC is introduced to benefit SU-MIMO with high rank and MU-MIMO using equal/unequal bandwidth pairing. However, it has been identified that OCC cannot guarantee orthogonality among UEs allocated with unequal bandwidths when sequence hopping/group hopping (SGH) is enabled [1-7], which is an important component for Rel-8 UEs to benefit from inter-cell interference (ICI) randomization [8]. As mentioned in the chairman’s notes of RAN1 #61, the discussion should continue including application scenarios, and a new mechanism should show benefit in performance. In this contribution we discuss the expected benefits in performance from the newly introduced mechanism. It can be concluded that 

· A new SGH mechanism should be introduced to benefit from both ICI randomization and scheduling flexibility.

Some new mechanisms were proposed to solve the issue with UE-specific SGH configuration, including

· SGH Scheme 1: Disabling SGH for Rel-10 UEs with unequal bandwidth pairing;

· SGH Scheme 2: Introducing subframe-level SGH for Rel-10 UEs with unequal bandwidth pairing.

Either one can take effect, but SGH Scheme 2 (subframe-level SGH) outperforms SGH Scheme 1 due to better ICI randomization according to the evaluation. The new SGH mechanism can be enabled with explicit or implicit way and either one has small standardization effect.
2 Discussion for a new SGH mechanism
2.1 Benefit of a new SGH mechanism
MU-MIMO with unequal bandwidth allocation brings evident gain for system throughput, from about 7% [2] to 15% [9]. Since this new feature is enabled by OCC, the orthogonality of DM RS with OCC should be guaranteed, which however conflicts with SGH configuration. Consequently, if cell-specific enabling/ disabling of SGH in Rel-8/9 remains unchanged, SGH has to be turned off for all UEs even when only a few UEs are involved in MU-MIMO. In [10-11], it was proved that SGH brings ICI randomization benefits, hence disabling SGH causes performance degradation for either PUSCH or PUCCH. This is also proved by simulation results in [12] for channel estimation MSE with PUSCH DM RS when SGH is enabled/disabled. Consequently, it can be concluded that
· A new SGH mechanism should be introduced to benefit from both ICI randomization and scheduling flexibility.

Two SGH mechanisms are considered in previous discussion:
SGH Scheme 1: Disabling SGH for Rel-10 UEs with unequal bandwidth pairing
With this method, eNB can disable the SGH for Rel-10 UEs with unequal bandwidth allocation regardless of the cell-specific SGH configuration, thus eNB can allocate unequal bandwidths to Rel-10 UEs. Since enabling/disabling the SGH configuration has been implemented in UEs and eNB, this method brings in trivial complexity. However, due to the loss of ICI randomization, performance degradation is foreseen.
SGH Scheme 2: Introducing subframe-level SGH for Rel-10 UEs with unequal bandwidth pairing
This scheme adopts the same concept as the SGH mode in Rel-8, except that slot-level hopping is changed into subframe-level hopping. SGH Scheme 2 may benefit the system with better ICI randomization effect than SGH Scheme 1. 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 [13]. This method has limited implementation complexity and maintains the hopping benefit between different subframes. 

Evaluation has been provided in [12], and the fact is proved that SGH Scheme 2 outperforms SGH Scheme 1 due to better ICI randomization. Hence SGH Scheme 2 is preferred.
In the following discussion, SGH Scheme 2 (subframe-level SGH) is considered.

2.2 Signaling for the new SGH mechanism
The UE-specific SGH mode can be conveyed with either explicit higher layer signaling or implicitly linked to CS/OCC field in UL Grant.
The explicit way requires an additional bit to indicate UE-specific SGH configuration, but does not introduce limit to CS/OCC allocation so that PHICH collision is less serious. However, scheduling flexibility for MU-MIMO gets worse with this method since higher layer signalling is not very dynamic, thus limiting the gain with unequal bandwidth pairing.

The implicit way conveys SGH mode in CS/OCC field in UL Grant, i.e. some CS/OCC configurations apply slot-level SGH while the others apply subframe-level SGH. One example is shown in Table 1, which inserts a “SGH mode” column to CS/OCC mapping table given in [14]. Since this scheme enables SGH configuration via dynamic signaling, it can enable great scheduling flexibility for MU-MIMO, as shown in Fig. 1. Standardization efforts are low since no additional signaling is required with this scheme. PHICH collision might be more serious due to the fact that only some configurations are available for slot-level or subframe-level SGH, which, however, needs further research.
Table 1 An example for DM RS configuration with SGH mode

	DM RS configuration 
	CS
	OCC
	SGH mode

	
	Layer0
	Layer1
	Layer2
	Layer3
	Layer0
	Layer1
	Layer2
	Layer3
	

	0
	0
	6
	3
	9
	0
	0
	1
	1
	Slot-level

	1
	6
	0
	9
	3
	1
	1
	0
	0
	Slot-level

	2
	3
	9
	6
	0
	1
	1
	0
	0
	Slot-level

	3
	4
	10
	7
	1
	0
	0
	0
	0
	Subframe-level

	4
	2
	8
	5
	11
	0
	0
	0
	0
	Subframe-level

	5
	8
	2
	11
	5
	1
	1
	1
	1
	Subframe-level

	6
	10
	4
	1
	7
	1
	1
	1
	1
	Subframe-level

	7
	9
	3
	0
	6
	0
	0
	1
	1
	Slot-level
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Fig. 1 An example for scheduling flexibility for MU-MIMO with dynamic signaling
3 Conclusion

This contribution discusses the SGH issue about enabling MU-MIMO with unequal bandwidth allocation with OCC, and analyses the expected benefits from a new SGH mechanism. It is concluded that

· A new SGH mechanism should be introduced to benefit from both ICI randomization and scheduling flexibility.

A subframe-level SGH is preferred since it brings similar ICI randomization with slot-level SGH in Rel-8 according to the evaluation. The new SGH mechanism can be enabled with either explicit or implicit way. The merits and drawbacks are analyzed.
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