3GPP TSG RAN WG1 Meeting #69
R1-122483
Prague, Czech Republic, 21st – 25th May 2012
Agenda Item:
7.5.3
Source: 
Alcatel-Lucent, Alcatel-Lucent Shanghai Bell
Title:
CSI-RS based received signal quality measurements
Document for:
Discussion / decision
1 Introduction 
In RAN1#68, a working assumption was made to introduce a CSI-RS based received signal quality measurement (e.g. RSRP) and reporting. In RAN1#68bis, it was agreed that the CoMP Resource Management Set is the set of CSI-RS resources for which CSI-RS based received signal measurements can be made and reported, and that it is up to network implementation how to decide which CSI-RS resources to include in the CoMP Resource Management Set. It was also agreed that the CSI-RS based received signal quality measurement would at least be CSI-RS RSRP.
The following issues were left open until RAN1#69:
· Maximum size of the CoMP Resource Management Set

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

· Bandwidth for the CSI-RS RSRP measurement 

· Detailed wording of CSI-RS RSRP measurement definition

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

In this document we disuss these open issues. 

2 Discussion
2.1 Maximum size of the CoMP Resource Management Set
Since the CoMP Resource Management Set is supposed to assist with the configuration of the CoMP Measurement Set, the maximum size of the CoMP Resource Management Set should obviously not be less than the maximum size of the CoMP Measurement Set.
If the CSI-RS RSRP measurement is to be useful for the agreed purpose, it should ideally be possible to configure CSI-RS RSRP measurements for all the TPs within a macro cell in CoMP Scenario 4, since the network might not have any other information about the location of the UE with respect to the RRHs. 

From the point of view of RAN1, currently no limitation has been specified on the number of non-zero-power CSI-RS resources that can be configured for a Rel-11 UE. Therefore it is logical that there does not need to be any constraint from a RAN1 point of view on the maximum size of the CoMP Resource Management Set. (Note that RSRP signal quality measurements are carried by higher layer signalling and therefore the number of measurements to be reported does not impose any constraint on the physical layer signalling design.)

Therefore we propose:

Proposal 1: No limit on the maximum size of the CoMP Resource Management Set is needed from a RAN1 point of view. Any limit (if any is needed from a UE implementation point of view) should be decided by RAN4. In any case, the maximum size of the CoMP Resource Management Set should not be less than the number of CSI-RS resources that can be configured for a Rel-11 UE (for which there is currently no limit). An LS should be sent to RAN2 and RAN4 on this point. 

2.2 Number of antenna ports for the CSI-RS RSRP measurement
For the Rel-8 CRS-based RSRP measurement, the first antenna port (port 0) is used. If the UE can reliably detect that port 1 is available, it may use port 1 in addition.
For the CSI-RS based RSRP measurement, unlike the CRS-based RSRP measurement, the CSI-RS resources have to be configured by the eNB before the UE can make the measurements. This means that the UE in principle knows exactly the number of antenna ports in the CSI-RS resource with certainty in advance, and could therefore always use all the ports for the CSI-RS RSRP measurement. However, this would require the UEs to implement multiple different CSI-RS RSRP measurements for different numbers of antenna ports (1,2,4,8). Moreover, given that RSRP measurements are long-term measurements including filtering, a single antenna port should be sufficient, since single-antenna fading can be averaged out. 

Observation: A single antenna port should be sufficient for a CSI-RS RSRP measurement. 
If only one antenna port is used for the CSI-RS based RSRP measurement, two alternative configurations may be considered:

1. configure multiple CSI-RS resources and measure port 15 in each resource, or

2. make multiple RSRP measurements (each on a single port) within one CSI-RS resource.

With the first alternative, the smallest possible overhead per configured CSI-RS RSRP measurement would be 2 REs per PRB pair, since it is not possible to multiplex CSI-RS and PDSCH in a pair of REs using CDM. The second alternative therefore has potentially lower overhead. However, given that each CSI-RS RSRP measurement is supposed to relate to a different TP, each CSI-RS port may be received with a significantly different power level. Using CDM between two CSI-RS ports with significantly different received power levels is likely to degrade the measurement accuracy. Therefore we do not see any useful advantage in the second alternative. 
Note also that because the CSI-RS patterns follow a nested structure, the network could configure a smaller number of antenna ports (e.g. 2) for the CSI-RS resources configured for RSRP measurements than for the CSI feedback from other UEs on the same CSI-RS resources. This means that the overhead could be kept reasonable, even with the first alternative. 
Therefore we propose to adopt a similar approach as for CRS-based RSRP:

Proposal 2: For CSI-RS based RSRP, the first antenna port (port 15) is used. If the CSI-RS resource is configured with more than one antenna port, the UE may use one or more of the other antenna ports in addition. 
2.3 Bandwidth for the CSI-RS RSRP measurement

Three alternatives were discussed in RAN1#68bis for the bandwidth of the CSI-RS RSRP measurements:

· use the system bandwidth, or
· use the CSI-RS bandwidth if configured separately from the system bandwidth, or
· do not specify in RAN1 specifications.
Clearly the system bandwidth could not be used if the CSI-RS bandwidth were to be configured to be less than the system bandwidth (in Rel-10, the CSI-RS bandwidth is the same as the system bandwidth). For simplicity and predictability of the measurements, it will be most suitable if the CSI-RSRP measurement is defined to use the full CSI-RS bandwidth. 

Therefore we propose:

Proposal 3: The measurement bandwidth for CSI-RSRP is the CSI-RS bandwidth.
2.4 CSI-RS RSRP measurement definition

In order to avoid confusion, the CSI-RS based RSRP measurement should be introduced as a new measurement, independent of the Rel-8 RSRP measurement (which continues to be used for all inter-cell mobility purposes), and with a different name; we propose “CSI-RSRP”.

Based on the discussion above, the definition of the CSI-RS based RSRP can be largely based on the CRS RSRP definition. One detail to be addressed is that the CSI-RS power is spread across two REs. This can be addressed either by reporting the power as if all the energy from both REs were received in one RE, or by simply reporting the actual measured received power. Given that the eNB can anyway make any necessary correction, it seems reasonable simply to report the actual measured receive power averaged over the two REs of the measured antenna port.
With regard to the applicability of the measurement, since the purpose of the measurement is to assist with CoMP Measurement Set management, there is no need for the CSI-RS RSRP measurement in RRC_IDLE. Also, the measurement is also obviously not applicable for the inter-frequency case in RRC_CONNECTED. 
Therefore we propose:

Proposal 4: The following definition should be adopted for the CSI-RS RSRP measurement definition:  
5.1.1A
CSI Reference Signal Received Power (CSI-RSRP)

	Definition
	CSI-RS Received Power (CSI-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-RSRP determination the CSI reference signal R15 according TS 36.211 [3] shall be used. If other CSI reference signal ports are available within the same CSI reference signal resource, the UE may use any of them in addition to R15 to determine CSI-RSRP.

The reference point for the CSI-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- RSRP of any of the individual diversity branches. 

	Applicable for
	RRC_CONNECTED intra-frequency


Note1: The number of resource elements within the considered measurement frequency bandwidth and within the measurement period that are used by the UE to determine CSI-RSRP is left up to the UE implementation with the limitation that corresponding measurement accuracy requirements have to be fulfilled.
Note 2: The power per resource element is determined from the energy received during the useful part of the symbol, excluding the CP.

2.5 RSRQ-type CSI-RS based measurements

The purpose of CSI-RS based RSRP is to help the network to decide which CSI-RS resources should be included in the CoMP measurement set. This is therefore an intra-frequency measurement, and we see no benefit from introducing an RSRQ-like measurement. 
Proposal 5: No additional CSI-RS based measurements are introduced in Rel-11.

3 Conclusions
In this document we have discussed the open issues for CSI-RS based RSRP measurements, and we make the following proposals:
Proposal 1: No limit on the maximum size of the CoMP Resource Management Set is needed from a RAN1 point of view. Any limit (if any is needed from a UE implementation point of view) should be decided by RAN4. In any case, the maximum size of the CoMP Resource Management Set should not be less than the number of CSI-RS resources that can be configured for a Rel-11 UE (for which there is currently no limit). An LS should be sent to RAN2 and RAN4 on this point. 

Proposal 2: For CSI-RS based RSRP, the first antenna port (port 15) is used. If the CSI-RS resource is configured with more than one antenna port, the UE may use one or more of the other antenna ports in addition. 

Proposal 3: The measurement bandwidth and number of measured REs within the measurement bandwidth is left to UE implementation.

Proposal 4: The following definition should be adopted for the CSI-RS RSRP measurement definition:  
5.1.1A
CSI Reference Signal Received Power (CSI-RSRP)

	Definition
	CSI-RS Received Power (CSI-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-RSRP determination the CSI reference signal R15 according TS 36.211 [3] shall be used. If other CSI reference signal ports are available within the same CSI reference signal resource, the UE may use any of them in addition to R15 to determine CSI-RSRP.

The reference point for the CSI-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- RSRP of any of the individual diversity branches. 

	Applicable for
	RRC_CONNECTED intra-frequency


Note1: The number of resource elements within the considered measurement frequency bandwidth and within the measurement period that are used by the UE to determine CSI-RSRP is left up to the UE implementation with the limitation that corresponding measurement accuracy requirements have to be fulfilled.
Note 2: The power per resource element is determined from the energy received during the useful part of the symbol, excluding the CP.

Proposal 5: No additional CSI-RS based measurements are introduced in Rel-11.



























































































































































































































































































