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Discussion and decision 
1 Introduction 
RAN1 has provided further details on the CoMP Resource Management set in their LS [1]. In this contribution, we present our views on the CoMP Resource Management procedure.
2 CoMP Resource Management (CRM) procedure 
2.1 Overview
CoMP measurement set is a set of transmission points (TPs) that the UE is required to measure the channel state information (CSI, incl. CQI/PMI/RI) and report at L1. As TPs are distinguished by their CSI-RS resources (particularly CoMP scenario 4), a CoMP measurement set is basically configured via configuration of multiple of non-zero-power CSI-RS resources to the UE. UEs with different locations may observe different set of TPs; hence the configuration is UE-specific. Due to the mobility of UE, the CoMP measurement set needs to updated/reconfigured to maximise the performance of CoMP.  
The function of the CoMP Resource Management (CRM) is to enable the network to determine which TPs should be included in the CoMP measurement set (i.e. addition, removal, replacement of TPs). RAN1 has agreed that the measurement quantity is at least the RSRP. 
The CRM procedure can be described in a high level as follows:

1. After initial access by the UE, the initial CRM set is configured by the network based on deployment knowledge. For example, only the set of TPs within the coverage of the serving cell needs to be configured by the network.

2. Upon configuration the CRM set, the UE measures and reports TP measurement results in the form of RSRP values whenever the configured reporting criterion is satisfied. 

3. Upon reception of UE reports, the network can configure the CoMP measurement set for CSI feedbacks. The network can also refine the CRM set as it sees fit.

An overview of the procedure is illustrated in Figure 1.
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Figure 1: Overview of CRM procedure
2.2 CRM set configuration parameters
As mentioned, a CoMP measurement set or a CRM set consists of multiple non-zero-power CSI-RS resources. One of the principles mentioned in the RAN1 LS [1] is that “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”. In our understanding, it does not mean that the two sets do not overlap as typically the CoMP measurement set would be a subset of the CRM set. RAN1 agreement simply implies that there are independent RRC signalling for configuring the CoMP measurement set and for configuring the CRM set. This is to allow some flexibility of CSI-RS resource configuration for the two sets. For example, in the case of CRM, each CSI-RS resource could correspond to a TP; however, a CSI-RS resource in a CoMP measurement set may correspond to a TP or a set of aggregated TPs for supporting CoMP-JT. Another example is that the number of CSI-RS ports configured for CRM measurement could be 2 for a TP, but it can be 4 for CoMP measurement for the same TP.
It has been agreed in RAN1 that each CSI-RS resource in the CoMP measurement set includes at least the parameters AntennaPortsCount, ResourceConfig, SubframeConfig, Pc, Parameter X to derive scrambling initialization. Similarly, we think that each CSI-RS resource in the CRM set can also comprise a similar set of parameters. The final set of RRC parameters required is currently pending RAN1 input.
The maximum size of CRM set is also currently under discussions in RAN1. In our view, it is beneficial from the UE’s complexity perspective to not blindly detect TPs that are not listed in the CRM set. This is due to the excessive number of possible configurations of a CSI-RS resource (20 resources per subframe x 155 possible periocity and subframe offset combinations = 3100 possible configurations). However, whether or not it is appropriate from the standards viewpoint to prohibit a UE from reporting a detected TP not listed in the CRM set can be further discussed.
Proposal 1: The CRM set, which consists of a list of CSI-RS resources, is explicitly signalled to the UE and the UE is not required to measure/report TPs that are not listed in the CRM set. 

2.3 CRM measurement reporting
CoMP measurement set only needs to be updated in case the signal quality of one or more TPs has changed more than some specified criterion. Furthermore, CoMP performance evaluation by RAN1 also generally assumes slow moving UE (<3km/h). Periodic reporting by the UE can be wasteful if the periodicity of report is too short. On the other hand, CoMP performance can be compromised if the periodicity is set too long which can result in obsolete RSRP information at the network. Hence in our view, report triggering by event should be adopted for CRM purpose.
Proposal 2: CRM reporting by the UE is event triggered. 
A simple event that can be defined to assist the network in managing the CoMP measurement set efficiently is as follows. CRM measurement report can be triggered in the event that the signal quality of a TP has become an offset within that of a reference TP (entering) or has become an offset worse than that of a reference TP (leaving). The reference TP can be defined as the strongest TP (TP with the highest RSRP value).  The coverage of TPs to be reported by the UE can be controlled by the network via configuration of the offset value as illustrated in Figure 2.
In [5], statistics were obtained from the system level simulation methodology in CoMP TR [6] on the percentage of UEs with N TPs detected within offsets of {3dB, 6dB, 9dB} in homogeneous and heterogeneous networks. For convenience, the results are reproduced in Figure 3 and Figure 4, respectively. For example, for case (f) of HetNet in Figure 4, by configuring an offset value of 9dB, 32.5% of UEs see only the strongest TP and therefore not suitable for CoMP; another 30.5% and 20.2% of UEs see two and three TPs, respectively, and those TPs can be included in the CoMP measurement set. Finally, 16.8% of UEs see four or more TPs, and a subset of those TPs (2 or 3) can be included in the CoMP measurement set.  
One example definition for the entering condition and the leaving condition for a possible new Event C1 can be as follows.

Event C1:

Entering condition: 
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Leaving condition: 
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The variables in the formula are defined as follows:
· Mcp is the measurement result of the target TP (dBm for RSRP). 
· Mrp is the measurement result of the strongest TP (dBm for RSRP).

· Hys is the hysteresis parameter for this event (dB)
· Off is the offset parameter for this event (dB)
Upon triggering of the event, the UE reports the TP that triggers the event and the corresponding RSRP value. Note that the TP concerned can be the strongest TP itself. Based on the reports by the UE, the network can select the TPs to be added or removed from the CoMP measurement set. 
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Figure 2: Illustration of coverage of TPs with different offset value.
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(a) Offset = 3dB          



(b) Offset = 6dB         


 (c) Offset = 9dB

Figure 3: Percentage of UEs with N TPs detected within the indicated offset value (Homogeneous deployment) [5].
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(a) Offset = 3dB, 4RRHs 


  (b) Offset = 6dB, 4RRHs   
(c) Offset = 9dB, 4RRHs
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(d) Offset = 3dB, 10RRHs 


 (e) Offset = 6dB, 10RRHs  
(f) Offset = 9dB, 10RRHs
Figure 4: Percentage of UEs with N TPs detected within the indicated offset value (HetNet, uniform UE locations) [5].

Proposal 3: CRM measurement report can be triggered in the event that the signal quality (RSRP) of a TP has become an offset within that of a strongest TP (entering) or has become an offset worse than that of the strongest TP (leaving). 
3 Conclusions
In this contribution, we present our views on the CoMP Resource Management procedure. Our proposals are as follows:
Proposal 1: The CRM set, which consists of a list of CSI-RS resources, is explicitly signalled to the UE and the UE is not required to measure/report TPs that are not listed in the CRM set. 

Proposal 2: CRM reporting by the UE is event triggered. 
Proposal 3: CRM measurement report can be triggered in the event that the signal quality (RSRP) of a TP has become an offset within that of a strongest TP (entering) or has become an offset worse than that of the strongest TP (leaving). 
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