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1. Introduction

CSI-RS is a new feature introduced in Rel-10 whose sole use is to allow the UE to estimate the channel properties for UE feedback. Although there has been significant progress on the topic, several issues remain to be solved. This contribution identifies and proposes solutions for some of the outstanding issues.
2. CSI RS Configuration

To configure CSI RS, a number of parameters need to be signaled to the UE. Parameters include subframe offset and periodicity, number of antenna ports, and CSI reference signal configuration, all agreed in RAN1 #62 together with baseline values as displayed in Table 1. The values are supposed to be confirmed in the present meeting. In our view all of the given values seem justified to include. The mapping of intra-subframe location indices (CSI RS configuration) to the locations in the resource element grid stirred up some discussions in the context of approving the CR for 36.211. The end result was unfortunately an empty table although the mapping should not be critical.
Proposal

· Confirm the agreed baseline values as given in Table 1
Table 1: Baseline parameter values agreed in RAN1 #62.
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Higher layer signaling will be used to configure the UE with CSI RS parameters. CSI RS are cell specific and would hence seem to be an obvious candidate for broadcast signaling. On the other hand, the number of bits to signal can become fairly high, particularly if muting is also introduced. It may thus be inefficient to only support broadcast signaling for the CSI RS configuration, particularly since such signaling needs to be designed for the worst case, reaching all UEs in the entire cell. UE specific signaling is on the other hand more flexible and allows the use of retransmissions when appropriate. For scenarios with a few UEs, the latter is therefore more efficient. Including UE specific signaling of CSI RS configuration also provides some level of forward compatibility for future CoMP applications in that UE specific CoMP measurement sets anyway need to be introduced so that the UE is providing feedback on for example its three strongest cells. 
Proposal

· UE specific signaling of CSI RS configuration to UE

· At least as a possibility

3. Support for 1 CSI Antenna Port

Currently, the support of 1 CSI-RS port is lacking. This was brought up for online discussion during RAN1 #62 and as shown below it was concluded that for further study is needed. 
· Support of 1 CSI-RS port is FFS:
· Benefits compared with CRS
· Potential use cases, e.g., HetNets
· Benefits from Rel-10 feedback modes
With Rel-10, LTE transitions from a fundamentally cell specific RS centric system to a system relying on UE specific RS for demodulation and cell specific CSI RS for UE feedback. In such an evolved system, the CRS are often a nuisance, creating unnecessary interference in CoMP/HetNet applications and wasting energy. Furthermore, the evolved way of operating the system should also be available for the case of 1 Tx so that all antenna configurations of LTE can be operated in a similar consistent manner and so that also 1 Tx benefits from future improvements of CSI UE feeback. Clearly, it would be a hassle to always have to treat the 1 Tx case in a special manner as LTE evolves into the future.
Observation

· LTE transitions from a cell specific to a UE specific RS paradigm for which CSI RS plays a crucial role

· Similar way of operating all antenna setups desirable
· What is the evolution path for 1 Tx? – is it supposed to be a dead end?
Originally, the introduction of CSI RS was purely targeting multi-antenna applications and from that perspective restricting CSI RS to two or more antennas may appear like a reasonable decision. However, it turns out that CSI RS may be useful for other applications as well, including HetNet where the macro layer could be muted while the pico layer is performing CSI measurements for channel estimation. Note that in a pico cell scenario, the availability of low cost access points with only 1 Tx can likely not be out-ruled. In addition, CSI RS plays a crucial role in carrier aggregation based HetNet [1] , which is a clean and simple way of operating HetNet without the need for sophisticated CRS interference suppression at the UE and adhering to complicated timing relations for almost blank subframes. In such straightforward HetNet operation, the CRS of the pico cell are heavily interfered, and should hence be avoided, because the same RS frequency shift has to be used in both the macro and pico layer. 

The use of UE specific RS and CSI RS is also motivated from an energy efficiency perspective. Since the CSI RS is not transmitted in every subframe, the possibilities for micro-sleep of PAs are improved. It is also easier to turn CSI-RS off when not needed to save energy than turning off the CRS which affects fundamental functionality like the cell measurements.
Observation
· CSI RS have important use cases for HetNet 
· CSI RS improves energy efficiency
Obviously, supporting CSI RS for 1 Tx constitutes an additional configuration with a resulting increase in testing. On the other hand, enforcing a widely different system operation for 1 Tx by excluding CSI RS support is a major step which requires careful thought. Note also that support for 8 Tx has already been deemd worthwhile to support and it is arguable whether 1 Tx or closed-loop support for 8 Tx will be most common in practice. Based on the arguments discussed above, we therefore recommend introducing support for 1 CSI antenna port.

Proposal

· Include support for 1 CSI antenna port and at least associated UE feedback modes PUCCH 1-0 and PUSCH 3-0 
4. CSI RS versus CRS for UE Feedback

As evidenced below, the previous RAN1 meeting acknowledged the support of CSI RS for UE feedback. However, a much more concrete decision is clearly needed.

· There will be a Rel-10 CSI feedback mode that uses only CSI RS for channel estimation.
· This does not preclude that all Rel-10 CSI feedback modes use only CSI RS for channel estimation.
A clear goal of the Rel-10 design has been to introduce the support of UE specific RS also for FDD by enabling UE feedback all the way up to 8 Tx antennas. As previously mentioned, UE specific RS also finds its use in CoMP, HetNet and for improving energy efficiency. LTE is thereby, for good reasons, moving towards a system paradigm based on UE specific RS instead of based on cell specific RS. CSI RS and UE specific RS go hand in hand and it is then natural to let all the Rel-10 UE feedback be based on CSI RS, which also minimizes the number of test cases and allows for a clean system design. The alternative of keeping CRS based measurements not only seem to defy the original goal of including CSI RS for 2 and 4 Tx but would also prevent a clean migration path towards the use of UE specific RS, preserving the problems caused by CRS in the areas of HetNet, energy efficiency and CoMP.

Proposal

· All Rel-10 CSI reporting modes are based on CSI RS measurements
5. The alpha Factor – Power Measurement Offset

The so-called alpha factor in the CSI RS configuration roughly corresponds to the parameter nomPDSCH-RS-EPRE-Offset currently used for CRS based Rel-8 feedback. The purpose of the alpha factor is to control the UE assumption on PDSCH transmitted power for CSI feedback. The UE estimates the measurement MIMO channel matrix 
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 when deriving the UE feedback. 
· Additionally, at least one parameter which is used to control UE assumption on reference PDSCH transmitted power for CSI feedback, 
Although the intent of the alpha factor is obvious, the exact specification of the UE behavior needs to be resolved. It has been proposed to let the assumption on PDSCH power use the CRS as a reference [2]. Such a tie to the CRS however seems completely artificial since the CRS are not used at all (for CSI RS based UE feedback modes), neither for the UE feedback nor for the demodulation of PDSCH. In addition, it would lead to a complicated interaction with the already complicated settings for CRS based boosting. 
Instead of involving the unrelated CRS, the alpha factor should correspond to the assumed ratio of PDSCH EPRE to CSI RS EPRE, Thus, the CSI RS act as the reference, which clearly appears as the most natural choice when CSI RS is to be used for the UE feedback.
Proposal

· The alpha factor (corresponding to Rel-8 nomPDSCH-RS-EPRE-Offset) shall correspond to the ratio of PDSCH EPRE to CSI RS EPRE assumed by the UE when deriving UE feedback 

· Hence not related to CRS which is an independent entity

In case CSI RS muting is introduced, it may be tempting to utilize the energy left over in those REs for boosting the data REs in the same OFDM symbol. This would however unnecessarily complicate the UE receiver which needs to keep track of extra SINR variations across the PDSCH. The potential benefits of this are expected to be small, particularly since the muted REs are not supposed to be transmitted in every subframe and also because of the lack of inter-codeblock interleaving in the downlink punishes SINR variations between different OFDM symbols. Exploiting the energy of the muted REs for boosting CSI RS is another possibility that is hard to justify. In addition, it typpcaly can be supported in a standard transparent manner since the eNodeB is free to use whatever power it wants for CSI RS due to them being a reference of their own.
Proposal

· No specified support for boosting of other REs by exploiting power from muted REs

· Hence, the alpha factor does not vary from one subframe to another
6. Conclusions
Based on the above discussions regarding CSI RS we propose as follows
· Confirm the agreed baseline values as given in Table 1
· UE specific signaling of CSI RS configuration to UE

· At least as a possibility

· Include support for 1 CSI antenna port and at least associated UE feedback modes PUCCH 1-0 and PUSCH 3-0 

· All Rel-10 CSI reporting modes are based on CSI RS measurements
· The alpha factor (corresponding to Rel-8 nomPDSCH-RS-EPRE-Offset) shall correspond to the ratio of PDSCH EPRE to CSI RS EPRE assumed by the UE when deriving UE feedback 

· Hence not related to CRS which is an independent entity
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