
3GPP TSG-RAN WG1#80
R1-150561
Athens, Greece, 9th – 13th February 2015
Source:
Ericsson

Title:
CSI-RS overhead reduction techniques for 2DAAs
Agenda Item:
7.2.4.3.1
Document for:
Discussion and Decision

1 Introduction
The generally preferred approach for both 1D and 2D antenna configurations to determine CSI feedback is to transmit CSI-RS from each antenna element, since this is simple, robust, allows accurate CSI feedback, and is well established within LTE.  Therefore, we propose in [1] that it be used in the CSI framework for 2D antenna arrays (‘2DAAs’).  However, exploiting the gains of large two dimensional adaptive antenna arrays requires that the eNB determine array weights for many adaptive elements.  For such large arrays, it is important that CSI-RS do not cause excessive overhead.  In this contribution, we consider the overhead of per-element based CSI-RS transmission for various array sizes, and discuss alternatives to reduce CSI-RS overhead in large arrays.

2 Discussion
The most straightforward way to support precoding for 2DAAs is to transmit a CSI-RS on each antenna element.  The approximate overhead from transmitting CSI-RS in this manner is shown in Table 1 below.  Here, we assume that 108 REs are available (assuming 3 symbols for PDCCH, 2 CRS ports, and 2 DMRS ports), 5 ms CSI-RS periodicity, and 1 or 3 cell reuse of CSI-RS.  As can be seen from the table, the straightforward use of CSI-RS can require significant overhead in large arrays, and so mechanisms to reduce it should be considered at least for multi-sectored scenarios.
Table 1: CSI-RS Overhead 

	#CSI-RS Ports
	10
	20
	40
	64

	CSI-RS Overhead (1 cell reuse)
	1.9%
	3.7%
	7.4%
	12%

	CSI-RS Overhead (3 cell reuse)
	5.5%
	11.2%
	22.5%
	36%


It has been proposed to reduce CSI-RS overhead by transmitting CSI-RS on a subset of antenna elements or virtualizing antenna elements together.  One approach is to only transmit along a row or column of the array, as shown in ‘option 2’ below in Figure 1.  A second approach is to decimate antenna elements, for example transmitting CSI-RS on every other row, as described in [2] and shown as ‘option 3’ below in Figure 1.  We discuss these options as well as alternative approaches in the following.
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Figure 1 CSI-RS port to TXRU mapping options [2]
2.1.1 Decimating in Element and Beam Space
Decimating adjacent rows in which a CSI-RS is transmitted means that beams formed from the elements would have grating lobes, which means that measurements on the CSI-RS will be ambiguous. This leads to problems with rank, PMI and CQI estimation since the full MIMO channel is not available to the UE. This is diagrammed on the right in Figure 2, where the different colors represent different beams, and each beam has a grating lobe.   
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Figure 2: Beam Space and Element Space Decimation
An alternative is to decimate in beam space using beamformed CSI-RS.  For example, the eNB can transmit CSI-RSs on beams formed from all elements of the array, but only transmit on a subset of the beams.  This is shown on the left in Figure 2, where CSI-RS are transmitted on either the beams with the solid or dashed lines.  The subsets can be selected using uplink measurements or based on RSRP feedback on discovery RSs. The large benefit of this scheme is that the PDSCH is transmitted with exactly the same radiation pattern as CSI-RS, and therefore the link adaptation is accurate. Hence, the total number of used CSI-RS resources can be reduced without the drawbacks of grating lobes and the associated loss of accuracy in CQI, rank and PMI estimation in the UE. 
Observations

· Element space decimation reduces the total received power of the CSI-RSs, since fewer TXRUs transmit and because CSI-RS can be virtualized with less array gain.
· Element space decimation does not allow the UE to measure the full MIMO channel that PDSCH would experience, leading to less accurate PMI, rank, and CQI determination.
· Beam space approaches can reduce CSI-RS overhead while still transmitting on the full array, thereby maximizing CSI-RS SINR and allowing the UE to measure the full 2D MIMO channel.

· Beam space approaches are more flexible, since they are not constrained to have a grating lobe, do not require array sizes to be composite numbers such as powers of 2, and in general are more suitable for large antenna arrays.
Given these observations, we do not yet see a clear motivation for element space decimation. If the array is so large that CSI-RS overhead becomes prohibitively high, then beamformed CSI-RS approaches should be used instead, to ensure accurate link adaptation.
2.1.2 1D+1D CSI-RS Transmission

A special case of the decimation approach is to transmit CSI-RS only on one row and one column of the array, where each row or column uses all elements as shown in option 2 of Figure 1.  (We label it 1D+1D CSI-RS transmission, since it could apply to other cases than pure vertical and pure horizontal transmission, and since CSI reporting could be independent for the two different dimensions.) This is in contrast to 1Dx1D feedback [3] where the vertical and horizontal PMIs are jointly estimated based on full (all PDSCH antenna element) measurements.   
The 1D+1D approach can be used with two separate CSI processes, one for the vertical and one for the horizontal elements.  While this is appealing from a backward compatibility viewpoint, it requires the eNB to combine the 2 CQIs into an approximate CQI.  Also, splitting the CQI in this way precludes the UE from being able to determine the total SINR it could have on PDSCH, and so rank calculations or the performance of non-linear receivers can’t be factored into the CQI by the UE.

A more general issue is that the UE does not measure CSI-RS carried by all antenna elements that will be used by PDSCH.  Therefore the UE can’t accurately determine the SINR it would have on PDSCH using CSI-RS measurements even if it uses a single CSI process for all elements. It also means the UE can’t account for variations in subelement characteristics that are different from those that carry CSI-RS, limiting compensation for variations in antenna patterns, non-idealities, etc.  
To quantify the CSI-RS overhead, we first consider an M=8, N=4 cross polarized array example.  The 1D+1D approach needs (8-1)+4x2= 15 CSI-RS, and so saves about a factor of 4 (from the 64 that would be needed with a per-element CSI-RS transmission).  Comparing this to the vertical and horizontal beam decimation by 2 example requiring 16 CSI-RS for the same array, the savings in CSI-RS is comparable.  If a wide or tall array is used, the reduction in required CSI-RS may be rather less.  For an M=2,N=8 column cross polarized array  (2-1)+8x2=17 CSI-RS would be needed instead of 32 for a CSI-RS on each element, resulting in a savings on the order of a factor of 2.

Observations

· While two separate CQI reports can be used with 1D+1D transmission, eNB will need to combine the CQIs into an approximate report.
· CQIs will also be less accurate with 1D+1D CSI e.g. with respect to rank determination or the performance of non-linear receivers, since the UE can’t determine the SINR it would receive on PDSCH from CSI-RS measurements of a subset of the array.
· Transmitting on part of the elements in the array results in CSI-RS SINR that is less than beam space CSI-RS transmission approaches and leads to reduced coverage.
· 1D + 1D approaches do not seem to save significantly more CSI-RS overhead than beam space decimation approaches.
Overall, subsampling the array elements by transmitting only on a portion of them does not seem to have a clear advantage over transmitting on a portion of the available beams.  Therefore, we propose:
Proposal: 
· Beamformed CSI-RS solutions and not element space decimation should be used for larger 2DAAs where CSI-RS overhead is high.
3 Conclusion
This contribution has considered the overhead of per-element based CSI-RS transmission, finding that CSI-RS overhead can be high for larger arrays, especially if 3 cell reuse is to be assumed.  This motivated consideration of alternatives to reduce CSI-RS overhead, such as decimation in element or beam space, and 1D+1D CSI-RS transmission.  We did not find a clear motivation for element space decimation or 1D+1D CSI-RS transmission.  However, we found beamformed CSI-RS, where an eNB transmits CSI-RS on a subset of beams in a cell where only part of the cell area has UEs that need to be scheduled, to be attractive due to its better SINR, more accurate CSI (and thus link adaptation), its flexibility, as well as its suitability for large arrays.   On the other hand, CSI feedback using CSI-RS transmitted from each antenna element has advantages in smaller arrays, since this is simple, robust, allows accurate CSI, and is well established within LTE.  We therefore propose:
Proposal

· Beamformed CSI-RS solutions and not element space decimation should be used for larger 2DAAs where CSI-RS overhead is high.
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