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1. Introduction

In RAN#62 meeting, the WID proposal for inter-eNB CoMP for LTE was approved with the following RAN1 related objectives for supporting CoMP with non-ideal backhaul (NIB).
· RAN3 to specify signalling of information to be identified by RAN1, for example:

· 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
· Specify necessary procedures related to the above.
In this contribution, we provide our view on the necessary backhaul signaling to be specified by RAN3, considering both centralized and distributed architectures.

2. Considerations on backhaul signaling designs
2.1. Prerequisite information for CoMP
For CoMP operations with non-ideal backhaul, some prerequisite information may need to be given within a CoMP cluster, e.g., used configurations of reference signals, CSI processes and CSI-IM configurations, as mentioned in the WI objectives. Although configurations of reference signals, CSI processes and CSI-IM configurations are given to a UE eventually by a UE-dedicated RRC signaling, some of configurations such as CSI-RS and CSI-IM configurations are desired to preliminarily have network-wise coordination to set up such configurations by either O&M or backhaul signaling supports. For example, a set of network-wise CSI-IM configuration (NW-CSI-IM) indexes can be pre-defined within a CoMP cluster with muting/non-muting or “don’t care” behaviors for each eNB per CSI-IM resource, and some of the indexes are selectively picked up by an eNB to configure them to its associated UEs by RRC signaling.

For better flexibility in such individual eNB’s behavior per CSI-IM resource, e.g., multi-level power allocation and/or precoder set coordination for CB, and so forth, it may be worth to have the backhaul signaling support for more flexible coordination of the above configurations within a CoMP cluster. Similar to the CSI-IM example, network-wise RS and CSI process configuration indexes with corresponding descriptions can be set up within a cluster, and be used when an eNB sends a backhaul signaling to another eNB with an indication of which network-wise common configuration index the sender eNB assumes, e.g., the sender eNB’s preference rating value under the assumption of a CoMP hypothesis represented by a certain NW-CSI-IM or NW-CSI-process index, which will be discussed more in the following subsection.
2.2. Unified signaling for resource coordination
It is desired to simplify and unify as much as possible some listed various examples of signaling contents shown as sub-bullets in WI objectives, since such signaling examples for resource coordination have one of two common purposes, which is either a resource coordination request/recommendation or a resource coordination result/notification purpose within a CoMP cluster. 

The former purpose of resource coordination request/recommendation is to provide some raw information for CoMP coordinated scheduling, e.g., from a member eNB to a central coordination node (CCN), and is related to the following 9 possible signaling contents as
· 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
· QCI
· PF metric of individual UEs
· Indication of resource coordination request
· Resource allocation in frequency/time/power/spatial domain

· Indication of coordination request for reference signal configurations, CSI processes and CSI-IM configurations
and the latter purpose of resource coordination result/notification is to notify the coordination result, e.g., from a CCN to member eNB(s), and is related to the following 2 kinds of possible signaling contents as
· Indication of resource coordination result

· Resource allocation in frequency/time/power/spatial domain

· Indication of coordination result for reference signal configurations, CSI processes and 
CSI-IM configurations
The former and latter purposes of signaling are all necessary to implement a centralized architecture of CoMP cluster, which was a major evaluation assumption taken by majority of companies in the RAN1 evaluation campaign with non-negligible performance gains especially at low backhaul delay and high RU conditions [1]. In our view of signaling perspective, however, the former purpose of signaling does not necessarily have to be in many different types of signaling formats, e.g., as listed 9 different types above, but is desired to be a unified signaling format to achieve the same purpose.
Moreover, regarding several information contents described “per individual UE” seen among the listed 9 signaling examples, we believe it is extremely complicated and not so necessary to share such information of individual UEs within a cluster. Instead, a first step for simplifying the former purpose of signaling formats would be at least the signaling contents are described “for UE to be scheduled” in the sender eNB’s perspective on certain frequency/time resource map. Since every final scheduling decision (including final UE selection to be scheduled) at each eNB is up to the individual eNB, each eNB does not necessarily share its all candidate UEs’ information, but is sufficient to share information of UE to be scheduled (or of best representative UE) on a certain frequency/time resource.
One question we need to carefully consider is that, do we really need to signal such detailed information per UE including CSI reports (RI, PMI, CQI), RSRP, SRS power, UPT, and QCI, even for a centralized CoMP architecture? Our view is that only a kind of utility metric, e.g., PF metric of a best representative UE to be scheduled per frequency/time resource seems sufficient to be shared even for considering a centralized architecture (for which some more evaluation results are found in our companion contribution [2]). It is because the main purpose of sharing such information is to have resource coordination between eNBs, not to have final scheduling decisions for individual eNBs. In that regard, a simple kind of “preference rating” value as one of more simplified format of such utility metric can be considered.
It should be noted that such simplified preference rating information per certain frequency/time resource map is desired to be signaled along with an indication of the assumed CoMP hypothesis.  Here, a CoMP hypothesis means an assumption of eNBs’ behaviors in the CoMP cluster, e.g., eNB1 muting, eNB2 non-muting, and so on, which can be easily represented by a pre-defined NW-CSI-IM index mentioned in the previous subsection, or an explicit power allocation list of individual eNBs, as illustrated in Figure 1. 
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Figure 1. Unified backhaul signaling for CoMP coordination for a frequency/time resource map
Interpretation in case of a centralized architecture, when the sender eNB is not a CCN:
The unified backhaul signaling structure shown in Figure 1 can be further interpreted as follows. If the sender eNB is not a central coordination node (CCN) but a member eNB in a centralized architecture, this backhaul signaling is regarded as the resource coordination request/recommendation in the member eNB’s perspective (used for the former purpose) to be conveyed to the CCN, along with a preference rating value marked by the sender eNB. 
Then, CCN will make a coordination decision based on all these information provided by the member eNBs. Note each member eNB can send multiples of such backhaul signals, each assuming a different CoMP hypothesis so that a different preference rating value per hypothesis may be marked, in order to express the sender eNB’s preference per CoMP hypothesis representing not only the sender eNB’s behaviour but also other eNBs’ preferred behaviors, e.g., muting/non-muting, in the sender eNB’s perspective.

Interpretation in case of a centralized architecture, when the sender eNB is a CCN:
If the sender eNB is a CCN, (which can be a macro-eNB), this backhaul signaling is regarded as the resource coordination result/notification determined by the CCN (used for the latter purpose mentioned earlier), and all the member eNBs are to follow this indication. 
Specifically, in case of a NW-CSI-IM index indicated as the assumed CoMP hypothesis as in Figure 1, each eNB should maintain the same transmitted power/precoding applied to the CSI-IM resource onto the indicated frequency/time resources as well, so that each eNB in turn can utilize these “guaranteed” other eNBs’ behaviors in making its final UE scheduling decision on those frequency/time resources with directly applying the UE’s latest CSI feedback reports based on the CSI-IM resource. In addition, this approach has a merit of letting each eNB still have its own freedom to choose whatever kind of emulated signal to be transmitted on the CSI-IM resource, so that a coordinated beamforming (CB) type of CoMP schemes can also be utilized over the non-ideal backhaul condition.
 In case of another signaling design alternative with indicating an explicit power allocation list of individual eNBs (possibly identified by indicating cell-ID for each eNB) illustrated in Figure 1, similarly each eNB’s transmitted power on the indicated frequency/time resources should not exceed the indicated threshold value for that eNB. This power threshold can be set as a different level, then it can also be interpreted as an extended RNTP / ABS type of signaling on a frequency/time granularity as well as containing multiple eNBs’ behaviors, when this backhaul signaling is transmitted from a CCN. Note the signaling part of a preference rating value can be omitted or set by a fixed value when the sender eNB is the CCN, since the backhaul signaling from the CCN in a centralized architecture is interpreted as the resource coordination result/notification as mentioned earlier.
Interpretation in case of a distributed architecture:
The above mentioned case of the sender eNB not being a CCN can 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), along with a preference rating value marked by the sender eNB1.

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 based on a CSI-IM resource 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) preference rating 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.
Note a possible response message for the above backhaul signaling, e.g., accept or reject, can be explicitly defined in RAN3 signaling perspective.

2.3. Signaling for distributed scheduling only
The following 2 sub-bullets in WI objectives are only related to a distributed architecture for supporting 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:
· Enhanced RNTP-type information in frequency/time/power/spatial domain

· Enhanced ABS information in power and spatial domain

Differences from the existing RNTP / ABS type of signalling can be summarized as (1) the extension of the resource granularity to 2-D frequency/time resource map, (2) multi-level power allocation indication, and (3) indication of spatial domain information, e.g., precoding (or precoder set) information.
Note these enhancement points are already covered by the suggested unified signaling format as in Figure 1, since it already supports the functionalities of (1), (2), and (3) mentioned above (describing the sender eNB’s behavior as a notification), and on top of that, it additionally supports to request/recommend other eNBs’ behaviors in terms of the three functionalities. Therefore, our view is that the enhanced RNTP / ABS type information can be regarded as a subset information signalling of it, and we can consider to design some signalling components as being optional, e.g., a preference rating value component and/or the information components of recommending other eNBs’ behaviors can be optionally present, so as to cover both centralized and distributed architectures for flexible usages by network operators.
However, if the group wants to additionally have an optimized enhancement only applicable for distributed architectures, such kinds of enhanced RNTP / ABS type information signalling can be considered to be separately introduced, together with introducing the proposed unified signalling format as in Figure 1 at least to properly support a centralized architecture for CoMP operations with NIB.

Note, in this case, a kind of status report signaling on the usage of the indicated frequency/time resources seems needed, which is regarded as feedback information from the receiver eNB, e.g., how much the above indication is utilized for non-CoMP / CoMP UE scheduling. This feedback information, similar to existing ABS status report, can be used to decide a next backhaul signaling message for each eNB by taking into account such feedback information provided by other eNBs.
3. Conclusion
In this contribution, we provided our view on needed backhaul singaling for supporting CoMP with NIB. Instead of designing various detailed raw information per UE such as CSI reports, RSRP, SRS power, UPT, and QCI, listed in WI objectives, a unified backhaul signaling format illustrated in Figure 1 is proposed, which achieves the same purpose with avoiding extremely complicated signaling designs and is applicable for both centralized and distributed architectures.

Enhanced RNTP / ABS type information signaling is regarded as a special case of the proposed unified signaling format, if some signalling components are designed to be optionally present, e.g., a preference rating value component and/or the information components of recommending other eNBs’ behaviors in Figure 1. If the group wants to additionally have an optimized enhancement only applicable for distributed architectures, such enhanced RNTP / ABS type information signalling can be considered to be separately introduced, together with introducing the suggested unified signalling at least to properly support a centralized architecture for CoMP operations with NIB.
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