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1 Introduction

A working assumption on signal quality measurements over CSI-RS was made at RAN1#68, for the purpose of managing the CoMP Measurement Set. A LS [1] was subsequently sent to ask RAN4 about the feasible measurement and timing accuracy. At RAN1#68bis, RAN1 agreed that the signal quality measurements would be at least RSRP. The set of CSI-RS resources used for RSRP measurements was defined as the CoMP Resource Management Set.
RAN4 has replied to RAN1 to ask for guidance on the following points [2]:

1. Clarify the action related to timing accuracy requested in the previous RAN1 LS [1]
2. Maximum number of transmission points used in CoMP measurement set management.

3. Whether zero-power CSI-RS in neighboring RRH should be used in RAN4 analysis? If so, what assumptions have been made regarding the muting in RAN1.
4. From system performance point of view, how fast the CoMP management set needs to be updated.    

In this document, we discuss the above points for the four CoMP scenarios with respect to RAN4’s simulations and propose a possible reply to RAN4.
2 Action related to timing accuracy for CSI-RS RSRP measurements
In [1], RAN1 emphasized that “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”. RAN1 subsequently asked RAN4 to provide “what timing and measurement accuracy is feasible for CSI-RS based received signal quality measurement”.
The timing of the received CSI-RS is relevant to evaluations of RSRP measurements based on CSI-RS because it will have an impact on the accuracy of the RSRP measurement. One RSRP measurement is taken for each CSI-RS resource in the CoMP Resource Management Set, where one or two ports could be configured in one CSI-RS resource. Since different CSI-RS resources are typically transmitted by different transmission points (i.e., different physical locations), received timing will be different for different CSI-RS resources due to different propagation delays. However, two ports in one CSI-RS resource will be received with the same timing. The received timing of the CSI-RS may also be different than the received timing of the PSS/SSS/CRS of the serving cell. RAN1 asked RAN4 to consider that the UE assumes that the received timing of the CSI-RS is the same as that derived from the PSS/SSS of the serving cell, while modelling the propagation delay to account for differences in received timing of PSS/SSS/CRS and CSI-RS resources.

The definition of the CoMP scenarios in TR36.819 [3] includes cases where points in the same coordination area are connected by optical fibers or located at the same site, as shown in Figure 1. It is not expected that cases where points are not connected by fibers would be supported in Rel-11 specifications, since RAN1 has not discussed methods to ensure the proper operation in these cases during the course of the Work Item. It should therefore be assumed that the transmission time of points in the same coordination area is perfectly aligned, and that the dominant effect of receive timing errors is due to the difference in propagation delay between different transmission points and the UE. 
Based on this assumption for all four CoMP scenarios, the measurement accuracy of CSI-RS RSRP can be evaluated by simulations where modelling of receive timing errors only accounts for differences in propagation delay in typical deployment scenarios, such as defined in [4] where the cell radius was assumed to be 500 meters. Based on this feasible timing accuracy, which does not need to be quantified, RAN4 should provide what measurement accuracy is feasible for CSI-RS RSRP, since only the measurement accuracy is directly relevant to the usage of the CSI-RS RSRP for the selection of points for the CoMP Measurement Set, with criteria such as RSRP difference or RSRP threshold.
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Figure 1 – Rel-11 CoMP Scenarios [3]
Observation: RAN1 does not expect a numerical value of feasible timing accuracy from RAN4, but rather an answer to the feasible measurement accuracy based on evaluations that realistically model the difference in propagation delay from different transmission points observed at the UE receiver, where the transmission time of different transmission points in the CoMP Resource Management Set is assumed to be perfectly aligned via the use of optical fiber connections.
3 Maximum number of points selected for the CoMP Measurement Set

It is FFS in RAN1 whether the maximum number of CSI-RS resources in the CoMP Measurement Set is 2 or 3. The more stringent requirement would be to support the accurate selection of 3 transmission points out of the CoMP Resource Management Set. Thus it would be preferable for RAN4 to study the accuracy of CSI-RS RP measurements based on the assumption that the maximum number of CSI-RS resources in the CoMP Measurement Set is 3, at least until a final decision is made in RAN1. The number of CSI-RS resources (i.e. points) in the CoMP Resource Management Set configured for a UE would depend on the simulation scenario, where a typical size of 5 could be assumed for HetNet (1 macro sector + 4 LPNs).
4 Usage of muting for CSI-RS RSRP measurements

The usage of muting was introduced for improving the measurement accuracy for CoMP CSI feedback. It is therefore expected that muting will be widely configured in the network as soon as CoMP UEs operate. RAN1 agreed that the configurations of the CoMP Resource Management Set and the CoMP Measurement Set are independent. This leaves flexibility for the network to configure CSI-RS resources that belong to the CoMP Measurement Set but not to the CoMP Resource Management Set, or to configure only a subset of the CSI-RS ports from the CoMP Measurement Set into the CoMP Resource Management Set. In typical scenarios it will be possible to reuse some of the CSI-RS used for CSI feedback as CSI-RS for RSRP measurements. An example is given in Figure 2 for heterogeneous networks.
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Figure 2 – Example of configuration of CoMP Resource Management Set
In this example, considering that two antenna ports should be sufficient for RSRP measurements, the network can reuse CSI-RS ports 15 and 16 of each CSI-RS resource in the CoMP Measurement Set for the purpose of RSRP measurements, while using ports 17 and 18 for CSI feedback only. Thus the network separately signals 3 CSI-RS resources with 2 ports each for the CoMP Resource Management Set. Since the corresponding CSI-RS resources for CSI feedback benefit from muting, so will the CSI-RS resources for RSRP measurements. In order to save downlink RS overhead, this type of configuration of the CoMP Resource Management Set would be preferred by the network.

Observation: RAN1 considers that the configuration of zero-power CSI-RS resources in the CoMP coordination area to ensure the quality of CSI measurements would at the same time be exploited for increasing the measurement accuracy of RSRP over CSI-RS, without additional efforts or downlink overhead. Therefore, RAN1 recommends that RAN4 assumes that muting is mutually applied among all points in the same CoMP Resource Management Set.
5 Updating rate of the CoMP Resource Management Set

A CoMP UE is typically a fixed UE or a low-mobility UE. Low mobility of the UE is handled by re-configuration of the CoMP Measurement Set. A re-configuration of the CoMP Resource Management Set would occur only in cases where a UE moves from one CoMP coordination area to another CoMP coordination area, such as moving from one cell to another cell in scenario 4. In scenarios 1/2/3, the UE might stay in the same CoMP coordination area even during handover, but it is not expected that CoMP operation would be maintained during handover. Hence the expected behaviour of the network is that the CoMP Resource Management Set is re-configured for the UE after handover, whether or not the set has changed. While it is possible that a large number of transmission points belong to the same CoMP coordination area, such as in scenario 4 with a large number of RRHs, it is still not expected that the UE would be able to move quickly past several transmission points within the CoMP coordination area and at the same time maintain CoMP operation. Therefore, the updating rate of the CoMP Resource Management Set is expected to be no faster than tens of seconds or minutes.
6 Conclusions
In the context of RAN4’s request for simulation details, this contribution provides an analysis of the requirements for the CoMP Resource Management Set in relation with timing accuracy, the maximum number of points that could be selected for the CoMP Measurement Set, the usage of muting in the configuration of the CoMP Resource Management Set, and the updating rate of the CoMP Resource Management Set.

Based on the observations in this document, it is proposed to send a LS to RAN4 with the following response to the four questions:

Q1. Clarify the action related to timing accuracy requested in the previous RAN1 LS [1]

A1. RAN1 does not expect a numerical value of feasible timing accuracy from RAN4, but rather an answer to the feasible measurement accuracy based on evaluations that realistically model the difference in propagation delay from different transmission points observed at the UE receiver, where the transmission time of different transmission points in the CoMP Resource Management Set is assumed to be perfectly aligned via the use of optical fiber connections.
Q2. Maximum number of transmission points used in CoMP measurement set management.
A2. RAN1 considers that the RSRP measurements taken on the CoMP Resource Management Set should be of sufficient accuracy to allow the selection of a maximum of three points to be configured in the CoMP Measurement Set. The size of the CoMP Resource Management Set is related to the number of points in the CoMP coordination area, which could be assumed to be 5 for simulations of scenarios 3 and 4 (1 macro sector and 4 lower power nodes).
Q3. Whether zero-power CSI-RS in neighboring RRH should be used in RAN4 analysis? If so, what assumptions have been made regarding the muting in RAN1.
A3. RAN1 considers that the configuration of zero-power CSI-RS resources in the CoMP coordination area to ensure the quality of CSI measurements would at the same time be exploited for increasing the measurement accuracy of RSRP over CSI-RS. Therefore, RAN1 recommends that RAN4 assumes that muting is mutually applied among all points in the CoMP Resource Management Set.
Q4. From system performance point of view, how fast the CoMP management set needs to be updated.    

A4. RAN1 considers that the updating rate of the CoMP Resource Management Set would be no faster than tens of seconds.
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