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1. Introduction

In RAN#53 plenary meeting, the work item proposal for CoMP in Rel-11 has been agreed [1]. In the proposal, the following is one of objectives related to uplink reference signals enhancements for UL CoMP:
- Study the extent to which specified support is beneficial for UL CoMP operation in homogenous and heterogeneous configurations studied in the CoMP study item. The areas for study include: 

▪ Enhancements and requirements on uplink reference signals to improve the DM-RS and SRS capacity and reception

In the e-mail discussion after RAN1#66 meeting, a TR for CoMP was agreed [2]. And the uplink reference signals enhancements for UL CoMP are captured in the TR as follows:
- Enhancements to the DM-RS (applicable to both PUCCH and PUSCH) and SRS design, e.g., pseudo orthogonality (inter-cell and intra-cell for scenario 4) and/or inter-cell orthogonality, may be considered to 
▪ increase the DM-RS and SRS capacity 

▪ improve the DM-RS and SRS reception
In the contribution, we will discuss considerations on UL DM-RS enhancements with focus on inter-cell orthogonality and pseudo orthogonality in Rel-11 UL CoMP to increase the DM-RS capacity and improve the DM-RS reception.

2. Inter-cell orthogonality and pseudo orthogonality on UL DM-RS in UL CoMP
(1) DM-RS capacity and reception for UL CoMP in Rel-11
The orthogonality for DM-RS design is directly related with DM-RS capacity and reception. It means that the important thing is ‘how many DM-RS can be received separately in each RP(reception point) in UL CoMP’.
For example, as described in Figure 1 (UL CoMP with homogeneous configuration), RP A has to receive DM-RS from UE 1 for certain band even though UE 1 belongs to RP B, and RP A has to distinguish DM-RS from UE 1 and DM-RS from UE 2 which are paired in the same band (or some portion of the band). In the RP A’s point of view, the number of DM-RS which have to be received with enough orthogonality is increased for UL CoMP. In this case, if DM-RS’s base sequence from UE 1 is different from DM-RS’s base sequence from UE 2, the orthogonality between DM-RSs from two UEs can be decreased. The difference of these DM-RS base sequences can be caused by the difference of sequence group numbers. Although the sequence group numbers are not different, the DM-RS base sequence allocated among UEs in certain band can be different by the difference of DM-RS base sequence’s length due to non-equal BW allocated to the UEs and/or the difference of the staring RB position of DM-RS.
Figure 2 is one of the similar examples in UL CoMP with heterogeneous configuration. In these cases, the DM-RS orthogonality could also be decreased because of the difference between DM-RS’s base sequence from UE 1 and UE 2. 

In the view point of certain RP (e.g. RP A in Figure 1 or Figure 2) in UL CoMP scenarios, UE 1 and UE 2 can be configured to share certain band. Therefore, UE 1’s DM-RS and UE 2’s DM-RS have to be orthogonal. Compared with Rel-10 UL MU-MIMO, in UL CoMP, the number of UEs configured to share certain band could be increased. 
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Figure 1: Example of UL DM-RS transmission in UL CoMP (homogeneous configuration)
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Figure 2: Example of UL DM-RS transmission in UL CoMP (heterogeneous configuration)
(2) Inter-cell orthogonality and pseudo orthogonality in each CoMP scenario
In the cases that the cell IDs are different among RPs (e.g. CoMP scenario 1/2/3), the pseudo orthogonality among DM-RSs which are independently transmitted to different RPs in certain band can be supported by current Rel-10 cell-specific generation for DM-RS base sequence, because each RP has different cell ID. However, the inter-cell orthogonality among DM-RSs transmitted from UEs which belong to different RPs can not be guaranteed, because the different cell ID among RPs cause different DM-RS base sequences and CS hopping patterns by current Rel-10 cell-specific mechanism.
Observation 1: The cases that the cell IDs are different among RPs (e.g. CoMP scenario 1/2/3) can have some problems on inter-cell orthogonality.

- If the RP (e.g. RP A in Figure 1 or 2) receives DM-RS from certain UE (e.g. UE 1 in Figure 1 or 2) which does not belong to the RP, the RP can receive DM-RSs which have different base sequence in certain band.

→ The orthogonality via different CS(cyclic shift) values can not be guaranteed.
- If the RP (e.g. RP A in Figure 1 or 2) receives DM-RS from certain UE (e.g. UE 1 in Figure 1 or 2) which does not belong to the RP, the RP can receive DM-RSs which have different CS hopping pattern between slots.

→ The orthogonality via different CS(cyclic shift) values can not be guaranteed although the DM-RSs have same base sequence.

→ The orthogonality via different OCC(orthogonal sequence) values can not be guaranteed because the degree of changed CS value between slots can be different between DM-RSs.
On the other hand, in the cases that the cell ID is the same among RPs (e.g. CoMP scenario 4), the inter-cell orthogonality among DM-RSs transmitted from UEs which belong to different RPs can be supported by current Rel-10 cell-specific generation for DM-RS base sequence, because the RPs have the same cell ID. However, the pseudo orthogonality among DM-RSs which are independently transmitted to different RPs in certain band can not be guaranteed by current Rel-10 cell-specific generation for DM-RS base sequence because of the same cell ID among RPs.

Observation 2: The cases that the cell ID is the same among RPs (e.g. CoMP scenario 4) can have some problems on inter-RP interference.

- The same DM-RS base sequence from UEs which independently transmit DM-RS to each RP causes unexpected increasing of inter-RP interference if the UEs are not aligned with the same band for DM-RS

→ Different base sequence generations could be needed between non-equal and equal BW allocation cases.

3. Possible enhancement to use current CS/OCC scheme for UL CoMP

To guarantee the DM-RS inter-cell orthogonality among UEs by CS, the base sequence of DM-RS should be the same among UEs. Therefore, to solve the decreasing of DM-RS orthogonality due to the difference of DM-RS’s base sequence among UEs, the single sequence group number can be introduced [3]. However, single sequence group number in the CoMP set causes unexpected increasing of inter-cell interference among non-CoMP UEs if the UEs are not aligned with the same band for DM-RS as described in Figure 1 (UE 3 and UE 4). 

Therefore, the DM-RS base sequence generation in a UE-specific manner could be introduced [4], [5]. It means in CoMP scenario 1/2/3 that common DM-RS base sequence within a CoMP set can be applied to UEs with equal BW allocation for inter-cell orthogonality, and current cell-specific DM-RS base sequence can be applied to UEs with non-equal BW allocations to avoid the severe interference which can happen between the sequences having the peak cross-correlation. 
On the other hand, it means in CoMP scenario 4 that current cell-specific DM-RS base sequence can be applied to UEs with equal BW allocation for inter-cell orthogonality, and UE-specific or RP-specific DM-RS base sequence can be applied to UEs with non-equal BW allocations to avoid the severe inter-RP interference.

Therefore, two types of DM-RS base sequence generation to generate same DM-RS base sequence for inter-cell orthogonality and different DM-RS base sequence for pseudo orthogonality can be needed for each CoMP scenario.

To support dynamic selection between two types of DM-RS base sequence generation, the dynamic signaling with a pre-signaled parameter can be needed for DM-RS base sequence generation in a UE-specific manner. As the simple way, additional 1 bit field could be added in DCI for UL grant. However, if 1 bit additional overhead in DCI has to be carefully considered as the case of introducing OCC in Rel-10, an implicit signaling could be investigated which utilizes current DM-RS signalling parameters (e.g. cyclic shift field, RB assignment field, etc.).
The above pre-signaled parameters (e.g. u, v, and/or ∆ss) can be indicated by high layer signalling (e.g. RRC). This parameter can be decided to generate same DM-RS base sequence in CoMP scenario 1/2/3 or different DM-RS base sequence in CoMP scenario 4.
If the DM-RS orthogonality among UEs is supported by CS and/or OCC, there are also some problems if CS hopping should be used in UL CoMP, because CS hopping between slots is defined in a cell-specific manner in Rel-10. Therefore, UE-specific CS hopping patterns [4] or UE-specific CS hopping disabling [5], [6] could be introduced. In the UE-specific CS hopping disabling, CS hopping can be always disabled before receiving RRC signalling for CS hopping enabling or only disabled within a subframe. In comparison to the UE-specific CS hopping patterns, the UE-specific CS hopping disabling could be simpler approach with the reduction of some hopping benefits. Therefore, the UE-specific CS hopping disabling could be firstly investigated to solve problems on CS hopping in UL CoMP.
Proposal 1:  Current CS/OCC scheme can be used for UL CoMP with below modifications
- Dynamic signaling for the DM-RS base sequence generation in a UE-specific manner
▪ Dynamic selection between two types of base sequence to generate same base sequence for inter-cell orthogonality or different base sequence for pseudo orthogonality
- UE-specific CS hopping disabling or UE-specific CS hopping patterns
▪ The UE-specific CS hopping disabling could be firstly investigated to solve problems on CS hopping in UL CoMP.

4. Additional possible scheme for complementation of current CS/OCC scheme

We believe that current CS/OCC schemes could be well applied to UL CoMP except some cases if above modifications are accepted.

However, there could be some restrictions in some environment to apply current CS/OCC schemes. For example, if DM-RS should be distinguished by CS, eNodeB could have scheduling restrictions since the same DM-RS’s base sequence should be allocated among the UEs which belong to the different RPs, i.e., the same sequence group number, the same BW allocated for DM-RS, and the same starting RB position within the BW. However, surely the current OCC scheme can be applied to guarantee the orthogonality among DM-RSs from the UEs which belong to different RPs, and the DM-RS orthogonality could be guaranteed even when DM-RS base sequences used for DM-RS of each UE are different. But, the DM-RS orthogonality between only two UEs is guaranteed because only two OCCs are defined. That is, in the case that the RP receives DM-RS in certain band from more than two UEs (UEs belong to more than two RPs, or UEs belong to two RPs and some of the UEs are UL MU-MIMO within the RP with non-equal BW allocation), the OCC can not fully guarantee the orthogonality. Furthermore, to apply OCC, sequence hopping or sequence group hopping between slots should be disabled.
Therefore, for the complementation of current OCC scheme, new schemes or methods could be additionally considered. One of them is IFDMA which was already discussed in the early study of Rel-10. By applying IFDMA in addition to the current OCC scheme, the orthogonality among DM-RSs from the UEs which belong to different RPs could be guaranteed even when the different DM-RS sequences are used for DM-RSs from more than 2 UEs which share certain band. However, the backward compatibility should be considered, i.e., DM-RS sequence by using IFDMA and current DM-RS sequence in Rel-10 have not to be simultaneously allocated in any band if OCC is not applied between above two different types of DM-RS sequence (that is, these should be separately allocated to use IFDMA without restrictions for application of OCC), and the impacts caused by the DM-RS sequence generation with half of current sequence length should also be considered.
Proposal 2: For complementation of current CS/OCC scheme, new schemes or methods (e.g. IFDMA) could be additionally introduced with considerations of impacts on legacy UEs
5. Conclusion
In this contribution, we discussed considerations on UL DM-RS enhancement for UL CoMP in Rel-11 as follows:
- Current CS/OCC scheme can be used for UL CoMP with below modifications

▪ Dynamic signaling for the DM-RS base sequence generation in a UE-specific manner

▫ Dynamic selection between two types of base sequence to generate same base sequence for inter-cell orthogonality or different base sequence for pseudo orthogonality

▪ UE-specific CS hopping disabling or UE-specific CS hopping patterns

▫ The UE-specific CS hopping disabling could be firstly investigated to solve problems on CS hopping in UL CoMP.

- For complementation of current CS/OCC scheme, new schemes or methods (e.g. IFDMA) could be additionally introduced with considerations of impacts on legacy UEs
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