
3GPP TSG RAN WG1 Meeting #68bis

                                                     R1-121093
Jeju, Korea, 26th – 30th March 2012

Source:
CATT
Title:
UE-specific DM-RS configuration
Agenda Item:
7.5.4
Document for:
Discussion and Decision
1. Introduction
In DL CoMP transmission in Rel-11, some new transmission schemes are studied for new deployments, such as inter-cell MU-MIMO and spatial-splitting within a cell. To support these transmissions, enhancement for DL DMRS was introduced with UE-specific configuration of scrambling sequence. In the RAN1#68 meeting, the working assumption of DL DMRS enhancement was:
· 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
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· 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 discuss the detailed signalling design based on above working assumption.
2. Considerations for DMRS Enhancement
2.1. Application of different initialization IDs
In Rel-10, the DMRS scrambling sequence is expressed by:
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 and the pseudo-random sequence is initialized by
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where nSCID is only used for port7/8 and can be configured to be 0 or 1. 
To support DL CoMP, a UE-specific X is introduced to substitute 
[image: image3.wmf]cell

ID

N

and is dynamically selected from N RRC signaled candidates. Before discussing the value of N and details of dynamic selection, application cases of different configurations of X should be clarified.
In our opinion, at least the following three transmission cases should be supported for a UE:
· Case 1: Orthogonal multiplexing with serving cell UE (interference randomization with other multiplexing UEs). 
· Case 1-1: Considering orthogonality with legacy UEs, X should be able to be configured as serving Cell ID with RI=1 which is the same as Rel-10 UE.
· Case 1-2: Orthogonal multiplexing using virtual Cell ID for cell-splitting. In Scenario 4, with cell-splitting in different RRHs, a UE may be orthogonally multiplexed with another UE within the same split cell and simultaneously perform interference randomization with other virtual cell. For these purpose, X can be Cell_ID_A with RI=1, where Cell_ID_A is a point specific ID different from the serving cell ID and virtual cell IDs of other virtual cells.

· Case 2: Orthogonal multiplexing with neighbouring cell UE (interference randomization with other multiplexing UEs). A cell-edge UE can be configured to be orthogonally multiplexed with neighbouring cell UE (including legacy UE) to reduce inter-cell interference. This can be obtained via X=Cell_ID_B with RI=1, where Cell_ID_B is the Cell ID of interested neighbouring cell.
· Case 3: Interference randomization with all serving cell UEs and neighbouring cell UEs.  Arbitrary RI may be configured for this type of UEs. This can be obtained via the following configuration:

·   The virtual cell ID X can be configured to be X=Cell_ID_C, where Cell_ID_C is different from the serving cell ID and cell IDs of neighbouring cells. 
·    The n_SCID can be exploited to obtain different values of Cinit by n_SCID=0/1. 
·    Another approach is to reuse the interference randomization mechanism of port 5, by which the nSCID is configured to be n_RNTI regardless of value of X.
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Figure 1: Applications of virtual-cell-ID in Scenario 3
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Figure 2: Applications of virtual-cell-ID in Scenario 4
Proposal 1: The application cases in Case1-3 should be considered for signaling design of UE-specific DMRS.
2.2. Potential dynamic signalling design for X
Keeping the above transmission scenarios in mind, we compare some potential signalling design for N and dynamic selection of X.  Either additional bit in DCI format or joint coding with port/SCID is considered.
Method 1: Additional independent bit for signaling of X with N=2[1]
Typically two candidates of X are signaled via RRC signaling, and one of them is selected via additional one bit in DCI format. The advantage is that two IDs can be used for interference randomization even with RI>1.  However, there are also some useless configurations for higher rank, e.g. two IDs for RI>4,in which case resource multiplexing will hardly be configured. The decoupling of RI and X may lead to some waste of signaling overhead.
Table.1 Indication of X with one additional bit

	Value
	Message

	0
	ID1 by RRC signaling
(ID1=NCellID by default)

	1
	ID2 by RRC signaling


Method 2: X is jointly encoded with RI/port with N=3 using additional bit
To fully exploit the dynamic signaling, a solution with joint coding of X and RI using one extended bit can be considered. N is set to be 3 to provide more flexibility, and one example of signaling design is shown below. For RI=1 and 2, which are the main MU-multiplexing scenario, three IDs can be selected, while for RI=3 and 4 only two IDs are usable. For higher rank, only one ID is used considering the infrequent multiplexing scenario. For dynamic fallback to Rel-10 DMRS, the X=ID1 can be the serving cell ID by default. Compared to Method 1, more candidates are assigned to lower RI to support more multiplexing scenarios, which make the additional bit more efficient.
Table.2 Joint coding of X, RI and antenna ports with N=3 and additional bit

	One Codeword:

Codeword 0 enabled,

Codeword 1 disabled
	Two Codewords:

Codeword 0 enabled,

Codeword 1 enabled

	Value
	Message
	Value
	Message

	0
	1 layer, port 7, X=ID1
	0
	2 layers, ports 7-8, X=ID1

	1
	1 layer, port 8, X=ID1
	1
	2 layers, ports 7-8,  X=ID2 

	2
	1 layer, port 7, X=ID2
	2
	2 layers, ports 7-8,  X=ID3

	3
	1 layer, port 8, X=ID2
	3
	3 layers, ports 7-9, X=ID1

	4
	1 layer, port 7, X=ID3
	4
	3 layers, ports 7-9, X=ID2

	5
	1 layer, port 8, X=ID3
	5
	4 layers, ports 7-10, X=ID1

	6
	2 layers, ports 7-8, X=ID1
	6
	4 layers, ports 7-10, X=ID2

	7
	2 layers, ports 7-8,  X=ID2
	7
	5 layers, ports 7-11, X= ID1

	8
	2 layers, ports 7-8, X=ID3
	8
	6 layers, ports 7-12, X= ID1

	9
	3 layers, ports 7-9, X=ID1
	9
	7 layers, ports 7-13, X= ID1

	10
	3 layers, ports 7-9, X=ID2
	10
	8 layers, ports 7-14, X= ID1

	11
	4 layers, ports 7-10, X=ID1
	11-15
	Reserved

	12
	4 layers, ports 7-10, X=ID2
	
	

	13-15
	Reserved
	
	


Method 3: X is tied to n_SCID with N=2
In [2], a solution requiring tiny specification impact and low overhead was proposed with X tied to n_SCID. By different configurations of n_SCID (0/1), two IDs can be dynamically selected for single layer for different multiplexing cases. In case of RI>1, only one fixed ID is available. No additional signaling overhead is needed compared to DMRS signaling in Rel-10. This method can well support most of the application cases via appropriate configuration of X for different types of UEs.
Table.3 Joint coding of X and SCID with N=2
	One Codeword:

Codeword 0 enabled,

Codeword 1 disabled
	Two Codewords:

Codeword 0 enabled,

Codeword 1 enabled

	Value
	Message
	Value
	Message

	0
	1 layer, port 7, X=ID1, nSCID=0
	0
	2 layers, ports 7-8, X= ID1, nSCID=0

	1
	1 layer, port 7, X=ID2, nSCID=1
	1
	2 layers, ports 7-8, X= ID2, nSCID=1

	2
	1 layer, port 8, X=ID1, nSCID=0
	2
	3 layers, ports 7-9, X= ID1

	3
	1 layer, port 8, X=ID2, nSCID=1
	3
	4 layers, ports 7-10, X= ID1

	4
	2 layers, ports 7-8, X= ID1
	4
	5 layers, ports 7-11, X= ID1

	5
	3 layers, ports 7-9, X= ID1
	5
	6 layers, ports 7-12, X= ID1

	6
	4 layers, ports 7-10, X= ID1
	6
	7 layers, ports 7-13, X= ID1

	7
	Reserved
	7
	8 layers, ports 7-14, X= ID1


Method 4: X is tied to n_SCID=0/1reusing n_RNTI

To further optimize Method 3 in the aspect of interference randomization, the design used in sequence initialization of port5 can be reused. In DMRS configurations for orthogonal multiplexing, two IDs can be tied to n_SCID as in Method 3 to support intra-cell an inter-cell MU-MIMO. In other configurations, interference randomization can be optimized via nSCID= nRNTI regardless of the values of X and RI. Compared to Method 3, this method can provide larger range of interference randomization (between any two UEs with different C-RNTI), which would especially be beneficial for case of a mass of hotspot cells in heterogeneous network. Also, since X is useless for interference randomization in most cases, the configuration and scheduling complexity can also be reduced.
Table.4 Joint coding of X, SCID and nRNTI with N=2
	One Codeword:

Codeword 0 enabled,

Codeword 1 disabled
	Two Codewords:

Codeword 0 enabled,

Codeword 1 enabled

	Value
	Message
	Value
	Message

	0
	1 layer, port 7, X=ID1, nSCID=0
	0
	2 layers, ports 7-8, X= ID1, nSCID= nRNTI

	1
	1 layer, port 7, X=ID2, nSCID=1
	1
	3 layers, ports 7-9, X= ID1, nSCID= nRNTI

	2
	1 layer, port 8, X=ID1, nSCID=0
	2
	4 layers, ports 7-10, X= ID1, nSCID= nRNTI

	3
	1 layer, port 8, X=ID2, nSCID=1
	3
	5 layers, ports 7-11, X= ID1, nSCID= nRNTI

	4
	1 layer, port 7, X= ID1, nSCID= nRNTI
	4
	6 layers, ports 7-12, X= ID1, nSCID= nRNTI

	5
	2 layers, ports 7-8, X= ID1, nSCID= nRNTI
	5
	7 layers, ports 7-13, X= ID1, nSCID= nRNTI

	6
	3 layers, ports 7-9, X= ID1, nSCID= nRNTI
	6
	8 layers, ports 7-14, X= ID1, nSCID= nRNTI

	7
	4 layers, ports 7-10, X= ID1, nSCID= nRNTI
	7
	Reserved


Among the four methods, Method 4 is preferred with less signaling overhead and more flexibility. The DMRS signaling overhead can be retained the same as that in Rel-10 by Table 4. Furthermore, both orthogonal DMRS and interference randomization in different cases can be well supported.
Proposal  2: X is recommended tied to n_SCID in DMRS configurations used for orthogonal multiplexing.
Proposal 3: n_RNTI can be used to obtain large range interference randomization with configuration of n_SCID=n_RNTI particularly for higher rank case, without any additional DCI bit.
3. Conclusions

In this contribution, we discuss the signaling design for DL DMRS enhancement including dynamic signaling and higher layer signaling. To support flexible scheduling and UE pairing in DL CoMP transmission, the following are proposed for DMRS configuration design:
Proposal 1: The application cases in Case1-3 should be considered for signaling design of UE-specific DMRS.

Proposal 2: X is recommended tied to n_SCID in DMRS configurations used for orthogonal multiplexing.
Proposal 3: n_RNTI can be used to obtain large range interference randomization with configuration of n_SCID=n_RNTI particularly for higher rank case, without any additional DCI bit.
Following the above proposals, we provide a solution for dynamic signaling of DMRS configuration in Table 4.
4. References
[1]. R1-120395, “DM RS sequence setting for downlink CoMP”, ETRI, Dresden, Germany, 6th – 10th February 2012
[2]. R1-120787, “Flexible DM-RS configuration for dynamic inter-point coordination”, Ericsson, ST-Ericsson, Dresden, Germany, 6th – 10th February 2012



� EMBED Equation.DSMT4  ���








[image: image6.wmf](

)

(

)

16

initsSCID

/21212

cnXn

=+×+×+

êú

ëû

_1381905611.unknown

_1393683698.vsd

_1393683752.vsd

_1392116520.unknown

_1390236496.unknown

_1361716012.unknown

