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1   Introduction
CoMP evaluations and eNB-UE signaling aspects assuming ideal backhaul were considered in Rel-11. In Rel-12, enabling inter-eNB CoMP schemes based on non-ideal backhaul is the focus of the current SI [1]. In this contribution, we provide a discussion of the signaling considerations for inter-eNB CoMP based on non-ideal backhaul.
2   Inter-eNB Signaling

In Rel-11, for CoMP scenarios 1-4, the underlying assumption was that a centralized scheduler could 

· jointly make scheduling decision (RB/rate allocation, rank and precoder determination), 

· dynamically select the set of transmit points that would transmit signal and the set of transmit points that would mute, 

· make scheduling decisions at a RB and subframe level. 

Actual message passing i.e., transportation of UE CSI feedback from a TP to the coordinating entity (CE), scheduling decisions from the CE to the TPs, etc. were not modelled. As part of the eCoMP SI, CS/CB including semi-static point selection/muting must be evaluated by taking into account backhaul latency and capacity constraints.
With respect to non-ideal backhauls, resource and scheduling coordination methods can be broadly classified into two groups:

1. Semi-static CS/CB

2. Dynamic CS/CB

Although, the terms “semi-static” and “dynamic” are not well defined in 3GPP (despite long debates at different times in different WGs), for the purpose of this contribution we assume dynamic to mean coordination methods made possible over backhauls with <=10 ms latency. We refer to coordination methods made possible over backhauls with latency >10 ms as semi-static methods. Note that choice of 10ms is somewhat arbitrary but it is motivated by the fact that if for example the precoder applied to a UE (that is the subject of CS/CB) must be changed within the time frame of maximum 4 HARQ transmissions (25ms), there is a need for <= 10ms backhaul latency. (Note that this value comes from the following relationship: 25ms = 2*10ms (roundtrip delay between eNB and CE) + 5ms (UE-eNB CSI feedback delay). We acknowledge that there may be other more suitable definitions in the context of CoMP.)

2.1 Semi-static CS/CB

Semi-static coordination methods are applicable to the case where the UE scheduling decisions are carried out by the eNBs in a distributed manner while there is a slow-rate coordination for exchanging information on (a) the time/frequency resource set over which a TP must transmit or mute and (b) which UE (or set of UEs) should the eNB scheduler target when scheduling on these time/frequency resource set. These methods can be further classified as below.

2.1.1 Semi-static point selection/muting (CS)

In this scheme:

1. Each TP transmits/mutes a set of PRBs and over a set of subframes. This set of PRBs/subframes is subject to change on a semi-static basis.

2. Two or more CSI processes can be configured for candidate UEs to determine CQI under no muting/muting assumptions for some of the coordinating TPs.

Therefore, the CE must communicate PRB/subframe set information indicating where TPs must transmit or mute (e.g., time-frequency transmission or muting patterns). In order to address time-varying load conditions in different TPs, these PRB/subframe sets must be semi-statically reconfigurable. In addition, these sets must be tied to information pertaining to the set of UEs within the coordination area for which such coordination is useful.

If inter-vendor compatibility with respect to backhaul information exchange is desired, standardizing the mechanism by which PRBs/subframe information with respect to transmission and muting are exchanged would be necessary. The information elements necessary for centralized processing vs. distributed processing would be different. Therefore, 

Proposal 1: First, agree on whether there is a need to support inter-vendor compatibility with respect to semi-static coordination.

Proposal 2: Agree on whether inter-eNB signalling should be designed to support (a) centralized processing, (b) distributed processing, or (c) a combination of the two.

Proposal 3: If inter-vendor support is agreed, agree on common definition of information elements needed for indicating PRB/subframe sets where a TP may transmit or mute and set of the associated UEs that would be benefit from such coordination.

Since the decision on exactly how the information is encoded and whether X2 or a different interface is used is within the scope of RAN3 (and not RAN1), RAN1 must only identify the need for and the details with respect to the contents of the information elements (and not their detailed signalling structure).
2.1.2 Semi-static coordinated beamforming (CB)

In semi-static CB:

1. each TP can determine a set of sector beams from neighbor TPs that pose significant interference risk to the UEs it plans to schedule. This information can be communicated to neighbor TPs either as an interference level map (with respect to the sector beams) or an ordering of sector beams (e.g., least preferred to most preferred). The target TP is expected to make use of this information in its scheduling decisions.

2. Two or more CSI processes can be configured for candidate UEs to determine RI/CQI/PMI when the desired node transmits and a coordinating TP transmits CSI-RS using precoding based on a predetermined sector beam (this allows the desired TP to construct for example, the inference-level map or ordering of the previous step).

The ability to configure multiple CSI processes enables desired TP to construct an interference-level map or beam ordering while an interfering TP cycles through a set of sector beams in a predetermined way. However, this scheme requires the CE to coordinate configuration of CSI-RS/IMR resources and a pre-determined/configurable IMR averaging window at the UE. Additionally, there is a need to agree upon the definition of sector beams for reasons discussed below.

The Rel-12 4Tx and Rel-10 8Tx dual codebooks (DCB) are used for PMI feedback. Since DCB results in the transformation
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where 
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is the input data vector and 
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is the precoded signal vector, 
[image: image4.wmf]W

1

can be regarded as the inner precoding matrix or column space of the sector beams and 
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can be regarded as the outer precoding matrix or the co-phasing matrix. 

There are 2 issues with regard to using the inner precoding matrix (
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) as the sector beam vector/matrix. First, under MU-MIMO (with ZF or BD precoding) and intra-site JT, the precoding vector/matrix used for transmitting PDSCH is related to but, not directly from the codebook used for PMI feedback. Second, although, Rel-8 2Tx/4Tx codebooks also have DCB structure, setting 
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in the DCB structure does not convey any directionality information. 

To address the above issues:

1. For PMI feedback based Rel-12 4Tx or Rel-10 8Tx: As a first order approximation, the inner precoding matrix (
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) can used as the sector beam vector/matrix with respect to exchanging interference-level maps or sector beam ordering. 

2. For Rel-8 4Tx: Sector beams can be based on either the 4-bit codebook (Householder matrices) or a new definition of sector beams can be considered.

3. For Rel-8 2Tx: Whether or not CB is beneficial depends on the eNB antenna configuration. For Xpol antennas at the eNB, CB is not useful. For vertically-polarized antennas at the eNB, a new definition of sector beams may be useful.

As before, if inter-vendor compatibility with respect to backhaul information exchange is desired, then standardizing the definition of sector beams is necessary in order to support semi-static CB. 

Proposal 4: If inter-vendor support is agreed, agree on a common definition of sector beams for 2Tx, 4Tx and 8Tx. Discuss further how information pertaining to undesired sector beams can be indicated to a TP. 
2.2 Dynamic CS/CB and centralized processing

For low-latency backhauls (e.g. latency <= 10ms), it is reasonable to expect CS/CB based on the same information as for the semi-static case would benefit from smaller backhaul latencies. There could potentially be gains from not just coordinating sector beams across TPs but also the outer precoder (that is related to short-term fading). For example, a centralized CE can determine a jointly optimal set of precoding vectors/matrix applicable to different combination of UEs served by different TPs. However, the exact set of information elements that must be transported over the backhaul is a function of the degree of centralized processing (e.g., whether the CE determines only the precoding vectors/matrices for different UE combinations, whether the CE additionally performs PRB/rate allocation for different UEs, etc.). Due to limited discussion time in RAN1, we propose that the current SI should focus on semi-static coordination methods. 

Proposal 5: Current SI should focus on inter-eNB signalling for semi-static methods.

3 Conclusions
In this contribution, considerations relating to inter-eNB CoMP were discussed.  

We propose:

Proposal 1: First, agree on whether there is a need to support inter-vendor compatibility with respect to semi-static coordination.

Proposal 2: Agree on whether inter-eNB signalling should be designed to support (a) centralized processing, (b) distributed processing, or (c) a combination of the two.

Proposal 3: If inter-vendor support is agreed, agree on common definition of information elements needed for indicating PRB/subframe sets where a TP may transmit or mute and set of the associated UEs that would be benefit from such coordination.
Proposal 4: If inter-vendor support is agreed, agree on a common definition of sector beams for 2Tx, 4Tx and 8Tx. Discuss further how information pertaining to undesired sector beams can be indicated to a TP. 
Proposal 5: Current SI should focus on inter-eNB signalling for semi-static methods.
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