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1. Introduction
In RAN1 #62bis meeting, a big progress was made on the CSI-RS design issue. The followings were captured in RAN1 chairman’s note as an outcome:
· The values for the number of CSI-RS ports: 1, 2, 4, 8 

· CSI-RS configuration is cell-specific and signalled via higher-layer

· CSI-RS are not present in the cell if they are not configured

· A Rel-10 UE shall assume PDSCH rate matching around the CSI-RS REs (after UE capability, i.e. its release, is known by the eNodeB) for all unicast PDSCH transmissions in any transmission mode

· antenna port 15 is used when 1 CSI-RS is configured

· The parameter which is used to control UE assumption on reference PDSCH transmitted power for CSI feedback, is defined as follows

· for CSI reports based on CSI-RS, the UE shall assume a value of ρc as signalled by the eNodeB when it is configured in Rel-10 transmission mode 9

· ρc functionality can be revisited after CQI enhancement discussion if needed

· ρc is the ratio of PDSCH EPRE to CSI-RS EPRE, in dB

· ρc is UE-specific and configurable by higher layer signalling

· As baseline, ρc takes values in [-8, 15] dB with 1 dB step size

· A UE may assume downlink CSI-RS EPRE is constant across the downlink system bandwidth and constant across all subframes until a new CSI-RS configuration message is received

· Singleρc value is supported

· The number of CSI-RS ports is signalled by 2 bits

· The CSI-RS configuration is signalled by 5 bits

· The number of CSI-RS ports and CSI RS configuration is separately defined.

· CSI-RS configuration to (k’,l’) indices are based on revised version of the original proposal from the editor’s as shown below:

· On the usage of CSI-RS and CRS for CQI/CSI feedback:

· When a Rel-10 UE is configured in any of transmission modes 1 to 8, it uses only CRS for channel estimation for all Rel-8 CSI feedback modes

In order to finalize the intra-cell CSI-RS design in Rel-10, the remaining details including the collision handling with CSI-RS and PSS/SSS/PBCH should be defined. Therefore, in this contribution, we discuss on the remaining issues to finalize the CSI-RS design issue.

2. Remaining Issues of CSI-RS
A. Rel-10 feedback modes with Rel-8 CRS
       It was discussed that the turning-off the CSI-RS should be possible in Rel-10 network for the case when the legacy UEs are only located in the cell so that the CSI-RS is not configured in that cell in order to minimize the legacy impact. Note that it has been studied that the CSI-RS insertion results in significant performance degradation of legacy UE due to PDSCH RE puncturing and interference increment. Since there is a possibility of no CSI-RS configuration in Rel-10 network, it has been proposed that the transmission mode 9 should also work with Rel-8 CRS. However, the motivation of having the no CSI-RS configuration is mainly because there are no UEs with transmission mode 9 in the cell. Therefore, it is hard to see the benefit of having the new transmission mode 9 with the Rel-8 CRS considering the negligible CSI-RS overhead. In addition, allowing the Transmission mode 9 with the Rel-8 CRS will obviously result in additional UE complexity and test cases since it should be defined as new transmission mode. Keeping these in mind, it is preferred not to allow Rel-10 feedback scheme based on Rel-8 CRS in order not to increase the UE implementation complexity and test cases unnecessarily.
Proposal: it is preferred not to introduce Rel-10 feedback modes working with Rel-8 CRS to avoid double number of test case.

B. 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 PSS/SSS and/or PBCH in subframes #0 and #5 in a radio frame within 6 PRBs in the middle of bandwidth, it would be better to avoid the collision. So far, two alternatives have been discussed as follows:

· Alt-1: the CSI-RS transmission is allowed in all subframes and punctured within 6 PRBs in which SCH and PBCH are transmitted

· Alt-2: the CSI-RS transmission is not allowed in the subframe containing PSS/SSS and PBCH

Since the duty cycle is defined as a multiple of 5ms, the channel of 6 PRBs cannot be measured 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. 
Proposal: the CSI-RS is not allowed to transmit in the subframes containing PSS/SSS and PBCH
       The joint signalling of duty cycle and subframe offset is agreed as a baseline as used in PRS signalling. If the CSI-RS transmission is not allowed in the subframes containing PSS/SSS and PBCH, the subframe 0 and 5 are not used for the CSI-RS. In this case, although we can further reduce the signalling bits, it would be simpler to keep the agreed signalling table as it is and capture the UE behaviour of CSI-RS measurement in the subframes containing PSS/SSS and PBCH as “UE may assume that the CSI-RS is not transmitted in the subframes #0 and #5” for instance in order to avoid unnecessary UE implementation and ambiguity in the subframes.
Proposal: the UE behaviour of the CSI-RS measurement in the subframes containing PSS/SSS and PBCH should be captured in the specification.

C. Introduction of 4ms duty cycle
        In RAN1 #62bis meeting, it was discussed that whether 4ms duty cycle will be introduced for better support of the HetNet scenario since it can avoid interference from the macro cell if the CSI-RS is transmitted only in the ABSs. It has been agreed that the PDSCH RE muting is employed in order to allow better channel estimation of neighbour cells for future proof. Although the RE muting is agreed for the CoMP support in future releases, it can be also used for the purpose of avoiding interference from the macro cell as well. Given this situation, there seems no strong motivation to introduce 4ms duty cycle.
Proposal: the introduction of 4ms duty cycle is not supported in Rel-10

3. 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:
· It is preferred not to introduce Rel-10 feedback modes working with Rel-8 CRS to avoid double number of test case.
· The CSI-RS is not allowed to transmit in the subframes containing PSS/SSS and PBCH. 

· UE behaviour of the CSI-RS measurement in the subframes containing PSS/SSS and PBCH should be captured in the specification.
· The introduction of 4ms duty cycle is not supported in Rel-10
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