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1 Introduction  
In last meeting, the CSI-RS configuration enhancement has been discussed and the following conclusions have been reached. 
· For {20, 24, 28, 32} ports, a CSI-RS resource for class A CSI reporting is composed as an aggregation of K CSI-RS configurations [i.e. RE patterns].

· The number of REs in the kth configuration Nk ∈ {4, 8}

· The same Nk = N can be used for all k 

· FFS whether the same Nk = N for all k is the only permitted configuration 

· FFS whether the set of values of Nk might be further restricted for some numbers of CSI-RS ports

· FFS whether a different set of Nk might apply in case of CDM4

· FFS on including Nk=2.

· Aim to enable the support of CSI-RS port sharing with Rel-13 and Rel-12 UEs 

· The per-port CSI-RS density is FFS based on one or more of the following alternatives:

· FDM

· TDM

· Partial port

· Partial overlapping, e.g. for 32 ports, ports 15-38 in PRB#1, ports 23-46 in PRB#2

· Aperiodic CSI-RS with partial bandwidth

· Measurement restriction in frequency domain

· CDM, e.g. 2 x Nk ports transmitted in a single Nk resource 

· Other schemes 

· Note that the following are not precluded:

· per-port CSI-RS density per PRB = 1

· different per-port CSI-RS densities for different CSI-RS ports is not precluded
In this contribution, we present our views on the potential CSI-RS enhancements regarding the specification work for up to 32 ports.
2 Discussion on CSI-RS pattern design up to 32 ports 
In R13, the design principle for the new introduced 12 and 16 ports CSI-RS pattern is aggregating multiple existing smaller granularity of CSI-RS port patterns in one PRB pair.12 port CSI-RS pattern is aggregated by three CSI-RS patterns of 4 ports, and 16 ports CSI-RS pattern is aggregated with two CSI-RS patterns of 8 ports in one PRB pair. However, with increasing of antenna ports, the CSI-RS overhead issue will be more serious. The CSI-RS design principle in R13 is not easily to be extended to up to 32 antenna ports support without any particular considerations. In addition, it is also important to ensure that the CSI-RS pattern design does not incur notable performance loss if the power on CSI-RS REs cannot be boosted to fully utilize the available transmit power due to e.g. PA linearity issues.
Taking the agreements of last meeting into account, the CSI-RS pattern design for more than 16 ports can consider the following design criteria
· Density reduction

· Full power utilization efficiency
· Enable to support of CSI-RS port sharing with Rel-13 and Rel-12 UEs
Several alternatives for CSI-RS pattern design have been raised in last meeting, and we will give our analysis on these alternatives in terms of the design criteria.
The straightforward scheme for CSI-RS pattern design is to use the full port mapping in one PRB pair. As illustrated in Figure 1, 32 CSI-RS ports pattern is aggregated by four CSI-RS patterns of 8 ports and mapped into one PRB pair. However, it will lead to 4.84% overhead considering 5ms CSI-RS periodicity which consumes significant resources for PDSCH and degrade the throughput. In addition, as shown in Figure 1, due to the limitation of legacy CSI-RS resources, it will lead to unequal CSI-RS port locating at different OFDM symbol pairs. In consequence, the imbalanced port allocation cannot guarantee the full power utilization. Thus full port mapping in one PRB pair is not a good choice from the perspective of overhead reduction and power utilization.

Observation 1: For up to 32 ports CSI-RS configuration, full port CSI-RS mapping in one PRB pair will lead to 4.84 % overhead.
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Figure 1.Full port mapping in one PRB pair for 32 ports CSI-RS
· Non overlapping FDMed CSI-RS port mapping
Non overlapping FDMed CSI-RS port mapping is to evenly distribute all the CSI-RS ports of one CSI-RS configuration into multiple PRB pairs across frequency domain and map only partial CSI-RS ports out of the total CSI-RS ports in one PRB pair. Figure 2 shows that 32 ports CSI-RS are divided into two groups and the two groups of the CSI-RS consisted of 16 ports are mapped into different adjacent PRB pair in the same subframe.
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Figure 2.Non overlapping FDMed port mapping in two PRB pair for 32 ports CSI-RS
By distributing the total CSI-RS ports evenly into different PRB pair, the CSI-RS density can be reduced from 1RE /PRB pair /port to 0.5 RE /PRB pair/port. Thus, CSI-RS overhead can be significantly reduced. However, the performance of channel estimation will be deteriorated due to the reduction of CSI-RS density. In addition, for this scheme, as the same CSI-RS ports out of 32 CSI-RS ports will only be transmitted on half of all the PRB pairs, it is hardly to support the CSI-RS port sharing with Rel-13 and Rel-12 UEs. For a Rel-13 UE configured with 16 ports with port 0~ 15 in Figure 2, it will  assume port 0~15 are transmitted with the same pattern in both PRB 0 and PRB pair 1 even if the actual transmitted CSI-RS ports in PRB pair 1 is port 15~31in stead of port 0~15. 
Observation 2: Non overlapping FDMed CSI-RS port mapping scheme will incur severe channel estimation performance loss and can not support the CSI-RS port sharing with Rel-13 and Rel-12 UEs.
· Non overlapping TDMed port mapping
Non overlapping TDMed port mapping is to evenly distribute all the CSI-RS ports of one CSI-RS configuration into multiple PRB pairs across time domain. As shown in Figure 3， two groups of the CSI-RS consisted of 16 ports are mapped into two PRB pair in different subframes.
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Figure 3. Non overlapping TDMed port mapping in two PRB pair for 32 ports CSI-RS

The same CSI-RS ports can be transmitted over all the PRB pairs in one subframe, thus it is compatible to configure this CSI-RS pattern for Rel-13 UE and Rel-12 UEs.
For this scheme, it will lead to the phase shift for two antenna groups located in different subframes due to existing of the frequency offset .We can define 
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as the phase shift between the two subframes, then
[image: image5.wmf]j

D

can be written as


[image: image6.wmf]t

f

D

D

=

D

p

j

2

,

wherein, the 
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is the frequency offset and 
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is the time duration between the two subframes.
In addition, as only partial of CSI-RS ports are transmitted in the same OFDM symbol, the power can not be fully utilized.
Observation 3: Non-overlapping TDMed CSI-RS port mapping scheme is compatible to support Rel-13 and Rel-12 UEs. It lead to the phase shift between two different CSI-RS groups located at different subframe. Full power utilization efficiency can not be achieved.
· Partial overlapping FDMed and cyclic port mapping
The partial overlapping CSI-RS port mapping can achieve a trade off between the channel estimation accuracy and overhead reduction as shown in Figure 4.
For instance, 32 CSI-RS ports are divided into 4 groups, and each group consist of 8 ports. Then the 4 groups are cyclically mapped into the PRB pairs across the frequency domain in the increasing order. In each two adjacent PRB pairs, there are two overlapping CSI-RS groups and one different CSI-RS group. In PRB pair 0 and PRB pair 1, they have the overlapping CSI-RS ports group with group 2 and group 3. For this scheme, the density of CSI-RS is 0.75RE/PRB pair/port, and the overhead is 24 REs in each PRB pair. By applying the cyclic mapping method in frequency domain, all the CSI-RS ports can be cyclically transmitted in the same OFDM symbol. It is beneficial to ensure the full power utilization. 
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Figure 4. Partial overlapping FDMed and cyclic port mapping for 32 ports CSI-RS
According to the aforementioned discussion, this scheme also can not support the CSI-RS port sharing with Rel-13 and Rel-12 UEs.
Observation4: Compared with the full port CSI-RS mapping method and non overlapping CSI-RS mapping method, the partial overlapping and cyclic CSI-RS mapping scheme can achieve moderate overhead reduction benefit with marginal degradation of CSI measurement and full power utilization effect. It can not support the CSI-RS port sharing with Rel-13 and Rel-12 UEs.
· Partial overlapping TDMed and cyclic port mapping
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Figure 5. Partial overlapping TDMed and cyclic port mapping for 32 ports CSI-RS
For partial overlapping TDMed and cyclic port mapping scheme, the 4 CSI-RS groups are cyclically mapped into the PRB pairs across the time domain in the increasing order. In each two adjacent PRB pairs, there are two overlapping CSI-RS groups and one different CSI-RS group. In PRB pair 0 and PRB pair 1, they have the overlapping CSI-RS ports group with group 2 and group 3. By adopting this overlapping method, the phase shift caused by the frequency offset can be easily estimated and corrected. As there are always two same CSI-RS port groups transmitted in two adjacent subframes, they can be used for phase shift estimation.
Similar with the above discussion on non-overlapping TDMed port mapping, overlapping TDMed and cyclic CSI-RS port mapping scheme is compatible to support Rel-13 and Rel-12 UEs. Full power utilization efficiency can not be achieved.
Observation 5: Compared with the full port CSI-RS mapping method and non overlapping CSI-RS mapping method, the partial overlapping TDMed and cyclic CSI-RS mapping scheme can achieve moderate overhead reduction benefit with marginal degradation of CSI measurement .It can correct the phase shift error cause the frequency offset. It can support the CSI-RS port sharing with Rel-13 and Rel-12 UEs. Full power utilization efficiency can not be achieved.
· different per-port CSI-RS densities for different CSI-RS ports
As shown in Figure 6, the first CSI-RS group consist of port 0~15 are transmitted in all the PRB pairs with CSI-RS density of 1 RE/PRB pair/port. The second CSI group consist of port 16~port 31 are only transmitted on every two PRB pairs which lead to CSI-RS density of 0.5 RE/PRB pair/port.This scheme aims to support the CSI-RS port sharing with Rel-13 and Rel-12 UEs with CSI-RS group 1 and overhead reduction through CSI-RS group 2.However, the CSI-RS group 2 in every PRB pair has to be configured as the zero power CSI-RS for the PDSCH rate matching for Rel-13 and Rel-12 UEs as the zero power CSI-RS configuration signaling only support whole band . From this perspective, the CSI-RS overhead cannot be reduced.
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Figure 6. Different per-port CSI-RS densities for different CSI-RS ports
Observation 6: Different per-port CSI-RS densities for different CSI-RS ports scheme can not achieve the overhead reduction considering the zero power CSI-RS configuration for Rel-13 and Rel-12 UEs.
According to the above analysis, we have the following proposal for the non-precoded CSI-RS pattern design:

Proposal: The partial overlapping TDMed and cyclic CSI-RS mapping scheme is preferred for CSI-RS pattern design for {20, 24, 28, 32}. 
3 Conclusions
In the contribution, we give our views on 32 ports CSI-RS pattern design. And we have the following observations and proposals: 

Observation 1: For up to 32 ports CSI-RS configuration, full port CSI-RS mapping in one PRB pair will lead to 4.84 % overhead.

Observation 2: Non overlapping FDMed CSI-RS port mapping scheme will incur severe channel estimation performance loss and can not support the CSI-RS port sharing with Rel-13 and Rel-12 UEs.

Observation 3: Non overlapping TDMed CSI-RS port mapping scheme is compatible to support Rel-13 and Rel-12 UEs.It lead to the phase shift between two different CSI-RS groups located at different subframe. Full power utilization efficiency can not be achieved.
Observation4: Compared with the full port CSI-RS mapping method and non overlapping CSI-RS mapping method, the partial overlapping and cyclic CSI-RS mapping scheme can achieve moderate overhead reduction benefit with marginal degradation of CSI measurement and full power utilization effect. It can not support the CSI-RS port sharing with Rel-13 and Rel-12 UEs.
Observation 5: Compared with the full port CSI-RS mapping method and non overlapping CSI-RS mapping method, the partial overlapping TDMed and cyclic CSI-RS mapping scheme can achieve moderate overhead reduction benefit with marginal degradation of CSI measurement .It can correct the phase shift error cause the frequency offset. It can support the CSI-RS port sharing with Rel-13 and Rel-12 UEs. Full power utilization efficiency can not be achieved.
Observation 6: Different per-port CSI-RS densities for different CSI-RS ports scheme can not achieve the overhead reduction considering the zero power CSI-RS configuration for Rel-13 and Rel-12 UEs.
Proposal: The partial overlapping TDMed and cyclic CSI-RS mapping scheme is preferred for CSI-RS pattern design for {20, 24, 28, 32}. 
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