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1 
Introduction
In the CoMP work item description [1], it states that 

· Specify the support of intra- and inter-cell downlink CoMP for homogenous and heterogeneous configurations studied in the CoMP study item. 

· The work for specifying CoMP support in Rel-11 should focus on

· Joint transmission

· Dynamic point selection, including dynamic point blanking

· Coordinated scheduling/beamforming, including dynamic point blanking

Some working assumptions for CoMP DMRS design were agreed in the RAN1 #66bis meeting:  
· Same DMRS sequence generator as in Rel-10 is used.

· A UE can be semistatically 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

More working assumptions for CoMP DMRS design were agreed in the RAN1 #68 meeting:

· Enhancement to DMRS sequence in Rel-11 DL-CoMP is supported. 

· The scrambling sequence of DMRS for PDSCH on ports 7~14 is initialized by

[image: image1.emf](


)


(


)


16


initsSCID


/21212


cnXn


=+×+×+


êú


ëû




   16

initsSCID

/21212 cnXn 






· X is a parameter whose value is dynamically chosen from {x(0), x(1), … x(N-1)} for N>1, and x(n) (0<=n<N) are configured by UE-specific RRC signaling.  

· The value of N and details of dynamic selection are FFS.
· X could be dynamic signaling with additional bits of DCI format or 

· Tied to current parameter, e.g., nSCID
· The value range of x(n) (0<=n<N) is FFS.
· Note: Target of harmonization with ePDCCH is FFS
· Note: Target of minimize the modification of any DCI formats for DM-RS sequence
From the Jeju meeting, the following working assumptions were agreed:

For the DMRS sequence initialization

•             Two candidate values of X are configured: x(0) and x(1)

•             nSCID  is reused for dynamic selection of x(0) or x(1) only for rank 1 and 2

•             Note that nSCID equals to 0 for the rank larger than 2

•             Further study is not precluded for the optimization for the higher rank

•             Further study is not precluded for the dynamic selection of x(0) or x(1)

•             Further study is not precluded for the dynamic switching or semi-static switching of subframe offset (ns)

 In this contribution, we provide our views on the remaining issue in downlink reference signal design for CoMP. 
2 
Remaining issues in DMRS for CoMP
Seeding choices for higher rank transmission

From previous meetings, some companies proposed to consider the seeding choices for SU transmission at rank higher than 2. In our view, the design considerations for this issue should take the existing DCI formats in mind. Even though potentially new DCI formats may be introduced, it is better to make a clean decision in the CoMP design so progresses can be made in CoMP and ePDCCH designs separately. From this, the higher rank transmission should be indicated to a UE just as rank 1 or rank 2 transmissions, with identical fields as DCI format 2 C, though some bit combinations may acquire new meanings. And we have two options –
Option 1:

If a higher rank transmission (>2) is indicated to a UE, the UE should assume X(0) is used in the DMRS initialization seeding.

Option 2:

If a higher rank transmission (>2) is indicated to a UE, the UE should assume C-RNTI is used in DMRS initialization seeding using TM7 formula.

Support for Subframe offset 

Subframe offset between two cells is mainly a feature needed in cell range extension in a rel-10 heterogeneous network. In the case that there is a subframe offset between two, UE only understands the subframe number of its serving cell. If the network decides to switch UE between TPs, it has to consider the impact of subframe offset to DMRS sequence generation. There are two ways to generate DMRS:

Alt.1 neighbor TP generates DMRS sequence using serving cell’s subframe number for this particular UE. Thus the sequence of this UE is different from neighbor TP specific sequence which might be used for other UEs. If it’s SU-MIMO, it’s totally fine as DMRS is a UE specific RS anyway. If it’s MU-MIMO, then the UEs scheduled in the same PRBs can only use different DMRS sequence therefore they are always quasi-orthogonal. In our evaluation, downlink MU-MIMO based on quasi-orthogonal DMRS is enough since normally orthogonal precoders are applied. 

Alt.2 explicit UE specific subframe number adjustment, when UE is switched to a neighbor cell, dynamical signaling is used to indicate UE a certain subframe offset. Then UE shall adjust its subframe number using that offset. So UE always use some TP specific DMRS sequence. This method requires explicit signaling for it. 

Proposal 1: Subframe offset is not supported in CoMP DMRS sequence generation. 
Clarification on DMRS seeding for transmission modes in Rel-11

The DCI format 2C is used in TM-9 introduced in rel-10. And it is also agreed that the DCI format 2C will be used in rel-11 for CoMP. While it is definitely beneficial to reuse the existing DCI format design (i.e. 2C) for CoMP, the reuse can also potentially create some confusions. A new transmission mode will be introduced in rel-11. The DCI format for the new transmission mode takes the same  format as DCI 2C. A release 11 capable UE can be configured in transmission mode 9, where the DMRS seeding uses the PCI as in rel-10. For further discussions on transmission modes, please refer to our contribution [2].
3     Default DMRS sequence consideration
In Rel.11, it is already decided that DMRS sequence initialization is configured through UE specific RRC signaling. However, it is clearly not efficient if the network always have to configure the DMRS sequences for every single UE. In fact, we can specify the default value/s for DMRS sequence generation for UE who doesn’t receive the RRC configurations. Particularly, the x(0) and x(1) can be designed as optional RRC parameters with some default values specified in RAN2 specs, therefore UE can start to use DMRS even if the network hasn’t configure any DMRS sequence for it.  How the RRC parameters are designed should be decided by other WG (e.g. RAN2), but RAN1 should give some recommendation on best default values fitting to most the most commonly used scenarios, then to minimize the RRC signaling to large number of UEs. 

Proposal 2: RAN1 should decide the default value of x(0) and x(1), and send LS to other WGs about the decision.  

As long as default values are considered, there are two design philosophy existed: Making the default value = PCI follows the Rel.10 DMRS design principles where UEs in the same cell may have the same sequence and then separate the port (orthogonal ports based spatial multiplexing). Having default value = RNTI (or a function using RNTI as input) is similar to Rel.8 DRS sequence philosophy where UE always uses different DMRS sequences, thus spatial reuse capability between TPs in the same cell (scenario.4) is guaranteed ever since the beginning (without requiring UE specifically configuration of DMRS sequence). 

Using PCI or RNTI each has its own advantages and targeting scenarios, but we can’t obtain both as default value needs to be specified in spec. However, it is already decided that each UE can be configured with multiple X to generate DMRS and eNB can dynamically select one of them in DCI. Thus it is straight forward to define x(0) and x(1) of different default values. E.g. x(0)=PCI and x(1)=f(RNTI). As a result, eNB can dynamically switch between spatial reuse capability and spatial multiplexing capability. E.g. in scenario 4, if eNB hasn’t configure UE specific X, it can always use x(1), to support spatial reuse between UE connecting to different TP. In scenario.3, eNB can use the x(0) to go back to Rel.10 DMRS case and do orthogonal DMRS port based MU-MIMO.  

Proposal 3: RAN1 should decide the default value of x(0)=PCI and x(1)=f(RNTI), where f() is a function related the range of X. Detail f() is FFS. 
4. Conclusion
 In this contribution, we give our views on the remaining issues in DMRS design for CoMP. We have the following proposals:
Proposal 1: Subframe offset is not supported in CoMP DMRS sequence generation.
Proposal 2: RAN1 should decide the default value of x(0) and x(1), and send LS to other WGs about the decision.  

Proposal 3: RAN1 should decide the default value of x(0)=PCI and x(1)=f(RNTI), where f() is a function related the range of X. Detail f() is FFS. 
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