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1. Introduction

After the study item of Rel-13, a new WID proposal on Elevation beamforming/FD-MIMO was approved in RAN#68 meeting [1]. The work item aims to specify the enhancements identified for utilizing both elevation and azimuth domains with 2D antenna array with cross-poles at eNBs. For the non-precoded CSI-RS, more CSI-RS antenna ports are introduced: 
· Specify enhancements on reference signal in the following areas [RAN1]
· Non-precoded CSI-RS, extending the existing numbers {1,2,4,8} of CSI-RS antenna ports for support of 12 and 16 CSI-RS ports, using full-port mapping

In RAN1#82 meeting [2], design principle for 12- and 16-port NZP CSI-RS resources was achieved as
Agreements:
· Design principle for 12- and 16-port NZP CSI-RS resources in Rel-13: 

· CSI-RS density of 1RE/RB/port is maintained

· FFS on lower density
· Only existing 40 CSI-RS REs per PRB pair are reused for 12- and 16-port NZP CSI-RS resources
· 12- or 16-port NZP CSI-RS REs are obtained by aggregating NZP CSI-RS REs of multiple legacy CSI-RS configurations in the same subframe

· FFS on configuration details
· FFS on CDM length
· FFS on improvement of 12-port NZP CSI-RS resources using REs other than existing 40 CSI-RS REs
· FFS on CSI-RS transmission in DwPTS
In this contribution, we discussed on the potential power issues for CSI-RS extension to 12 and 16 ports.
2. Discussion
In the current 8-port CSI-RS transmission as described in Figure1, some REs for port 17-22 are Null for CSI-RS transmission on port 15. The power on these REs can be naturally boosted to port 15 (the red REs) in order to achieve full power utilization. Apparently, 4x (6dB) natural power boosting can be obtained. Note that, CSI-RS EPRE is assumed constant for different CSI-RS ports.
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Figure 1 8-port CSI-RS natural power boosting

While for the new CSI-RS design (more CSI-RS ports), there are some power issues should be considered:

· To keep the total transmission power of the eNodeB constant, a CSI-RS port could only transmit a 1/12 and 1/16 of the total transmission power for 12 and 16 CSI-RS ports respectively.

· Normally, CSI-RS transmit power should be high enough for coverage and good channel estimation.

· Power boosting of CSI-RS to PDSCH EPRE has been supported for CSI-RS coverage, but as discussed in RAN4 [3], considering the phase noise and in band distortion caused by PA inter-modulation, CSI-RS power should not exceed 6dB larger than PDSCH.
For the new 12 and 16-port CSI-RS, the extension based on aggregating NZP CSI-RS of multiple legacy CSI-RS configurations in the same subframe is agreed [2]. For a normal subframe, there are maximum 40 REs available, to use the nested structure and with less standard effort, 12-port CSI-RS can be aggregated with one 4-port and one 8-port legacy CSI-RS resources, and 16-port CSI-RS can be aggregated with two 8-port legacy CSI-RS resources.
As the existing CSI-RS resources can be located in different symbols, so the extension of 12 and 16-port CSI-RS can be achieved in the same symbol (i.e. FDM) or in different symbols (i.e. TDM). 
Extension based on TDM

For the TDM extension, existing CSI-RS resources in different symbols constitute to more CSI-RS ports. As described in the Figure 2, 12-port CSI-RS with TDM extension is aggregated by one 8-port and one 4-port legacy CSI-RS resources. However, this leads that the natural power boosting ability in different symbols is different (4x in symbol 5/6 of slot0, and 2x in symbol 2/3 of slot1). 
If CSI-RS powers keep constant in different ports according to current spec, the power may need to be borrowed from PDSCH for the symbol with less natural boosting ability (symbol 2/3 of slot1). But the PDSCH powers of all non-CRS symbols need to be reduced, which will limit the data transmission capacity. If EPRE of PDSCH in only CSI-RS symbols (symbol 2/3 of slot1) is reduced, similar with different PDSCH powers in CRS and non-CRS symbols, the PDSCH power can remain unreduced in other symbols. 
Or else, if only natural power boosting is obtained for CSI-RS, meanwhile PDSCH powers keep constant and unreduced in all non-CRS symbols, the upper bound of CSI-RS EPRE will be limited to the less one (2x in symbol 2/3 of slot1), leading to the limited coverage. To obtain the full power utilization, the CSI-RS powers can be different in different symbols (4x in symbol 5/6 of slot0 and 2x in symbol 2/3 of slot1).

[image: image2.png]TDM CSI-RS extension (12-port)

Port 19/20

Port 25/26





Figure 2 12-port CSI-RS natural power boosting
Another method to solve the aforementioned power boosting issues is that 16-port CSI-RS reource can be configured to 12 port CSI-RS transmission, as discussed in our companion’s contribution [4]. Then the natural power boosting ability are the same for different CSI-RS symbols, the constant CSI-RS EPRE can be kept.
Extension based on FDM

For the FDM extension, existing CSI-RS in the same symbol constitute to more CSI-RS ports. Taking 16-port CSI-RS shown in Figure 3 for example, totally 8 REs are used for CSI-RS transmission in one OFDM symbol. So there are 8x natural power boosting (i.e. 9dB). 
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Figure 3 16-port CSI-RS natural power boosting
However, only 4x (6dB) power boosting can be used as the restriction in RAN4, which results in powers on 4 REs are wasted. The CSI-RS coverage and channel estimation is limited.
To obtain the full power utilization, and remain the 6dB restriction of RAN4, the wasted power can be lent to PDSCH in the CSI-RS symbols. Then the CSI-RS power can be further increased with maximum 4x (6dB) power boosting since the PDSCH power is increasing, but this will lead to PDSCH power in CSI-RS symbols different with other symbols.
For both TDM and FDM CSI-RS extension, as discussed above, we observe:

Observation: The power boosting issues should be considered for CSI-RS extension to 12 and 16-port.
Based on the discussion, we propose: 
Proposal: Power boosting of CSI-RS to PDSCH should be implemented on different symbols.
3. Conclusion

In this contribution, the power boosting issue for CSI-RS extension is discussed, and we observe:

Observation: The power boosting issues should be considered for CSI-RS extension to 12 and 16-port.
Based on the discussion, we propose: 
Proposal: Power boosting of CSI-RS to PDSCH should be implemented on different symbols.
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