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1. Introduction

In RAN#63 meeting, the scope of the WI on inter-eNB CoMP with non-ideal backhaul (NIB) is agreed to be reduced with the following listed items based on X2 interface:

· A CoMP hypothesis comprising a hypothetical resource allocation for at least the receiving node in time/frequency domains 
· How to react to a received CoMP hypothesis signaling is up to receiving eNB’s implementation. E.g. accept or ignore, potentially sending a feedback e.g. “yes/no” to the sending node.
· RAN1 should provide guidance to RAN3 on necessary granularity and rate of CoMP hypothesis in time/frequency domain.

· One or more sets of CSI information (RI, PMI, CQI) of a set of UEs that can be supported taking into account limitations of existing X2 interface

· RAN1 should provide guidance to RAN3 on necessary rate of exchanging one or more sets of CSI reports over X2 interface 
· One or more measurement reports (RSRP) of a set of UEs

· Enhanced RNTP can be signaled between eNBs to facilitate CoMP
· Information granularity of the Enhanced RNTP is extended to the frequency/time domain
· RAN1 should provide guidance to RAN3 on necessary granularity and rate of Enhanced RNTP in time domain
· Information in the Enhanced RNTP is (optionally multi-level) transmit power threshold for only the sender eNB.
· RAN1 should provide guidance to RAN3 on necessary granularity of transmit power threshold and how many levels should be defined
· Possible enhancement on existing Status report, which can be signaled between eNBs to exchange the usage status of the indicated frequency/time resources
· Details of benefit metric should be decided in RAN1 and should be provided to RAN3 from RAN1#76bis
In this contribution, we discuss and provide our view on the above remaining issues.
2. CoMP hypothesis
It is essential to define a CoMP hypothesis which comprises a hypothetical resource allocation for at least the receiving node in time/frequency domains, in order to support a centralized coordination, which is illustrated in Figure 1. This CoMP hypothesis signalling can be used as an indication of resource coordination result decided by a central coordination node (CCN), or as a hypothetical condition assumed for a benefit metric signaling which will be discussed in section 3 on the definition of benefit metric. 

How to react to a received CoMP hypothesis signaling is up to receiving eNB’s implementation, and it would also be useful to design a response feedback signalling which potentially sends e.g. “yes/no” to the sending node, meaning “accept/ignore” respectively.
Regarding the necessary granularity in time/frequency domain and signalling periodicity of CoMP hypothesis, our view is that the granularity can be defined per PRB and subframe, for which the subframe can be indicated by an L-bit subframe bitmap. In addition, we suggest having at most L=10, based on observations from our previous evaluation results in [1] according to different NIB delay and signaling periodicity. Since a proper signalling period L for CoMP hypothesis can be varied per sender node, it may be beneficial to include such periodicity value L in the CoMP hypothesis signalling information, or to be requested by a receiving node. Information carried by the CoMP hypothesis includes power allocations (including muting) for cells, identified by cell ID.
Proposal 1:  A CoMP hypothesis signalling is supported, which carries the information of power allocations (including muting) for cells, identified by cell ID.
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Figure 1. Illustration of CoMP hypothesis signaling per RB per subframe.
3. Benefit metric associated with CoMP hypothesis
Based on the presented WF in RAN1#76 meeting [2], the definition of benefit metric can be given in more detailed way as follows,
· A benefit metric associated with the CoMP hypothesis, quantifying the benefit that a cell of the sender node expects in its scheduling when the associated CoMP hypothesis is assumed

· The cell-specific benefit metric is calculated as the maximum value, over all active UEs in the cell, of an operator-definable function w.r.t. at least the following components per UE.
· One set of CSI report (RI, PMI, CQI) corresponding to the associated CoMP hypothesis

· One or more measurement reports (RSRP)

· Average user throughput

· Transmit buffer and queue status information

· QCI

The benefit metric is signaled along with an associated CoMP hypothesis as illustrated in Figure 2. More specifically, the signaled benefit metric means a quantified benefit value that a cell of the sender node expects in its scheduling when assuming the associated CoMP hypothesis, e.g., neighboring cells’ muting/non-muting pattern assumption. Note a sender node can signal multiple benefit metrics, each associated with a different CoMP hypothesis, in order to express the sender eNB’s preference per CoMP hypothesis representing not only the sender eNB’s behaviour but also other eNBs’ behaviors in the sender eNB’s perspective. Since the benefit metric is always signaled together with a CoMP hypothesis, the signalling periodicity of the benefit metric can be the same as those of CoMP hypothesis discussed in the previous section 2.
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Figure 2. Illustration of CoMP hypothesis signaling with benefit metric per RB per subframe.
Information of the benefit metric can be defined as an integer value ranging from 0 to B(>0), e.g., B=10 as an example to be specified by RAN3, since it is a quantized value of taking the maximum over all active UEs in the cell, of an operator-definable function w.r.t. at least the above components per UE. A simple example of such function can be a conventional PF metric which can be derived by at least one set of CSI report (RI, PMI, CQI) corresponding to the associated CoMP hypothesis and the average user throughput. For calculating the CQI, one or more measurement reports (RSRP) can also be used. Since such calculation is performed at a sender eNB (not at a CCN), more information such as QCI for QoS and transmit buffer and queue status information can be accommodated in deriving the cell-specific benefit metric assuming the associated CoMP hypothesis. When such benefit metrics associated with different CoMP hypothesis from multiple sender nodes are arrived at a CCN, the CCN can make a coordination decision based on all these information provided by the member eNBs.
The benefit metric signalling along with a CoMP hypothesis can of course be generally applicable to a distributed architecture as well. For example, if the sender is eNB1 and the receiver is eNB2, this backhaul signaling is regarded as the resource coordination request/recommendation in the sender eNB1’s perspective (always in a distributed architecture) when assuming the indicated CoMP hypothesis. Then, the receiver eNB2 can take this information into consideration for its own scheduling decisions. More specifically, the information part about the sender eNB1’s behaviour can be regarded as the “guaranteed” information that the sender eNB1 will apply from now onward, so that the receiver eNB2 can utilize its relevant UE’s CSI feedback reports corresponding to the indicated CoMP hypothesis on which the guaranteed sender eNB1’s behaviour is applied.

The information part about the receiver eNB2’s behavior is also desired to be considered when the eNB2 decides its own behavior on the indicated frequency/time resources in a best effort manner. Since in a distributed architecture a lot of this kind of backhaul signaling may be exchanged, the information part about the behaviors of other eNB3, eNB4, and so on, can also be taken into account when making scheduling decisions. For example, the most commonly preferred hypothesis among the received lots of hypothesis with corresponding (relatively high) benefit metric value can be assumed in the eNB2’s final scheduling decision including UE selection with the MCS level based on relevant CSI feedback report from the UE.

Proposal 2: A benefit metric signalling associated with the CoMP hypothesis is supported, for both distributed and centralized coordination.

4. CSI and RSRP information
One or more sets of CSI information (RI, PMI, CQI) and/or RSRP information of a set of UEs can also be considered as X2 signaling for CoMP operations to support not only a distributed coordination but also a centralized coordination. Since the cell-specific benefit metric conditioned on an associated CoMP hypothesis discussed in section 3 does not contain such explicit UE-specific information, e.g., CSI reports per subband per subframe with UE ID and an assumed network-wise CSI process ID [3], this type of raw information for CoMP can be used as supplementary information on top of signaling the benefit metric information. For example, when CSI information including PMI for UEs to be scheduled at a sender eNB is provided to another eNB, the receiving eNB can consider CoMP operations including CB based on the informed CSI from the sender eNB even in a distributed coordination. Note this kind of UE-specific raw information signaling requires much larger amount of X2 signaling payload and some more necessary components such as QCI, buffer state, and average user throughput cannot be supported together in X2 signaling, so that this UE-specific signaling needs to be considered as supplementary or optional information on top of the cell-specific benefit metric along with a CoMP hypothesis. Note the above mentioned network-wise CSI process ID, which can also be called as cell-specific CSI process ID, can be preset by OAM, as illustrated in Figure 3. A UE associated to the cell can be configured with up to 4 CSI process indexes out of such predefined cell-specific CSI process IDs selectively.
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Figure 3. Illustration of cell-specific CSI process ID set by OAM.

5. Enhanced RNTP
Signaling of the enhanced RNTP is to support a distributed architecture for inter-eNB CoMP with NIB, since these are regarded as the sender eNB’s notification of its own behavior in terms of power level and/or beamforming information on an indicated frequency/time resource map. Differences from the existing RNTP / ABS type of signalling can be summarized as the extension of the resource granularity to 2-D frequency/time resource map, multi-level power allocation indication, and an indication of spatial domain information, e.g., precoding (or precoder set) information.
Information in the enhanced RNTP may consist of a transmit power threshold and a two-dimensional (i.e., frequency/time) bitmap where each bit represents whether the transmit power level is guaranteed below the indicated threshold or not. Resource granularity can be per RB for frequency and per subframe for time. Considering K RB system and L subframes for the 2-D resource map, for example, one simple design can include K-bit bitmap as well as L-bit bitmap, implying that such K-bit bitmap for enhanced RNTP information is valid only on the subframes indicated by the L-bit bitmap.
If there is no strong preference on multi-level power threshold, only one power threshold same as the current RNTP would be sufficient.
6. Conclusion
In this contribution, we provided our view on needed backhaul singaling for supporting CoMP with NIB. The following proposals were given based on the discussion:
Proposal 1:  A CoMP hypothesis signalling is supported, which carries the information of power allocations (including muting) for cells, identified by cell ID.

Proposal 2: A benefit metric signalling associated with the CoMP hypothesis is supported, for both distributed and centralized coordination.

In addition, UE-specific signaling including CSI and RSRP information can also be considered as supplementary or optional information on top of supporting the cell-specific benefit metric along with a CoMP hypothesis. An enhanced RNTP signaling can also be supported, which consists of a transmit power threshold and frequency/time domain bitmap.
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