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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(NIB)  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. 

In RAN1 #74 meeting, evaluation assumptions were discussed and the evaluation scenarios and parameters were confirmed[7].  In our companion contribution [2][10], further evaluation results of CoMP schemes with NIB based on the evaluation assumptions are provided. In this contribution, we analyze the X2/Xn signaling for inter-eNB CoMP based on following aspects:
· Scenarios for CoMP operation with non-ideal backhaul 
· Establishment of CoMP operation
· Signaling requirement for different CoMP schemes 
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 CoMP schemes like CS/CB, information can be collected by the centralized controller without the need of direct information exchange between multiple TPs.  For centralized scheduling, all UEs in different TPs are coordinated scheduled in a centralized scheduler. All the control signaling 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 more than pure distributed scheduler but less than the pure centralized scheduler. Therefore, latency and capacity requirements between TPs and centralized scheduler are also higher comparing with pure distributed scheduler.   The function of centralized controller can include control of the parameter configuration of different cooperation points. With hybrid mode, the distributed scheduler will complete scheduling based on the parameters as shown in figure 2. The impact of backhaul delay can be reduced comparing with pure centralized scheduler. 
With tight coordination, it is expected that the coordination is done in the level of a few to ten 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. 
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Figure 2: Coordination between central controller and distributed scheduler
3 Establishment of inter-eNB CoMP operation
As discussed in [8], there are two kinds of signalling to support inter-eNB CoMP operation especially for the inter-vendor case.  These two kinds are one-way and two-way signalling.   Here we generalize two-way signalling to signalling with handshaking since it is possible to take multiple times to converge the understanding between two eNBs and establish the CoMP operation accordingly.   

For one-way signalling,

One eNB informs another eNB of its coordination information e.g. CSI, RS locations.   However, it is up to the receiving eNB whether or how coordination is done upon the reception of these coordination information.  The clear drawback is that the sending eNB which requests for coordination doesn't know whether its request has been fulfilled.  In some cases, it degrades the performance if receiving eNB fails to perform coordination but the sending eNB still assumes coordination request is fulfilled.   

The drawback of one -way signalling can be seen even with simple kind of coordination scheme e.g. semi-static point muting (SSPM). In support of SSPM, coordination of CSI-IMR configuration needs to be done so that the correct interference condition can be measured from the UE.   For example, for the eNB1 which wants to perform SSPM on its served UE as shown in figure 3, the first thing is to configure the UE to measure interference from one CSI-IMR which reflects the interference with blanking.   Hence eNB1 needs to request the coordination on CSI-IMR so that eNB2 will mute the corresponding REs in the requested CSI-IMR.   For one way signalling, this may cause mis-understanding on what the UE is actually measures if the request hasn't been fulfilled.         
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Figure 3:  One-way signalling
For signalling with handshaking,  
One eNB informs another eNB of its request of coordination with corresponding coordination information.  The receiving eNB makes the decision upon the request and informs the requesting eNB its decision and the corresponding coordination information.  With handshaking, two eNBs have the common understanding on how coordination is done. For the example in figure3, eNB1 confirms that eNB2 mutes the REs corresponding to the requested CSI-IMR.  Hence the eNB1 can make sure the interference condition measured from the CSI-IMR corresponds to blanking at eNB2.   Also with handshaking, the two eNBs can coordinate and negotiate on the muting pattern.   
From the above analysis, we have the following proposal.
Proposal 1:  Signalling with handshaking should be considered for establishment of inter-eNB CoMP operation with NIB.
4 Signalling requirement for different CoMP schemes in non-ideal backhaul

n Rel-11, CoMP supports dynamic CoMP operations between transmission points (TP) with ideal backhaul.  However, CoMP with non-ideal backhaul had not been thoroughly discussed.  According to SID of NIB CoMP study item [1], the evaluation mainly focuses on semi-static CS/CB, semi-static point selection (SSPS), and semi-static point muting (SSPM).  In [6], we have listed the potential signaling for supporting inter-eNB operation. The required inter-eNB signalling depends on the CoMP schemes to be used.  When we consider signalling exchanged for inter-eNB operation with NIB, we further classify these semi-static CoMP schemes into two categories: SSPS and CS/CSCB/SSPM, the difference of these two categories is whether the PDSCH can be transmitted from different point or not.   We also discuss here about what kind of coordination information is needed for each scheme.
4.1 CoMP schemes with PDSCH coming from one fixed serving point
For the schemes like CS/CSCB and SSPM, PDSCH is always transmitted from the serving cell (or point).  So the signalling exchange for PDSCH RE mapping and QCL is not needed. Also, the requirement for exchanging the CSI information may not be delay sensitive.
Semi-static point muting (SSPM)
For SSPS, eNBs coordinate with each other to blank resources so that the eNB can schedule victim UEs under blanked resources.   The potential signalling needed in this case are:

· CSI-RS configuration 

·  A victim cell requests an interfering cell to set up ZP-CSI-RS corresponding to the CSI-RS of victim cells for muting so that it improves the channel estimation especially for victim UE
· CSI-IMR/ZP-CSI-RS configuration

· Coordinating cells are needed to exchange their ZP-CSI-RS/IMR configuration to avoid IMR collision which leads to inaccurate interference measurement.  A victim cell requests an interfering cell to mute REs corresponding to the CSI-IMR as shown in figure 1.
· Pattern of coordinated resources 

·  Exchange/negotiate the pattern of muted resources or resources with low power

Coordinated scheduling (CS) with rank coordination
For CS with rank coordination, eNBs coordinate with each other to schedule victim UEs under resources which have less interference through rank coordination and power reduction.   Figure 4 shows that aggressor cell operates in reduced power mode (e.g. under reduced power ABS) with a cell-center UE (UE2).  For example, the aggressor transmits only one layer in these protected subframes so that coordination on DMRS allocation can be done and orthogonal DMRS resources for the victim cells can be ensured.  This can greatly improve the receiver performance due to better channel and interference estimation[9].   
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Figure 4:  CS with rank coordination  
The potential signalling needed in this case are:

· CSI-RS configuration 

· CSI-IMR/ZP-CSI-RS configuration

· Pattern of coordinated resources 

· Exchange/negotiate the pattern for coordination e.g. reduced power ABS pattern
· DMRS information

· the DMRS sequences of coordinating cells need to be coordinated in order to achieve the desired effect of interference coordination on DMRS, e.g. inter-cell MU paring between coordinating TPs based on orthogonal DMRS configuration. In additional to the sequences, port allocation//number of layers is coordinated among coordinating TPs.
CS/CB (Coordinated scheduling and coordinated beam-forming)
For CS/CB, eNBs coordinate with each other to schedule victim UEs in the resources which have less interference through coordinated beamforming.  For example in figure 4, coordination is done such that beam-forming (v3) from the aggressor cell is chosen to have less interference to the victim UE under victim cell (e.g. UE1) with beam-forming (v1).    It is similar to CS with rank coordination but coordination on beam-forming is added in this case.  The potential signalling needed in this case are:

· CSI-RS configuration

·  Coordinating eNBs need to inform each other its CSI-RS configuration so that the UEs with multiple CSI processes capability can measure the CSI-RS for PMI from the interfering cell which is equivalent to WCI for CSCB.   CSI-RS configuration information may include sequence, port number and Pc.
· CSI-IMR/ZP-CSI-RS configuration

· Pattern of coordinated resources 

· Beam pattern

· Exchange/negotiate the beam pattern for coordination (e.g. exchange of PMI information, exchange of WCI/BCI information, codebook subset restriction) or may be the associated power with the beam pattern
· DMRS information
4.2 Semi-static point selection
For SSPS, the transmission point of PDSCH can be semi-statically selected from COMP measurement set/cooperation set.  When PDSCH transmission is based on PDCCH, PDCCH will always be transmitted from serving cell, while when based on EPDCCH, the EPDCCH can be transmitted from same transmission point with PDSCH or different transmission point.
To enable SSPS, firstly the data must be shared among the coordinating cells.  Besides data exchange, the following are the potential signalling:
· CSI-RS configuration

·  Same as CS/CB, the coordinating eNB need to inform each other its CSI-RS configuration for CSI measurement.
· CSI-IMR/ZP-CSI-RS configuration

· DMRS information

· PDSCH RE mapping and QCL information

· Coordinating cells need to align the PQI setup 

· SPSS negotiation signalling including transmitting/muting pattern
· Scheduling metrics information e.g. average UE throughput
· C_RNTI 

· The interfering cell needs to know the C_RNTI of SSPS UE for PDSCH scrambling, and for EPDCCH transmission.
· CSI & HARQ :
· If CSI and HARQ information are fed back to serving cell only, the information is needed to be forwarded to the coordinating point from which the SPSS UE can be scheduled.  
· If it is assumed that CSI and HARQ information can be received by all SPSS transmission points, following additional signaling may need to be exchanged:
· UL DMRS, PUCCH/PUSCH parameter  (if configuration is based on PDCCH)
· or EPDCCH parameter: if UL transmission parameter (UL DMRS/PUCCH/PUSCH parameter) can be configured by EPDCCH directly.
This is also related to dual connectivity.  Sending HARQ information via backhaul means that the HARQ round-trip time will be at least in the order of the backhaul delay, i.e. possibly tens of milliseconds.   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. RAN1 should investigate the possibility to let the number of downlink and uplink HARQ processes be UE-specific and configurable through RRC signalling [4].
It can be observed from [2][10] that significant gain is obtained by SSPS/SSPM/CS.  For CS/CSCB and SSPM, the signaling is simpler and is less sensitive for backhaul delay, while for SSPS, the signalling is comparable complicated and some signalling may be more sensitive to backhaul delay. From the view point of standardization complexity, we have the following proposal:
Proposal 2: Signalling  for inter-eNB operation should be standardized at least for CS/CSCB/SSPM.  
5 Conclusion
In this contribution, we discuss the scenarios we should consider for CoMP operation with non-ideal backhaul (loose coordination and tight coordination). The impact of backhaul delay for CoMP establishment with 1way or 2 ways signalling was discussed. Finally, the signalling requirement of different CoMP schemes. Based on the analysis and the evaluation results, following observation and suggestion are proposed.
Proposal 1:  Signalling with handshaking should be considered for establishment of inter-eNB CoMP operation with NIB.
Proposal 2:  Signalling for inter-eNB operation should be standardized at least for CS/CSCB/SSPM. 
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