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1 Introduction
Two proposed way forwards on CSI-RS were presented in RAN1#56bis, namely R1-091655 [1] and R1-091657 [2]. The major difference between the two way forwards on CSI-RS is in the role of the Rel-8 cell-specific RS (CRS) as the CSI-RS for LTE-A. In particular:

· R1-091655: 

· In case eNB supports up to a maximum of 4 layer transmission (actual transmitted layers are subject to UE capability), only Rel-8 cell-specific CRS are used for channel measurement, and no new CSI-RS is defined.

· FFS if new CSI-RS is needed in case of supporting a maximum of 4 layer transmission

· Otherwise, the new CSI-RS (up to 8) is to be defined

· R1-091657:

· eNB can configure the number of Rel-8 cell-specific RS to be equal to or less than 4 antenna ports even though more than 4 antenna ports are used for LTE-A operation (lower operation overhead)

· Support CSI RS in conjunction with having 1, 2 or 4 Rel-8 cell-specific antenna ports configured in the cell

· In case the total number of antenna ports used for LTE-A CSI is the same as the number of configured Rel-8 cell-specific antenna ports, cell specific RS is used as CSI-RS

· In all other cases, there are as many new CSI RSs as there are antenna ports used for LTE-A CSI (up to 8)

In this contribution, we discuss and present our views on the role of the Rel-8 cell-specific RS as the CSI-RS for LTE-A.

2 The role of LTE Rel-8 CRS as CSI-RS for LTE-A
According to R1-091655 and R1-091657, the role of LTE Rel-8 CRS as CSI-RS for LTE-A differs depending on the number of TX antenna ports for CSI measurement. 
At this point, it is appropriate to review the agreement we have for demodulation RS in R1-091066 [6], as the agreement has significant bearing on the decision for CSI-RS. It is said that the RS targeting PDSCH demodulation for LTE-A operation is UE-specific and precoded. At the same time, it also said that “complementary use of Rel-8 CRS by the UE is not precluded”. It seems that there are two possible ways to interpret the agreement:

1. Precoded DRS is agreed for 1, 2, 4 and 8 TX antenna ports. In the context of LTE-A, eNB equipped with 1 TX antenna port means that the eNB supports single-layer beamforming (e.g. Rel-8 antenna port 5), eNB with 2 TX antenna ports means that the eNB supports dual-layer beamforming (e.g. similar to Rel-9 dual layer beamforming) and so on. Note that the number of physical antenna ports is transparent to the UE. From the UE’s perspective, only the number of TX antenna ports for CSI measurement is relevant. According to this interpretation, complementary use of Rel-8 CRS, although not precluded in the agreement, is considered FFS. 

2. It is not yet decided if the agreement is referring to all possible number of TX antenna ports. Precoded DRS is at least agreed for 8 Tx antenna ports but for 1, 2, and 4 TX antenna ports, Rel-8 CRS can still be used for PDSCH demodulation. This seems inline with the agreement to not preclude “complementary use of Rel-8”.
Our understanding of the agreed R1-091066 is the first interpretation. The discussion hereafter is based on the assumption that precoded DRS has been agreed for 1, 2, 4 and 8 TX antenna ports.
2.1 8 TX antenna ports for CSI measurement
In RAN1#56bis, the issue of reusing LTE Rel-8 CRS as CSI-RS was raised in [3]. Since antenna virtualisation is applied to N Rel-8 CRS and (8-N) new CSI-RS for LTE-A where N={1, 2, 4}, it is claimed that the UE feedback may not reflect the actual channel experienced by the UE, distorting long term channel properties and degrading precoding performance. The problem is even more severe if the data transmission doesn't undergo the same virtual antenna transformation. As a result, there seems to be a common agreement in both R1-091655 and R1-091657 that in the case of 8 TX antenna ports at the eNB, 8 new CSI-RS should be defined which is considered independent from the Rel-8 CRS.

However, it is important to note that the assumption here seems to be that antenna virtualisation matrix is to be an eNB implementation issue and not be standardised in 3GPP. Our understanding is that there is currently no such explicit agreement. In the case that antenna virtualisation is specified and that the UE knows what antenna virtualisation matrix is applied at the eNB, the effect of antenna virtualisation on the channel observed by the UE can be removed by the UE. In this case, the need for 8 new CSI-RS can be revisited. 

Our preference is not to specify antenna virtualisation and leave this issue as eNB implementation issue. This is because it is foreseen that specifying antenna virtualisation would lead to significant standardisation and testing effort. Therefore, we can agree that 8 new CSI-RS should be defined for the case of 8 TX antenna ports.
Proposal: 8 new CSI-RS should be defined for the case of 8 TX antenna ports.
2.2 1, 2 or 4 TX antenna ports for CSI measurement
Both proposed way forwards (R1-091655 and R1-091657) allow Rel-8 CRS to play a role as CSI-RS for LTE-A when the number of TX antenna ports is fewer than 8 (i.e. 1, 2 or 4). 
A major disagreement between the two proposals seems to be mainly on whether new CSI-RS needs to be defined. R1-091655 proposes that no new CSI-RS is needed and only Rel-8 CRS is used for CSI measurement, whereas R1-091657 proposes that Rel-8 CRS is only used for CSI measurement (in which case no new CSI-RS is needed) if the number of TX antenna ports for CSI measurement is the same as the number of Rel-8 CRS configured by the eNB, otherwise new CSI-RS as many as the number of TX antenna ports is to be defined. We consider this issue for different number of TX antenna ports.
2.2.1 1 TX antenna port for CSI measurement

For the 1 TX antenna port case, the two proposals are actually the same, i.e. only Rel-8 CRS is used for CSI-measurement and no new CSI-RS is needed. In our view, the baseline for CSI measurement for 1 TX case can be the same as Transmission Mode 7 (antenna port 5). The need for further modification/enhancement, in particular for FDD is FFS. We agree that for the case of 1 TX antenna port for CSI measurement, only Rel-8 CRS is used for CSI measurement and no new CSI-RS needs to be defined for LTE-A.
Proposal: For the case of 1 TX antenna port for CSI measurement, only Rel-8 CRS is used for CSI measurement and no new CSI-RS is defined for LTE-A.
2.2.2 2 TX antenna ports for CSI measurement
For the case of 2 TX antenna ports for CSI measurement, Rel-9 dual-layer beamforming work item needs to be taken into account. In line with the objective of the work item, it is considered desirable to ensure Rel-9 dual-layer beamforming is forward-compatible with Rel-10. Ideally this means that DRS design as well as the CSI measurement be reused for LTE-A 2 TX antenna ports. While the reuse of Rel-8 CRS for CSI-measurement might not be so important for the FDD system of which Rel-8 DRS and Rel-9 dual-layer beamforming are optional features, it is considered important for the TDD system in order to avoid the undesirable outcome of the same functionality with different designs for Rel-9 and Rel-10. In addition, Rel-9 dual-layer beamforming is best treated as an extension of Rel-8 single-layer beamforming, and considering the Rel-9 work item time frame, drastic changes to CSI-RS design is not desirable. Hence, we can agree that for the case of 2 TX antenna ports for CSI measurement, only Rel-8 CRS is used for CSI measurement and no new CSI-RS needs to be defined for LTE-A. This means that it would not be possible to configure only 1 Rel-8 CRS for the case 2 TX antenna ports.

Proposal: For the case of 2 TX antenna ports for CSI measurement, only Rel-8 CRS is used for CSI measurement and no new CSI-RS is defined for LTE-A.
2.2.3 4 TX antenna ports for CSI measurement

As for the 4 TX antenna ports, the issue is a little bit more involved. R1-091655 proposes that only Rel-8 CRS is used for CSI measurement and no new CSI-RS is to be defined. R1-091657 proposes that it should be possible to configure the number of Rel-8 CRS to be fewer than the number of TX antenna ports and if this is the case, 4 new CSI-RS is to be defined, otherwise only Rel-8 CRS is used and no new CSI-RS is required.
Our view is that it should be possible to configure the number of Rel-8 CRS to be fewer than the number of TX antenna ports for the case of 4 TX antenna ports. The advantages have been mentioned previously in [3]
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[4]:

· An LTE-A network could choose to turn off 2 or 3 of the Rel-8 CRS to realise significant RS overhead saving

· An LTE network deployed with 1 or 2 TX antenna ports for Rel-8 can upgrade to an LTE-A network with 4 TX antenna ports without the mandatory use of all 4 Rel-8 CRS. 
Therefore, we agree that 4 new CSI-RS need to be defined when the number of Rel-8 CRS is fewer than the number of TX antenna ports (i.e. 4).
As mentioned before, R1-091657 further proposes that when the number of Rel-8 CRS is the same as the number of TX antenna ports, then all 4 Rel-8 CRS are reused as CSI-RS for LTE-A. In our view, this approach needs some further study, in particular when considering the application of CoMP. We illustrate the issues with the following example scenario with two cells in CoMP reporting set (Cell A and Cell B):

Cell A has 4 TX antenna ports with 2 Rel-8 CRS configured and Cell B has 4 TX antenna ports with 4 Rel-8 CRS configured

In the above scenario, the UE is required to use the new CSI-RS from Cell A for CSI measurement for Cell A but use the Rel-8 CRS from Cell B for CSI measurement for Cell B. We observe that the UE would be required to perform different CSI measurements for different cells. The resulting complication in CSI calculation as well as reporting needs careful consideration. There could also be complication for the network in using the CSI information derived from different CSI-RS designs from the same UE.
If the scenario mentioned is deemed to be a concern in RAN1, a better approach in our view may be to always define new CSI-RS for LTE-A regardless of the eNB antenna configurations and the Rel-8 CRS configuration. This would also result in a unified solution for CSI measurement and reporting for LTE-A regardless of the Rel-8 CRS configuration. The downside of additional CSI-RS overhead seems insignificant considering the overhead of only 0.12% per antenna port is required according to the agreement in RAN1#56bis. 
Proposal: For the case of 4 TX antenna ports for CSI measurement, the number of Rel-8 CRS can be configured to be 1, 2 or 4. If the number of Rel-8 CRS is configured to be fewer than 4, then 4 new CSI-RS is to be defined for LTE-A. If the number of Rel-8 CRS is configured to be 4, it is FFS if 4 new CSI-RS is to be defined for LTE-A or if Rel-8 CRS is reused as CSI-RS.
3 Conclusions
We propose to agree on the following (based on the assumption that precoded DRS is agreed for all possible antenna configurations for LTE-A):

· For the case of 1 TX antenna port for CSI measurement, only Rel-8 CRS is used for CSI measurement and no new CSI-RS is defined for LTE-A.
· For the case of 2 TX antenna ports for CSI measurement, only Rel-8 CRS is used for CSI measurement and no new CSI-RS is defined for LTE-A.
· For the case of 4 TX antenna ports for CSI measurement, the number of Rel-8 CRS can be configured to be 1, 2 or 4. If the number of Rel-8 CRS is configured to be fewer than 4, then 4 new CSI-RS is to be defined for LTE-A. If the number of Rel-8 CRS is configured to be 4, it is FFS if 4 new CSI-RS is to be defined for LTE-A or if Rel-8 CRS is reused as CSI-RS.

· For the case of 8 TX antenna ports for CSI measurement, 8 new CSI-RS is defined.
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