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1. Introduction

The remaining topics for uplink DM-RS design in LTE-Advanced are ‘the specific CS and OCC signaling mechanism’ and ‘the sequence hopping and sequence group hopping issue’.
This contribution discusses considerations on these remaining topics and presents our views. 
2. Considerations on CS and OCC signaling mechanism for Uplink DM-RS design
(1) CS (Cyclic shift) allocation
Cyclic shift (CS) separation is the primary multiplexing scheme for UL DM-RS multiplexing. In LTE-A, it is desirable to make the CS values between the layers as far apart as possible to minimize inter-layer interference, and to have no additional signaling to indicate the CS value of each layer. 

Therefore, it can be suggested that only one CS value from DCI format 0 is scheduled and signaled for 1st layer and CS values for other layers are implicitly indicated by a predefined CS allocation rule. The predefined CS allocation rule can be defined based on the condition of imposing maximum distances between CS values assigned to the layers.

Following Equation 1 is one example of this predefined CS allocation rule. In Equation 1, the predefined CS allocation rule for 2 layers and 4 layers was already agreed in the previous meeting. But, the predefined CS allocation rule for 3 layers is FFS and following two options could be considered.
Equation 1 (CS allocation rule)
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▪ Option 1 for Equation 1 - 0, 4, 8 (or 0, 8, 4) for k=0, 1, 2
▪ Option 2 for Equation 1 - 0, 6, 3 (or 0, 3, 6) for k=0, 1, 2

Option 1 has maximum orthogonality
 in the case of SU-MIMO and MU-MIMO with non-equal sized BW allocation. Option 2 is more useful for only some cases of MU-MIMO with equal sized BW allocation. In [1], Option 2 is investigated in the case of two UEs in MU-MIMO (especially, one UE has 3 layers, the other UE has 1 layer) to provide more orthogonality by maximum CS separation between two UEs. In the case of MU-MIMO with equal sized BW allocation, Option 2 is meaningful. However, Option 2 could be meaningless in the case of MU-MIMO with non-equal sized BW allocation, because CS separation is meaningless (only OCC separation is meaningful) between two UEs having different base sequences due to different BW (=different sequence length).
Therefore, Option 1 and Option 2 could be differently applied for different appropriate cases, and it could be implicitly indicated by signaled SGH hopping pattern. 
For example, if the hopping pattern is related with non-equal sized BW allocation of MU-MIMO, e.g. ‘UE specific disabled’ or ‘subframe-level hopping’, Option 1 can be selected. For the other cases, Option 2 can be selected.
(2) OCC allocation – SU/MU-MIMO 
OCC can be applied for both SU-MIMO and MU-MIMO, but, with different purposes. In SU-MIMO, OCC can be used to provide orthogonality between layers in addition to cyclic shifts. On the other hand, in MU-MIMO, OCC can be used to provide orthogonality between users.
With above different purposes, a suitable OCC allocation can be considered based on the following assumptions. 

Assumption 1 (OCC allocation for SU-MIMO) : 
- To provide maximum orthogonality between layers, different OCC indexes should be applied for the layer-pairs having relatively close CS values between layers.
For example, in case of rank 4 in SU-MIMO, each layer can have a CS value and an OCC index as below to maintain maximum orthogonality.
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Assumption 2 (OCC allocation for MU-MIMO) : 
- To provide orthogonality between users, different OCC indexes should be applied between users, and each user should have the same OCC index for all layers.
For example, in case of rank 4 in MU-MIMO, each layer can have a CS value and an OCC index as below to support orthogonality between users.
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If each UE has different OCC indexes for its layers in MU-MIMO, it could be difficult to separate two UEs sharing the resources with non-equal sized resources allocation. This is because two UEs in MU-MIMO can have the same OCC indexes for certain layers from each UE, and non-orthogonal sequences due to the different base sequences could be applied to these layers.
(3) CS (Cyclic Shift) and OCC configuration
 In the previous meeting, it was agreed that CS and OCC for 1st layer (nDMRS,0(2), nOCC,0) is derived from 3-bit cyclic shift indicator (CSI) in UL DCI format 0. It could be expressed with mapping table between CSI and (nDMRS,0(2), nOCC,0). That is, a CS value could be derived from certain CSI bit as Rel-8 with mapping table, and CS-OCC linkage rule, which indicates OCC index linked with each CS value, can be added in the mapping table. The exact mapping is FFS, and it will be dealt in the following sections for each possible case.
In this CS and OCC configuration, only 1st layer’s CS value is signalled from CSI in UL DCI format 0. CS values of other layers are implicitly indicated from the 1st layer’s CS value by predefined CS allocation rule as Equation 1. The 1st layer’s OCC index is also implicitly indicated from the 1st layer’s CS value by predefined CS-OCC linkage rule in a mapping table between CSI and (nDMRS,0(2), nOCC,0).
Generally, the OCC index of nth layer can be implicitly indicated from nth layer’s CS value by predefined CS-OCC linkage rule as shown in Figure 1-(1). In this case, because the OCC index of nth layer is dependent both on the predefined CS allocation rule and the predefined CS-OCC linkage rule, CS and OCC configuration for maximum orthogonality could not be achieved simultaneously for all layers, and/or the possible cases of CS signaling to satisfy maximum orthogonality could be reduced and constrained. For example, for 4 layers case of SU-MIMO in Table 4 of [4], CS values which a UE can receive for 1st layer’s CS value would be restricted to only 0, 3, 6 or 9. And, the other cases in Table 4 of [4], the possible values of CS signaling/receiving could be restricted.
On the other hand, if the OCC index of nth layer is dependent only on the 1st layer’s OCC index as shown in Figure 1-(2), CS and OCC configuration for maximum orthogonality could be easily achieved, and all of CS values (8 values from 3bit CSI) can be flexibly signalled for 1st layer’s CS value. Therefore, OCC indexes of other layers should be implicitly indicated from the 1st layer’s OCC index by predefined OCC allocation rule.

Following Equation 2 is one of the examples for the predefined OCC allocation rule.
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           Figure 1-(1) : Option 1                                  Figure 1-(2) : Option 2
Figure 1 : Signaling mechanism of CS and OCC
Equation 2 (OCC allocation rule)
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1) Option 1-A for Equation 2 (For SU-MIMO (MU-MIMO with equal sized BW allocation could be included.))
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2) Option 1-B for Equation 2 (For SU-MIMO (MU-MIMO with equal sized BW allocation could be included.))
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3) Option 2 for Equation 2 (For MU-MIMO (especially, MU-MIMO with non-equal sized BW allocation))
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3. Proposed CS (Cyclic shift) and OCC signaling mechanism
(1) General Case – ~Rank 4 in SU-MIMO and ~Rank 2 per UE in MU-MIMO
In section 2-(2), we introduced two general assumptions on OCC allocation for SU-MIMO and MU-MIMO. Generally, if a UE is transparent regarding the MIMO mode, that is, SU-MIMO or MU-MIMO, it is difficult to satisfy simultaneously above two assumptions. However, if OCC indexes for the 1st layer and the 2nd layer are the same, above two assumptions could be satisfied up to rank 4 transmissions in SU-MIMO and up to rank 2 transmissions per a UE in MU-MIMO. In this case, an allocation rule for OCC can be used irrespective of SU-MIMO or MU-MIMO. Furthermore, OCC is adopted for rank>2 cases in SU-MIMO due to the minimal gain it brings to the lower rank cases [12],[13], which is aligned with what is assumed here. 
Alternative 1 
▪ CS allocation rule for Alternative 1 : Equation 1 
▪ OCC allocation rule for Alternative 1 : Option 1-A for Equation 2
▪ CS-OCC linkage rule for Alternative 1 (Table 1)
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For each UE, only 3 bits CSI for the 1st layer’s CS value are signalled. In this signalling mechanism (Alternative 1), the 8 candidates of the 1st layer’s CS values from CSI in DCI format 0 can be classified into two CS-OCC groups. Table 1 is one example of these CS-OCC groups with a predefined CS-OCC linkage rule. The 1st layer’s OCC index is implicitly indicated by the 1st layer’s CS value following the predefined CS-OCC linkage rule such as Table 1.
The CS values of other layers can be implicitly indicated from the 1st layer’s CS value by a predefined CS allocation rule such as Equation 1. The OCC indexes of other layers can also be implicitly indicated from the 1st layer’s OCC index by the predefined OCC allocation rule such as Option 1-A for Equation 2
For each UE, the value of signalled bits for the 1st layer’s CS value can be selected from any one of the two CS-OCC groups (totally, all of 8 CS values from 3bit CSI are possible for 1st layer’s CS value). However, for the two UEs sharing the same resources in MU-MIMO with non-equal sized BW allocation, the value of signalled bits to each UE for the 1st layer’s CS value has to be selected from different CS-OCC groups.

Table 3 in Appendix is examples of CS and OCC configuration for Alternative 1
 (2) Special Case – ~Rank 4 in SU-MIMO and ~Rank 4 per UE in MU-MIMO
In the contributions [1]~[3], MU-MIMO is assumed not to be limited to rank 2 per a UE. If we assume that rank 3 or 4 transmissions per a UE in MU-MIMO can be a reasonable and practical scenario, then, we would need a different OCC allocation rule between SU-MIMO and MU-MIMO to satisfy the two assumptions in section 2. If a UE is transparent, that is, there is no additional explicit information to indicate the different OCC allocation rule between SU-MIMO and MU-MIMO, CS and OCC signaling mechanism would have more constraints.
Alternative 2 
▪ CS allocation rule for Alternative 2 : Equation 1 
▪ OCC allocation and CS-OCC linkage rule for Alternative 2 (Table 2)
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A possible CS and OCC signaling mechanism (Alternative 2) is that the 8 candidates of 1st layer’s CS values from CSI in DCI format 0 is categorized into 3 CS-OCC groups – Group A for SU-MIMO, Group B-1 for UE-A in MU-MIMO, Group B-2 for UE-B in MU-MIMO. Table 2 is one example of these CS-OCC groups with a predefined CS-OCC linkage rule.
For SU-MIMO (MU-MIMO with equal sized BW allocation could be included), the value of signalled bits for the 1st layer’s CS value can be selected from any one of the CS values in CS-OCC group A, and OCC allocation rule follows Assumption 1 in section 2 - different OCC indexes are applied for the layer-pairs having relatively closer CS values between layers (=Option 1(1-A or 1-B) for Equation 2).
For MU-MIMO (especially MU-MIMO with non-equal sized BW allocation), the value of signalled bits to each UE for the 1st layer’s CS value has to be selected from different CS-OCC groups - CS-OCC group B-1 and B-2. The OCC allocation rule is different from SU-MIMO case, and it follows Assumption 2 in section 2 - different OCC indexes should be applied between users and each user should have the same OCC index for all layers (=Option 2 for Equation 2).
If the subframe level hopping is introduced for SGH and it is indicated by associating with CS indication bits (3bits) in PDCCH, CS values of each CS-OCC Group in Table 2 could indicate slot-level hopping or subframe-level hopping. For example, slot-level hopping could be associated with CS values of CS-OCC Group A in Table 2, and subframe-level hopping could be associated with CS values of CS-OCC Group B(B-1 and B-2) in Table 2.
Alternative 3 
▪ CS allocation rule for Alternative 3 : Equation 1 
▪ OCC allocation rule for Alternative 3 

- Depending on high layer signaling for SGH : ‘Option 1(1-A or 1-B)’ or ‘Option 2’ for Equation 2
▪ CS-OCC linkage rule for Alternative 3 : Same as Table 1
Another possible CS and OCC signaling mechanism (Alternative 3) is that the OCC allocation rule is chosen differently for SU-MIMO and MU-MIMO (especially MU-MIMO with non-equal sized BW allocation) based on the sequence and sequence group hopping pattern. If both of the sequence and sequence group hopping are disabled or operated by new hopping mechanism (ex. subframe hopping), the OCC allocation rule follows Assumption 2 in section 2 (=Option 2 for Equation 2). With the other hopping case, i.e. Rel-8 slot hopping, the OCC allocation rule can follow Assumption 1 in section 2 (=Option 1(1-A or 1-B) for Equation 2). In this case, the rules for CS allocation and CS-OCC linkage can be the same as the signaling mechanism in section 3-(1).

Table 4 in Appendix is examples of CS and OCC configuration with cases for Alternative 2 and 3.
4. Sequence / Sequence Group hopping for OCC supported in UL DM-RS enhancement
In RAN1 #60-bis meeting, it was agreed that the OCC is introduced without increasing UL grant signaling overhead for the potential benefit for UL SU-MIMO with higher rank and UL MU-MIMO with equal/non-equal sized bandwidth pairing. The UL MU-MIMO with non-equal sized bandwidth pairing could provide the flexible UE pairing in MU-MIMO, and it is one of the main motivations of supporting OCC in MU-MIMO. However, if SGH (sequence hopping or sequence group hopping) in Rel-8/9 is enabled, the OCC cannot guarantee the orthogonality among different bandwidth users. 
One of the solutions for this situation is that Rel-8/9 cell-specific disabling of SGH could be available in Rel-10 UL MU-MIMO which has non-equal sized bandwidth UE pairing, and it was already agreed that Rel-8/9 cell-specific enabling or disabling of SGH is available in Rel-10. However, the cell-specific disabling could cause unexpected loss of inter-cell interference randomization for other UEs (which is not in MU-MIMO with non-equal sized bandwidth UE pairing) in the cell.

The other solution is the introduction of a new mechanism for MU-MIMO with different bandwidth pairing to improve the inter-cell interference randomization, which was already agreed for the Rel-10 and beyond UEs if there is no big standardization effort involved. The subframe level SGH is one of them, but it may introduce additional standardization complexity. Therefore, it may be more desirable that SGH is disabled / enabled for Rel-10 and beyond UEs independent of Rel-8/9 SGH configuration by higher layer UE specific signaling. 
If the subframe level SGH should be introduced in Rel-10, it would be desirable to reuse Rel-8 hopping as much as possible to make it as simplest as possible. For example, the Rel-8 slot level SGH is reused and the sequence in second slot is overridden by the sequence in the first slot. 
Furthermore, the subframe level hopping could be configured by higher layer signaling as in Rel-8 slot level hopping. If we want to use dynamic signaling, this also could be indicated by associating with CS indication bits (3bits) in PDCCH. However, there are some restrictions of flexible PHICH resource assignment for association between subframe level hopping and CS indication bits in PDCCH (because two PHICHs are required for multiple codeword transmission as agreed in RAN1#60-bis).  
5. Conclusion

In this contribution, we discussed CS and OCC configuration schemes for uplink DM-RS design for LTE-Advanced. Based on the discussion, we propose the followings for signaling mechanism of CS and OCC.
- CS values of other layers are implicitly indicated from 1st layer’s CS value (=3 bits signaling as LTE Rel-8) 
- 1st layer’s OCC index is implicitly indicated from 1st layer’s CS value 
- OCC indexes of other layers are implicitly indicated from 1st layer’s OCC index by following rules

1) Case 1 : SU-MIMO and MU-MIMO with equal sized BW allocation

▪ nOCC,k = nOCC,0  for k=1;  nOCC,k =1- nOCC,0  for k=2, 3

2) Case 2 : MU-MIMO with non-equal sized BW allocation 

▪ Different OCCs are applied between UEs, and same OCC is applied between layers for each UE.
▪ Option 1 : up to rank 2 transmissions per UE in MU-MIMO (same rule with Case 1)

→ nOCC,k = nOCC,0  for k=1

▪ Option 2 : up to rank 4 transmissions per UE in MU-MIMO (different rule from Case 1)

→ nOCC,k = nOCC,0  for k=1, 2, 3

→ The different rule could be selected by association with two different CS groups or depending on higher layer signalling for SGH.
Furthermore, we also discussed SGH (sequence and sequence group hopping) mechanism for Rel-10 UL DM-RS. Based on the discussion, we propose the followings for SGH mechanism.

- It would be desirable that SGH is disabled/enabled for Rel-10 and beyond UEs independent of Rel-8/9 SGH configuration by higher layer UE specific signaling 

- If the subframe level SGH should be introduced in Rel-10, it would be desirable to reuse Rel-8 hopping as much as possible to make it as simplest as possible.
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Appendix
Table 3 Examples of CS and OCC configuration for Alternative 1 (The signaled value is shaded.)
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	Case 2 (SU-MIMO)
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	Case 3 (SU-MIMO)
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	Case 4 (MU-MIMO)
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Table 4 Examples of CS and OCC configuration for Alternative 2 and 3 (The signaled value is shaded.)
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	Case 2 (MU-MIMO)
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� It can be achieved not only with the maximum distance of CS values among all layers and but also with the OCC application on the layer-pairs having relatively close CS values between layers.
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