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1 Introduction

During 3GPP RAN1 #56 meeting, for downlink demodulation reference signal (DRS), the following agreements have been achieved [1]:
· Reference signals targeting PDSCH demodulation are:

· UE-specific, i.e., the PDSCH and the demodulation reference signals intended for a specific UE are subject to the same precoding operation. 

· Present only in resource blocks and layers scheduled by the eNodeB for transmission. 

· Reference signals transmitted on different layers are mutually orthogonal at the eNodeB.
· Complementary use of Rel-8 cell-specific reference signals by the UE is not precluded.

Later in 3GPP RAN1 #56bis meeting, a baseline on downlink RS design was presented in final Report [2], which has come to an agreement on DL DRS:

· Estimates of RS overhead for evaluations (figures assume normal CP)

· DRS

· Rank 1 transmission: 12 REs per RB (same overhead as Rel-8)

· Rank 2 transmission: 12 REs per RB to be confirmed

· Rank 3-8 transmissions: max 24 REs (total) per RB

· Strive for same REs per antenna port in  each Rank
· DRS in support of up-to 8 transmission layers will need to be defined

In this proposal, we continue to discuss downlink multi-cell DRS design, including multi-cell interference distribution characteristic analysis, a kind of new downlink code division multiplexing (CDM) DRS structure proposal and initial performance evaluation results.
2 Multi-Cell Signal Analysis
2.1
Multi-Cell Interference
Under IMT-A 57 cells Evaluation circumstance [4], the system with frequency reuse 1will suffer inter-cell-interference seriously (ICI). The following figure gives the user Geometry distribution (Cumulative distribution function).
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(a)                                                                                       (b)

Figure 1: user Geometry distribution @ UMa
The simulation condition is given in appendix 1. 
In figure 1(a), red solid line indicates the Geometry distribution when user is completely interfered, the blue solid line indicates the Geometry distribution after removing the strongest interference (P1),  and the green solid line indicates the Geometry distribution after removing the strongest interference and second one (P1,  P2) . The vertical coordinate is the CDF value of Geometry, and the horizontal represents geometry value. Figure 1(b) is the same as the same figure 1(a), but focus on the area of CDF from 0 to 0.5.
From figure 1, we can find that most Geometry stays in middle or low value interval, under IMT-A multi-cell evaluation environment.
Table 1: Some Typical Geometry Distribution
	CDF (%)
	100
	95
	80
	70
	50
	5

	Geometry(dB)
	17
	14.5
	11
	8.2
	3.7
	-4.3


From figure1 and table1, for the received signal without cancelling any interference (red solid line of figure1), we can conclude:
· the user Geometry always stays under 17dB.
· 80 percent user Geometry no more than 11dB.
· 50 percent user Geometry is only 3.7dB.
· for the cell edge users (CDF is 0.05), Geometry is low to -4.3dB.

After removing the first and second interference, we can see:
· If the strongest interference signal (P1) can be cancelled from the total received signal (P), then we can get average 4.1dB Geometry gain.
· If the first(P1) and second strong (P2) interference signal can be cancelled, then we can get average 5.3dB Geometry gain, furthermore,  we can get astonishing  20 to 30 dB Geometry gain for the cell central users.
Similar results can be found for multi-cell scenario in [3].
2.2
Multi-Cell Interference Distribution
From section 2.1, under IMT-A circumstance, if the 2 strongest interferences removed from the received signal, remarkable performance gain can be obtained.  
In this subsection, we will discuss how to remove the two strongest interference signals.
First, we need to check the distribution of the two main interference signals in the network. The following figure gives the two main interferences distribution in 57 cells.
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(a) P1                                                                                 (b) P2
Figure 2: The First (P1) and Second (P2) Strong Interference Distribution in Network
Table 2: Interference Location in the Network
	Location
	First Tier*
	Second Tier**
	Third Tier ***

	Probability for P1 (%)
	38.00
	42.90
	19.10

	Probability for P2 (%)
	45.98
	35.80
	18.22


Note：
*:   the cell ID is 2 or 3 in appendix 1, totally 2 cells.
**:  the cell ID is among [4, 21] in appendix 1, totally 18 cells.

***: the cell ID is among [22, 57] in appendix 1, totally 36 cells.
From table 2, the interference occurring probability of the first Tier and second one both are relative large, and the third one is relative smaller, but the absolute value can not be ignored. In other words, the first and second interference signals relatively uniformly appear among the 57 cells network (especially in those cells, where its antenna directly point to the cell with the specific user located (boresight or neighbour)). The interferences location is random rather than fixed. 
So, if we want to deal with the random interferences in the multi-cells network (e.g. 57 cells), it would be a big challenge. We may need the whole network information exchange, and the implementation complexities of  real time processing and communications would be not acceptable in practical systems.
Therefore, we should consider the multi-cell signals and interferences (including their distribution characteristics for high spectral efficiency system with frequency reuse 1.
2.3
Multi-Cell Signal statistics and Interference Processing
From the above signal and interference analysis, we can draw some following conclusions: 
· Under the IMT-A working scene, multi-cell interference is the main factor to limit the system performance:

· For interference characteristic, the interferences will occur in the whole network, and occurring among the first, second and the third tiers.
· For interference distribution probability, the main interference sources in specific cell are relatively high.
· For interference impact on system, user always works on the middle or low Geometry 

· How to design multi-cell signals transmission and reception are the key points to improve system performance:
· Integrated multi-cell transmission signal design, such as:
· Multi-cell reference signal design
· Multi-cell data and control channel/signal structure
· multi-cell interference  processing in receiver
· Detection and cancellation fewer major interferences, system performance can be greatly improved
3 CDM RS Design

For recent DRS discussions in 3GPP RAN1, the main focus points are: DRS overhead, multiplexing manner, pilot pattern etc. After 3GPP #56b come to consensus for the DRS overhead, RAN1#57 discussed the CDM schemes mainly focus on using length 2 or 4 REs orthogonal codes to implement frequency domain CDM[5,6,7,8]. And these schemes are apt to use FDM + TDM + CDM combinations, or pure FDM + TDM schemes. The differences of these schemes mainly lie on the pilot mapping manners.
Further more, from RAN1#57 meeting, more and more companies found that the CDM RS has its specific advantages, such as: for UE, CDM RS can transparently support different CoMP or MIMO modes, and no power boosting for CDM, where reference signal and data maintain the same transmission power and signalling overhead will be reduced.
Proposal [9] emphasized multi-cell DRS may be orthogonal or non-orthogonal, and suggest to leave space for non-orthogonal DRS design. Proposal [10] further pointed out using LTE R8 version manner to construct downlink CDM RS design, and gave the R8 port 5 RS pilot pattern as an example.
From section 2, we know the multi-cell interferences will seriously limit downlink UE receiver performance. But unfortunately, in our knowledge, few companies have seriously considered downlink multi-cell interference problems.
To deal with multi-cell interference problems, here we present our CDM RS design scheme below.
3.1
CDM RS Scheme
We can use sequence set which has good zero or low correlation characteristic to make CDM RS design. Reference sequence design is not the main topics of this proposal. For simplicity, we adopt LTE R8 uplink CDM RS as the downlink DRS reference signal design.
Actually, LTE R8 uplink reference signal scheme can not be directly used to downlink. The main reason is that downlink may produce serious PAPR problem. For uplink, different UE only uses a part of channel bandwidth, so for UE wouldn’t have serious PAPR problem. But for downlink, one eNodeB will sent many reference signals to different UE in the same RS symbols in the whole bandwidth. For example, 20MHz system has 100 PRB totally. Under this condition, if the same RS sequence was allocated in the different resource block of the same RS symbol, the high PAPR problem will arise.
To solve high PAPR problem at eNodeB, we suggest scramble RS sequence in frequency. And the procedure of scrambling is:
· Obtain frequency RS sequence 
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· Choose scrambling sequence 
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, which has the same length of RS. And the scramble sequence may be chosen as any kinds of good low correlation sequence. An example is LTE R8 Gold sequence.
· Scramble frequency reference signal sequence as
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. When scrambling, different resource blocks in one RS symbol use different scrambling sequences, and the same location resource blocks of different cells use the same scrambling sequences.
Besides PAPR, uniform multi-cell RS allocation is another import issues.
To get a uniform sequence allocation and using method (i.e. UE can consistently restrain multi-cell interference without knowing the other cell sequence allocation), we consider the same sequence and its cyclic shift to the same cell and its adjacent cell, different sequence in the same sequence set allocated to different cell.
We give an example of 4 RBs length RS sequence allocation. 4 RBs means sequence length 48 (effective different sequence is 46), each cell uses different root sequence of ZC sequence, and the same cell different stream uses the cyclic shift of same sequence. For example, in appendix 1, cell 1, 2, 3 uses the same root sequence, and these 3 different cell use different cyclic shift. Each cell (cell 1, 2, 3) allocates zero-correlation-zone (ZCZ) is 16. If 4 streams transmission per cell, every stream use ZCZ window is 4, and if 2 stream per cell, every stream use ZCZ window is 8.
For shorter RS length scenario, the same sequence can be reused after spacing certain distance. The following section gives 4RB CDM RS scheme simulation results.
3.2
4RBs CDM RS Scheme Simulation Results
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Figure 3: Multi-Cell CDM RS and LTE R8 RS Channel Estimation Performance Comparison
The above figure 3 gives the 4 stream channel estimation performance results. The left figure gives the first stream estimated result, and the right one gives the fourth stream estimated result. Red line represents CDM RS and green line represents LTE FDM + TDM results. FDM + TDM pilot pattern is based upon LTE R8 for normal CP (the first and second stream is 8 REs per TTI, and the third and fourth stream is 4 REs per TTI, LTE R8 total use 24 REs).
The figure 3 simulation assumes are: in the multi-cell simulation, a snapshot gets one Geometry, finds the first and second strong interference for user, and sets the two interference source as the interference in link simulation. All other interferences are modelled as whitened noise.
In the simulation, every cell has 4 streams. CDM scheme use length 4 ZCZ, and the adjacent cells use the cyclic shift of the same sequence, and different cell uses different ZC root sequence.
The above left figure is the first stream channel estimation NMSE (the second stream is similar to the first stream), and the right figure is the fourth stream channel estimation NMSE (the third stream is similar to the fourth stream). 
From the above figure, we can see that under Geometry range (below 17dB), CDM scheme outperforms TDM+FDM scheme.
4 Conclusion
Integrated multi-cell signal design and processing is essential for LTE-Advanced system.

CDM RS delicate designed provide a basis to achieve higher spectral efficiency in multi-cell scene.
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Appendix 1
	Base Station antenna height
	25m 

	Inter-site distance
	500m 

	Total BS TX power
	49dBm 

	Minimum distance between UT and serving cell
	25m 

	Carrier frequency
	2GHz 

	Bandwidth
	20MHz 

	User distribution
	Randomly and uniformly distributed over area

	UT antenna gain
	7dB 

	BS antenna gain
	17dBi 

	UT antenna gain
	0dBi 

	Thermal noise level
	-174dB/Hz


 Simulation conditions for UMa large scale fading are provided below.
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Figure A1-1: User and Cell Distribution Location and Simulation Condition
Assume user stay in cell 1, and every snapshot reads 56 interference cells to user interfering power and serve cell to user useful power. 
For every different snapshot, user uniformly distributed over serve area.
We got 5000 snapshots large scale fading data, which includes large scale path loss, shadowing loss, and antenna gain etc.
Simulation parameters base on ITU evaluation requirement [4].
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