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1 Introduction

In Rel-11, CoMP was introduced to improve coverage, cell-edge throughput as well as overall system throughput. Since Rel-11 did not address the specified support of CoMP involving multiple eNBs with non-ideal backhaul, the operators having non-ideal backhaul may not be able to take performance benefit from CoMP operation. In the RAN#60 meeting, a new study item to study CoMP with non-ideal backhaul was agreed[1] and its main objective is:

· RAN1 evaluate coordinated scheduling and coordinated beam-forming including semi-static point selection/muting as candidate techniques for CoMP involving multiple eNBs with non-ideal but typical backhaul and, if there is performance benefit, recommend for which CoMP technique(s) signalling for inter-eNB operation should be specified, considering potential impact on RAN3 work. 

Evaluation results for coordinated scheduling and coordinated beam-forming including semi-static point selection/muting are shown in our companion contribution[2]. In this contribution, we first consider the factors that impact detailed signalling and procedures. Then we analyze the potential signalling between TPs to support CoMP.
2 Scenarios for CoMP operation with non-ideal backhaul
Before the discussion of signalling for inter-eNB operation, we need to identify the scenarios for inter-eNB CoMP operation with non-ideal backhaul. According to [3], the definition of non-ideal backhaul covers various types of backhaul technologies with latency ranging from 2ms to 60ms. With different backhaul latencies, different kind of coordination can be done.  Here we divide the scenarios into scenarios with loose coordination and tight coordination. 
· Scenarios with loose coordination
Under these scenarios, distributed scheduling is used by each TP.   UEs are mostly served by one eNB only i.e. data and control channels coming from one eNB only.   Information is exchanged mostly over X2 interface to facilitate inter-eNB CoMP operation e.g. coordinated scheduling/beamforming.  For the time requirement of loose coordination, it is expected that coordination is done in the level of tens to hundreds milliseconds.   
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               Figure 1(a): Scenario with loose coordination               Figure 1(b): Scenario with tight coordination
· Scenarios with tight coordination
These scenarios include the cases with centralized scheduler or controller which supports tight coordination among TPs. UEs can be served by multiple TPs with semi-static point switching without doing handover. For centralized scheduling, all UEs in different TPs are coordinated scheduled in a centralized scheduler. All the control signalling including CSI, ACK/NACK feedback of different UEs need to be reported to the scheduler. After scheduling, the scheduling information needs to be distributed to different TPs. Another type of scheduling strategy is to have a hybrid scheme of centralized and distributed scheduling. Centralized controller is used to help coordination among different TPs only for CoMP UEs but the main scheduling is still done in distributed manner. For these types of scheduler, the amount of information exchanged between TPs and central scheduler is expected to be higher than pure distributed scheduler. Therefore, latency and capacity requirements between TPs and centralized scheduler are also higher. With tight coordination, it is expected that the coordination is done in the level of a few to tens milliseconds. 
One example of tight coordination is the scenario with uplink and downlink separation which can be one of the dual connectivity scenarios[5].  In some CoMP scenarios, it is feasible to decouple the downlink and the uplink of a UE, i.e. the downlink to the UE is transmitted from one node whereas the uplink from the UE is received in another node. 
Signalling consideration highly depends on scenarios and backhaul latency.  Some signalling to support tight coordination schemes can be sensitive to the backhaul latency. To proceed with signalling design and evaluation of CoMP schemes with non-ideal backhaul, we suggest to clearly identify scenarios which we should investigate in this study item.  In our view, scenarios both with tight and loose coordination should be covered because these are the valid scenarios with non-ideal backhaul.

3 Signalling requirement for inter-eNB operation
Different CoMP schemes require different kind of information to be exchanged among TPs. E.g. for CSCB, the serving TP may need to notify coordinated TP about coordinated resource in which interference to be avoided and coordinated pre-coding information.  For JT, it is necessary to make sure that all TPs are transmitted on the same resources with  desired precoding and the resources used for transmission must be consistent with what notified to UE by DL grant. For point selection/blanking, it needs to notify the coordinated TPs on which resources to do are selected or blanking. Besides, different CoMP schemes require different backhaul latency and capacity e.g. JT/DPS may have higher requirement for backhaul delay and capacity than CSCB and semi-static point selection/blanking. 

In this section, we mainly analyzed the potential signalling for inter-eNB operation to support efficient CoMP operation. We analyze the signalling based on the following aspects:
· Signalling related to configuration of reference signals
· Signalling related to PDSCH resource allocation and RE mapping
· Signalling related to CSI feedback
· Signalling related to HARQ
When we discuss the potential signalling for inter-eNB operation in this section, the interface can be the interface among TPs or interface between TPs and centralized scheduler.  To increase the reliability of the signalling and avoid misunderstanding of the signalling, some may need handshaking procedure.   
3.1  Signalling related to reference signals 
In LTE Rel-11, UE-specific configuration of RS parameters was introduced to achieve interference coordination of reference signals between coordinating points through interference randomization or orthogonal configuration. In order to obtain the benefits described above for inter-eNB operation, some signalling between coordinated TPs is needed.  In detail, the signalling need may include the following:
· DL DMRS:  UE-specific virtual cell ID was introduced for DL DMRS sequence initialization in Rel-11.   In order to support JT or point selection for PDSCH or ePDCCH, the DMRS sequences of coordinating cells need to be coordinated in order to achieve the desired effect of interference coordination on DMRS, e.g. interference randomization or inter-cell MU paring between coordinating TPs based on orthogonal DMRS configuration. In additional to the sequences, port allocation can be coordinated among coordinating TPs.  
· CSI-RS:  To support CSI measurement of different coordinated transmission points, the network needs to configure CSI-RS information for different TPs in the CoMP measurement set. CSI-RS configuration is also needed for doing PDSCH muting to help coordinating TPs to achieve better channel estimation accuracy. 
· UL DMRS: In heterogeneous networks, the uplink and downlink may be asymmetric. To efficiently support independent DL/UL selection and reduce uplink interference between different TPs, UE-specific virtual cell ID configuration was introduced in R-11 for the UL DMRS base sequence initialization and sequence cyclic shifting. The information exchange regarding these UL DMRS parameters should be considered.
· SRS configuration information:  Similarly, information regarding SRS configuration for CSI and pathloss measurements may need to be exchanged when independent DL/UL selection or uplink DPS/JR is supported.
3.2 Signalling related to resource mapping/allocation
Another area related to CoMP is resource mapping/allocation. In some cases, a TP needs to know the resource mapping/allocation of the coordinating TPs in order to perform coordination.
· Resource allocation related information: Depending on the CoMP scheme and the scenarios described in section 2, the information of resource allocation can be on the RB level or on the subframe level like some kind of semi-static resource utilization, e.g. something similar to ABS.  
· Resource mapping related information: PDSCH mapping information related to ZP-CSI-RS/MBSFN configuration/CRS/PDSCH starting symbol can be exchanged among coordinating TPs. Some of the configurations are already supported in the X2 interface. But these configurations may need to be UE specific depending on the level of coordination.
· CSI-IMR configuration:  Coordination of IMRs is needed among the coordinating TPs so that the IMR is configured for the UE to measure the desired interference condition. For example, to reflect the interference condition of point selection at TP1 and muting at TP3 as shown in figure 3,  TP1 and TP3 need to coordinate to form the IMR which doesn't have interference from TP1 and TP3.   Also, compliance with the rule of IMRs for correct resource mapping is needed,  e.g. CSI-IMR configured to a UE must completely overlap with one zero-power CSI-RS resource.                                                      
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Figure3: Coordination of CSI-IMR configuration to support point selection/muting
· PUCCH/PUSCH resource configuration：In Rel-11, the UE-specific 
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 configuration is introduced for determining PUCCH resource location for format1a/1b. The aim of this type of configuration is to support orthogonal PUCCH transmission in case the UL receiving TP is different from the DL transmission TP. To guarantee the orthogonal PUCCH transmission with the UL receiving point, besides the UL DMRS parameter as described in section 3.1, the resource information also needs to be coordinated between TPs. Similarly, PUCCH sequence initialization for PUCCH configuration may need to be exchanged. While for PUSCH, to support independent DL/UL selection, the UL grant information needs to be exchanged.  
3.3  Signalling related to CSI feedback 
To help CoMP UEs to do CSI feedback and demodulation correctly, some additional information may be needed to be exchanged:
· Pc：In Rel-11 TM10, the Pc parameter is moved from the NZP CSI-RS configuration to the CSI-process configuration. With this modification, the network is able to tune and adapt the CSI reporting of a UE more flexibly. Regardless, the setting of Pc should depend on the power ratio between NZP-CSI-RS and PDSCH. Coordination between TPs may be needed to setup the appropriate Pc value.
· Codebook subset restriction information：The codebookSubsetRestriction is also configured independently for each CSI process and each sub-frame set in Rel-11. The setting of codebook subset restriction can depend on the CoMP scheme and the scheduling assumptions.  E.g. it can depend on the interfering precoder for CSCB.  Coordination between TPs may be needed to setup the appropriate codebook subset restriction.
· UL CSI or UL path loss related information ：In case that DL/UL point are independent selected, the coordinated TPs can measure SRS and get the PMI/CQI and/or path loss measurement result. This information needs to be sent to DL TPs for MCS and PMI configuration in UL grant and UL power control.  
3.4   Signalling related to HARQ
As described in section 2, one of the scenarios we should consider is the scenario with uplink and downlink decoupled. In this case, HARQ information can be sent via backhaul. This means that the HARQ round-trip time will be at least in the order of the backhaul delay, i.e. possibly tens of milliseconds. The HARQ round-trip time is the time between the scheduling of an DL/UL transmission and the time instant the scheduler receives information that the transmission was successful or not. New data should not be scheduled on a HARQ process during the HARQ round-trip time. This means that the scheduler may have to wait tens of milliseconds between two subsequent uses of a HARQ process. Since FDD LTE offers 8 HARQ processes (for TD-LTE it depends on the configuration), a single UE in such a situation can be scheduled in only 8 out of those tens of subframes. This may reduce the per-user throughput significantly. Furthermore, if there are not enough other UEs that can be scheduled on the unused resources, then also the system capacity may be reduced significantly [4].
Allowing for a UE-specific number of HARQ processes would alleviate some of the negative performance impact of sending ACK/NACKs over a non-ideal backhaul. Therefore, RAN1 should investigate the possibility to let the number of downlink and uplink HARQ processes be UE-specific and configurable through RRC signalling. 
4 Conclusion
In this contribution, we discuss the scenarios we should consider for CoMP operation with non-ideal backhaul.  We describe the scenarios with loose coordination and tight coordination.  Potential signalling is identified in the following aspects:  

· Signalling related to reference signals.
· Signalling related to resource mapping/allocation
· Signalling related to CSI feedback

· Signalling related to HARQ
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