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1 Introduction
In RAN1 #61 meeting, there were a lot of discussions on the intra-cell CSI-RS port multiplexing and pattern design, and the following conclusions were agreed for further CSI-RS pattern design [1].

· CSI RS port multiplexing is based on CDM for each pair of CSI RS port

· Avoidance of port 5 of the same cell should be addressed.

· A nested structure among 2, 4, 8 CSI-RS ports simplifies the implementation

· The pattern with smaller number of CSI-RS port is a subset of the pattern with larger number of CSI-RS port

· Study a single and multiple patterns in terms of achievable reuse factor and signaling overhead.

· A time-invariant time/frequency shift is used in a cell

Firstly, this contribution compares the CDM-F and CDM-T on the aspect of code orthogonality, maximum reuse factor and system throughput performance. Then, based on the above agreement, a compact CSI-RS pattern is proposed for base configuration, in which only one OFDM symbol is available for CSI-RS location. Methods for achieving a variable reuse factor for different network requirements/deployments are discussed. At last, the Appendix gives the additional 2/4/8 Ports CSI-RS patterns for both normal CP and extended CP with other configurations, such as without port 5, without ports 2, 3 and without ports 2, 3, 5.

2 CDM-F vs. CDM-T

In RAN1#61 meeting, CDM is agreed as the CSI RS port multiplexing for each pair of CSI RS port. And according to do CDM in either time domain or frequency domain or both, there are three kinds of possible schemes for CDM:

· CDM-F
· Mapping each CDMed pair of CSI-RS ports to two frequency-adjacent REs, as shown in Figure1 (a);
· CDM-T
· Mapping each CDMed pair of CSI-RS ports to two time-adjacent or time-non-adjacent REs, as shown in Figure1 (b);
· Mixture of CDM-F and CDM-T
· Both CDM-F and CDM-T are used for CSI-RS port pair multiplexing, as shown in Figure1 (c).
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Figure 1: Three kinds of CDM Schemes for CSI-RS ports pair multiplexing
About CDM-F and CDM-T, they have similar performance on the aspect of code orthogonality, maximum reuse factor and system throughput performance, as shown in Table1. 

Table 1: Comparison of CDM-F and CDM-T
	
	CDM-F
	CDM-T

	Available Resource
	One OFDM symbol is enough
	Need two OFDM symbols

	Code Orthogonality
	Good
	Good

	Avoidance of Antenna Port 5
	Easy to avoid antenna port 5
	Difficult to avoid antenna port 5

	Maximum Reuse factor
	Almost the same, CDM-T can provide slightly higher reuse factor

	System Performance
	CDM-F and CDM-T patterns achieve similar throughput performance[2]


In RAN1#61 meeting, it is also agreed that avoidance of port 5 of the same cell should be addressed. For avoidance of port5, there are the following five options:

· Option 1: eNodeB avoids port 5 by picking a reuse pattern located outside of the port 5 OFDM symbol.
· Option 2: eNodeB avoids port 5 by picking a reuse pattern for a given v_shift, if possible.
· Option 3: avoidance of port 5 by scheduling, i.e. port 5 can never be sent in a subframe with CSI-RS. In this case, the port 5 and CSI-RS should not be shown in the same subframe.

· Option 4: eNodeB transmits port 5 RS and CSI-RS by superposition on the same RE.
· Option 5: either port 5 RS or 1 CSI-RS is transmitted, while the other one is punctured.
Among the above five options for avoidance of port 5, we prefer option1 as its simplicity and no restriction on scheduling.

Proposal 1: eNodeB avoids port5 by picking a reuse pattern located outside of the port5 OFDM symbol

Some companies propose to puncture the port 5 RS if the port 5 and CSI-RS in the same cell collide in one RE. It is further analyzed and evaluated in section 4 to conclude that puncturing Port 5 RE brings further performance loss to TM7 UE comparing to avoid the AP5 in the same cell. Thus option5 should not be adopted.

In order to support avoidance of antenna port 5, we prefer CDM-F pattern, since only one OFDM symbol is enough for CDM-F, therefore it is easy for CDM-F based CSI-RS pattern to avoid Antenna port 5. On the other hand, Compared to CDM-F, the merit of CDM-T is that it has slightly higher reuse factor. However, we believe that very high reuse factor, such as over 20 are not needed and CDM-F can provide enough reuse factor in most of cases.

Proposal 2: CDM-F with OCC=2 on adjacent REs for each pair of CSI-RS ports

3 Compact CSI-RS pattern for 2/4/8 ports

3.1 Minimum set of resource elements for 2, 4, 8 ports CSI-RS location
The CSI-RS locations (i.e. occupied REs) should be network configurable, according to the number of CRSs, with or without port 5, normal CP or extended CP, etc.
For example, in the following case, only one OFDM symbol is available for CSI-RS location:

· For normal CP, network configures antenna port 5 and CRS port 0,1,2,3, and setting CFI to 3 (3 OFDM-symbols for PDCCH). In this case, only OS#10 can be used as CSI-RS location.

· For extended CP, network configures CRS port 0,1,2,3, and setting CFI to 3 (3 OFDM-symbols for PDCCH). In this case, only OS#8 can be used as CSI-RS location.

It should be able to support 2 or 4 CSI-RS ports with at least reuse factor of 3 by avoiding all the R8 & R9 DL RSs, as well as DL control channels. In fact, for 2 or 4 CSI-RS ports, one OFDM symbol is enough to achieve that purpose. Moreover, according to the analysis above, only one OFDM symbol is available for CSI-RS location in some cases. Therefore the minimum set of resource elements for 2, 4, 8 ports should be one OFDM symbol (OS), i.e.:

· Using OS #10 for normal CP for CSI-RS location
· Using OS #8 for extended CP for CSI-RS location
In order to simplify the CSI-RS pattern design, we should firstly give the CSI-RS pattern for the minimum set of resource elements configurations, and then consider other additional CSI-RS patterns. We define the CSI-RS pattern for only one OFDM symbol CSI-RS location as the Compact CSI-RS pattern.

3.2 Proposed Compact 2/4/8 ports CSI-RS Pattern
For compact 2/4/8 ports CSI-RS pattern, only one OFDM Symbol is available for CSI-RS location, for both normal CP (Using OS#10) and extended CP (Using OS#8). And in proposed compact CSI-RS pattern as shown in figure2, antenna port 5 can be easily avoided, by using CDM-F as CSI-RS ports pair multiplexing method. It should be noted that nested structure among 2/4/8 ports is kept in the proposed compact CSI-RS pattern.
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Figure 2: Compact CSI-RS patterns for 2/4/8 CSI-RS ports

Figure 2 show Compact CSI-RS pattern for 2/4/8 ports, and each column represents one OFDM Symbol (OS) in the subframe. In fact, they represent the OS#10 for Normal CP and OS#8 for Extended CP. Different Cyclic Shifted CSI-RS ports indicate different reuse patterns for CSI-RS of different cells. The orthogonality among different cells can be guaranteed within one OFDM symbols with 2 and 4 ports, whereas different subframes should be used for different cells in order to guarantee the orthogonality with 8 ports and the constraint to limit the CSI-RS in one OFDM symbol. The numbers of frequency domain (subcarrier) cyclic shifts of the patterns available within one OFDM symbol are 6, 3 and 3 for 2, 4 and 8 ports, respectively. 

An example of Compact CSI-RS pattern for 2/4/8 CSI-RS ports is given in Figure 3. And in this example, three reuse patterns are be shown according to different cyclic shifts. Reuse Pattern 1/2/3 separately use the CS0/CS1/CS2, as shown in Figure 2. And these three reuse patterns can be used by three cells belonging to one eNB in intra-eNB CoMP scenario, or by one macro cell and two pico-cells within this macro cell in Hetnet scenario.
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Figure 3: Example of Compact CSI-RS pattern for 2/4/8 CSI-RS ports

Furthermore, for different configurations of available resource for CSI-RS location, there are different CSI-RS patterns, e.g., if there is no antenna port 5 in normal CP case, the OFDM symbols #3/6/9/12 can be freely used to place CSI-RS ports. In this case, the designed additional CSI-RS pattern will be different from the compact CSI-RS pattern. Anyway, the additional CSI-RS pattern will just allocate the Compact CSI-RS pattern in different OFDM Symbols, not only in OS#10 (for normal CP) and OS#8 (for extended CP), but also in all available OFDM Symbols.

We define the additional CSI-RS patterns as a superset of the compact CSI-RS pattern. Additional CSI-RS patterns are available for increasing the reuse factor beyond what can be achieved with just the compact CSI-RS pattern. Considering the complexity of additional CSI-RS patterns in different configurations and undetermined DM RS pattern for extended CP, we suggest that additional CSI-RS patterns should be FFS. And our proposals about additional CSI-RS patterns are shown in the Appendix

Proposal 3: a Compact CSI-RS Pattern is adopted for base configuration for 2/4/8 ports, with which only one OFDM symbol is used for CSI-RS location. Additional CSI-RS patterns are FFS

3.3 Variable Reuse factor
The maximum reuse factor in one OFDM symbol in one subframe for Compact CSI-RS pattern can be found in the following Table 2. It is noted that Table 2 just shows the maximum reuse factor for one OFDM symbol. A larger reuse factor can be achieved if more available OFDM symbols are used for CSI-RS locations, as shown in Appendix (Additional CSI-RS patterns). 

Table 2: Maximum Reuse factor in one OFDM symbol for Compact CSI-RS pattern
	Compact CSI-RS Pattern
	2 CSI-RS ports
	4 CSI-RS ports
	8 CSI-RS ports

	Maximum Reuse Factor
	6
	3
	1


Should a fixed reuse factor be used for all the potential network scenarios? In our opinion, the reuse factor of inter-cell CSI-RS should be network configurable, and transparent to the UE (no need to inform the UE via air interface). For instance, a high CSI-RS reuse factor can be configured for dense network in Urban Area, and a low reuse factor can be set for Rural Area or Hot-spot cell. Homogeneous and heterogeneous network may require different reuse factors.
Proposal 4: Reuse factor for 2,4,8 ports may vary according to the network requirements/deployments

4 Impact of 8 ports CDM-F vs CDM-T CSI-RS pattern on the legacy UE performance

This section gives the analysis and link level simulation results for 8 ports CDM-F and CDM-T CSI-RS pattern impact on the legacy TM 7 UE performance. The simulation assumptions are listed in the appendix B.

Two patterns for CDM-F and CDM-T are chosen from CSI-RS email discussion. 
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Figure 4: CDM-F vs. CDM-T pattern

In transmission mode 7, CDM-T pattern needs to puncture one AP5 RS RE and 7 data REs while CDM-F pattern needs to puncture 8 data RE.

The impact of CDM-F and CDM-T CSI-RS pattern on transmission mode 7 UE is shown in figure 5. Based on this result, the relative gain of CDM-F pattern over CDM-T pattern is given in table 3. 


[image: image7]
Figure 5: CDM-F vs. CDM-T pattern impact on TM7

Table 3: relative SE gain of CDM-F pattern over. CDM-T pattern in TM7

	SNR(dB)
	-10
	-5
	0
	5
	10
	15

	%
	2.5%
	2.3%
	3.3%
	4.0%
	-1.6%
	-1.4%


It is observed that:

- In low to middle SNR range, CDM-F outperforms CDM-T. This is because CDM-F has complete DRS to ensure the reliable channel estimation; the extra one data RE puncture of CDM-F has trivial impact on robust MCS level.

- In high SNR range, CDM-T outperforms CDM-F. This is because the performance is sensitive to the extra one data RE puncturing in high MCS level.

- Since the single layer beamforming mainly targets to coverage enhancement, i.e, cell-edge UEs, it is not likely that the TM7 UE will work in high SNR range. Thus the CDM-F outperforms CDM-T for TM7 UE in the practical TM7 working range.

Therefore, it is desirable to provide a CSI-RS pattern which avoids the AP5 in the same cell rather than directly puncturing one AP5 RE.

5 Conclusion

In this contribution, the intra- and inter-cell CSI-RS patterns are discussed based on the agreements in RAN1#61bis meeting. The following principles of CSI-RS pattern design are proposed:

· Proposal 1: eNodeB avoids port5 by picking a reuse pattern located outside of the port5 OFDM symbol

· Proposal 2: CDM-F with OCC=2 on adjacent REs for each pair of CSI-RS ports
· Proposal 3: a Compact CSI-RS Pattern is adopted for base configuration for 2/4/8 ports, with which only one OFDM symbol is used for CSI-RS location, as shown in the following figure. Additional CSI-RS patterns are FFS
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· Proposal 4: Reuse factor for 2,4,8 ports may vary according to the network requirements/deployments
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Appendix A: Additional 2/4/8 ports CSI-RS patterns
Additional CSI-RS patterns are available for increasing the reuse factor beyond what can be achieved with just the compact CSI-RS pattern. In the additional CSI-RS pattern design, both Normal CP and Extended CP are considered. 

We designed the CSI-RS pattern under the following configurations for 2/4/8 ports:

· Normal CP:

· Configuration1: Normal

· Configuration2: Without Antenna port5
· Configuration3: Without CRS Port2 and Port3
· Configuration4: Without Antenna Port5 and CRS Port2 and Port3
· Extended CP:

· Configuration1: Normal

· Configuration2: Without Antenna port5
· Configuration3: Without Antenna Port5 and CRS Port2 and Port3
A.1 Explanations of proposed additional CSI-RS patterns 
The patterns proposed in the following section have several features:

· One single base pattern as CDM-F with OCC=2.
· Nested structure of CSI-RS antenna port 2/4/8.
· The maximum reuse factor in a given subframe configuration can be configured to the reuse factor shown in the tables.

· The reuse factor is increased with add-on feature, i.e, The CSI-RS pattern in low reuse factor subframe configuration is a subset of the CSI-RS pattern in high reuse factor subframe configuration. 

· The maximum CSI-RS pattern set is obtained if there is no Antenna Port 2/3/5. The avoidance of port5 is addressed by selecting the CSI-RS pattern that do not collide with port5 from the maximum set.  

· PRB swapping is needed in some CSI-RS pattern when CSI-RS port number = 8 in order to increase the reuse factor. 

A.2 Proposed 2 Ports Additional CSI-RS Pattern
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Figure 6: Proposed 2 Ports CSI-RS Pattern
A.3 Proposed 4 Ports Additional CSI-RS Pattern
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Figure 7: Proposed 4 Ports CSI-RS Pattern
A.4 Proposed 8 Ports Additional CSI-RS Pattern
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Figure 8: Proposed 8 Ports CSI-RS Pattern

A.5 Maximum reuse factor with additional CSI-RS patterns in one subframe

The following Table3 and Table4 give the maximum reuse factor in one subframe for additional CSI-RS patterns for Normal CP and Extended CP.

Table 4: Maximum Reuse factor of additional CSI-RS pattern in one subframe for Normal CP
	Normal CP
	2 CSI-RS ports
	4 CSI-RS ports
	8 CSI-RS ports

	Single/Multiple
 pattern
	w/ port5
	10
	5
	2

	
	w/o port5
	26
	13
	5

	
	w/o port2,3
	16
	8
	3

	
	w/o port2,3,5
	32
	16
	6


Table 5: Maximum Reuse factor of additional CSI-RS pattern in one subframe for Extended CP

(CASE: Transmission rank >=2;  w.o DMRS staggering )
	Extended CP
	2 CSI-RS ports
	4 CSI-RS ports
	8 CSI-RS ports

	Single/Multiple
 pattern
	w/ port5
	6
	3
	1

	
	w/o port5
	6
	3
	1

	
	w/o port2,3,5
	12
	6
	2


Appendix B: simulation assumptions for link level evaluation
	Carrier frequency 
	2GHz

	Transmission bandwidth 
	5MHz

	eNB antenna configuration 
	8Tx X-Pol 0.5lambda

	UE antenna configuration 
	2Rx 0.5lambda

	Channel model 
	SCM-C

	UE velocity 
	3 km/h 

	PDCCH / PDSCH configuration 
	3/ 11 OFDM symbols per subframe 

	Number of allocated PRB 
	4

	MCS, HARQ & link adaptation 
	R8 MCS with link adaptation

	Receiver
	MMSE

	Precoding granularity  
	4PRB

	Common reference signal configuration 
	TM7: 1 CRS port by virtualization;

	Channel estimation for CQI/PMI selection 
	Ideal uplink SRS estimation 

	Channel estimation for demodulation 
	TM7: Realistic channel estimation over Rel-8 Antenna Port 5 DRS;

	Simulation output 
	Rel-8 PDSCH throughput vs. SNR 














































































