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1. Introduction

The earlier agreements for uplink DM-RS multiplexing in LTE-Advanced (Rel-10) are that 

- Cyclic shift (CS) separation is the primary multiplexing scheme. 

- FFS: Orthogonal cover code (OCC) separation between slots as complementary multiplexing scheme.

Codes are {+1, +1} and {+1, -1} 
In the previous meeting, the adoption of OCC for SU-/MU-MIMO was discussed, and conclusions were made as follows. 
- OCC can be used for both SU and MU-MIMO
- Introduce the OCC in Rel-10 without increasing UL grant signaling overhead
However, specific CS and OCC signaling mechanism for uplink DM-RS design is still a remaining topic that needs more discussion. This contribution discusses considerations on this topic 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 in 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.

Equation 1 (CS allocation rule)
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2) For rank 3
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3) For rank 4
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(2) CS (Cyclic Shift) and OCC configuration
 In the previous meeting, it is agreed that OCC can be used for SU-MIMO and MU-MIMO. Therefore, a configuration scheme is needed not only for CS but also for OCC. Possible CS and OCC configuration schemes have been discussed in several contributions [1]~[9], but these can be classified into two main concepts as below.
- Option A (explicit) : For each UE, one bit signalling for 1st layer’s OCC index and 3 bits signalling for 1st layer’s CS value (total 4 bits)
- Option B (implicit) : For each UE, only 3 bits signalling for 1st layer’s CS value. The 1st layer’s OCC index is implicitly indicated by 1st layer’s CS value with predefined CS-OCC linkage rule (total 3 bits)

In the previous meeting, it is also agreed that we introduce the OCC in Rel-10 without increasing UL grant signaling overhead. Therefore, only Option B (implicit) can be suitable for CS and OCC signaling mechanism in uplink DM-RS design.

In Option B, 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 by the 1st layer’s CS value by predefined CS-OCC linkage rule. 

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-(2). 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 the possible cases of CS signaling to satisfy maximum orthogonality could be reduced and constrained. For example, assume that the CS value {0, 3} is linked to OCC [+1, +1] and the CS value {6, 9} is linked to OCC [+1, -1]. In case of rank 2 in SU-MIMO, if the 1st layer has the CS value of 0 (OCC [+1, +1]), the 2nd layer can have CS value of 6 (OCC [+1, -1]) and the maximum orthogonality for inter-layer can be achieved. However, in case of rank 4 in SU-MIMO, if the 1st layer has CS value of 0 (OCC [+1, +1]), other layers can have CS value of 3 (OCC [+1, +1]), CS value of 6 (OCC [+1, -1]) and CS value of 9 (OCC [+1, -1]). In this case, the maximum orthogonality for inter-layer could not be achieved.
On the other hand, if the OCC index of nth layer is dependent only on the 1st layer’s OCC index as show in Figure 1-(3), CS and OCC configuration for maximum orthogonality can be easily achieved. Therefore, Option B is preferred where OCC indexes of other layers are implicitly indicated from the 1st layer’s OCC index by predefined OCC allocation rule.
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Figure 1-(1) : Option A (Explicit)
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                 Figure 1-(2) : Option B-1 (Implicit)                                 Figure 1-(3) : Option B-2 (Implicit)

Figure 1 : Signaling mechanism of CS and OCC
(3) 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 rule 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.

	MU-MIMO1
	layer A
	layer B
	layer C
	layer D

	UE A
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If each UE has two different OCC indexes to separate layers in MU-MIMO, it could be difficult to separate two UEs sharing the same resources but with non-equal sized resources allocation. 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 as shown in Figure 2.
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Figure 2 : CS and OCC configuration (in MU-MIMO with non-equal sized resources allocation)
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 the above section, 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 [10],[11], which is aligned with what is assumed here. 
Following Equation 2 is one example of this predefined OCC allocation rule for the above case, that is, up to rank 4 in SU-MIMO and up to rank 2 per a UE in MU-MIMO with the same OCC allocation rule for both SU- and MU-MIMO.
Equation 2 (OCC allocation rule)
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1) For rank 2
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2) For rank 3
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3) For rank 4
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For each UE with implicit signaling mechanism, only 3 bits for the 1st layer’s CS value are signalled. In this signaling mechanism (especially Option B-2 in Figure 1), the 8 candidates of the CS values in DCI format 0 can be classified into two CS-OCC linkage groups. Following Table 1 is one example of these CS-OCC linkage 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 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 linkage groups. However, for the two UEs sharing the same resources in MU-MIMO with non-equal sized resources allocation, the value of signalled bits to each UE for the 1st layer’s CS value has to be selected from different CS-OCC linkage groups.

Following Table 2 are examples of CS and OCC configuration based on the Table 1 for both SU-MIMO and MU-MIMO
Table 1 (CS-OCC linkage rule)
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	CS-OCC linkage Group B
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Table 2 : Examples of CS and OCC configuration (The signaled value is shaded.)
	 Examples for SU-/MU-MIMO Cases 1
	1st layer
	2nd layer
	3rd layer
	4th layer

	Case 1 (SU-MIMO)

- Rank 2, 1UE
	UE A
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	Case 2 (SU-MIMO)

- Rank 3, 1UE
	UE A
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	Case 3 (SU-MIMO)

- Rank 4, 1UE
	UE A
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	Case 4 (MU-MIMO)

- Total Rank 4
(Rank 2 per UE), 

2UEs
	UE A
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(2) Special Case – ~Rank 4 in SU-MIMO and ~Rank 4 per UE in MU-MIMO
In the contributions [7]~[9], 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 (especially MU-MIMO with non-equal sized resources allocation), CS and OCC signaling mechanism would have more constraints.
A possible CS and OCC signaling mechanism is that the 8 candidates of CS values in DCI format 0 is categorized into 3 CS-OCC linkage groups – Group A for SU-MIMO, Group B-1 for UE-A in MU-MIMO, Group B-2 for UE-B in MU-MIMO. Following Table 3 is one example of these CS-OCC linkage groups with a predefined CS-OCC linkage rule.
Table 3 (CS-OCC linkage rule – special case)
	CS parameter
	CS parameter 
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	CS-OCC linkage Group B-1
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	CS-OCC linkage Group B-2
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For SU-MIMO, the value of signalled bits for the 1st layer’s CS value can be selected from any one of the CS parameters in CS-OCC linkage group A, and OCC allocation rule follows Assumption 1 in section 2 - different OCC indexes are applied for the layer-pairs having relatively close CS values between layers.
For MU-MIMO (especially MU-MIMO with non-equal sized resources allocation), the value of signalled bits to each UE for the 1st layer’s CS value has to be selected from different CS-OCC linkage groups - CS-OCC linkage 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.

Another possible CS and OCC signaling mechanism is that the OCC allocation rule is chosen differently for SU-MIMO and MU-MIMO (especially MU-MIMO with non-equal sized resources allocation) based on the sequence group and sequence hopping pattern. If both of the sequence group and sequence hopping are disabled or operated by new hopping mechanism (ex. subframe hopping), the OCC allocation rule 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. With the other hopping case, i.e. Rel-8 slot hopping, the OCC allocation rule can follow Assumption 1. In this case, the rules for CS allocation and CS-OCC linkage can be the same as the signaling mechanism in section 3-(1) with Table 1.
Following Table 4 are the examples of CS and OCC configuration with cases for ~rank 4 transmissions in SU-MIMO and ~rank 4 transmissions per a UE in MU-MIMO by above CS and OCC signaling mechanisms.
Table 4 : Examples of CS and OCC configuration – special case (The signaled value is shaded.)
	Examples for SU-/MU-MIMO Cases 1
	1st layer
	2nd layer
	3rd layer
	4th layer

	Case 1 (SU-MIMO)

- Rank 4, 1UE
	UE A
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	Case 2 (MU-MIMO)

- Rank 4 per UE,

2UE
	UE A
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	UE B
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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 the 1st layer’s CS value (=3 bits signalling as LTE Rel-8) by the predefined CS allocation rule
- 1st layer’s OCC index is implicitly indicated from the 1st layer’s CS value by the predefined CS-OCC linkage rule 
- OCC indexes of other layers are implicitly indicated from the 1st layer’s OCC index by the predefined OCC allocation rule with two general assumptions ;
▪ To provide maximum orthogonality between layers in SU-MIMO, different OCC indexes should be applied for the layer-pairs having relatively close CS values between them (especially, for rank>2).
▪ To provide orthogonality between users in MU-MIMO, different OCC indexes should be applied between the users, and each user should have the same OCC index for all layers.
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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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