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1. Introduction
The SI “study on CoMP for LTE with Non-Ideal Backhaul” was finalized in RAN#62 and it has identified that CoMP can provide performance enhancement and therefore enhancement on network interface and signalling messages should be specified to allow implementing both centralized and distributed coordination focusing primarily on macro-pico heterogeneous networks but also considering macro-macro homogeneous networks [1]. A new WI starts from the objective that RAN1 as secondary group aims to identify information for signaling to be specified by RAN3 from the following examples [1]:
· One or more sets of CSI reports (RI, PMI, CQI) of individual UEs
· One or more measurement reports (RSRP) of individual UEs 

· SRS received power of individual UEs

· User perceived throughput of individual UEs (see TR 36.814 as a reference)

· Resource utilization per cell 

· PF metric of individual UEs

· Enhanced RNTP-type information in frequency/time/power/spatial domain

· Enhanced ABS information in power and spatial domain

· QCI
· Indication of resource coordination result or resource coordination request
· Resource allocation in frequency/time/power/spatial domain

· Used configurations of reference signals, CSI processes and CSI-IM configurations
· Indication of coordination result or coordination request for reference signal configurations, CSI processes and CSI-IM configurations
Also RAN1 and RAN3 will specify necessary procedures related to the above.

In this contribution, analysis and identification of necessary information are given. 
2. Discussion
From the performance results and email discussion about inter-eNB signaling prior to RAN#62, performance gain of non-ideal backhauling CoMP could be expected through reasonable coordination and information exchange between eNBs. The main information can be categorized into:

· Information related to scheduling, such as UE’s feedback, resource coordination decision/request, PF, QCI and etc.
This type of information essentially decides the performance of inter-eNB CoMP because they reflect actual channel information and coordinated scheduling principles.
· Information related to measurement, such as SRS received power, RSRP, configuration of RS, CSI-IM and etc.
This type of information can assist achieving “information related to scheduling” accurately. 
2.1. Information related to scheduling
Information related to scheduling are distinguished according to centralized and distributed coordination. 

Procedure of centralized coordination:

1) eNB to logic entity supporting centralized control: CSI reports of individual UE served by the eNB are transmitted

2) Logic entity supporting centralized control: it decides scheduling or scheduling restriction according to information from eNBs
3)  Logic entity supporting centralized control to eNB: indication of resource restriction (e.g. resource for muting) /scheduling request
4)  eNB schedules its served UE according to indication of resource restriction/scheduling request if Logic entity does not straightforwardly schedule every UE

Considering that a complete schedule (centralized scheduling [2]) at the logic entity asks for more complexity and performance is more subjected to backhauling latency, indication of resource restriction/scheduling request from the logic entity (centralized restriction [2]) followed by eNB performing its time-being scheduling is preferred.
Procedure of distributed coordination:

1) eNB1 to eNBx (which has X2 interface with eNB1) and eNBx to eNB1: CSI reports of individual UE served by the eNB are exchanged
2) eNB1 and eNBx: 
Option 1 - decide its scheduling and its scheduling self-restriction (e.g. resource for muting) according to information from other eNBs

Option 2 – decide its scheduling and scheduling request (e.g. resource for muting) to other eNBs according to information from other eNBs
3)  eNB1 to eNBx and eNBx to eNB1: scheduling self-restriction (option 1) or scheduling request (option 2) is transmitted
4) * eNB1 to eNBx and eNBx to eNB1: possible response is transmitted
The distributed coordination follows the similar principle to that of ICIC/(F)eICIC that eNBs can exchange information reciprocally without any centralized control. It is hard to say that the performance can be proved if eNB only exchanges its scheduling information. Even when eNB requests scheduling restriction to other eNB, without response, performance still depends on implementation of eNBs. Also, with distributed coordination, a large number of X2 interfaces are to be set up, since X2 interface is needed between every pair of eNBs. In the scenario of high dense deployment of small cells, it is not easy for operator to do network planning and management. Compared with distributed coordination, scheduling gain can be better supported by global information gathered at a logic centralized entity. And optimization for management for latency of backhauling is also possible.
From above analysis, information of CSI and Indication of resource information or resource coordination request are necessary in both coordination procedures, i.e. minimized information set for scheduling would be:

· One or more sets of CSI reports (RI, PMI, CQI) of individual UEs
· Indication of resource coordination result or resource coordination request

· Resource allocation in frequency/time/power/spatial domain
For centralized scheduling [2], additional information in procedure step 1) are as following, considering backhauling latency is short enough and performance can be proved:

· QCI

· User perceived throughput of individual UEs (see TR 36.814 as a reference) 
The above can provide logic entity supporting centralized control more information for global scheduling instead of individual eNB.
2.2. Information related to measurement
SRS received power and RSRP of individual UEs can provide the information for deciding measurement set of individual UEs. It helps that CSI measurement and feedback from UE are valid and effective. Also either of SRS received power or RSRP, or combination of them can also provide assistant information for resource restriction/scheduling. There is an existing RSRP definition and reporting threshold can be adjusted by eNB implementation. However SRS received power needs a new definition in RAN1, e.g.:
SRS received power (SRSRP), is defined as the linear average over the power contributions (in [W]) of the resource elements that carry sounding reference signals within the considered measurement frequency bandwidth.

The reference point for the SRSRP shall be the antenna connector of the UE.
It is also expected that RAN4 provides the guidance of requirements of SRSRP, e.g. accuracy. 
To accurately measure CSI as needed and flexibly adjust CSI measurement, information of RS configuration, CSI process and CSI-IM configurations can be coordinated. But it may introduce complexity of configuration at each eNB or logic entity supporting centralized control. It is much easier that pre-configuration is applied, which can also solve most issues. So for information related to measurement, minimized set would be:
· SRS received power of individual UEs and/or one or more measurement reports (RSRP) of individual UEs
2.3. Others
X2 signaling prior to Rel-12 supports ICIC, (F)eICIC with reciprocal information, such as RNTP and ABS pattern. Although reusing RNTP and ABS signaling for inter-eNB CoMP may be considered for power or time and frequency resource information, enhancement is still needed [2]. This is because RNTP which represents that Tx does not exceed RNTP threshold or there is no promise on Tx power. It could not be used as power request or restriction to other eNBs. Also ABS could not be used for frequency domain. However, compared with information listed in section 2.1 and 2.2, outperformance is not expected by the functionalities of these parameters and correspondingly additional standardization effort of their extension seems not so worthy.
3. Conclusion 

In this contribution, the list of information examples for signaling to be specified in RAN3 has been analyzed. The basic set of information for centralized and distributed coordination is down-selected and proposed as a minimal information set:

· One or more sets of CSI reports (RI, PMI, CQI) of individual UEs
· Indication of resource coordination result or resource coordination request

· Resource allocation in frequency/time/power/spatial domain
· Combined information from SRS received power and one or more measurement reports (RSRP) of individual UEs
It is believed that with above minimal set, under limited backhauling latency (e.g. 5ms for each backhaul), non-ideal backhauling CoMP can provide performance enhancement, particularly in high resource utilization, high density heterogeneous network. Procedure of centralized coordination can better guarantee the performance and it is recommended to RAN3.

To further enhance the functionality of centralization, the following can be complemented:
· QCI

· User perceived throughput of individual UEs (see TR 36.814 as a reference) 
· Used configurations of reference signals, CSI processes and CSI-IM configurations
· Indication of coordination result or coordination request for reference signal configurations, CSI processes and CSI-IM configurations
By the above information, reference signals and CSI-IM can be configured more flexibly. And also scheduling can be centralized, other than scheduling implemented respectively in each eNB. However, implementation complexity and the sensitivity to backhauling latency would be more obvious. 

Proposal: Identify at least the above minimal information set and procedure of centralized coordination in section 2.1 to be specified in RAN3
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