
San Francisco, USA, 14-18 November,  2011

Source: 
ZTE
Title: 
Consideration for DMRS enhancement in CoMP
Agenda Item: 
7.5.2.1.1
Document for: 
Discussion and Decision

1. Introduction
In RAN1 #66bis meeting, the following working assumptions for DMRS in CoMP are reached:

· 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 [1], link level evaluation results were given to compare the performance between orthogonal DMRS and quasi-orthogonal DMRS.  In this contribution, we continue to show the system-level simulation results and then further discuss the DMRS enhancement solutions.
2. Evaluation for Quasi-orthogonal and Orthogonal DMRS configuration
The following two DMRS configurations are evaluated. 
1) Inter-TP quasi-orthogonal DMRS:  DMRS signal generation is R10-compliant, so the resultant DMRS sequences are quasi-orthogonal between different TPs (assuming different cell-ID). 
2) Inter-TP orthogonal DMRS: DMRS per-layer pattern is the same as that in Rel-10, however, the DMRS orthogonality among ports are assumed to be enhanced in such a way that DMRS on maximum 4 layers can be orthogonal in case of multi-UE multiplexing, which allows higher capacity per UE and lower interference on to DMRS when the UE locates at area-split-edge and multiplexed with another UE. The DMRS overhead is 24RE/RB if the number of total layers across all TPs (one TP in case of no coordination) is larger than 2, 12 RE/RB otherwise. In the simulation, inter-TP orthogonal DMRS is applied to a UE if the UE observes that the difference of wideband CQI between serving cell and at least one neighboring cell is less than 6dB. 
DMRS channel estimation error is based on the link level MSE shown in appendix B. For quasi-orthogonal DMRS configuration, the interference coming from all non-serving cells is considered in finding the MSE of DMRS channel estimation; while for orthogonal DMRS configuration, only the interference coming outside of DMRS orthogonal cells is considered in DMRS channel estimation MSE modeling. The simulation parameters and other simulation assumptions are listed in appendix A.

The simulation results are shown in Table 1. We can observe about 2% gain on cell average spectrum efficiency and about 30% gain on cell edge spectrum efficiency with orthogonal DMRS configuration comparing to quasi-orthogonal DMRS configuration in homogeneous network.
Table 1 System-level simulation results for heterogeneous network
	DMRS configuration
	Cell-average SE
	Cell-edge SE

	Inter- TP quasi-orthogonal 
	9.828 （0%）
	0.0405（0%）

	Inter- TP orthogonal 
	10.0501（2.26 %）
	0.0532（30.4%）


Observation-1: Inter-TP orthogonal DMRS configuration can achieve significant cell edge gain compared to inter-TP quasi-orthogonal DMRS configuration.
3. DMRS enhancement in CoMP

It was agreed in RAN1 #66b to reuse R10 DMRS sequence generator for DMRS in CoMP. Besides, we did not see any motivations to design new DMRS pattern for CoMP. In addition, it is also desirable to have no new DCI format (e.g., extra DCI bits) for DMRS configuration, in order to avoid higher implementation complexity and more standard efforts. 
Proposal 1: The DMRS pattern defined in R10 should be reused for DMRS in CoMP. The new DMRS configuration should strive not to change the DCI length specified in Rel-10. 
The remaining discussion in this paper on the potential DMRS enhancement follows this proposal.
3.1. DMRS sequence initialization
Under the agreement to reuse R10 DMRS sequence generator whose initialization in R10 is given by 
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, some new sequence initialization methods, which play with two parameters 
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, were proposed in previous meeting [1]-[7].
Because transmission points (TP) in CoMP can be considered equivalent to remote physical antenna ports, which in Rel-10 has nothing to do with DMRS sequence generation that is prior to precoding, any sequence initialization involving with TP-specific parameter would be conflict with this design philosophy in Rel-10. In addition, it was agreed in RAN1 #66b that “Initialization values can be configured to correspond to Rel-10 DMRS”, which means PDCCH-configured parameter 
[image: image4.wmf]SCID

n

 should be maintained and therefore 16-bit UE-ID (
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With TP-specific values and 
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 ruled out, the candidates to replace parameters 
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· Candidates to take place of 
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· Configurable cell-specific parameter
· Configurable UE-specific parameter
· Candidates to take place of 
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 with possible bit extension:

· Configurable cell-specific parameter

· Configurable UE-specific parameter (including R10 
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It is also reasonably assumed that the combination of candidates in replacing 
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 cannot result in an initialization that depends on cell-specific parameters only, because otherwise it is difficult to achieve area splitting in CoMP scenario-4.  Therefore, the candidates for new DMRS sequence initialization can be chosen from one of following substitutions to R10 parameters: 
· Method-1: <
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· Method-2: <
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 w/ preceding 0’s > → <a configurable cell-specific parameter, a configurable UE-specific parameter>
· Method-3: <
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The method-1 is apparently a special case of method-2. One advantage of method-2 (by allowing the cell-specific parameter to be actually cell-independent) and method-3 over method-1 is the support to inter-TP DMRS orthogonality and CoMP transparency in scenario-1/2/3. 

For comparison between method-2 and method-3, if the “configurable cell-specific parameter” in method-2 is configured to be the same across all coordinating cells in certain application scenario, method-3 can achieve the same affect by assigning the same first “configurable UE-specific parameter” to all UEs served by coordinating cells. On the other hand, if the “configurable cell-specific parameter” in method-2 is configured to be different across all coordinating cells (as in method-1), method-2 loses inter-TP DMRS orthogonality and CoMP transparency. Therefore, even though method-2 seems to provide additional dimension in configuration, our preference is method-3. Further, the assumption of no new DCI format would prevent extending bits for 
[image: image23.wmf]SCID

n

, and it seems redundant to introduce two RRC-configurable UE-specific parameters in 
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Proposal 2: The DMRS sequence is initialized by 
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, where 
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 is a configurable UE-specific 9-bit parameter, and other parameters are the same as in R10. 
3.2.  Further enhancement on DMRS orthogonality
In CoMP scenario 3 and 4, there are more TP-edge UEs than in scenario 1 and 2. Even though the appropriate DMRS sequence initialization can help to maintain the DMRS orthogonality among the UE’s locating in the edge area resulted from TP-splitting, the performance of these UEs may be limited by the fact that R10 DMRS only supports maximum one port for DMRS to be orthogonal DMRS between two UEs, or maximum two ports for DMRS to be quasi-orthogonal between two UEs. This limitation may neutralize the performance gain for certain specific UE in TP-splitting edge area. The following design example can enhance the DMRS orthogonality to support maximum two ports per UE in a multi-UE orthogonal DMRS structure, without the modification to DCI format 2C.   

Assume each R11 UE can be configured by RRC signaling a restricted DMRS port set, which can force UE not to use the DMRS ports contained in this set even though the corresponding port is listed in DCI format 2C. For example, the restricted DMRS port set for UE-1 contains the ports {7,8}, and the restricted DMRS port set for UE-2 contains ports {9,10}. Then by given a scheduling of ports 7~10 in DCI-2C for both UE, UE-1 would only use ports {9,10} and the associated layers but not to allocate PDSCH on REs for DMRS ports {7,8}, while UE-2 only use ports {7,8} and the associated layers but not to allocate PDSCH on REs for DMRS ports {9,10}. Therefore the orthogonality between two UEs is achieved, regardless how the DMRS sequence is initialized. 
The above design example has some issues:  
1) eNB cannot schedule up to two layer transmission alone to the UE configured with restricted DMRS port set {7,8}. 

2) eNB cannot schedule 3 or 4 layer transmission alone to the UE configured with a non-empty restricted DMRS port set.  
The remedy to 1) is to limit the cases that restricted DMRS port set is applicable. For example, the restricted DMRS port set should take effect only if the number of DMRS ports scheduled to UE by DCI-2C is 3 or 4. 
The issue 2) is less severe because it is not very common for UE in the edge area of TP-splitting to be scheduled with high-order layers and at the same time to be multiplexed with another UE. The UE that has to support 3 or 4 layer transmission should not be configured with restricted DMRS port set. 
The above design example assumes the total number of orthogonal DMRS ports across all coordinating UEs is no larger than 4, so no additional signaling is needed to clarify the OCC value that is associated with DMRS structure. Whether and how to support up to total 8 orthogonal DMRS ports across multiple UE remains FFS. 

Observation-2: With no change to R10 DCI-2C format length, it is feasible to realize two orthogonal DMRS ports per UE with inter-UE DMRS orthogonality in MU-MIMO, where the pairing UEs can belong to the same or different TP. 
4. Conclusion

With this contribution, we propose that:
Proposal 1: The DMRS pattern defined in R10 should be reused for DMRS in CoMP. The new DMRS configuration should strive not to change the DCI length specified in Rel-10. 
Proposal 2: The DMRS sequence is initialized by 
[image: image27.wmf]ë

û

(

)

(

)

SCID

16

UE

DMRS

s

init

2

1

2

1

2

/

n

N

n

c

+

×

+

×

+

=

, where 
[image: image28.wmf]UE

DMRS

N

 is a configurable UE-specific 9-bit parameter, and other parameters are the same as in R10.
Meanwhile, we also see that

Observation-1: Inter-TP orthogonal DMRS configuration can achieve significant cell edge gain compared to inter-TP quasi-orthogonal DMRS configuration.
Observation-2: With no change to DCI format length, it is feasible to realize two orthogonal DMRS ports per UE with inter-UE DMRS orthogonality in MU-MIMO, where the pairing UEs can belong to the same or different TP.
We would like to invite interested companies to study the further DMRS enhancement based on above two observations. 
References
[1] R1-113014  Evaluation on necessity of DMRS enhancement under  CoMP scenarios
ZTE
[2] R1-112900  DMRS enhancements for CoMP Huawei,
[3] R1-112960   DL reference signal enhancement for CoMP transmission   CATT
[4] R1-113146   Downlink reference signal for CoMP operation    Nokia Siemens Networks, Nokia
[5] R1-113259   Downlink Reference Symbols Configuration for Release-11 Motorola Mobility
[6] R1-113277  Considerations on the Specification Impact of CoMP Regarding DL Reference Signals   LG Electronics
[7] R1-113320  Downlink Reference Signal Requirements in support of CoMP   Alcatel-Lucent Shanghai Bell, Alcatel-Lucent
[8] R1-113355   Downlink Reference signals for Enhanced Multiplexing    Ericsson, ST-Ericsson
[9] R1-110967  SRS channel estimation error modelling in CoMP simulation, CMCC
Appendix A. Simulation parameters
	Parameters
	Assumptions

	Cellular Layout 
	Hexagonal grid, 7 sites, 3 Macro cells per site, wrap‑around 

	LPN Configuration
	Configuration #4b with 4 low power nodes per macro cell

	Number of UEs dropped within each macro geographical area
	25

	Channel Model 
	ITU UMa for Macro, UMi for low power node

	Operating bandwidth (BW)
	10 MHz

	Tx Power 
	46dBm for macro and 30dBm for LPN

	UE Speed
	3km/h

	Antenna configuration
	Transmitter: 2Tx cross-polarized antenna at macro eNB, 2Tx cross-polarized antenna at LPN RRH

Receiver: 2Rx cross-polarized antenna at UE
Antenna tilt  15 degree

	CQI/PMI reporting interval and frequency granularity 
	5ms for CQI/PMI, 6RB 

	Feedback scheme
	 Rel-8 RI/CQI/PMI based on Rel-8 2Tx codebook 

	Delay for scheduling and AMC
	6ms

	Scheduler 
	Proportional Fair

	Traffic Model 
	Full Buffer

	Receiver
	MMSE-IRC

	HARQ Scheme
	Chase Combining

	Maximum number of retransmissions
	3

	Channel Estimation
	Non-ideal, based on CSI-RS for channel measurements, based on DMRS for data demodulation
Channel estimation error modeling : 
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Appendix B. MSE of DMRS estimation based on 2D-MMSE 
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