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1
Introduction

In RAN1 #68, the management of CoMP measurement set was discussed. The following working assumption was made:
· “Introduce CSI-RS based received signal quality measurement (e.g. RSRP) and reporting, at least for the following purpose:

· CoMP measurement set management for CSI feedback (according to the definition in TR36.819).

· This functionality is configurable by network

· Note that this proposal does not have any impact on inter-cell mobility handling

· For the purpose of the CSI-RS based received signal quality measurement, the UE may assume the timing of the received CSI-RSs is the same as that derived from the PSS/SSS of the serving cell

· Note that this does not imply anything about the assumed timing for other measurements 

· Send an LS to RAN2 and RAN4 to inform this decision”
In this contribution, the configuration of CSI-RS resources for RRM measurement is discussed.
2
RRM measurement set
The CSI-RS -based RRM measurement is used for determining the signal quality of the transmission points in order to configure the CoMP measurement set. The need for the new type of RRM measurement is motivated mainly by CoMP scenario 4, in which the CRS-based measurement is not applicable, as the transmission points share one physical cell-ID and the CRS are sent either with a single frequency network (SFN) type of transmission or for example only from the macro node. The CSI-RS can be configured separately for each transmission point therefore making the transmission points distinguishable to the UE.
The CSI-RS resources to be included in the RRM measurement set are configured UE-specifically by the network. The exact details of the RRM measurement set configuration are left for network implementation; for example uplink sounding reference symbols (SRS) may be used for determining the RRM measurement set. The details of the size of the measurement set are discussed in our companion contribution [1]. This contribution focuses on the CSI-RS configuration for the RRM measurements.
Observations:

· The need for the new type of RRM measurement is motivated mainly by CoMP scenario 4.

· The RRM measurement set is configured UE-specifically by the network.

3
Configuration of CSI-RS resources

The RRM measurement is a simple signal quality measurement and it is not used for the actual CSI feedback computation. The CSI feedback, e.g. CQI and PMI, is based on the measurements made from the CoMP measurement set. The two measurement types are intended for different functionalities, which should be considered when assigning the CSI-RS resources for the corresponding measurement sets.
The essential question is whether the RRM measurement set and the CoMP measurement set should contain shared or separate CSI-RS resources, i.e. whether the two are configured independently from each other. Note that even if the CoMP measurement points are a subset of the points configured for RRM measurement set, the CSI-RS resources as such do not necessarily need to be the same. This can be analysed by comparing the required CSI-RS overhead of shared and separate CSI-RS resources, while also taking into account the characteristics of both measurement types.

Observation:

· The RRM measurement set and the CoMP measurement set may contain shared or separate CSI-RS resources.

In order to extract reliable CSI feedback from the channel, the CSI-RS for CoMP measurement need to have high enough periodicity. In addition, those CSI-RS need to be able to represent the spatial dimensions of the radio channel, therefore requiring a number of configured antenna ports matching to the number of actual physical antennas of the transmission point. 
For the RRM measurements, the CSI-RS periodicity can be clearly lower, as it is expected that the CoMP measurement set is updated less often compared to the time-density of CSI feedback reports. In addition, the RRM measurements can be conducted with a lower number of configured antenna ports, as the signal quality measurement does not need to fully capture the spatial dimension of the radio channel. Hence, the eNB could choose to virtualize the physical antennas into a smaller number of CSI-RS ports for the purposes of RRM measurements.
In addition to the different requirements for the CSI-RS periodicity and antenna port configuration between the RRM measurement set and the CoMP measurement set, different re-use factors of the CSI-RS configurations can be considered. The fundamental assumption is that the RRM measurement set may need to be larger than the CoMP measurement set since the UE makes the signal quality measurement for a larger number of transmission points than it calculates the CSI feedback for. Therefore, a larger re-use factor can be considered for the CSI-RS of the RRM measurement set.
Observation:

· The CSI-RS configured for RRM measurements can have lower periodicity and mapped on a lower number of configured antenna ports.
· The CSI-RS configured for RRM measurements can have a larger re-use factor.
Assuming the previously mentioned characteristics of the RRM and CSI measurements, an exemplary pen-and-paper analysis on the CSI-RS overhead is conducted for shared and separate CSI-RS resources.

In option 1, it is assumed that the RRM measurement set and the CoMP measurement set have shared CSI‑RS resources. Furthermore, the CoMP measurement set is a subset of the RRM measurement set. In order to capture the channel state for reliable CSI feedback, it is assumed that the CSI-RS are sent every 10 ms. The CSI-RS are configured for 4 transmit antennas. From the RRM measurement perspective, it is assumed that the RRM measurement set consists of a total of 8 transmission points. Here we are essentially following the current requirements for CRS-based RRM measurements that state that the UE should be able to measure up to 8 cells [2]. The per-PRB CSI-RS overhead is calculated as follows:
Option 1: Shared CSI-RS configuration

· 8 CSI-RS resources (re-use factor 8)
· 4Tx pattern
· 10 ms periodicity
· 8  x 4 REs per PRB per 10 ms
→ 128 REs per PRB per 40 ms
In option 2, the RRM measurement set and the CoMP measurement set have separate CSI‑RS resources. The re-use factor of the CSI-RS resources configured for the CoMP measurement set is 3. These CSI-RS are configured with 10 ms periodicity and with 4Tx pattern. For the RRM measurement set, CSI-RS re-use of 8 is considered, and the resources are configured with 40 ms periodicity and 1Tx pattern. It is assumed that the physical antennas are virtualized into one antenna port for the RRM measurements. The per-PRB CSI-RS overhead is given as:

Option 2: Separate CSI-RS configuration

· For CoMP measurement set

· 3 CSI-RS resources (re-use factor 3)
· 4Tx pattern

· 10 ms periodicity
· 3 x 4 REs per PRB per 10 ms

· For RRM measurement set

· 8 CSI-RS resources (re-use factor 8)
· 1Tx pattern

· 40 ms periodicity
· 8 x 2 REs per PRB per 40 ms
→ 64 REs per PRB per 40 ms
It can be observed from the exemplary overhead calculations that a shared CSI-RS configuration causes twice the CSI‑RS overhead compared to separate configurations. Naturally, the exact overhead difference depends on the size of both measurement sets, the required antenna configuration and the CSI-RS periodicity. However, the parameters of the example calculations are chosen to represent a sound system setup, and the results show the trend that separarate CSI-RS configurations between the RRM measurement set and the CoMP measurement set result into lower CSI-RS overhead. 
It is also noted that from UE implementation perspective measuring a small set of (virtualized) antenna ports is significantly simpler than measuring a large number of antenna ports per CSI-RS resource. Of course the UE could be measuring only one antenna port anyway for each CSI-RS resource, but in this case the RS transmit power (and hence received power and CSI-RS SINR available for RRM measurement) per measured CSI-RS port would be 3 dB smaller in case there are more than one CSI-RS port due to the orthogonal cover code and power splitting between the ports. This would likely lead to worse estimation performance.

It is further noted that if the CoMP measurement set and RRM measurement set configurations are completely independent, the eNB always has the freedom to still configure exactly the same sets for the UE.
Based on the discussion, we propose:
Proposal:
-
The CSI-RS configuration of the RRM measurement set should be separate from the configuration of CoMP measurement set.
4
Conclusions

In this contribution, the characteristics of RRM measurement are discussed and compared to CoMP measurement. Based on the discussion, exemplary CSI-RS parameters for both shared and separate configurations are given, and the resulting overhead is analysed. The discussion leads to the following proposal:
Proposal:
-
The CSI-RS configuration of the RRM measurement set should be separate from the configuration of CoMP measurement set.
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