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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

This contribution focuses on the enhancement of additional DMRS orthogonality.

2. Limitation for orthogonal DMRS configuration

With R10 DMRS configuration, maximum two orthogonal DMRS ports or maximum four quasi-orthogonal DMRS ports can be allocated to all UEs in MU, which may cause performance limitation in MU-CoMP. Take one example as shown in Figure 1: the data for UE1 is transmitted in CoMP-JT mode by Macro and RRH #1 on DMRS port 7 and the data for UE3 is transmitted in CoMP-JT mode by Macro and RRH #2 on DMRS port 8. At same time, the single-layer data for UE2 and UE 4 are transmitted by RRH #1 and RRH #2, respectively. From single TP point of view, UE1 and UE3 under Macro, UE1 and UE2 in RRH #1, UE3 and UE4 in RRH #2 are respectively MU-paired upon the same resource. Then the DMRS orthogonality between UE1 and UE2 and the DMRS orthogonality between UE3 and UE4 cannot be maintained, because otherwise both single-layer transmissions to UE2 and UE3 have to use the same DMRS port --- port 8, and also both single-layer transmissions to UE1 and UE4 have to use the same DMR port--- port 7, which further means multiple links use the same DMRS sequence on the same DMRS port. This kind of collision can cause performance degradation and should be avoided by breaking the orthogonal MU in certain TP into quasi-orthogonal MU or even SU.   
Therefore, with introduction of CoMP, the orthogonal MU-paring in one TP may downgrade the orthogonal MU-paring in another TP. Such limitation exists even with the DMRS sequence initialization enhancements currently discussed in RAN1.
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                              Figure1 limitation on existing DMRS orthogonality
Observation 1:  The Rel-10 capability on DMRS orthogonality shows performance limitation in Rel-11 CoMP application. 
3. Evaluation for Quasi-orthogonal and Orthogonal DMRS configuration

In this section, we further simulate and compare the performance differences based on following assumptions on DMRS orthogonality:

A: DMRS among different TPs can only be quasi-orthogonal;
B: DMRS among different TPs can be orthogonal, with the limitation that the total number of layers containing orthogonal DMRS ports is 2. 
C: DMRS among different TPs or same TP can be orthogonal, and such orthogonality can be realized within up to 8 layers (more UE among different TPs or same TP can be configured with orthogonal DMRS).
Note that the simulation only studies the inter-TP DMRS orthogonality enhancement. For intra-TP, the same orthogonality capability as defined in Rel-10 is assumed. The maximum number of layers that one UE can contribute to MU-pairing (for both intra and inter TP) with orthogonal DMRS is still one.  
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; for orthogonal DMRS configuration, only the interference coming outside of orthogonal DMRS links is considered in channel estimation MSE modeling. The simulation parameters and other simulation assumptions are listed in appendix A. 
From the simulation results shown in Figure 2, we can observe about  0.5% ~2% gain on cell average SE and about 10%~24% gain on cell edge SE with orthogonal DMRS configuration comparing to quasi-orthogonal DMRS configuration. In addition, about 1.37% gain on cell average SE and 12.2% gain on cell edge SE are observed by increasing the number of DMRS ports that are capable of being orthogonal between TPs. 
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                      Figure2 performance comparison with different DMRS orthogonal configuration

Observation2: It brings performance gains to increase the number of DMRS ports that are capable of being orthogonal between TPs. 
4. Further enhancement on DMRS orthogonality 

The previous sections show the performance limitations with the R10-defined DMRS orthogonality, as well as the performance gain brought by the increased number of orthogonal ports in MU-MIMO.  Basically there are two ways in increasing the number of orthogonal ports:  

· Fully dynamic configuration with new DCI format
Such optimization based on new DCI format is not a preferred way-forward, due to larger standardization effort and complexity impact to UE’s behaviour in DCI reception. 
· Configuration with existing DCI format plus assistance of certain semi-statically configured parameters
In the design example given in [2], UE can be configured with a restriction bitmap 
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=1 indicates that the DMRS port (7+i) and the corresponding layer cannot be used by UE even if the DMRS port (7+i) is included in DCI format 2C, and  
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=0 means such restriction is not activated on port (7+i). UE needs to determine the DMRS ports and layers that are actually allocated to itself jointly based on 3-bit antenna port and layer indication field in DCI format 2C and the restriction bitmap, if configured. For example, if UE receives a DCI format 2C showing 3-layer transmission on ports 7~9 when it is meanwhile configured with restriction bitmap 11011111, this UE is actually configured one-layer PDSCH on port 9, however, the UE would know the ports 7 and 8 are used by some other UEs, and should assume PDSCH interference existing on these two ports. In this particular example, the number of layers with orthogonal DMRS ports is 3. When restriction bitmap is not configured, UE should work as defined in Rel-10. 

It should be noted that the semi-statically configured restriction bitmap may impact the dynamic flexibility of port/layer assignment that was originally configured by DCI only. So in order to minimize such negative impact to scheduling flexibility, it was suggested in [2] that UE should ignore any configured restriction bitmap when DCI-2C indicates a 1-layer or 2-layer transmission.
Compared to fully dynamic configuration with new DCI format, to use existing DCI-2C with assistance of semi-statically configured RRC information has following advantages: 

· It offers performance improvement at the cost of much smaller standard efforts in RAN1. 

· If such RRC information (i.e., restriction bitmap) is not configured, Rel-11 UE would be left with a clean UE behaviour that is the same as legacy UE, which easily allows other new DMRS port enhancements to be defined beyond Rel-11. 

Proposal 1: If the additional enhancement to DMRS orthogonality should be considered, it is preferred to define such enhancement based on existing DCI format with certain semi-statically configured RRC information.

5. Conclusion

Here this contribution is concluded by:

Observation 1:  The Rel-10 capability on DMRS orthogonality shows performance limitation in CoMP application. 

Observation 2: It brings performance gains to increase the number of DMRS ports that are capable of being orthogonal between TPs.
Proposal 1: If the additional enhancement to DMRS orthogonality should be considered, it is preferred to define such enhancement based on existing DCI format with certain semi-statically configured RRC information.
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Appendix A. Simulation parameters

A1：Heterogeneous network

	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 in [3] is used 
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Appendix B. MSE of DMRS estimation based on 2D-MMSE 
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