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1. Introduction

In RAN1 #61bis, CSI-RS patterns [1] for both normal CP and extended CP were agreed including possible CSI-RS pattern reuse for multi-cell interference randomization and/or future proof of the CoMP support. To finalize the CSI-RS design from the intra-cell perspective, following remaining issues need to be discussed:
· Signaling support for an intra-cell CSI-RS configuration

· Power allocation of the CSI-RS

     In this contribution, we discuss on the abovementioned issues to finalize the design of intra-cell CSI-RS in Rel-10.
2. Signaling support of CSI-RS
To optimize the trade-off between reference signal overhead and measurement accuracy for the reporting, it is agreed to employ the CSI-RS transmission with time configurable duty cycle. In addition, it is also agreed that the subframe offset is used to increase the CSI-RS pattern reuse so that multi-cell interference can be further randomized. To define a CSI-RS in a cell, CSI-RS pattern, duty cycle and subframe offset should be informed. 
· CSI-RS pattern

The exact CSI-RS patterns for 2Tx, 4Tx, and 8Tx were agreed in the previous meeting. From the agreements, the CSI-RS RE position can be defined as time-frequency shift of a base pattern [1] within a subframe.  Therefore, if a time-frequency shift is defined as a pattern, the pattern index should be informed to a UE as a cell-specific parameter. Since the number of CSI-RS pattern gets larger as the number of antenna ports becomes smaller, the number of signalling bit should be larger to provide full flexible configuration in network planning stage. 

So far, it has been discussed that whether the CSI-RS pattern is defined by the cell-ID implicitly or not. In Rel-8, the v-shift of the CRS is obtained from the cell-ID so that no explicit signalling support is required for the CRS pattern indication. However, the implicit mapping with the cell-ID seems to be too restrictive to support sophisticated network based operation which may be employed in the future releases. As the RE muting is also discussed for the purpose of future proof, it would be beneficial to have a flexibility of the CSI-RS configuration. Therefore, we prefer explicit signalling of the CSI-RS pattern.
        Since it is agreed to employ a time-invariant CSI-RS shift, a UE doesn't need to monitor CSI-RS pattern change in a cell once a CSI-RS pattern is informed. Give this agreement, the CSI-RS pattern could be broadcasted as a cell-specific parameter via a broadcasting channel.
· Duty cycle/Subframe offset
In RAN1 #59 meeting, it is agreed that the CSI-RS duty cycle should be defined within a value of the multiple of 5ms and the 10ms duty cycle is prioritized in Rel-10. Considering that the CSI-RS duty cycle is used to handle the trade-off between CSI-RS overhead and feedback accuracy according to the network situation and the channel environment, it would be beneficial to have a reasonably large set of duty cycle candidates. The following table 1 shows an example of CSI-RS subframe configuration.
Table 1. An example of CSI-RS subframe configuration.
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· CSI-RS configuration

It is agreed that the CSI-RS is transmitted in PDSCH region and time/frequency shift is used to randomize inter-cell interference. Since there is a possibility that the CSI-RS is collided with P-SCH/S-SCH and/or PBCH in 1st and 6th subframes in a radio frame within 6 PRBs in the middle of bandwidth, the eNB behaviour in this case should be defined. So far, two alternatives have been discussed to handle this situation as follows:
· Alternative-1: the CSI-RS transmission is allowed in all subframes and punctured within 6 PRBs in which SCH and PBCH are transmitted

· Alternative-2: the CSI-RS transmission is not allowed in the subframe containing SCH and PBCH

Since the duty cycle is defined as a multiple of 5ms, the channel of 6 PRBs cannot be measured forever once the CSI-RS is collided with the SCH and PBCH. Therefore, it would be cleaner to avoid the subframe containing SCH and PBCH for CSI-RS transmission. 
In order to guarantee the measurement accuracy for all downlink transmissions including the relay backhaul downlink which relies on MBSFN subframe, the 5th and 10th subframes in a radio frame can be further restricted to the subframe not allowed for the CSI-RS transmission.
3. Power allocation of CSI-RS

In general, the power ratio between reference signal and data RE should be informed to appropriately demodulate QAM-based signal. In Rel-10, the CSI-RS is only used for the measurement purpose so that it may not affect demodulation performance although the power level of the CSI-RS is not informed since power ratio between precoded DM-RS and PDSCH RE is implicitly informed to a UE. Therefore, there seems to be no strong motivation to inform the CSI-RS EPRE from that perspective. However, the measurement performance could have some impacts if the CSI-RS EPRE is not provided by eNB. Two approaches can be considered for the CSI-RS power allocation as follows:

· Approach-1: no explicit signalling of CSI-RS EPRE is provided so that a UE assumes that the CSI-RS power level of each antenna port is the same as that in CRS or PDSCH. So that, an eNB may compensate and/or recalculate the CQI(s) reported by a UE based on the CSI-RS transmission power.
· Approach-2: explicit signalling of CSI-RS EPRE is provided in the specification so that a UE uses this information to measure the channel state information.
Although the reported CQI can be compensated by eNB from the knowledge of the reference power used for CQI calculation at the UE receiver and the actual CSI-RS EPRE, the implicit signalling may result in incorrect MIMO feedback reporting such as rank and associated CQI(s) since the rank is selected based on the geometry of a UE. Once the rank is incorrectly selected, it would be hard to compensate or recalculate the reported CSI at the eNB side. Therefore, it is preferred to employ explicit signalling to inform CSI-RS EPRE to avoid potential degradation of MIMO feedback accuracy.
4. Conclusions

In this contribution, the remaining details on CSI-RS were discussed. From the discussions, our preference of the remaining issues can be summarized as follows:
· Explicit signalling of the CSI-RS pattern via broadcasting channel seems to be a proper choice to signal CSI-RS pattern.
· The table 1 can be used to define CSI-RS duty cycle and its associated subframe offset
· It is preferred to avoid the subframe containing SCH and PBCH for the CSI-RS transmission. In some cases the subframe containing PCH can be also avoided for the CSI-RS transmission.
· Explicit signaling of the CSI-RS EPRE seems to be needed to avoid potential MIMO feedback accuracy degradation
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