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1. Introduction
The relation between CSI RS and Rel-8 CRS has been extensively discussed in the past. Some progress has been made on the topic as evident from the TR and related way forward [1] but on the other hand there are two opposing way forwards with respect to what number of Rel-8 CRS may be configured for the various number of antenna ports for CSI measurement [5] 
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[6] . This contribution attempts to progress this issue by first and foremost focusing on the hopefully much less controversial case when eight antenna ports are configured for CSI measurements. Strategies to promote progress on the more controversial parts are addressed as well as discussing design considerations to avoid pessimistic CQI reporting.
2. Discussion

Because of the agreed way forward in [1], having eight antenna ports for CSI measurements implies that the CSI measurements are conducted solely on the 8 rel-10 CSI RS. It is however still not yet decided how many Rel-8 CRS are supported for such a setup. Some views are presented in [2-4]. Fundamentally, we see that there are three different combinations together with 8 Rel-10 CSI antenna ports:
· 1 Rel-8 CRS
Minimizes overhead, but reduces peak-rate to half for all Rel-8 UE and all Rel-9 UEs not supporting dual-layer UE specific RS. Even if the latter is supported, performance risks to be severely hampered due to CQI estimation based on only one visible Tx antenna (the CQI is measured using the Rel-8 CRS).
· 2 Rel-8 CRS
Provides maximum peak-rates for all Rel-8 and Rel-9 UEs equipped with two Rx antennas. In addition, seems to be the common understanding that together with UE specific RS, 2 Rel-8 CRS are configured.
· 4 Rel-8 CRS
Incurs large overhead while it is unclear why a system fundamentally geared towards use of UE specific RS would need to use this many common pilots as well.
Being forced to halve the peak rates of Rel-8/9 UEs in order to run with 8 Tx using CSI RS is obviously not attractive. Peak rates can be preserved by going for 4 Rel-8 CRS, but that also leads to a high overhead and it is not clear why a system fundamentally geared towards use of UE specific RS would need to use this many common pilots as well.  The remaining alternative of 2 Rel-8 CRS strikes a balance between the two extremes of 1 and 4 Rel-8 CRS. It in addition it appears to be the common understanding that the most typical scenario for UE specific RS is to use it in combination with only 2 Rel-8 CRS, as evident from the discussions and simulations related to dual-layer UE specific RS. Thus, out of the three possibilities, 2 Rel-8 CRS appears to be more important than the others.
Proposal

· Start by introducing support for 2 Rel-8 CRS in conjunction with 8 Rel-10 CSI RS.

· 1 and 4 Rel-8 CRS FFS

2.1. Less than Eight Antenna Ports for CSI Measurements
Progressing the more controversial issue of which combinations of Rel-8 CRs and Rel-10 CSI RS to support when fewer than 8 antenna ports for CSI measurements are configured appears to be more challenging. Even if concrete conclusions may be hard to immediately agree on, there is still some need to investigate the pros and cons of using Rel-10 CSI RS instead of Rel-8 CRS for CSI measurements. To allow a thorough such comparison requires more to be known about the actual design of CSI RS. A reasonable approach could therefore be to first focus on progressing the design of CSI RS for all combinations without taking a decision on for which combinations CSI RS is supported. Once a performance comparison can be made between Rel-10 CSI RS and Rel-8 CRS, concrete decisions regarding supported combinations may be taken.
Proposal

· Progress design on CSI RS patterns and associated procedural support while deferring the final decision on for which configurations Rel-10 CSI RS is supported
2.2. Avoid the Pessimistic/Optimistic CQI Problem
CSI RS will not only be used for measuring the UE’s own channel but also for estimating inter-cell interference. For this to work, the interference seen on the REs containing Rel-10 CSI RS need to be representative of the interference level that the PDSCH experiences. This principle should be uphold in high load as well as low load scenarios. To ensure this, it is important that the REs containing Rel-10 CSI RS primarily see interference stemming from PDSCH transmissions in other cells, as opposed to having interference dominated by CSI RS to CSI RS interference. Ignoring this design principle could have a severe detrimental impact on the performance in lightly loaded scenarios since the CQI reporting becomes highly pessimistic when the interference comes from CSI RS even though there are almost no interference on the PDSCH due to the absence of traffic in neighboring cells [7] . On the other hand, the proposal of puncturing PDSCH transmissions in other cells also seems to go against this principle but instead risks creating a highly optimistic CQI problem. As long as the REs for CSI RS in the different cells are sufficiently orthogonal this problem can be avoided. 
Proposal
· CSI RS design must ensure that interference measurements on REs carrying Rel-10 CSI RS are representative of interference on PDSCH even in low load scenarios

3. Conclusions
Based on the discussion above concerning CSI RS design principles we propose the following:

· Start by introducing support for 2 Rel-8 CRS in conjunction with 8 Rel-10 CSI RS.
· 1 and 4 Rel-8 CRS FFS

· Progress design on CSI RS patterns and associated procedural support while deferring the final decision on for which configurations Rel-10 CSI RS is supported.
· CSI RS design must ensure that interference measurements on REs carrying Rel-10 CSI RS are representative of interference on PDSCH even in low load scenarios
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