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1. Introduction
In RAN1#80, the following agreement was reached regarding CSI-RS enhancements for EBF/FD-MIMO:

Agreements:

· Potential CSI-RS enhancements related to the number of NZP CSI-RS ports for further evaluation (to be captured in the TR):
· For non-precoded CSI-RS, prioritize on antenna port number per CSI-RS resource of 16, 32, 64 for performance evaluations
· Note: It is not a prioritization of CSI feedback scheme and CSI feedback scheme of 2, 4, 8 CSI-RS ports can be considered 
· Increasing the maximum number of NZP CSI-RS ports (>8) for >8 TXRUs per CSI process

· Number of non-precoded CSI-RS ports per CSI-RS resource which is a multiple of 2, e.g. 10

· Note: one CSI-RS port may be mapped onto one or more than one TXRUs
· Note: Another constraint given by SID is the number of TXRUs equals to 8, 16, 32, 64
· Number of beamformed CSI-RS ports per CSI-RS resource can be flexible
In this contribution we provide some views on the CSI-RS enhancements beyond eight antenna ports.

2. CSI-RS enhancements
CSI feedback in previous LTE releases has always been based on implicit feedback, where the UE is able to measure the channel basically from all antenna elements directly and to provide PMI feedback, which results in a certain CQI which is conditioned on the reported PMI. This is a well-established method for CSI feedback that has many advantages ranging from feedback overhead and testability aspects to enabling precise and well-defined CQI feedback.
Extending this principle to very large antenna arrays comes with the obvious problem of excessive CSI-RS overhead. The resulting overhead of CSI-RS for 8, 16, 32 and 64 antenna ports in various configurations is shown in Table 1. From the table it is clear that the overhead especially in case of 64 antenna ports may grow way too large and would likely offset any potential gains of EBF/FD-MIMO.
On the other hand with 16 or perhaps even with 32 antenna ports the overhead may still be tolerable, at least without CSI-RS muting and with a larger CSI-RS periodicity. It is noted though that this assumes an FDD system and in TDD systems the overhead would be clearly worse. On the other hand in TDD systems, SRS and channel reciprocity might be used instead.

Table 1. CSI-RS overhead assuming there are 108 REs available for PDSCH (2 CRS ports, 3 PDCCH symbols, 12 DMRS REs). Reuse 3 in the table assumes that zero-power CSI-RS are used to for RE muting.
	
	Number of ports
	8
	16
	32
	64

	5 ms
	Reuse 1
	1.5%
	3.0%
	5.9%
	11.9%

	
	Reuse 3
	4.4%
	8.9%
	17.8%
	35.6%

	10 ms
	Reuse 1
	0.7%
	1.5%
	3.0%
	5.9%

	
	Reuse 3
	2.2%
	4.4%
	8.9%
	17.8%


Another problem is that there are only 40 REs available currently for CSI-RS within a single PRB and the CSI-RS density is 1 RE / PRB / port. Thus, given the currently used REs for CSI-RS, CSI-RS for 64 antenna ports would not even fit within a single subframe. It is noted that during the Release 10 work on CSI-RS patterns, there were already extensive studies and discussions regarding avoiding collisions of CSI-RS with other signals, and almost all possible REs are already used. Thus, it would be rather difficult to extend CSI-RS to 64 antenna ports within a single PRB with the current density.

It could be also envisioned that the CSI-RS density per port would be reduced in order to be able to fit 64 CSI-RS ports within a single subframe. However, the current density is already extremely low – the discussion during Release 10 was mainly related to CSI-RS densities of 1, 1.5 or 2 REs / PRB / port, i.e. higher densities. In fact, the current density of 1 RE per PRB is not sufficient to properly sample very frequency-selective channels such as ETU. Since Release 10, e.g. in Release 11 quasi-colocation studies, it has been noticed that the current density is also too low for many other purposes. Thus, any kind of CSI-RS density reduction in order to fit RS for more antenna ports within a single subframe should not be considered. 
Another way proposed in some contributions would be to spread the CSI-RS over multiple subframes. However this does not seem like a good idea either: PMI feedback should reflect the relative phase differences seen over different antenna elements. If the CSI-RS of different antenna ports are received with one or more milliseconds apart, the received signal phase drifts over the subframes (e.g. due to residual frequency errors or other impairments), which will deteriorate the PMI feedback. Note that the same drifts will not impact the relative phase differences between the antenna ports if the CSI-RS are located in the same subframe / same OFDM symbols. This is one reason why currently CSI-RS of all antenna ports (for a single CSI-RS resource) are located in the same OFDM symbols, and the principle should be preferably kept unless it is shown that precoding performance can be maintained also using different symbols or subframes for different antenna ports. It is noted though that this may be a problem already for 32 CSI-RS ports. 

Finally, an aspect that should not be neglected is the channel estimation complexity at the UE side. Already 16 or 32 CSI-RS ports represent a very significant increase in the channel estimation complexity. The fact that the channel needs to be estimated only once per 5 ms in the worst case does not really help in terms of complexity, because the CSI feedback still has to be provided with a 4 ms delay. In other words, the channel estimation task can not be distributed over a longer time period; rather it implies a “burst” in the required baseband processing. Such instantaneous peaks in the required processing power are not very desirable either as this processing power can not be used then for other tasks.

We can summarize the above discussion with the following observations:
Observations:

· CSI-RS overhead with larger antenna array configurations, in particular with 64 CSI-RS ports, may be too excessive.
· Currently there are only 40 REs available per PRB pair for CSI-RS, as a result of avoiding collisions with most other signals. There is no space within a single subframe for CSI-RS of 64 antenna ports.
· In light of previous Release 10 and 11 studies, further reduction in the CSI-RS density can be considered infeasible.

· Feasibility of using multi-subframe CSI-RS for PMI feedback is not clear due to phase drifts between the subframes.

· UE channel estimation complexity will become problematic with very large CSI-RS configurations.
Based on the above, we feel that while the number of CSI-RS antenna ports per CSI-RS resource can be considered to be extended, 64 CSI-RS antenna ports is at least too much. 24 CSI-RS ports fit within the same OFDM symbols, and 40 CSI-RS ports within the same subframe. 32 CSI-RS antenna ports is probably the maximum from overhead perspective. Most importantly, it should be noted that enhancements are basically conditioned on introduction of an elevation codebook, and thus such enhancements should be first demonstrated to provide clear performance benefits in order to justify introduction of large CSI-RS configurations. In [1] we provide our results on elevation codebook enhancements, showing that performance gain is achievable over the baseline solutions, provided that some mechanisms are introduced to avoid causing excessive inter-cell interference due to transmitting directly towards the horizon. On the other hand, for instance virtual sectorization using multiple CSI-RS resources with a single cell ID already provides very good performance without any enhancements [2]. It is noted that for 64 antenna elements, some kind of virtualization will be needed anyway.
Observation:

· Extended CSI-RS configurations are essentially targeted for enabling the use of elevation codebooks. Thus it should be first studied how much performance gain elevation codebooks can provide over the baseline schemes.
An alternative method to a simple increase of the CSI-RS antenna ports would be to consider Kronecker-based CSI measurement where the 1D vertical and the 1D horizontal channel component are measured separately, and then combined using a Kronecker product. This approach was studied in [3]. It was observed that this approach has several shortcomings:

· The channel does not always follow the Kronecker assumption, thus leading to a mismatch already in the channel estimation phase. Due to this aspect, the performance gains could be unpredictable in scenarios where the Kronecker assumption does not hold (large angular spread). This problem is basically unavoidable in this scheme as the UE does not “see” the whole channel.
· There is a CQI mismatch as the UE can not observe the full array gain. Thus the eNB will need to perform CQI prediction based on two separate CQIs (corresponding to vertical and horizontal beamforming), leading to a performance loss. Furthermore, the reported rank can not reflect the full array gain. These problems could, in principle, be fixed to some extent if the UE would be made aware of the elevation precoder used for transmitting the horizontal CSI-RS.

Even if the abovementioned Kronecker-based CSI measurement issues were solved, the generic problem of elevation precoding would remain, i.e. that the UE selects the precoders considering only the best throughput to itself, often leading to selecting precoders that also cause the worst inter-cell interference. Nevertheless, the Kronecker-based CSI scheme should be further studied, as it is also listed as one baseline scheme (category 3) in the TR. It is noted that if an elevation codebook is introduced, it can be made applicable also to Kronecker-based channel measurements with very small specification changes (basically enabling only the elevation precoder to be reported for a certain CSI-RS resource).
3. Conclusion 
In this contribution we have discussed CSI-RS enhancements for EBF/FD-MIMO, mainly focusing on introducing the support of large CSI-RS configurations for up to 64 antenna ports. Based on the discussion our proposal is as follows:
Proposal:

· Consider extending the number of CSI-RS ports per CSI-RS resource to at most 32.
· Further evaluate the performance of elevation codebook enhancements that actually require large CSI-RS configurations.
· The decision on introducing large CSI-RS configurations should be based on the performance gains achievable from elevation precoding.
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