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1 Introduction
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]In RAN1#84bis meeting, enhancement of Full-Dimension (FD) MIMO for LTE in Rel-14 was discussed, for the non-precoded CSI-RS extension, aggregation of K CSI-RS configurations for {20, 24, 28, 32} ports is agreed. And several candidates for discussion of CSI-RS density are also listed, details of agreements are as follows [1]:
Agreements: 
· 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 provided our views on CSI-RS resource configuration for overhead reduction to support {20, 24, 28, 32} CSI-RS ports.
2 [bookmark: OLE_LINK64][bookmark: OLE_LINK65]Discussion
In Rel-13, although 12 and 16 ports CSI-RS are aggregated with density of 1RE/RB/port, it is not proper to simply extend CSI-RS ports to up to 32 within one PRB pair considering the CSI-RS overhead (e.g. 32 ports will cost more than 19% of the total resource element. In addition, except the REs occupied with PDCCH, CRS and DMRS, there will be much fewer resources available for data transmission, which will reduce the system performance significantly). So the {20, 24, 28, 32} CSI-RS ports should be aggregated with different PRB pairs. In addition, non-precoded CSI-RS is usually cell-specific, and used for UE CSI measurement, e.g. UE-specific beam selection. So it’s better to configure non-precoded CSI-RS periodically.
2.1 CSI-RS extension schemes with low density
In fact, lower density of CSI-RS has already been discussed in previous releases. And in Rel-13, the main idea is to multiplex CSI-RS in TDM with multiple subframes or FDM with multiple PRB pairs.
TDM with multiple subframes
Figure 1 shows the example of CSI-RS extension of TDM with multiple subframes. CSI-RS ports are aggregated with the separation of k TTIs.
[image: ]
Figure 1 Example of CSI-RS extension of TDM with multiple subframes
In detail, different values of k will have different influences. Although with k selected from legacy CSI-RS periodicity value {5, 10, 20, 40, 80}ms, there is no influence to rate matching for legacy UE (as legacy UE can be configured as ZP CSI-RS on the REs). But the channel estimation accuracy will decrease significantly as the interval of the two aggregated CSI-RS subframes (minimum value is 5ms) is too large to avoid the influence of frequency offset and Doppler effect. 
So the value k should be selected to be small as 1ms, and the pros and cons are as follows:
· Pros:
· Less influence of frequency offset and Doppler effect compared with larger k value.
· Cons:
· The CSI-RS in two continuous subframes cannot be identified, as for legacy UE in TM 1-9 and not configured with csi-SubframePatternConfig-r12, only one ZP CSI-RS can be configured [2].
· Limited k selection in some TDD uplink-downlink configuration, e.g. for config-0, there is no adjacent downlink subframes for CSI-RS configuration in TDM with multiple subframes.
· Slightly impact on channel estimation accuracy in time-selective fading channel.
FDM with 2 PRB pairs
Figure 2 shows the example of CSI-RS extension of FDM with two adjacent PRB pairs.
[image: ]
Figure 2 Example of CSI-RS extension of FDM with 2 adjacent PRB pairs
And the pros and cons are as follows:
· Pros:
· CSI-RS overhead is not increased.
· No impact on rate matching for legacy UE, e.g. legacy UE can be configured as ZP CSI-RS on the REs. In addition, if configured properly, the new CSI-RS pattern can be reused transparently for legacy UE.
· Cons:
· Slightly impact on channel estimation accuracy in frequency-selective fading channel, but evaluation shows that the degradation is marginal [3].
Based on the discussion, for legacy UE, as both NZP CSI-RS and ZP CSI-RS are configured across the whole system bandwidth, and at least for UE in TM 1-9 and not configured with csi-SubframePatternConfig-r12, only one ZP CSI-RS can be configured [2]. So considering on the backward compatibility and the channel estimation accuracy, it’s better to design the new CSI-RS pattern within the same subframe. So the FDM scheme with 2 adjacent PRB pairs is more suitable for extension of CSI-RS ports, and we propose that:
Proposal 1: {20, 24, 28, 32} CSI-RS ports should be aggregated in FDM scheme with 2 adjacent PRB pairs.
2.2 Further consideration on overhead reduction with FDM scheme
As shown in WID [1], {20, 24, 28, 32} CSI-RS ports should be aggregated with existing numbers {1, 2, 4, 8, 12, 16} ports. Based on the FDM scheme, for example the new CSI-RS pattern can be configured as, in even PRB pairs, N1 ports are configured, and in odd PRB pairs, N2 ports are configured, N1 and N2 are selected from {1, 2, 4, 8, 12, 16}, and N1+N2 are aggregated to {20, 24, 28, 32} ports.
For legacy UE, the new CSI-RS REs can be configured as ZP CSI-RS. While in the releases before Rel-14, ZP CSI-RS is configured with the same pattern across the whole system bandwidth. All the CSI-RS REs configured in even and odd PRB pairs across the whole system bandwidth should be rate matched, e.g. in the worst case, configuration pattern of N1 and N2 are non-overlapping, total N1+N2 ports REs should be rate matched for legacy UE, leading to more resource waste, example can be found in Figure 3. So it’s better to configure N1 and N2 resource pattern overlapped as much as possible, in addition, existing 1 and 2 ports should be removed for aggregating more CSI-RS ports in Rel-14 for less complexity.
[image: ]
Figure 3 Example of 28 CSI-RS ports extension with non-overlapping REs
Based on the discussion, we propose that:
Proposal 2: The resource configuration pattern for CSI-RS antenna ports configured in different PRB pairs are better to be overlapped as much as possible.
3 Conclusion
In this contribution, we discussed design for non-precoded CSI-RS extension for overhead reduction to support {20, 24, 28, 32} ports, and we propose that:
Proposal 1: {20, 24, 28, 32} CSI-RS ports should be aggregated in FDM scheme with 2 adjacent PRB pairs.
Proposal 2: The resource configuration pattern for CSI-RS antenna ports configured in different PRB pairs are better to be overlapped as much as possible.
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