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1
Introduction
During RAN1#62bis, the main CSI-RS parameters signalling details have been agreed. Several open issues are still pending for a solution such as the physical channels collision avoidance/handling and the exact values for the duty cycle. Regarding the muting configuration, the introduction of partial muting has been left for further discussion as well as the case of PDSCH RE muting in a cell where CSI-RS is not configured. In this contribution we address remaining open aspects related to the CSI-RS and PDSCH RE muting.

2
Open issues on CSI-RS 
2.1 CSI-RS collisions 
Throughout the reference symbol design in LTE, the issue of collisions between the reference signals and other physical channels, like PBCH, PSS, SSS and paging has always been considered. While these channels are transmitted in specific subframes, the typical solution has been so far avoiding, by scheduling, the subframes containing these channels. Avoiding these channels implies excluding subframes {0, 4, 5, 9} in FDD mode and {0, 1, 5, 6} in TDD mode. 

Throughout the extensive discussions during the previous meeting, it was suggested to allow allocation of CSI-RS in any sub-frame provided that full band channel estimation is enabled. The trade-off for collision avoidance handling is between enabling (full band) channel estimation in all valid DL sub-frames versus CSI-RS reuse factor utilization, since in some subframes not all CSI-RS configurations enable full band channel estimation. While the reuse factor might be decreased in some cases, this solution enables full band CSI-RS presence at all times, bringing more flexibility in terms of duty cycle utilization and overall CSI-RS configurations. 
It is noted that puncturing CSI-RS in the 6 center PRBs, like in fact any kind of CSI-RS puncturing, would cause additional channel estimation edge effects in several PRBs adjacent to the punctured PRBs, an effect further emphasized by the very sparse CSI-RS density in frequency. Such configurations in which CSI-RS puncturing is needed are by definition useless in 1.4 MHz bandwidth cases, but also in 3 MHz and potentially even 5 MHz cases due to additional edge effects in channel estimation and consequent poor PMI/CQI feedback quality in most PRBs. Obviously this would also increase UE complexity since additional algorithms will be needed to handle edge effects properly. Thus it seems obvious that one should enable UE to estimate the channel from full band CSI-RS.
Proposal: CSI-RS transmission is performed full band.
Proposal: UE may assume that the CSI-RS is not transmitted in a subframe in which any configured CSI-RS port collides with PSS/SSS/PBCH/SIB1
2.2 CSI-RS duty cycle
In previous meeting is has been decided that the CSI-RS duty cycle and the subframe offset are jointly encoded. Remaining open aspects are the exact values taken by the duty cycle. Confirmed values as working assumption are 5, 10, 20, 40, 80 ms. HetNet arguments have been presented [1] in favour of multiples of 4 ms duty cycles. As time domain based partitioning has been adopted in HetNet, one duty cycle choice is of 8 ms. This is due to the UL HARQ support for the macro layer. It is also desirable that the duty cycle possibilities are kept to a reasonable number. It is further noted that multiples of 4 ms might lead to additional problems with collisions.
While from the CSI-RS transmission perspective the goal is to allow robust reference symbols demodulation in the cell serving CSI-RS, from HetNet perspective the task is to create less or no interference from the macro cells. In order to allow some degree of interference control, HetNet is utilizing the MBSFN and Almost Blank Subframes (ABS). CSI-RS transmission is possible in, this type of operation being still open in ABS, as mandated during last meeting [2]. If CSI-RS are to be transmitted in ABS subframes, there is no need to further define CSI-RS duty cycles with respect to HetNet operation.Given the implications of CSI-RS presence in ABS and the need for specification of CSI-RS duty cycles, the following can be considered:

Proposal: The following duty cycle values should be supported: 5, 10, 20, 40, 80 ms
Proposal: Depending on the introduction of CSI-RS in ABS, further conderations on other duty cycle values, as specified above, should be considered.

2.3 PDSCH RE muting
Most of the PDSCH RE muting aspects have been agreed during last meeting while the following was mandated.

One of two options should be decided at the next meeting

· Option 1: Muted REs cannot be located in subframes without CSI-RS

· Option 2: Muted REs can be located in subframes without CSI-RS, and in this case the CSI-RS duty cycle is an integer multiple of the muted REs duty cycle

Options above are refering to the operation of the so called partial muting, giving the possibilities not to have such choice, as in option 1, or to enable partial muting in a constrained way, as specified by option 2. The motivation from partial muting arrises from a CoMP scenario where it is envisioned that the CoMP cells are supporting less mobility and hence have a larger CSI-RS duty cycle while one of the cells supports high mobility and needs a smaller CSI-RS duty cycle. In case of the different duty cycle of cells in the same cooperative set, for the cell with smaller duty cycle, UE might suffer from inaccurate/fluctuating CQI/CSI measurement quality since only some of the CSI-RS are protected with muting. Option 2 relies on muting outside of CSI-RS subframe to gurantee constant CSI measurement quality. However, it requires a larger amount of PDSCH REs to be muted comparing with the REs needed for CSI-RS transmission. In another words, further transmission of CSI-RS on that subframe brings marginal overhead. 
Proposal: Option1 should be adopted.
Another unsolved issue is whether muting can be configured in the cell without CSI-RS. The primary target scenario is that one cell has no CSI-RS but neighbor does. Then we have to allow muting at the cell without CSI-RS configured. Similar to above reasons, the simpler solution is to directly configure CSI-RS in that cell. Such a solution is more future proof as one cannot fully envision the future use and needs of CSI-RS. It might be also easier to specify given the current CSI-RS/muting signalling package and way in this this has been captured in the specification.
Proposal: muting can be configured in the cell only with CSI-RS.
3
Conclusions
In this contribution we have presented remaining CSI-RS and PDSCH RE muting signaling aspects which need specification. Our main observations may be summarized as follows: 

CSI-RS transmission is performed full band.

The following duty cycle values should be supported: 5, 10, 20, 40, 80 ms.
Depending on the introduction of CSI-RS in ABS, further conderations on other duty cycle values, as specified above, should be considered.
Option 1: Muted REs cannot be located in subframes without CSI-RS.
Muting can be configured in the cell only with CSI-RS.
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