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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: image2.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
 In this contribution, we provide further details on the DMRS design aspect for the above listed CoMP schemes.

2 
CoMP scenarios for expanding DMRS
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In CoMP scenarios 1-4, CoMP schemes such as DPS [2]

 REF _Ref319918339 \r \h 
[3] have been shown to provide gain in cell edge throughput. From the working assumptions agreed in RAN1 #66bis and #68, the DMRS for CoMP can be seeded with X (called “DM-RS sequence initialization” or DSI subsequently) which is signaled through higher layer.  Before starting discussion on other issues related to DMRS enhancement, it is worthwhile to recall the history of DMRS enhancement in rel-11.

The enhancement for DMRS has been mainly motivated by scenario 4 where CRS is not suitable in the transmission from picos to UEs. For scenario 4, various seeding schemes for DMRS had been proposed by companies [4]

 REF _Ref319918826 \r \h 
[5]

 REF _Ref319918829 \r \h 
[6]

 REF _Ref319918830 \r \h 
[7]

 REF _Ref319919049 \r \h 
[8]. By introducing the DSI, RRHs/TPs are able to provide separate coverage for UEs at the center of that RRH/TP, so there is little need to assign more than one DSI. Only for UEs at the joint coverage of multiple RRHs, there is a need to assign one or more DSIs to a UE so it can be paired with other UEs served by another RRH in MU-MIMO transmission. As the overlay macro is not available to those UEs due to the CRS issue mentioned before, the overlay macro cell’s cell ID cannot serve as DSI in the transmission to the UE from picos.

In scenario 3, conceptually the network can be divided into areas served with pico cells and coordination/cooperation area (refer to figure 1). In figure 1, pico cells 1 and 2 are physical cells with planned cell IDs and transmit CRS to the covered area of each of them respectively. A coordination/cooperation area is created as the boundary of cells 1 and 2, where UEs 3,4,5 and 6 are located. In table 1, an example of DSI choices for UEs are given. From that, it can be seen two DSIs are sufficient to provide enough pairing flexibility. With the introduction of DSI, there is little difference between scenario 3 and scenario 4 in terms of DMRS generation. With that understanding, we can see for UEs close to a cell center as in scenarios 1/2/3 (or the RRH in scenario 4) one DSI is adequate. For UEs at the cell/RRH boundary area, two cell IDs ( or DSIs for RRHs in scenario 4) can be used. It is also possible in the DSIs signaled to a UE, one is from the cell ID/DSI associated with the strongest cell/RRH, another takes a value different from all the cell IDs/DSIs in coverage area.  

With up to two DSI DSIs configured at a UE, the DCI formats /2C can be reused for CoMP and nSCID can be used to select the DSIDSI for the current transmission. It is of course desirable to keep DMRS generation compatible with previous releases.

From the discussion above, we can see the need to have N>2 for DSIs is not strong. And DSI provides value only when orthogonal reference signals can be used. And given not so strong benefits with N>2 and the benefit of reusing existing DCI formats, we come to the conclusion that N=2 should be adopted for release-11.

If the RRC signaling always includes two DSIs, then the identical DSIs can be signaled twice (X,X). Another possibility is the RRC signaling for TP center UEs just includes one DSI, and the semantics for DCI formats /2C from release 9/10 is used. And for UEs at the coordination/cooperation area, two DSIs are assigned to them. To help illustrate the combination of RRC signaling and SCID selection, table 1 can be referred.

Proposal 1: The maximum number of DMRS seeding initialization per-UE is N=2.
Proposal 2: Dynamic switching among the two seeding options is supported and based on SCID.
	
	UE1
	UE2
	UE3
	UE4
	UE5
	UE6

	DSI signaling
	X0, X0
	X1, X1
	X1,X0
	X1,X0
	X0,X1
	X0,X1

	SCID value set
	(0,1)
	(0,1)
	(0,1)
	(0,1)
	(0,1)
	(0,1)

	SCID value =0
	(X0, 0)
	(X1,0)
	(X1,0)
	(X1,0)
	(X0,0)
	(X0,0)

	SCID value =1
	(X0,1)
	(X1,1)
	(X0,1)
	(X0,1)
	(X1,1)
	(X1,1)


Table 1 DM RS Sequence allocation example.

DSI range

Currently the cell ID takes values from 0 to 503, corresponding to the range of PCI identified from PSS/SSS and CRS. Whether to expand the range of DSI can be studied from two aspects. In the first aspect, From the Dresden meeting, the range of CSI-RS is from 0 to 503. If a linkage is created between the CSI-RS configuration and DMRS configuration or shared signaling for both CSI-RS and DMRS is used, then the decision on CSI-RS range should weight on the decision on DMRS and the range for DMRS should be [0 503]. Yet linkage between CSI-RS and DMRS is not that strong; also nSCID can be used to select different DSI anyway even for the same CSI derived from a CSI-RS resource. In the second aspect, DMRS DSI planning is still an issue which merits attention. Hence if the extension of DSI range is viable, potentially it can make DSI easier.
Proposal 3: The range of X should be extended compared to the range of PCI. The exact range is FFS.

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. 

Proposal4: 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.  
Proposal5: 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 have presented our view on how to finalize the design of R11downlink DM RS. We summarize the discussion with the following 3 proposals:
Proposal 1: The maximum number of DMRS seeding initialization per-UE is N=2.
Proposal 2: Dynamic switching among the two seeding options is supported and based on SCID.
Proposal 3: The range of X should be extended compared to the range of PCI. The exact range is FFS.

Proposal 4: RAN1 should decide the default value of x(0) and x(1), and send LS to RAN2 about the decision.  

Proposal 5: 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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