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1
Introduction
In RAN1#68bis, it was agreed that the CSI-RS based received signal measurements can be used for configuring the CoMP Measurement Set. The CSI-RS based measurements are conducted based on the CSI-RS resources that are included in the CoMP Resource Management Set. The following issues regarding the resource management set were left for further study until RAN1#69:
· 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, these remaining issues are discussed.
2 CoMP Resource Management Set configuration
The details of the CoMP Resource Management Set configuration have not been agreed yet except that this set can be configured independently from CoMP Measurement Set. It needs to be decided, how many CSI-RS resources are included in the set and also what information the configuration signaling includes.
2.1 Signaling of the CSI-RS parameters
It was agreed in RAN1#68bis that the CSI-RS resources in CoMP Resource Management Set can be configured independently from the CoMP Measurement set. This means that the two sets of CSI-RS resources have separate signaling. Because of the separate signaling, the included CSI-RS parameters can be different. However, the agreement on separate signaling also implies that the CoMP Resource Management Set may be a superset of the CoMP Measurement Set. 

In order to have the resource management set as a superset of the measurement set, for example, the number of antenna ports must be set the same in both sets. Therefore, it is not possible to optimize the signaling of the resource management set by leaving out the number of antenna ports. In fact, most of the signaled CSI-RS parameters for the resource management set need to have the same configurability as the CSI-RS of the measurement set. 
In RAN1#68bis, it was agreed on the CoMP Measurement Set configuration that: 

· Configuration of multiple non-zero-power CSI-RS resources includes at least:
· AntennaPortsCount
· ResourceConfig
· SubframeConfig
· Pc
· Parameter X to derive scrambling initialization
· These parameters are configured per CSI-RS resource
All of these parameters, with the exception of power offset parameter Pc, are required also for the CoMP Resource Management Set, in order to ensure CSI-RS configuration compatibility. The power offset parameter can be left out, as the CSI‑RS resources of the resource management set are not used in CQI computation. The effect of different power levels on the RSRP measurement can be easily compensated by the network.
Considering the compatibility of the CSI‑RS configurations between the CoMP Resource Management Set and the CoMP Measurement Set, we propose:

Proposal:
-
The signalling of the CSI-RS resources for the CoMP Resource Management Set includes the same parameters as the signalling for the CoMP Measurement Set, except the power offset parameter Pc which is not signaled.
2.2 CoMP Resource Management Set size

The maximum size of the CoMP Resource Management Set was left for further study. The set size has to be large enough to include the realistic candidates for CoMP feedback reporting. The network decides independently, which resources are included in the set. In order alleviate the estimation errors by the network, the size of the set may be slightly larger than what can be deduced from transmission point hearability.
However, the effects of mobility do not need to be considered here, as the benefits of CoMP operation with medium to high speed UEs are highly questionable. In addition, the measurements, made based on the CoMP Resource Management Set, are not supposed to be used for mobility procedures in Release-11.
The current requirements for CRS-based RRM measurements state that the UE should be able to measure up to 8 cells [1]. Therefore, the set size of 8 is a good starting point in the discussion on the CoMP Resource Management Set size. 
Therefore we propose:

Proposal:
-
The maximum size of the CoMP Resource Management Set could follow the current assumption of CRS-based RRM measurements, that is, up to 8 measurement resources.

3 Details of CSI-RS based measurement
In this section, the CSI-RS based signal measurement details are discussed. These include the number of CSI-RS ports used for RSRP measurement, the measurement bandwidth and the need for RSRQ measurement.
3.1 Antenna ports for RSRP measurement

It is agreed that the CSI-RS based measurement will be at least RSRP. This type of measurement allows for averaging the estimated power level over multiple transmit antenna ports or alternatively it can be based on a single port only. In addition, the CSI-RS for measurement can be configured with multiple ports or with a single port. In the case of single antenna port, there is no CDM component of the CSI-RS multiplexing and the per-port transmission power is twice the level of e.g. 2-Tx or 4-Tx configurations.
We conducted a simulation on the RSRP measurement accuracy with regard to:

· The number of configured antenna ports in a CSI-RS resource

· The number of antenna ports used for measurement averaging

The results for a frequency non-selective channel are given in Figure 1. Similar comparison for a frequency selective, low-speed channel (EPA5) is given in Figure 2. The simulations were conducted according to the agreed RAN4 link-level simulation assumptions for CSI-RS RSRP measurement feasibility study [2]. A measurement bandwidth of 6 PRBs was assumed.
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Figure 1: RSRP measurement error in AWGN channel.
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Figure 2: RSRP measurement error in EPA5 channel.
It can be seen from the results that in very low SINR (SINR ≤ -6dB) the single antenna port pattern gives the best measurement accuracy. This is due to the higher per-port transmission power with a single-port CSI-RS pattern. Multi-port patterns allow averaging the measurement output over multiple ports, but in very low SINR, the per-port estimates have a considerable amount of noise and the averaging cannot compensate for the loss of accuracy.
With higher operating SINR (SINR ≥ -3dB) the multi-port CSI-RS patterns enables similar or better accuracy compared to the single-port CSI-RS pattern. The best accuracy is achieved, when the measurement is averaged over all configured CSI-RS ports.

According to the results, it can be concluded that both single antenna CSI-RS pattern and multiple port patterns give feasible accuracy in RSRP measurement. If the CSI-RS pattern is configured with multiple antenna ports, the best accuracy is achieved with averaging over all the configured ports. 
In order to get a good RSRP measurement accuracy with different CSI-RS configurations (single antenna port or multiple antenna ports) the UE should be allowed to measure over all configured ports. The UE does not need to detect the number of available ports, as the information is included as a part of the configuration of each CSI-RS resource in CoMP Resource Management Set. Hence, in principle based on this signaling the UE can utilize any of the configured antenna ports, and which antenna ports the UE actually should use should be left for RAN4 to specify by setting suitable performance requirements. Therefore, we propose:
Proposal:
-
The number of antenna ports that the UE has to use for RSRP measurements is left for RAN4.

-
I.e. no limitations set by RAN1 in terms of what can be used.

The required measurement accuracy will be defined by RAN4, and imposing additional restraints to the measurement at this point seems to be unnecessary. 

In addition to the number of antenna ports in the RSRP measurement, the measurement bandwidth has an effect on the accuracy. In our simulations, 6PRB bandwidth was used in order not to present too optimistic view of the measurement accuracy. 
The UE knows the system bandwidth before it is required to measure the RSRP from a CSI-RS resource. There seems to be no motivation for specifying the measurement bandwidth by RAN1. Therefore we propose:
Proposal:
-
The measurement bandwidth of the CSI-RS based RSRP measurement is left for RAN4.
-
I.e. not specified in RAN1 specifications.

3.2 RSRQ measurement

For CRS-based measurements, RSRQ was originally added to LTE as a metric for triggering measurement gaps when coverage was getting bad. For cell ranking based on intra-frequency measurements, both RSRP and RSRQ will give an equal signal ranking (disregarding measurement errors), so the intra-frequency mobility decisions are typically not based on RSRQ in LTE. 

Related to the CSI-RS based measurements, an additional RSRQ measurement has been proposed. However, the use case for such measurement is still unclear, as it has been already agreed that a CSI-RS based RSRP measurement is introduced and it can be used for configuring the CoMP Measurement Set. 
In addition, it was agreed that the introduction of CSI-RS based measurements does not affect the existing mobility measurements and procedures. Therefore, considering the lack of (e.g. mobility) use case for RSRQ measurement and the time frame of Release-11 standardization, we propose:
Proposal:
-
CSI-RS based RSRQ measurement is not introduced in Release-11.
4 Conclusions

In this contribution, we have discussed the open issues related to the CoMP Resource Management Set. Regarding the CSI-RS configuration signaling, we propose:
Proposal:
-
The signalling of the CSI-RS resources for the CoMP Resource Management Set includes the same parameters as the signalling for the CoMP Measurement Set, except the power offset parameter Pc which is not signaled.
Proposal:
-
The maximum size of the CoMP Resource Management Set could follow the current assumption of CRS-based RRM measurements, that is, up to 8 measurement resources.

Regarding the measurements from the CSI-RS of CoMP Resource Management Set, we propose:

Proposal:
-
The number of antenna ports that the UE has to use for RSRP measurements is left for RAN4.

-
I.e. no limitations set by RAN1 in terms of what can be used.
Proposal:
-
The measurement bandwidth of the CSI-RS based RSRP measurement is left for RAN4.

-
I.e. not specified in RAN1 specifications.
Proposal:
-
CSI-RS based RSRQ measurement is not introduced in Release-11.
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