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1
Introduction

At RAN1#68b several agreements were reached with respect to the newly coined CoMP Resource Management Set.
· CoMP Resource Management Set: The set of CSI-RS resources for which CSI-RS based received signal measurements can be made and reported.

· These received signal measurements can be used to configure the CoMP Measurement Set.

· Note that other measurements, such as mobility measurements or SRS, can also be used to configure the CoMP Measurement Set.

· Note that this is independent of existing mobility measurements and procedures.

· How the network decides which CSI-RS resources to include in the CoMP Resource Management Set is up to network implementation.

· The set of CSI-RS resources in the CoMP Resource Management Set and the set of CSI-RS resources in the CoMP Measurement Set can be independent.

· The CSI-RS based received signal quality measurement would be at least CSI-RS RSRP.


Several open issues remain with the CoMP Resource Management Set:
· Maximum size of the CoMP Resource Management Set

· How many antenna ports are used for the CSI-RS RSRP measurement

· Whether to support RSRQ-type CSI-RS based measurement in addition to CSI-RS RSRP measurement

· Bandwidth for the CSI-RS RSRP measurement

· Use system bandwidth

· Or CSI-RS BW if configured separately

· Or do not specify in RAN1 specs

· Detailed wording of CSI-RS RSRP measurement definition.

In this contribution we provide system-level simulation results on CSI-RS RSRP measurements and address some of the open issues.

2
Discussion
Maximum size of the CoMP Resource Management Set
The purpose of the CoMP Resource Management Set is to minimize the CoMP Measurement Set configured for each UE, while still ensuring that the relevant points are included in the CoMP Measurement Set.  Points in the CoMP Measurement Set require more complete CSI feedback that can be costly in terms of feedback and UE complexity, as the set size increases.  On the other hand, points in the CoMP Resource Management Set do not require as much feedback and may require fewer measurements, thus reducing UE complexity.
For the CoMP scenarios currently under study, it may be feasible that the CoMP Resource Management Set be the entire CoMP coordinating cluster. The CoMP scenario that has the largest number of points in the cluster is CoMP scenario 2 where a coordination cluster is 9 cells. However, for more complex CoMP scenarios with more points in the CoMP coordinating cluster, the CoMP Resource Management Set may need to be a subset of the CoMP coordinating cluster.

Another reference point for the determination of the maximum size is the existing requirement (from 36.133) for the UE to be capable of performing RSRP measurements for 8 cells.
In view of the above, it would appear reasonable to set a maximum size of 8 for the CoMP Resource Management Set.

Proposal 1: The maximum size of the CoMP Resource Management Set is 8.

Whether to support RSRQ-type CSI-RS based measurement in addition to CSI-RS RSRP measurement
It has been proposed that there may be a need to support RSRQ-type measurement for CoMP Resource Management Set points.  The main argument to use RSRQ-type measurement is to allow the selection of points to be included into the CoMP Measurement Set to have an indication of the actual quality of the received signal.  For example, it has been argued [1] that there may not be a need for points whose RSRP falls below residual interference to be included in the CoMP Measurement Set.
The original intent for RSRQ measurement is to obtain a better understanding when taking inter-frequency measurements.  However for current CoMP Resource Management Sets, all measurements are assumed to be intra-frequency.  Furthermore, the quality of the signal depends on what is considered interference.  Depending on the CoMP scheme chosen by the network, the interference experienced at the UE may change.  Therefore the RSRQ measurements may not be very useful.
Proposal 2: Only support CSI-RS RSRP-type measurements for points in the CoMP Resource Management Set.
Bandwidth for the CSI-RS RSRP measurement
For CRS based RSRP measurements, the measurement bandwidth is fixed to 6 RBs.  This ensures RSRP measurements can be taken for any cell regardless of cell bandwidth.  For the case where all possibly coordinating points have the same bandwidth, it may be advantageous to measure CSI-RS RSRP on the entire bandwidth.  However, it is unclear if in CoMP, different points of a CoMP coordinating cluster will have the same or different bandwidths.  
When a UE is configured with CSI-RS resources for CoMP Resource Management Set it may be also configured with a bandwidth for each CSI-RS resource.  In such a case UEs may use the appropriate bandwidth to make the required measurements for each point.
However, using different bandwidths for different points leads to different accuracy for each point.  To ensure that all CSI- RS RSRP measurements maintain the same accuracy, it is therefore desirable to keep the measurement bandwidth fixed.  Based on accuracy results shown below that indicate that with proper design CSI-RS RSRP accuracy can approach CRS based RSRP, we believe that using the same bandwidth of 6 RBs is sufficient.

Proposal 3: CSI-RS RSRP measurements should be taken over a bandwidth of 6 RBs.
How many antenna ports are used for the CSI-RS RSRP measurement
We provide simulation results to compare CSI-RS RSRP to CRS based RSRP for many UEs with a wide range of SINRs in a CoMP scenario 4 type deployment.  In these results we assume that CoMP points have 2 transmit antennas and the UE is able to estimate RSRP using both ports.  The measurements are done over 6 RBs and taken every 40 ms (with an average done over a sliding window of 200ms).  In Figure 1 we compare the difference in RSRP estimation error between CSI-RS RSRP and CRS based RSRP.  Muting means that other points in a CoMP coordinating cluster use ZP CSI-RS to mute during NZP CSI-RS of every point in the cluster.  With few points in a CoMP cluster, the cost of using ZP CSI-RS can be kept minimal.  Furthermore it has been proposed [2] that CSI-RS resources configured for CoMP Resource Management Set may be independent from those used for CoMP Measurement Set.  Therefore, the periodicity could be reduced for CoMP Resource Management Set CSI-RS, to further lessen the impact of muting.  Figure 1-b shows that CSI-RS RSRP with muting approaches the RSRP estimation performance of CRS based RSRP.
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Figure 1: CRS vs. CSI-RS RSRP estimation error
In Figure 2 we provide results when estimating RSRP over 1 or 2 ports of the CSI-RS.  For these results, we assume that the CSI-RS used for RSRP is the same as that used for CoMP Measurement Set CSI feedback.  However, a UE may be configured to estimate RSRP over a single port, and over a greater periodicity of the actually transmitted CSI-RS.  In such a case, for the 1 port results, the CSI-RS is half power over two REs per port.  This is what leads to the degradation in performance seen in Fig. 2.
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Figure 2: CRS vs. CSI-RS RSRP estimation error for 1 vs. 2-ports
On the other hand, if for each point the CSI-RS configured for CoMP Resource Management Set is designed independently of the CSI-RS configured for CoMP Measurement Set, then it is possible that for 1 port results, the CSI-RS is full power over 1 RE per port.  In such a scenario, 1-port estimation will essentially become the same as 2-port estimation with possibly greater estimation variance due to fewer samples.  However, if we assume a bandwidth of 6 RBs and measurements every 40 ms averaged over 200 ms, the difference in estimation noise becomes unnoticeable.  In such a case, 1-port estimation approaches 2-port estimation shown in Fig. 2.  
To give flexibility to the network in deciding whether to reuse or not the CSI-RS resources of the CoMP Measurement set, while ensuring uniform performance, one possibility could be that the UE measures on 1 port if the CSI-RS resources is configured with 1 port, and 2 ports otherwise.
Proposal 4: The UE measures over 1 port if the number of ports configured for the CSI-RS is 1, and 2 otherwise.
Detailed wording of CSI-RS RSRP measurement definition
Based on the arguments presented in this paper the CSI-RS RSRP measurements may be defined as:

CSI-RS received power (CSI-RS RSRP), is defined as the linear average over the power contributions (in [W]) of the resource elements that carry CSI reference signals within the considered measurement frequency bandwidth.

For CSI-RS RSRP determination the CSI reference signals R15 according to TS36.211 shall be used.  If R16 is available according to higher layer configuration, the UE shall use R16 in addition to R15 to determine CSI-RS RSRP.
The reference point for the CSI-RS RSRP shall be the antenna connector of the UE.

If receiver diversity is in use by the UE, the reported value shall not be lower than the corresponding CSI-RS RSRP of any of the individual diversity branches.

3
Conclusion
In this paper we have presented our views on the remaining issues of CSI-RS based received quality measurements.  We have provided simulation results that show the performance of different methods to better CSI-RS based RSRP performance.  Based on our discussion we propose the following:
Proposal 1: The maximum size of the CoMP Resource Management Set is 8.

Proposal 2: Only support CSI-RS RSRP-type measurements for points in the CoMP Resource Management Set.
Proposal 3: CSI-RS RSRP measurements should be taken over a bandwidth of 6 RBs.
Proposal 4: The UE measures over 1 port if the number of ports configured for the CSI-RS is 1, and 2 otherwise.
Text Proposal
CSI-RS received power (CSI-RS RSRP), is defined as the linear average over the power contributions (in [W]) of the resource elements that carry CSI reference signals within the considered measurement frequency bandwidth.

For CSI-RS RSRP determination the CSI reference signals R15 according to TS36.211 shall be used.  If R16 is available according to higher layer configuration, the UE shall use R16 in addition to R15 to determine CSI-RS RSRP.

The reference point for the CSI-RS RSRP shall be the antenna connector of the UE.

If receiver diversity is in use by the UE, the reported value shall not be lower than the corresponding CSI-RS RSRP of any of the individual diversity branches.
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Appendix A

Table 1: Summary of system-level simulation assumptions
	Parameter
	Values used for evaluation

	Deployment
	Config. 4b

· 4 Pico per Macro cell, 30 UEs in Macro cell area with 5 UEs per LPN/Pico, and remaining 10 UEs dropped in Macro cell area

	Simulation case
	ITU UMa/UMi

	Macro and Pico Tx power
	Macro cell: 46 dBm

LPN / Pico: 30 dBm

	System bandwidth
	10 MHz 

	Antenna configuration
	2x2x2 Xpol

	Antenna Pattern
	Macro cell: 3D

LPN/Pico: 2D


