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1. Introduction
In the e-mail discussion after RAN1#66 meeting, a TR for CoMP was agreed [1]. And the demodulation reference signal enhancements in DL CoMP are captured in the TR as follows:
- Enhancement of existing DMRS may be considered, e.g.

▪ DMRS orthogonality enhancement
In the RAN1#66-bis meeting, there are also some discussions on DM-RS enhancements for DL CoMP, and the working assumption is agreed as follows:
- Same DMRS sequence generator as in Rel-10 is used.

- A UE can be semi-statically configured in a UE-specific manner, which initialization values for DMRS scrambling generator are available for dynamic selection.

▪ Initialization values can be configured to correspond to Rel-10 DMRS. 

- FFS: Introduction of additional orthogonality for DMRS

In the contribution, we discuss further considerations on DL DM-RS enhancements based on above TR and working assumption.
2. Needs for dynamic selection between two configurable initialization values
Alt. 1: only one type of configurable initialization value
▪ the initialization value can be semi-statically configured in a UE-specific manner

   (Based on UE-specific value (e.g. UE ID), TP-specific value or virtual cell ID)
Alt. 2: dynamic selection between two types of initialization values
▪ each type of initialization value can be semi-statically configured in a UE-specific manner

(Based on UE-specific value (e.g. UE ID), TP-specific value or virtual cell ID)

For DM-RS sequence in Rel-11, we can consider two alternatives as above. In Alt. 1, only one type of configurable initialization value can be supported, and the initialization value can be semi-statically configured in a UE-specific manner. In Alt. 2, two types of initialization values can be supported, and one of the initialization values can be dynamically selected. Each initialization value can be also semi-statically configured in a UE-specific manner.

However, as detailedly explained in Appendix, there is need that the eNodeB can select one of two types of initialization values (‘initialization value A’ and ‘initialization value B’ in Appendix) to generate DM-RS sequence according to UE’s various environments. 
If only one type of configurable initialization value (e.g. initialization value based on UE-specific value, TP-specific value or virtual cell ID) is supported as Alt. 1, there could be some problems in certain environment. For example, only one configurable initialization value could have difficulty to generate the same DM-RS sequence for MU-MIMO UEs and/or in JT CoMP. Although the same DM-RS sequence generation is possible by explicit high layer signalling for the initialization value, it can be only semi-statically applied. It means that the dynamic change among various UE’s environments with the CoMP and/or MIMO (=dynamic change between two cases using the same DM-RS sequence or different DM-RS sequences) could not be possible. If he dynamic application of initialization value to satisfy two different purposes (=inter-point orthogonality and inter-point interference randomization) is not supported, it cause either degradation of DM-RS orthogonality or increase of inter-point interference.

For example, if we assume that DM-RS A for UE A and DM-RS B for UE B are firstly configured to have different initialization values for inter-point interference randomization, and the environment is dynamically changed to MU-MIMO between UE A and UE B. In this case, the orthogonality between two DM-RSs given by the same initialization value and difference DM-RS antenna ports can not be supported. Therefore, it can cause degradation of DM-RS orthogonality. On the other hand, if the dynamic changes of the environment (e.g. MU-MIMO) are not supported, it can cause restrictions on UE scheduling.

Furthermore, the using of two types of initialization values including cell-specific initialization value could have some benefits on flexible MU-MIMO scheduling if we consider MU-MIMO transmission betweem Rel-9/10 UE and Rel-11 UE.
Therefore, the dynamic selection between two types of initialization values in a UE-specific manner as Alt. 2 should be introduced for Rel-11 DM-RS sequence generation.
The dynamic signalling for the dynamic selection between two types of initialization values is needed. It could be explicitly indicated by adding 1bit filed in a current DCI format or new DCI format which can be defined for Rel-11, or implicitly signalled by using or association of current dynamic information (e.g. SCID).

Proposal 1: 

Dynamic selection between two types of configurable initialization values should be supported for DL DM-RS.

- Type A: Initialization value to generate different sequences among DM-RSs 

▪ TP-specific sequence (=configured by UE-specific or point-specific initialization value)

▪ It could be used for inter-point(cell) interference randomization.

- Type B: Initialization value to generate the same sequences among DM-RSs

▪ TP-common sequence (=configured by current cell-specific initialization value or common initialization value within a CoMP cooperating set)
▪ It could be used for inter-point(cell) orthogonality with different DM-RS antenna ports.
3. Configuration method for each initialization value
The specific configuration methods for the initialization value can be summarized with following 3 options.
Option 1: based on virtual cell ID (by explicit signalling)
  ▪ initialization value type A (for different DM-RS sequence)
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▪ initialization value type B (for same DM-RS sequence)
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In option 1, X1 and X2 can be configured regardless of PCI and/or according to PCI to generate two types of initialization values.

Option 2: based on TP ID (by explicit signalling or implicit association with CSI-RS configuration)
  ▪ initialization value type A (for different DM-RS sequence)
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▪ initialization value type B (for same DM-RS sequence)
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In option 2, TP ID can be used to generate initialization value type A (for different DM-RS sequence). To generate initialization value type B (for same DM-RS sequence), the Rel-10 formula can be used with certain SCID value (=0 or 1). 

Option 3: based on UE ID (by implicit indication with RNTI)
  ▪ initialization value type A (for different DM-RS sequence)
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▪ initialization value type B (for same DM-RS sequence)


[image: image6.wmf](

)

(

)

16

init,2sSCID

/21212

cell

ID

cnNn

=+×+×+

êú

ëû


In option 3, UE ID can be used to generate initialization value type A (for different DM-RS sequence). To generate initialization value type B (for same DM-RS sequence), the Rel-10 formula can be used with certain SCID value (=0 or 1). For example, for inter-TP interference randomization in CoMP scenario 4, the UE in each TP can receive DM-RS generated by cinit,1 with based on own RNTI value. On the other hand, the MU-MIMO UE can received DM-RS generated by cinit,2 with certain SCID value (=0 or 1).
If dynamic switching between two types of initialization values is supported, there are no big differences among specific configuration methods for initialization values. It means that any configuration methods can cover almost possible cases as mentioned in Appendix. However, there are needs for definition of new parameter and explicit RRC signalling (=at least 9 bits) in Option 1. Therefore, the implicit method as based on Option 2 or Option 3 is slightly preferable for configuration method. 

Proposal 2: 

The implicit method as mentioned in Option 2 (=based on TP ID) or Option 3 (=based on UE ID) is slightly preferable for configuration method of each initialization value.
- If dynamic switching between two types of initialization values is supported, there are no big differences among specific configuration methods for each initialization value.
- There could be needs for definition of new parameter and explicit RRC signalling (=at least 9 bits) in Option 1 (=based on virtual cell ID).
4. Conclusion
In this contribution, we discussed DL DM-RS enhancements for Rel-11 with following our proposals:
Proposal 1: 

Dynamic selection between two types of configurable initialization values should be supported for DL DM-RS.

- Type A: Initialization value to generate different sequences among DM-RSs 

▪ TP-specific sequence (=configured by UE-specific or point-specific initialization value)

▪ It could be used for inter-point(cell) interference randomization.

- Type B: Initialization value to generate the same sequences among DM-RSs

▪ TP-common sequence (=configured by current cell-specific initialization value or common initialization value within a CoMP cooperating set)
▪ It could be used for inter-point(cell) orthogonality with different DM-RS antenna ports.
Proposal 2: 

The implicit method as mentioned in Option 2 (=based on TP ID) or Option 3 (=based on UE ID) is slightly preferable for configuration method of each initialization value.
- If dynamic switching between two types of initialization values is supported, there are no big differences among specific configuration methods for each initialization value.
- There could be needs for definition of new parameter and explicit RRC signalling (=at least 9 bits) in Option 1 (=based on virtual cell ID).
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[Appendix: considerable environments on DM-RS sequence in Rel-11]
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Figure 1: Example of DL DM-RS transmissions in DL CoMP

Figure 1 is an example of DL DM-RS transmission in DL CoMP to explain different cases in DM-RS sequence generation. For some environments (e.g. JT and/or MU-MIMO in which DM-RS has orthogonality between UEs with different DM-RS antenna ports), there could be need of the same sequence among DM-RSs (e.g. red signals have the same DM-RS sequences as described in Figure 1). On the other hand, for pseudo orthogonality among DM-RSs which are independently transmitted from different TPs, there could also be need of different sequences among DM-RSs (e.g. the DM-RS sequences are different among red, blue and green signals as described in Figure 1).

Therefore, at least two different initialization values for DM-RS sequence generation could be needed if we consider above two types of applications for DM-RS sequence in DL CoMP.

1. DM-RS sequence in scenario for different cell IDs among TPs (e.g. CoMP scenario 1/2/3)

Case A: for different DM-RS sequences 

- Current Rel-10 cell-specific initialization values could be enough.

▪ Because Cell IDs among TPs are different in this scenario, the TPs can generate different DM-RS sequences with current Rel-10 cell-specific initialization values.

▪ Although current Rel-10 cell-specific initialization values could be enough, UE-specific or TP-specific initialization values can be also used to generate different DM-RS sequences.

Case B: for the same DM-RS sequence 

- If JT CoMP and MU-MIMO are simultaneously applied in certain band (=it can be called to inter-point MU-MIMO), common initialization value within a CoMP cooperating set could be needed. 

▪ As described in Figure 1, signal ⓞ-ⓞ, ⓞ-①, and ① can have the same DM-RS sequence based on TP 0’s cell ID. In this case, UE 1 should know information that DM-RS sequence is generated based on TP 0’s cell ID instead of cell ID for TP 1 in which UE 1 belongs to.
- Else, current Rel-10 cell-specific initialization values could be enough.
▪ If JT CoMP and MU-MIMO are not simultaneously applied in certain band (e.g. independent application of JT CoMP with signal ⓞ-① and ①, or MU-MIMO with signal ⓞ-ⓞ and ④(=signal from TP 0 to UE 4)), the DM-RS sequence can be always generated based on cell ID for the point in which the UE belongs to. For example with Figure 1, TP 0 and TP 1 can generate DM-RS sequence based on TP 1’s cell ID and transmit DM-RS to UE 1, but there are no changes in the UE 1’s side (=UE 1 follows cell ID for TP 1 in which UE 1 belongs to).

2. DM-RS sequence in scenario for the same cell ID among TPs (e.g. CoMP scenario 4)

Case A: for different DM-RS sequences 

- UE-specific or TP-specific initialization values could be needed.

▪ For pseudo orthogonality among DM-RSs which are independently transmitted from different TPs, the different DM-RS sequences are needed. However, the TPs can not generate different DM-RS sequence because of the same cell ID among TPs. Therefore, additional definition on initialization value used in DM-RS scrambling generator should be introduced (e.g. UE-specific or TP-specific initialization values).

Case B: for the same DM-RS sequence 

- Current Rel-10 cell-specific initialization values could be enough.

▪ By the same cell ID among TPs in this scenario, the TPs can generate the same DM-RS sequence with current Rel-10 cell-specific initialization values.

3. DM-RS sequence generation with consideration of all CoMP and MIMO scenarios in Rel-11
For the above two types of DM-RS sequence generation for CoMP scenarios and MIMO including MU-MIMO, the same DM-RS sequence generator can be used as working assumption. Furthermore, if we do not have independent schemes on generation and signalling of initialization values (e.g. from different DCI format for each CoMP scenario and/or MIMO), the common scheme on generation and signalling of initialization values for all CoMP and MIMO scenarios in Rel-11 could be applied as follows:

Initialization value A (for different DM-RS sequences) 

→ UE-specific or TP-specific initialization value
- As mentioned in section 1 and 2 of Appendix, UE-specific or TP-specific initialization value can be used to generate different DM-RS sequences for all CoMP and MIMO scenarios in Rel-11.

Initialization value B (for the same DM-RS sequence)

→ current Rel-10 cell-specific initialization value or common initialization value within a CoMP cooperating set
- As mentioned in section 1 and 2 of Appendix, current Rel-10 cell-specific initialization value can be used to generate the same DM-RS sequence for all CoMP and MIMO scenarios in Rel-11.

▪ In this case, there are no needs for additional signalling to indicate this initialization value
- As mentioned in section 1 of Appendix, if JT CoMP and MU-MIMO are simultaneously applied in certain band, common initialization value within a CoMP set could be used to generate the same DM-RS sequence. 

▪ In this case, additional high layer signalling (e.g. RRC) to indicate common cell ID within a CoMP set for generation of common initialization value could be needed.

▪ In the CoMP scenario 4 and non-CoMP case (single-cell case), above common cell ID is the same to own cell ID.
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