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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 have been 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 signaling to indicate the SGH mode is preferred to be a dynamic way, i.e. implicitly linked with CS/OCC information, so that the benefit of scheduling flexibility from unequal bandwidth allocation by OCC is guaranteed and standardization effort is small.

Further, the proposed DM RS patterns for CS/OCC are described, taking backward compatibility, complexity, performance for SU- and MU-MIMO into consideration. Such design can satisfy all possible application scenarios for pairing users of different ranks. In order not to incur a large standardization effort, an implicit signaling design to indicate CS/OCC/SGH information with 3 bits is also described.

2 Discussion for a new SGH mechanism
2.1 Benefit of a new SGH mechanism
It has been identified that MU-MIMO with non-equal bandwidth allocation brings evident gain for system throughput, from about 7% [1] to 15% [11]. 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 Rel-8/9 cell-specific enabling/disabling of SGH remains unchanged, SGH has to be turned off by all UEs in a cell even when only a few UEs are involved in MU-MIMO. It has been proved that SGH can bring evident ICI randomization benefits [8,13], so disabling SGH will cause performance degradation for uplink transmission, either PUSCH or PUCCH. Appendix 1 also gives out evaluation results for MSE of channel estimation with PUSCH DM RS when SGH is enabled/disabled, and it is observed that enabling SGH improves channel estimation performance over disabling SGH. 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:
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, there will be some performance degradation.
SGH Scheme 2: Introduce 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 [10]. This method has limited implementation complexity and maintains the hopping benefit between different subframes. 

Evaluation for SGH Scheme 1 & 2 is also given in Appendix 1. It can be concluded that SGH Scheme 2 (subframe-level SGH) can bring similar performance with SGH in current Rel-8 (slot-level SGH), evidently better than SGH Scheme 1 (disabling SGH). Hence SGH Scheme 2 is preferred due to better ICI randomization effect.
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 higher layer signaling or implicitly linked to CS/OCC field in UL Grant. Although the way with higher layer signaling may have more freedom to allocate CS/OCC without PHICH collision, there are more constraints for UE pairing, e.g. once a UE is configured with subframe-level SGH, it cannot be paired with Rel-8 UEs or other UEs configured with slot-level SGH until receiving a new SGH signaling. Note that the most obvious benefit of OCC for DM RS is the system performance improvement from flexible pairing of different UEs. Such gain will be greatly reduced without MU-MIMO pairing flexibility. The drawback of the higher layer signalling does not exist with the implicit way, i.e. 3 bits in UL Grant are used to indicate CS/OCC/SGH mode dynamically. One example is given in Fig. 1 to indicate the pairing flexibility for Rel-10 UEs. On the other hand, the implicit way needs fewer standardization efforts since no new signaling is introduced. One example has been given in Section 3.
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Fig. 1 An example for pairing flexibility with dynamic signaling

It may be argued that PHICH collision may happen more frequently with the implicit way, since only those DM RS patterns corresponding to either slot-level SGH or the new mechanism can be allocated to a UE. However, the impact of the issue is not justified. Moreover, this issue can be easily solved by properly designing CS/OCC patterns. The example in Section 3 indicates that there are still several choices so as to avoid PHICH collision for both SU-MIMO and MU-MIMO scenarios. Alternatively, the issue can be solved with implementation methods, e.g. reassigning PHICH resource with reassigning PRBs.
3 DM RS pattern design
3.1 CS/OCC/SGH mapping table
According to previous discussions about the benefit from CS/OCC, the following design criteria should be considered in signaling:

· CS values for the 1st layer should better follow Rel-8 design, since the design has been justified in previous discussions for Rel-8 and small standardization efforts for indicating PHICH resources are needed with the criterion (the same PHICH resource mapping rule can be reused).

· For SU-MIMO, 
· CS distance should be as large as possible;
· when rank=2, the same OCC should be applied for both layers to benefit MU-MIMO with unequal bandwidth allocation (the benefit from better orthogonality introduced by OCC for SU-MIMO is negligible).

· For MU-MIMO, 

· some patterns should adopt OCC [+1 +1] and some should adopt OCC [+1 -1] for all layers to facilitate MU-MIMO with unequal bandwidth allocation.
· It is suggested to assign 4 patterns for slot-level SGH and the other 4 patterns for subframe-level SGH if SGH mode is implicitly conveyed in the 3 bits to indicate CS/OCC, so that PHICH collision probability is reduced when either SGH mode is configured.

· Implementation and standardization complexity should also be taken into account.

Base on the criteria above, an example satisfying all the criteria is provided in Table 1. The merits of such design include:

· The CS values for Layer 0 follow Rel-8 design.

· For rank=2, CS distance is 6 so as to bring the largest orthogonality. Same OCC is adopted for 2 layers to facilitate MU-MIMO with unequal bandwidth allocation.

· For rank=3/4, CS distance is at least 3 to guarantee nice orthogonality. Most patterns adopt different OCC for Layer2&3 from Layer0&1, so as to bring better orthogonality between layers. A few patterns adopt one OCC for all layers, so as to enable some unusual cases, e.g. pairing 2 UEs with unequal bandwidth allocation, each with 4 layers.

· If SGH information is implicitly conveyed with the 3 bits, 4 patterns adopt slot-level SGH and the other 4 patterns adopt subframe-level SGH. The 4 patterns with larger CS distance (distance=3) are assigned for slot-level SGH for better orthogonality between UEs. The other 4 patterns with smaller CS distance are assigned for subframe-level SGH, since CS separation has no impact to orthogonality for MU-MIMO with unequal bandwidth allocation.

· A nested design is proposed (similar to the structure of [15][16]) to simplify the patterns with nice orthogonality between layers/UEs.

Table 1 Proposed DM RS pattern design
	DM RS pattern index
	CS
	OCC
	SGH mode

	
	Layer0
	Layer1
	Layer2
	Layer3
	Layer0
	Layer1
	Layer2
	Layer3
	

	0
	0
	6
	3
	9
	{1,1}
	{1,1}
	{1,-1}
	{1,-1}
	Slot-level

	1
	6
	0
	9
	3
	{1,-1}
	{1,-1}
	{1,1}
	{1,1}
	Slot-level

	2
	3
	9
	0
	6
	{1,-1}
	{1,-1}
	{1,1}
	{1,1}
	Slot-level

	3
	4
	10
	1
	7
	{1,1}
	{1,1}
	{1,1}
	{1,1}
	Subframe-level

	4
	2
	8
	5
	11
	{1,-1}
	{1,-1}
	{1,-1}
	{1,-1}
	Subframe-level

	5
	8
	2
	11
	5
	{1,1}
	{1,1}
	{1,1}
	{1,1}
	Subframe-level

	6
	10
	4
	7
	1
	{1,-1}
	{1,-1}
	{1,-1}
	{1,-1}
	Subframe-level

	7
	9
	3
	6
	0
	{1,1}
	{1,1}
	{1,1}
	{1,1}
	Slot-level


Note that the performance for SU-MIMO has been justified in previous contributions [1] [5], so the design in Table 1 can well guarantee orthogonality between layers. The following section only considers application for MU-MIMO scenarios.

3.2 Application for MU-MIMO scenarios
In the section we adopt a graphical way to describe DM RS patterns. DM RS patterns are shown in Fig. 2, and the proposed DM RS patterns in Table 1 are shown in Fig. 3.
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Fig. 2 A graphical way for DM RS patterns in Rel-8
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Fig. 3 A graphical way for the proposed DM RS patterns in Table 1

In the following description, some typical scenarios are investigated, and several implementation schemes of the DM RS patterns in Table 1 for the scenarios are given. 
3.2.1 Scenarios for pairing Rel-8 and Rel-10 UEs

Scenario 1: 2 Rel-8 UEs, 1 Rel-10 UE/2 layers
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b) Option 2

Fig. 4 Application of the proposed DM RS patterns for Scenario 1

3.2.2 Scenarios for pairing Rel-10 UEs with higher priority

Scenario 2: maximum 4 Rel-10 UEs
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Fig. 5 Application of the proposed DM RS patterns for Scenario 2

(Note that Option2 can support either same or different allocated BWs)

Scenario 3: 2 Rel-10 UEs/2 layers
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Fig. 6 Application of proposed DM RS patterns for Scenario 3

(Note that Option2 can support either same or different allocated BWs)

3.2.3 Scenarios for pairing Rel-10 UEs with lower priority

Scenario 4: 2 Rel-10 UEs/4 layers
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Fig. 7 Application of proposed DM RS patterns for Scenario 4

(Note that both options can support both same and different allocated BWs)

From the examples above, it can be concluded that the proposed DM RS patterns can satisfy all MU-MIMO scenarios. Note that not all possibilities are shown. Hence PHICH collision problem is not serious with the proposed DM RS patterns due to several choices for the application scenarios.
4 Conclusion

This contribution discusses the SGH issue about enabling MU-MIMO with unequal bandwidth allocation with OCC, and analyses the expected benefits in performance 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 signaling to indicate the SGH mode is preferred to be linked with CS/OCC information, so as to guarantee the benefit of scheduling flexibility from unequal bandwidth allocation by OCC and to reduce standardization effort.

As for the design for DM RS patterns, it is suggested to follow the following criteria

· CS values for the 1st layer should better follow Rel-8 design.
· For SU-MIMO, 
· CS distance should be as large as possible;
· when rank=2, the same OCC should be applied for both layers to benefit MU-MIMO with unequal bandwidth allocation.
· For MU-MIMO, 

· some patterns should adopt OCC [+1 +1] and some should adopt OCC [+1 -1] for all layers.
· It is suggested to assign 4 patterns for slot-level SGH and the other 4 patterns for subframe-level SGH.

· Implementation and standardization complexity should also be taken into account.

According to the criteria, 8 DM RS patterns are proposed, which takes backward compatibility, complexity, performance for SU- and MU-MIMO into consideration. From the examples for typical application scenarios for MU-MIMO, it is proved that the proposed DM RS patterns can satisfy all MU-MIMO scenarios, and the PHICH collision problem is not serious with the proposed patterns.
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Appendix 1: Simulation results

MSE performance with slot-level SGH in current Rel.8 and SGH Scheme 1~2 is shown in Fig. 8. The simulation assumptions can be found in Table 2. The SGH Scheme 2 follows the design in [10]. Note that the difference of cell IDs for the local UE and the interference UE is 30, so as to investigate the scenario with/without ICI randomization from SGH. It can be concluded that
· Channel estimation performance will be degraded (about 0.7dB@MSE=10-1) without SGH because the interference UE causes strong interference to local UE.

· SGH Scheme 2 has similar performance with SGH scheme (slot-level SGH) in Rel.8.

In conclusion, SGH Scheme 2 outperforms SGH Scheme 1.
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Fig. 8 MSE of channel estimation with DM RS for 3 SGH Schemes 

Table 2 Link-level simulation assumptions
	Description
	Assumption

	Carrier frequency
	2GHz

	System bandwidth
	5MHz

	FFT size
	512

	Moving speed
	3kmph

	Antenna configuration
	1 (UE) (1 (eNB)

	Channel model
	TU (6-Ray) [12]

	Number of interference UEs
	5

	Cell ID for local UE
	4

	Cell ID for interference UEs
	34

	CS hopping
	Yes

	SNR
	5dB

	PRB number
	4






















































































































































































































































































































































































































































































































































