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1 
Introduction
The following agreements have been made in RAN1#68b for CoMP set management. In this contribution, we provide our thinking for some of the open issues remained. 

Agreement:
· 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 at least be CSI-RS RSRP

2 
Dedicated or Shared CSI-RS for RSRP and CSI
In Rel.10, CSI-RS was introduced for CSI measurement, and it has been specifically optimized for that purpose, e.g. zero-power CSI-RS is introduced to guarantee a good estimation quality even the density is so low. When we design the CSI-RS based RSRP measurement and CoMP management set configuration, it’s important to decide firstly whether the CSI-RS used of RSRP is the same used for CSI measurement. 
· Dedicated CSI-RS for RSRP (CSI-RS for RSRP is different from the one used for CSI measurement) 

· Each CSI-RS resource in the management set can cover multiple TPs.
· UE should derives on RSRP on every antenna ports in every CSI-RS resources from management set (not just on AP15)
· Another way is per CSI-RS resource RSRP and each CSI-RS resource contains only one AP
· UE measure AP15 only. 
· Pros: 

· One AP from one TP can utilize the Tx power of two REs. 

· Cons:

· Potentially some additional configuration complexity & overhead for CSI-RS (both NZP and ZP CSI-RS)
· Implies that CSI-RS port (instead of CSI-RS resource) is the basic element of Resource Management set. 
· Shared CSI-RS

· UE only measure Port 15 (only half power of two REs is measured: another half is for port 16)
· UE measure multiple ports, (at least port 15 and 16.), full power of 2 RE is measured. 
· In case TP has only one AP, UE need to measure AP15 for RSRP also. 

· UE needs to handle different number of APs: complexity
· Save CSI-RS overhead&configuration 
· Shared CSI-RS for two purposes
Obviously, it is network choice to use dedicated or shared CSI-RS for RSRP and CSI measurement for one particular UE. And from the above analysis, the on-going RAN1, RAN2 and RAN4 work might be impacted. Therefore, it’s better if RAN1 can make a working assumption by down-selecting from the below options:
Alt.1 The CSI-RS used for RSRP measurement is the same to that used for CSI measurement. (Same)

Alt.2 The CSI-RS used for RSRP measurement is different to that used for CSI measurement. (Dedicated)

Alt.3 Both shared and dedicated CSI-RS are possible (depending on network implementation), and which should be considered for future work. 

Observations: From RAN1 point of view, whether it’s dedicated or shared CSI-RS (for CSI and RSRP) are implementation options. But it might have impact to accuracy study and event trigger design in other WGs. 
Proposal 1: RAN1 should make a work assumption about whether it’s dedicated or shared CSI-RS resource for RSRP and CSI measurement and send LS to RAN2 and RAN4 about the decision.
3     Configuration of CoMP resource management set

CoMP Resource Management Set is defined as a set of CSI-RS resources for which CSI-RS based received signal measurements can be made and reported. Clearly it means more complexity if the size of this set is bigger. The maximum size of management that a UE should monitor CSI-RS RSRP on should be specified. And the number should be decided by the possible applicable scenario together with UE complexity impact. As RAN1 already decided no standard scheme to manage the management set, the size of this set must be big enough to cover all TPs inside of one physical cell. In current RAN1 evaluated scenario, one macro cell can have up to 10 RRH inside, thus size=11 could be a start point. Besides, CSI-RS RSRP is mainly used as some additional optimization based on uplink receptions. That means a large management set size may of no use but increase UE complexity. 

Proposal 2: The size of RRM measurement set should be large enough to cover all TPs within one physical cell. Further smaller size should be considered in the light of UE complexity and necessary scenario. 
It has been decided that CoMP management set and measurement set are independently configured. In another word, the CSI-RS resource in CoMP measurement set is used for CSI measurement. It doesn’t provide additional benefit to let UE also measure RSRP for measurement set but only some additional complexity for UE implementation. 
Proposal 3: UE doesn’t need to measure RSRP for the CSI-RS resources in CoMP measurement set

In the CoMP study item phase, a common used method of CoMP measurement set is based on the received signal power (RSRP). A window is used to decide whether one TP should be added or deleted to/from the measurement set. Therefore CSI-RS based RSRP is needed, however whether we need CSI-RS RSRQ is very questionable: RSRQ is very related to the interference calculated: Similar as the reason to define configurable interference measurement resource to fit different CoMP schemes, the RSRQ definition is also related what CoMP scheme the network is planning for this particular UE. That makes it’s quite difficult to have neat definition of RSRQ, and most probably the RSRQ report is not very help to manage the measurement set. 
Proposal 4: No need to define CSI-RS based received signal quality considering interference (No RSRQ), only received signal power (CSI-RS-RSRP) should be defined.
4 
The definition of CSI-RS based received signal power measurement and report (CSI-RS-RSRP)

A general design principle of LTE is the UE feedback must be testable, and RAN4 design corresponding test case to make sure the UE behave functional correctly. The CSI-RS RSRP feedback must be tested too, and in order to make such feedback testable, a clear definition is needed even if it’s implementation issue of how UE measure it. In this section we provide some of our view on how to define CSI-RS based RSRP. 
Alt.1 CSI-RS based RSRP is defined as on single CSI-RS port (similar to CRS based RSRP now)

· UE should derive the RSRP from one pre-defined (or fixed) CSI-RS port (similar to current RSRP is derived from AP0)

· Total AP number from one TP should be considered. 
· The accuracy of CSI-RS-RSRP might be low because of lower density of CSI-RS.
Alt.2 CSI-RS based RSRP is defined across multiple CSI-RS ports within one CSI-RS resources. 
· Need to define how the APs are combined to derive the CSI-RS-RSRP. 
Proposal 5: FFS whether CSI-RS based RSRP should be derived from single ports or multiple ports depending on the accuracy requirement of CSI-RS and UE complexity. 
Note: eNB can transmit some special CSI-RS ports for the RSRP measurement purpose only. It’s transparent to spec as UE just follow what eNB told it to measure.  
5  Some consideration for CSI-RS RSRP estimation accuracy 
A simple link level simulation has been conducted to check the CSI-RS-RSRP measured on single-port CSI-RS, and the results are shown in Figure 1. It can be seen that the single-port CSI-RS-RSRP measurement is quite different from traditional CRS-RSRP. 
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Figure 1: CSI-RS-RSRP under AWGN channel, 10 MHz BW, 200 ms measurement period with 50 ms interval 

First, the performance of channels estimation is rather poor because the low density of CSI-RS makes it impossible to perform any averaging over the channel estimates from different CSI-RS REs, thus interference plus noise cannot be averaged out from the CSI-RS-RSRP (which is modelled as average power of the channel estimates from different CSI-RS REs). 

Second, since no accuracy channel estimate can be assumed (without considering of muting) available for CSI-RS-RSRP, it is impossible to perform any averaging over the channel estimates from different ports. For example, port 15 and port 16 cannot be coherent combined to get more accurate CSI-RS-RSRP, and it is different from CRS-RSRP from port 0 and port 1.
In CSI-RS-RSRP measurement from single-port CSI-RS UE is not able to tell the signal power from interference plus noise power on the measured CSI-RS REs, which implies that it can be used to configure CoMP Measurement Set only when SINR on the measured CSI-RS REs is high enough. Proper muting should be planned to guarantee the low interference level on the measured CSI-RS REs, and considering the overhead and planning complexity of muting, the RAN4 requirement should be defined with the assumption of limited number of TPs within a cell.
Observation: CSI-RS-RSRP from single-port CSI-RS, due to low density, can only work with high SINR which should then be guaranteed by proper muting. During RSRP measurement, “proper muting” means at least mute all TPs in one cell. Therefore RAN4 requirement on RSRP accuracy should be defined by assuming limited number of TPs within a cell to avoid excessive overhead from muting.   
6 
Conclusion
In this paper, we give our detail proposal on the CSI-RS based RSRP measurement: 
Proposal 1: RAN1 should make a work assumption about whether dedicated or shared CSI-RS resource is used for RSRP and CSI measurement and send LS to RAN2 and RAN4 about the decision.

Proposal 2: The size of RRM measurement set should be large enough to cover all TPs within one physical cell. Further smaller size should be considered in the light of UE complexity and necessary scenario. 
Proposal 3: UE doesn’t need to measure RSRP for the CSI-RS resources in CoMP measurement set
Proposal 4: No need to define CSI-RS based received signal quality considering interference (No RSRQ), only received signal power (CSI-RS-RSRP) should be defined.
Proposal 5: FFS whether CSI-RS based RSRP should be derived from single ports or multiple ports depending on the accuracy requirement of CSI-RS and UE complexity. 
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