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1 Introduction

In order to support inter-eNB CoMP with non-ideal backhaul, 3GPP RAN#63 agreed to reduce the scope of WI to the items listed below based on X2 interface and further identification of information for which signalling is to be specified by RAN3 according to such scope reduction [1].
· 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 share our views on which signaling details and procedures should be specified by RAN3 to efficiently support inter-eNB CoMP operation.

2 Overall Procedure for eCoMP Operation
Figure 1 shows a general message flow for typical centralized and distributed CoMP operation schemes. Note that in the centralized case, the entity shown as “CN” (Central Node) would typically be located in a macro eNB.


[image: image1.emf]CN eNB #1

CSI/RSRP/BM REQUEST

CSI/RSRP/BM RESPONSE

COMP RA HYPOTHESIS REQUEST

CSI/RSRP/BM UPDATE

COMP RA HYPOTHESIS REQUEST

CSI/RSRP/BM UPDATE

COMP RA HYPOTHESIS RESPONSE

COMP RA HYPOTHESIS RESPONSE

eNB #1

CSI/RSRP/BM REQUEST

CSI/RSRP/BM RESPONSE

LOAD INFORMATION

CSI/RSRP/BM UPDATE

CSI/RSRP/BM UPDATE

LOAD INFORMATION

eNB #2

Centralized eCoMP Distributed eCoMP


Fig. 1 Procedures for eCoMP
The procedures for centralized eCoMP could be generalized as

· CN sends CSI/RSRP/BM REQUEST message to eNB #1 in order to collect necessary CSI/RSRP/benefit metric (BM) information for further resource allocation across eNBs.

· If eNB #1 accepts to provide the requested information, eNB #1 sends a CSI/RSRP/BM RESPONSE message to CN. Otherwise eNB #1 sends a CSI/RSRP/BM FAILURE message to CN.
· Together with or after sending the response message, eNB#1 sends CSI/RSRP/BM UPDATE message periodically or aperiodically according to the configuration information provided by CSI/RSRP/BM REQUEST message.

· CN makes the decision of resource allocation constraints for each cooperating eNB according to received CSI/RSRP/BM information and then sends hypothetical resource allocation (RA) constraints message, e.g. COMP RA HYPOTHESIS REQUEST message to each cooperating NB periodically or aperiodically.

· After receiving COMP RA HYPOTHESIS REQUEST message, eNB#1 may take this hypothesis (resource allocation restriction) into account for its own resource allocation. If eNB#1 accepts and is capable of accommodating such restriction, eNB#1 sends COMP RA HYPOTHESIS ACCEPT message. Otherwise eNB#1 sends COMP RA HYPOTHESIS FAILURE message.

The procedures for distributed eCoMP could be described as

· The eNB #2 sends CSI/RSRP/BM REQUEST message to eNB #1 in order to collect necessary CSI/RSRP/BM information for further resource allocation at eNB2. 
· If eNB#1 accepts to provide requested information, eNB #1 sends a CSI/RSRP/BM RESPONSE message to eNB#2. Otherwise eNB #1 sends a CSI/RSRP/BM FAILURE message to eNB#2.
· Together with or after sending CSI/RSRP/BM RESPONSE message to eNB#2, eNB#1 should send CSI/RSRP/BM UPDATE message periodically or aperiodically according to the configuration information provided by CSI/RSRP/BM REQUEST message.

· The eNB #2 may also receive RESOURCE STATUS UPDATE message from eNB#1 which may be enhanced for eRNTP. 

· The eNB#2 makes its own decision for resource allocation taking into account received CSI/RSRP/BM information and eRNTP information. After that, eNB #2 might send its own resource allocation to eNB#1 by LOAD INFORMATION or not. 
· eNB#2 might also send its own CSI/RSRP REQUEST message to eNB#1. 
3 Procedure of Channel Information Sharing for eCoMP

3.1 CSI Exchanging  

Rel-11 supports generic CoMP operation by using multiple CSI processes, CSI-IMs and NZP CSI-RS so that UE CSI reporting can measure multiple interference hypotheses and TPs simultaneously and flexibly support a variety of eCoMP implementation methods. Therefore a UE can be configured with multiple CSI processes and each eNB will also receive multiple CSI reports corresponding to multiple CSI processes. The identification of CSI processes during CSI exchanging by X2 interface should be included within the CSI/RSRP/BM REQUEST message during the initialization procedure.  The CSI report conveyed by the CSI/RSRP/BM UPDATE message may also need to be labelled corresponding to the CSI/RSRP/BM REQUEST message.  

Proposal 1: The identification of CSI processes within a CoMP cluster shall be considered during the procedure of CSI exchanging by X2 interface. 
CSI REQUEST 

The CSI measurement/report over the air interface is UE-specific and corresponding CQI/PMI report could be subband-level or wideband-level depending on feedback mode. CSI reporting/sharing configured within CSI/RSRP/BM REQUEST message is up to eCoMP implementation and could include the granularity and the rate of CSI exchanging preferred by implementation. For the granularity and the rate of CSI exchanging requested by an eNB, e.g. eNB #2 in Fig. 1, 

· the eNB #2 may request CSI information from eNB #1 for a given UE but such CSI information may not exist at eNB #1. Therefore the message of failure may be sent back to eNB #2;
· the eNB #2 may request CSI information with finer granularity at time and frequency domains, e.g. subband CQI, from eNB #1 for a given UE which may be beyond the granularity of available CSI information at the eNB #1 for the UE. It is not expected by eNB #2 that eNB #1 should update CSI information with granularity preferred by eNB #2. Whether CSI information is interpolated, kept unchanged, or updated with more capable feedback mode for the UE is up to eNB #1 implementation. 

The same principle is applied to RSRP exchanging. 
Proposal 2: The sending eNB may request CSI/RSRP information with finer granularity than the receiving eNB may already have. But it is up to the receiving eNB to decide whether and how it provides the required granularity of CSI/RSRP during the period of CSI/RSRP exchanging. 

Exact rates and frequency granularities of CSI exchanging can be limited by a number of factors, for example, whether the receiving eNB can allow the CSI measurement and feedback for UEs with preferred periodicity, whether eCoMP implementation needs specific CSI exchanging rate and frequency granularity, etc. The periodicity of CQI/PMI report of a UE for FDD could be configured to 2ms, 5ms, 10ms, 20ms, 32ms, 40ms, 64ms, 80ms, 128ms and 160ms. The periodicity of CQI/PMI report of a UE for TDD could be 1ms, 5ms, 10ms, 20ms, 40ms, 80ms and 160ms. The periodicity for RI report could be 1ms, 2ms, 4ms, 8ms, 16ms and 32ms. Therefore depending on eCoMP implementation, periodicity of CQI/PMI/RI exchanging could be 5ms, 10ms, 20ms and 40ms.  Frequency granularity of CSI exchanging could be wideband or subband.

Proposal 3: Possible periodicity of CQI/PMI/RI exchanging by X2 interface could be 5ms, 10ms, 20ms and 40ms. Possible frequency granularity of CQI/PMI/RI exchanging by X2 interface could be wideband or subband. 

The load of CSI exchanging by X2 interface needs to be reduced as much as possible. Therefore it is desirable to design some selection mechanisms. For example, it does not make sense to exchange CSI information of a UE if such UE has no data traffic or only has a number of small packets. Since the agreement in RAN #63 does not exchange detailed UE status, like UE buffering or UE throughput, etc, there is a risk that CSI REQUEST message may exchange unnecessary CSI information for some UEs.   

Proposal 4:   The mechanism of reducing CSI exchanging over X2 interface should be considered for targeted UEs, e.g. UE with no/low/medium/high data buffer.  
CSI RESPONSE and CSI FAILURE

The messages of CSI response and CSI failure provide more detailed status of the receiving eNB with respect to required CSI information. Considering that the receiving eNB may or may not be able to fulfil requests for some reasons, it is preferred that the receiving eNB can elaborate what CSI information for given UE(s) can be provided. 
3.2 RSRP Exchanging 

RSRP reporting could be useful when the network needs to trigger CoMP operation, assist interference estimation at the central coordinator, and determine or adjust a CoMP transmission scheme. Some CoMP schemes also utilize RSRP measurement reporting for semi-static resource allocation and may also be applied to pre-Rel-11 UEs.

The maximal number for RSRP reports per UE could be 8. But the load of RSRP exchanging by X2 interface can be reduced depending on specific eCoMP implementation. Similar to the CSI reporting discussed above, some selection mechanisms should be supported, e.g. only reporting several largest RSRP values per UE, or only reporting several RSRP values within predefined RSRP ranges, etc.  

Proposal 5:   The mechanism of reducing RSRP exchanging over X2 interface should be designed for targeted UEs, e.g. only exchanging a subset of RSRP measurement per UE.   

Existing RSRP reporting for a UE could be event triggered or periodic report with 120ms, 240ms, 480ms, 640ms, 1024ms, 2048ms, 5120ms, 10240ms, 1min, 6min, 12min, 30ms or 60min. Therefore possible rates of RSRP exchanging by X2 interface could be the same as RSRP periodic report. 
Proposal 6: Possible periodicities of RSRP exchanging could be the same as the periodicity of RSRP periodic report, e.g. 120ms, 240ms and so on. 
4 Procedure of Benefit metrics Sharing for eCoMP
The concept of benefit metric needs to be clarified. In our understanding, a benefit metric shall be associated with a CoMP transmission or resource allocation hypothesis. But how to combine BM and CoMP RA hypothesis is up to further discussion. 
Firstly, such a CoMP transmission hypothesis may comprise a CoMP category such as point muting, resource allocation, beam allocation, etc.  For the sake of discussion, we assume that only a muting hypothesis for a TP or for resource blocks within a TP is considered in this section.  
Secondly, a benefit metric is used to quantify the scheduling benefit  for a given cell with respect to a  CoMP transmission hypothesis. Therefore in general, the benefit metric is a predicted scheduling benefit derived by a cell. Such benefit may be only applied for the sending eNB, or the receiving eNB, or another cooperating eNB. For the sake of discussion, let’s assume that the benefit metric is a benefit available for the sending eNB. Such a predicted scheduling benefit may also take into account proprietary scheduling implementation methods and the latest UE/eNB status, e.g. PF, UE throughput, etc. 
Note that multiple CSI processes preconfigured by eCoMP implementation have embedded CoMP transmission hypotheses during measurement. However CSI reporting corresponding to CoMP transmission hypotheses represents only channel information. On the other hand, the benefit metric discussed above contains richer information related to proprietary scheduling algorithm, buffer status, channel information, etc some of which cannot be standardized.   

One simple BM definition is proposed here: 
· The numerator of the percentage calculation is the expected quantity of protected resource blocks for the sending cell’s active UEs needing protection by corresponding resource protection from the specific interfering cell. 

· The denominator of the percentage calculation is the total quantity of resource blocks available in indicated carrier frequency band.
· For each BM value, corresponding CoMP transmission hypothesis is to mute an interfering cell (labeled by a cell ID) which can be the receiving eNB or other cooperating eNB. Therefore a sending eNB may provide multiple BM values to a receiving eNB if necessary.  
· For each BM value, the sending eNB will estimate resource blocks which shall be protected from such an interfering cell by considering all latest information for own UEs and from neighboring cells. Proprietary scheduling implementation is embedded into the decision methodology of protected resources at the sending eNB.
· Conceptually, the BM from the sending eNB is close to the concept of CoMP RA hypothesis (in a percentage) applied to one of its interference cell.  Because such CoMP RA hypothesis will be beneficial for the sending eNB but will be costly for another.  The percentage of muting preferred by the sending eNB and applied to one interference cell is up to the sending eNB’s implementation. 
For example, for distributed eCoMP, the receiving eNB may only receive single BM from each neighboring cell which is only related to the receiving eNB itself. For centralized eCoMP, the receiving eNB (as a CN) may operate more efficiently with multiple BM values from each cooperating cell which can be related to multiple neighboring eNBs.  
The procedure of BM exchanging is up to further BM definition discussion. 
Proposal 7:  The benefit metric should be at least cell-specific and unambiguously defined to assist coordinated scheduling for multi-vendor eCoMP.  
5 Procedure of Resource Allocation Hypothesis for eCoMP
The CoMP RA hypothesis information is used to indicate a hypothetical resource allocation in both time and frequency domains for at least the receiving eNB. The CoMP RA hypothesis procedure could be initiated with a COMP RA HYPOTHESIS REQUEST message sent from eNB #2 to eNB #1. It is up to eNB #1 to decide whether there is possibility to take into account received resource allocation restriction/hypothesis for eNB #1 own scheduling decision. 
If eNB#1 accepts it, it shall allocate its own resources with the consideration of resource allocation restriction indicated by COMP RA HYPOTHESIS REQUEST message. From our understanding, following up CoMP RA hypothesis does not mean that eNB #1 will obey resource allocation hypothesis 100% at every TTI and every PRB due to dynamic data traffic, control information transmission and UE service requirements at each eNB. Some flexibility could be allowed. 
The COMP RA HYPOTHESIS REQUEST message could include the hypothetical resource allocation in time/frequency domain for one or more cell(s). The granularity of hypothetical resource allocation could be per PRB in frequency domain and per subframe in time domain. Moreover the hypothetical resource allocation is usually related to the resource allocation of multiple cells as well as the final scheduling decision of these cells. 
The COMP RA HYPOTHESIS REQUEST message could include single or multiple transmission power thresholds. In our understanding, multiple transmission thresholds are preferred. In the power allocation with single transmission power threshold setting, the resources of one cell could be allocated as either restricted resources with power restriction or unrestricted resources without power restriction. Then the cell could serve its cell-edge UEs over the unrestricted resources for better cell-edge throughput and meanwhile its neighbouring UEs suffering strong interference from this cell could be served over the restricted resources for better cell-edge performance. However if the inter-cell interference is so strong that all resources of this cell should be restricted with lower transmission power, the single threshold setting will result in single transmission power setting in this cell and consequently lose some performance for higher-lower power setting in inter-cell interference coordination. So in this case, multiple transmission power thresholds will be preferred. So multiple transmission power thresholds are more preferred in COMP RA HYPOTHESIS REQUEST message.
Proposal 8: The granularity of CoMP RA Hypothesis is per PRB and per subframe with two transmission power thresholds. 
The resource allocation hypothesis is the resource allocation recommendation from CN based on the information reported by the eNB(s). So it is more reasonable that the update rate of resource allocation hypothesis from CN to eNB is close to or same as the rate of related information reporting from eNB to CN. So the CoMP RA hypothesis could be aperiodic and its rate could be no less than the lowest rate of the CSI/RSRP/BM information exchanging report from eNB to CN and up to the highest rate of the CSI/RSRP/BM information exchanging report from eNB to CN. 
Depending on eCoMP solution and backhaul condition, the worst case is that eCOMP is degraded into eICIC so that CoMP RA hypothesis/restriction is applied to per subframe with similar eICIC updating periodicity which can be more than 1s. Moreover the rate of COMP HYPOTHESIS REQUEST message could be also closely related to the rate of RNTP/eRNTP resource status report. Therefore the rate of CoMP RA hypothesis could be less than 5ms or more than 100ms.
Proposal 9: The rate of CoMP RA Hypothesis depends on eCoMP solution, backhaul condition and the rate of exchanged information. It could be a range of 5ms to 1s. 
6 Enhanced RNTP for eCoMP

RNTP in Rel-11 provides a passive indication on DL power restriction per PRB in a cell (and the value of RNTP threshold), the number of cell-specific antenna Ports, P_B and PDCCH interference impact which are needed by a neighbour eNB for interference aware scheduling. It may be beneficial to extend existing RNTP in frequency domain to time/frequency domain with corresponding subframe indication. Details of how to label power allocation information across time/frequency domains will be left for RAN3 design by considering the overhead issue. For the ease of eRNTP design, single eRNTP threshold is preferred and the value of threshold can reuse RNTP threshold defined in 36.213. The granularity of eRNTP can be per PRB at the frequency domain (same as with RNTP), and per subframe at the time domain. The receiving eNB may take received eRNTP into account when setting its scheduling policy and shall consider the received eRNTP value valid until reception of a new eRNTP message carrying an update.
Moreover interference coordination mechanism supported by ABS information through X2 interface can be reused for eRNTP easily. Assuming that the transmission power of a PRB is lower than an eRNTP threshold, this PRB can be classified as “Restricted PRB”. Therefore, RESOURCE STATUS UPDATE message defined for ASB subframe can be extended for “Restricted PRB”. The percentage of used resource for ABS can be re-defined with respect to “Restricted PRB”. Periodicity and reporting mechanism etc, therefore, may be mostly reused. Conceptually, eRNTP is a finer power allocation pattern than ABS and RNTP. 

However, it should be noted that eRNTP alone has not been shown to be sufficient to deliver useful CoMP gains, with non-ideal backhaul. 
Proposal 10: eRNTP can provide power allocation information at both time and frequency domains with respect to an eRNTP threshold. The value of threshold could reuse existing definition of RNTP threshold. The granularity of eRNTP would be per RRB per subframe. In the time domain, the resource status reporting mechanism defined for ABS can be reused for eRNTP to provide finer interference coordination compared to eICIC. However, it should be noted that eRNTP alone has not been shown to be sufficient to deliver useful CoMP gains, with non-ideal backhaul.
7 Conclusions

In this contribution, we analyzed signaling candidates for X2 or new interface should be considered by RAN3 for downlink eCoMP with non-ideal backhaul. In summary, we make the following proposals: 

CSI/RSRP Exchanging: 
· Proposal 1: The identification of CSI processes within a CoMP cluster shall be considered during the procedure of CSI exchanging by X2 interface. 
· Proposal 2: The sending eNB may request CSI/RSRP information with finer granularity than the receiving eNB may already have. But it is up to the receiving eNB to decide whether and how it provides the required granularity of CSI/RSRP during the period of CSI/RSRP exchanging. 

· Proposal 3: Possible periodicity of CQI/PMI/RI exchanging by X2 interface could be 5ms, 10ms, 20ms and 40ms. Possible frequency granularity of CQI/PMI/RI exchanging by X2 interface could be wideband or subband. 

· Proposal 4:   The mechanism of reducing CSI exchanging over X2 interface should be considered for targeted UEs, e.g. UE with no/low/medium/high data buffer.  
· Proposal 5:   The mechanism of reducing RSRP exchanging over X2 interface should be designed for targeted UEs, e.g. only exchanging a subset of RSRP measurement per UE
· Proposal 6: Possible periodicities of RSRP exchanging could be the same as the periodicity of RSRP periodic report, e.g. 120ms, 240ms and so on. 
Benefit Metrics Exchanging: 
· Proposal 7:  The benefit metric should be at least cell-specific and unambiguously defined to assist coordinated scheduling for multi-vendor eCoMP.  
CoMP Resource Allocation Hypothesis 
· Proposal 8: The granularity of CoMP RA Hypothesis is per PRB and per subframe with two transmission power thresholds. 
· Proposal 9: The rate of CoMP RA Hypothesis depends on eCoMP solution, backhaul condition and the rate of exchanged information. It could be a range of 5ms to 1s. 
Enhanced RNTP
· Proposal 10: eRNTP can provide power allocation information at both time and frequency domains with respect to an eRNTP threshold. The value of threshold could reuse existing definition of RNTP threshold. The granularity of eRNTP would be per RRB per subframe. In the time domain, the resource status reporting mechanism defined for ABS can be reused for eRNTP to provide finer interference coordination compared to eICIC. However, it should be noted that eRNTP alone has not been shown to be sufficient to deliver useful CoMP gains, with non-ideal backhaul.
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