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1 Introduction

In order to satisfy the ITU higher peak rate requirement, transmission mode 9 was introduced in Rel-10, and downlink control information DCI format 2C based on transmission mode 9 was designed.   In DCI format 2C, up to 8 layers was supported for SU-MIMO transmission with orthogonal DMRS port allocation.  While for MU-MIMO transmission, there is no enhancement in transmission mode 9 comparing with transmission mode 8 in which number of orthogonal DMRS ports available for MU-MIMO is two, i.e. two users can be supported with each one having one orthogonal DMRS port.  Quasi-orthogonal DMRS ports are allocated when MU dimensioning goes beyond 2 layers in total.
In Rel-10, if we only consider the MU-paired users are spatially separated, quasi-orthogonal DMRS port can be enough.  However, in Rel-11 study of CoMP, new scenarios have been introduced for investigation.  The following four scenarios were defined in CoMP evaluation in CoMP SI:
· Scenario 1：Homogeneous network with intra-site CoMP

· Scenario 2：Homogeneous network with high Tx power RRHs 

· Scenario 3：Heterogeneous network with low power RRHs within the macrocell coverage
· Scenario 4：Network with low power RRHs within the macrocell coverage where the transmission/reception points created by the RRHs have the same cell IDs as the macro cell
New scenarios proposed may change the requirement of DMRS port of MU-MIMO especially in scenario 4 where multiple RRHs having same cell ID as the macro cell.  In this scenario, MU-MIMO is different from the traditional type of MU-MIMO we studied in which the signal of the paired users coming from the same set of antennas. DMRS interference can’t be easily avoided when we achieve area splitting gain by configuring MU-MIMO mode in this scenario as the signal of the MU users can come from different sets of geographically separated antennas.  In this contribution, we discuss the necessity of DMRS enhancement in scenario 4 and provide initial performance results considering different types of DMRS interference.
2 Orthogonal DMRS enhancement
In scenario 4, users under macro and RRHs can be scheduled in same time and frequency resources to realize area splitting gain. The DMRS port orthogonality can be guaranteed only when one layer transmission is used for each user (by allocating DMRS port 7 and port 8). Although when one layer transmission is used for each TP in scenario 4, coordination can be done such that DMRS port orthogonality can be guaranteed (by allocating DMRS port 7 and port 8).  However, when we have more than 1 layer transmission from each TP, the interference still exists.  Limiting the maximum number of transmission layers to one can cause performance degradation in these scenarios.  In order to achieve more cell splitting gain, orthogonal DMRS coordination should be supported at least up to 2 layers for each user.

Another restriction in scenario 4 is that CRS can’t be used for interference estimation anymore[3] as CRS can be configured for SFN-type combining.  It’s also not appropriate to use CSI-RS for interference estimation for demodulation because the period of CSI-RS is multiple of 5ms.  This increases the need of DMRS enhancement for interference estimation for demodulation.  The interference situation between macro and RRHs in scenario 4 is shown in figure 1.
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                 Figure 1 Illustration of DMRS interference in scenario 4 
While in scenario 3, different DMRS sequence can be used for different points since different points use different cell IDs.  Therefore, separation of DMRS among different points is done in quasi-orthogonal manner.  In heterogeneous network, the interference level between macro and RRHs can be much higher than in homogeneous network.  Channel and interference estimation is more sensitive to interference comparing with PDSCH data itself.  Quasi-orthogonal DMRS may not satisfy the requirement to guarantee the channel estimation accuracy and interference estimation accuracy.
It should be carefully evaluated to find out whether the DMRS enhancement is necessary in these scenarios.  In Rel-10, when discussing about the MU-MIMO dimension, some proposals on supporting maximum 4 DMRS port orthogonal transmission have been discussed, mainly based on two alternatives:
Alt 1: reusing rank4 DMRS pattern defined in Rel-10 as shown in figure 2(a)[1];
Alt 2: introducing new DMRS pattern as shown in figure 2(b) [2];
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                Figure2: DMRS orthogonality enhancement 
For simplicity, in this contribution we mainly evaluate the performance gain of DMRS orthogonality enhancement based on Alt-1.
3 Evaluation for DMRS orthogonality enhancement
In this section, we compared the performance difference with for cases to see the necessity of DMRS orthogonal enhancement under 4x2 XPOL setup. In all cases, we consider one target user suffering interference from one interference source representing another transmission node.  Without loss of generality, we consider the case that target user is the user under pico RRH and the interference source is from macro.  Rank adaptation is used for the target user.
Case1：DMRS of macro and pico RRH users are separated in orthogonal manner
DMRS antenna ports between macro and RRH are always orthogonal. Interference can be estimated accurately from DMRS. MMSE-IRC is used to suppress the interference.
When it is 1-layer transmission for each user, rank2 DMRS pattern was used with DMRS port7 and port8 allocated to macro and RRH respectively. 
When it is 2-layer transmission for each user, rank4 DMRS pattern was used as described in Alt1 in section2.  

Case2: DMRS of macro and pico RRH users are separated in quasi-orthogonal manner
DMRS antenna ports between macro and RRH are quasi-orthogonal by using different DMRS sequences and same DMRS pattern.  White interference covariance estimation can be obtained by measuring DMRS or CRS.  MMSE is used by treating interference as white noise.

Case3: DMRS of macro and pico RRH users are separated in orthogonal manner for one layer transmission per user.  They are separated in quasi-orthogonal manner for two layer transmission.
For 1-layer transmission:

In scenario 4, since macro and RRH share same cell ID, orthogonality can be achieved by allocating DMRS port7 and port8 to macro and RRH respectively. The interference can be estimated more accurately in this case by doing interference estimation over DMRS port used by the interference source.  MMSE-IRC can be used in this case.

For 2-layer transmission:

Quasi-orthogonal DMRS be allocated with different scrambling sequence by setting different SCID.  White interference covariance estimation can be obtained by measuring DMRS or CRS.  MMSE is used by treating interference as white noise.
In our simulation, the values of I/S come from the CDF distribution in heterogeneous network based on system level simulation.  The CDF distribution of pico users’ I/S is shown in figure 3.  I/S = -13dB, I/S = -8dB and I/S = -4dB are considered in our simulation.  These values correspond to the cases where 50%, 37.5% and 25% of subrames are ABS.  The users with more serious interference can be protected by ABS.  
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Figure 3 I/S geometry of pico RRH users
In this simulation, the interference precoding matrix of macro is selected from codebook set randomly. Rank adaptation is enabled in simulation. More detailed simulation parameters are shown in Appendix A.
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 Figure 4a Spectral efficiency (bps/Hz) when I/S=-4dB  Figure 4b Spectral efficiency (bps/Hz) when I/S=-8dB
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Figure 4c Spectral efficiency (bps/Hz) when I/S=-13dB
The simulation results in case of different interference levels are shown in figures 4a-c. 

From the simulation results, it can be observed that DMRS orthogonal can bring more performance gain as interference level increases even though additional 12REs/PRB overhead is taken into account with rank=2 for case1. Even for the medium interference level (e.g. -8dB), it can be seen that significant gain can be achieved.  According to the CDF in figure 3,  UEs under this interference level cannot be protected by ABS if less than 37.5% of ABS is allocated.
The performance gain mainly comes from two aspects:
·  Channel estimation accuracy can be increased with orthogonal DMRS port allocation.

·  More accurate interference estimation can be achieved.
In this evaluation, we simplify the interference model such that quasi-orthogonal DMRS can be available (e.g. by assigning different SCIDs).  In reality, the situation can be worse because the interference can comes from multiple TPs and some of them use the same sequence due to limited number of SCIDs.  

Based on these results, we think that the DMRS orthogonality enhancement needs to be considered especially in heterogeneous network scenarios.  In scenario 3, we can consider introducing orthogonal DMRS among cells.  In scenario 4, we can consider supporting more orthogonal DMRS ports.
4 Conclusion

In this contribution, we discuss the necessity for DMRS enhancement on orthogonality. Some initial evaluation results are provided. From the simulation result, we can see that the performance gain is significant when the interference levels are in high and medium levels. We propose that DMRS enhancement on orthogonality should be considered in Rel-11, especially for CoMP scenarios.
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Appendix 
Appendix A: link level simulation assumption
Simulation assumption

	Simulation parameter
	Value

	Antenna configuration
	4x2, cross polarized

	Bandwidth
	10 MHz

	Receiver 
	MMSE-IRC or MMSE

	Transmission mode
	SU-MIMO per point

	PDCCH overhead
	3 OFDM symbol

	RB number
	4

	Channel/interference estimation
	DMRS: 2DMMSE
CSI-RS: 2DMMSE 

	Rank adaptation
	Enabled 

	UE speed
	3km/h

	Feedback delay
	5ms

	Feedback frequency granularity
	4 PRB

	I/S
	-13dB,-8dB, -4dB
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