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1 Introduction
During RAN1#62bis, RAN1 reached a comprehensive agreement on issues including the CSI-RS configuration, the parameter for CSI-RS transmission power, and the signalling for CSI-RS pattern. However, there are still some remaining issues that need to be resolved. As described in chairman’s note of RAN1#62bis [1], the following was agreed:
· Further study for the next meeting (RAN1#63):

· Support of multiple of 4 ms duty cycle considering the UL HARQ timing in HetNet operation for FDD

· How to handle/avoid collision between CSI RS and BCH/PSS/SSS/Paging/SIB, etc considering both FDD and TDD.

· Whether to allow CSI RS on almost blank subframes
Additionally, in the last meeting, the orphan symbol problem in CSI-RS transmitting subframe was not discussed. In this contribution, the following issues are discussed:
· CSI-RS duty cycle
· CSI-RS transmission on special subframes

· CSI-RS transmission on almost blank subframes(ABS)

· Transmit diversity in CSI-RS subframes
2 CSI-RS Transmission on Special Subframes

As of RAN1#62bis, significant details of CSI-RS transmission have been agreed upon. However, RAN1 still needs to decide whether or not to allow CSI-RS transmission on special subframes such as DwPTS subframes or the subframes transmitting PSS, SSS, and PBCH. More specifically, the issue of CSI-RS avoidance of the aforementioned signals need to be addressed. 
While the transmission of CSI-RS is an important feature, maintaining the Release 8 legacy channel is essential for the operation of both LTE and LTE-A terminals. Therefore, allowing the transmission of CSI-RS by puncturing the PSS, SSS, and PBCH is not acceptable. On the other hand, providing the means to transmit CSI-RS for all TDD uplink-downlink configurations is also important. One possible solution to allow CSI-RS transmission on the above subframes is to only allow those CSI-RS configurations that do not collide with PSS, SSS, paging, and PBCH. On a similar note, for DwPTS subframes, those CSI-RS configurations that can be accommodated within the downlink portion can be used for CSI-RS transmission.
Proposal: CSI-RS can be transmitted on the above subframes with the restriction that only the CSI-RS configurations which are not in the same OFDM symbols as PSS, SSS, and PBCH are used. For DwPTS subframes, CSI-RS can be transmitted by using the CSI-RS configurations that can be accommodated within the downlink portion.
3 CSI-RS Transmission on Almost Blank Subframes(ABS)
Most of aspects of the ABS mechanism for enhanced ICIC in deployments of heterogeneous networks were agreed during recent RAN1 meetings. However, RAN1 still has to resolve whether to allow CSI-RS transmission on ABS or not. 
CSI-RS transmission on ABS can be considered from two different perspectives: from the pico cell’s perspective and the macro cell’s perspective. From the pico cell’s perspective, with the adoption of PDSCH RE muting, the potential interference from the transmission of CSI-RS on ABS can be effectively nullified at the cost of some extra muting overhead in the macro cell. Considering the fact that REs used for CSI-RS is less than 5% of total REs in a PRB pair and CSI-RS transmission has a typical periodicity of 10ms or larger, the overhead is small. Furthermore, from the macro cell’s perspective, flexible duty cycles within the agreed upon set of CSI-RS duty cycles can be applied without any further inclusion of new duty cycles. Such an approach would simplify the specification and implementation of Release 10 CSI-RS transceiver operation.
Proposal: Allow CSI-RS transmission on almost blank subframes.
4 CSI-RS Duty Cycle

One remaining issue concerning CSI-RS duty cycle is the adoption of 4ms duty cycle. The rationale behind duty cycles which are multiples of 4ms is that such duty cycles would be useful when ABS are utilized for HetNet, since it allows the alignment of CSI-RS transmission to non-ABS for the macro cells while allowing the CSI-RS transmission of pico cells to be aligned with ABS, considering the uplink HARQ process. However, given the adoption PDSCH RE muting, similar benefits can be achieved without the adoption of 4ms duty cycle. Additionally, PDSCH RE muting with multiples of 5ms duty cycles doesn’t have the potential problem of CSI-RS transmission occurring in OFDM symbols with essential legacy signals such as PSS, SSS, and PBCH that is possible with 4ms duty cycle. 

Proposal: Do not adopt multiples of 4ms duty cycle for CSI-RS transmission.
5 Tx Diversity in CSI-RS Subframes
As described in [2], in order to efficiently support transmit diversity in subframes containing CSI-RS, the orphan symbol problem needs to be addressed. During RAN1#62bis, some alternatives were suggested in a number of contributions [3], [4]. Qualcomm proposed two alternatives. Qualcomm’s first alternative introduces a special orphan RE handling within the SFBC/SFBC-FSTD operation. Qualcomm’s second alternative proposes to use STBC/STBC-FSTD on orphan symbols located in adjacent OFDM symbols [3]. Nokia suggested another method which is to make sure the number of allocated REs per OFDM symbol is kept even for TX diversity by leaving a maximum of one RE per “odd” OFDM symbol unused, or configuring the 2 CSI-RS antenna port pattern and muting so that the number of REs per OFDM symbol is ensured to be divisible by 2 [4]. 

For the orphan symbol problem, it is recommended that RAN1 consider the modification of the transmit diversity transmission scheme for subframes where CSI-RS is transmitted, as simple as possible. In our view of this problem, the most appropriate method would be to leave a maximum of one RE per “odd” OFDM symbol unused as suggested by Nokia [4]. The reason for this is because it requires the simplest precoding and layer mapping procedure among the available alternatives.
Proposal: It is recommended that a maximum of one RE per “odd” OFDM symbol be left unused.
6 Conclusions
In this contribution, we summarized Samsung’s views on the remaining issues related to CSI-RS. The proposals are as follows:
· CSI-RS can be transmitted on the above subframes with the restriction that only the CSI-RS configurations which are not in the same OFDM symbol as PSS, SSS, and PBCH are used. For DwPTS subframes, CSI-RS can be transmitted by using the CSI-RS configurations that can be accommodated within the downlink portion.
· Allow CSI-RS transmission on almost blank subframes.
· Do not adopt multiples of 4ms duty cycle for CSI-RS transmission.
· It is recommended that a maximum of one RE per “odd” OFDM symbol be left unused.
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