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1 
Introduction
RAN1 have made initial progress on the study of CoMP technology for inclusion in the LTE standard. So far the work has mainly been focusing on assessing the potential performance gains that we can get from including standardized functions supporting CoMP operation to the standard. Some discussion of more implementation related issues such as whether CoMP should be implemented as cooperation between different physical cells or cooperation between transmission points within one physical cell have also started but no conclusions have been reached yet.
In this contribution we propose a new unified approach to CoMP, an approach which on one hand simplifies implementation because it reuses existing functions from the carrier aggregation feature and on the other hand adds considerable flexibility to support a much wider set of CoMP schemes than what have so far been considered by RAN1.
2 
CoMP and carrier aggregation
3GPP is analyzing within the context of the ongoing Rel-11 CoMP study item whether more dynamic interaction between cells can help to increase the spectral efficiency of LTE. Looking back to the Rel-10 carrier aggregation discussion one of the important arguments to introduce carrier aggregation was to enable dynamic load balancing between different LTE carriers by allowing for scheduling one UE across multiple carriers. After considering different options it was decided that dynamic interaction between carriers would be done by aggregating cells. (Cell has been used as a general terminology presenting carrier or geographically different radio “cell”).
Focusing on cell aggregation instead of carrier aggregation made this feature much more generic and today there are no important obstacles in the standard from aggregating cells transmitted on the same carrier/frequency to support dynamic interaction between cells as is the objective of CoMP features. In fact cell aggregation can be considered as a framework which provides enough flexibility to support several different CoMP schemes. 
Furthermore, the already existing mechanisms for carrier aggregation, e.g. cross-carrier scheduling, multi carrier CSI feedback, control signaling etc are to a large extent applicable for the cell aggregation based CoMP as well, hence greatly simplifying the standardization as well as implementation work. In the following we outline the most important use cases for single carrier cell aggregation.

Observation: Cell aggregation as defined in the Rel-10 carrier aggregation work item can be used to support CoMP functions with minimal standardization effort.
3
Support CoMP with cell aggregation framework
In this section, we show how different CoMP schemes can be supported in the cell aggregation framework, and in particular how to reuse the existing Rel-10 features, including multiple serving cell management, cross-cell scheduling, per serving cell feedback, to support CoMP, see [3] for further discussion.
1. CoMP set management can reuse the serving cell management mechanism in Rel-10. Each CoMP UE can aggregate multiple serving cells to construct the CoMP set. (mainly for CoMP measurement set)
2. Most CoMP scheme relies on the channel knowledge to operate and per serving cell feedback defined in Rel-10 can be reused for most CoMP with more or less additional standardization effort:
Coordinated scheduling/Coordinated Beamforming (CS/CB): CS/CB needs neighbour cell’s channel state information, e.g. per cell PMI/CQI. And cell aggregation supports feedback for multiple serving cells, which can be reused for CS/CB. Typically the CQI for the secondary serving cell maybe not needed, normally it’s eNB to adjust the serving cell CQI considering the gain from CS/CB.
Dynamical cell switching: Per cell feedback (PMI&CQI) for multiple serving cells can be used, besides the CFI bits in downlink DCI can be reused to support cell switching. 

Coherent Joint Transmission: per cell feedback is not enough to support coherent JT, additional standardization effort needed to define inter-cell channel correlation information, e.g. inter-cell channel phase. That means big standardization effort.
Observation: Coherent joint transmission needs substantial additional effort, especially for FDD mode.
In Rel-10 CA framework, the scheduler of each CC operates separately, so data of one UE is split to multiple CC in MAC layer then be scheduled and transmitted independently. It’s straight forward to consider CoMP in cell aggregation framework using independent scheduler and physical BBU as starting point (Section.4 gives the performance of cell aggregation CoMP assuming independent scheduling and physical layer). Of course, it doesn’t prevent us to introduce more coordination in scheduling and BBU processing in cell aggregation framework. 
4
Additional use cases for cell aggregation
The cell aggregation framework supports, with minimal standardization effort, most of the CoMP schemes discussed during the LTE-A study item. In addition, as cell aggregation not only concerns data transmission but also includes features for control channels a new set of CoMP use cases are available.
In the following we introduce a number of these new use cases showing how the control channel features supporting carrier aggregation are also useful when intra-frequency cells from different transmission points are aggregated. Note that here multiple cells are connected to one central eNodeB, and each cell could be a high Tx power RRH or a low Tx power RRH as in CoMP scenario 1, 2 and 3, respectively.
Dynamic multi cell scheduling
As with Rel-10 carrier aggregation, when two or more cells are aggregated, the UE can be dynamically scheduled in any of the aggregated cells. The eNB can switch the UE between cells simply by transmitting the DL assignment over the relevant cell or the UE can be even scheduled simultaneously in the two cells.

Having the possibility to schedule the UE from both cells enables the well known CoMP schemes, dynamic cell switching and non-coherent joint transmission however it also enables that two cells serving one UE can do so with relaxed constraints on the inter-cell communication latency. This is important if CoMP is to be supported in legacy or cost efficient deployments where high performance optical networks are not available (further details available in [4]).
Observation: The cell aggregation framework supports CoMP schemes which can work across transport networks with non-negligible latency.

Independent cell selection for uplink and downlink

In heterogeneous networks one well known issue encountered is that the optimal downlink cell is different from the optimal uplink cell. The reason is simple: As the downlink transmission power differs between node types while the uplink transmit power remains the same (UE Tx power), the cell ranges are different in uplink and downlink, see Figure.1.
With cell aggregation the UE could for example be scheduled by macro cell in downlink and transmit PUSCH in RRH cell, thus achieving optimal cell selection in both uplink and downlink for this specific UE. One useful solution for het-net scenario would be to have the possibility to transmit uplink grants from either macro or RRH but always schedule PUSCH on the RRH cell for this UE. Here the cross carrier scheduling feature comes in handy (in this particular setting we might call it cross cell scheduling). We could simply configure the cross cell scheduling so that the uplink grants from the macro cell schedule the uplink in the RRH cell, or alternatively it could be allowed for the uplink also to be scheduled from the RRH in case that is needed.
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Figure 1 Different equivalent coverage in downlink and uplink 
Flexible and dynamic range extension
As also discussed during Rel-10, het-net breathing is one effective way of improving performance in heterogeneous networks. Dynamic range extension or Het-net breathing works by selectively muting transmission from the high power macro. Such muting increases significantly the downlink range of low power nodes and allows more users to benefit from the low power nodes (see Figure 2). 
With cell aggregation het-net breathing is basically as flexible as it could possibly be because it relies on coordinated dynamic scheduling between the macro and the RRH cells and the decision on muting (or only power reduction) can be done with per PRB and subframe granularity. Moreover, cell-edge UE can dynamical switch between the coordinated cells. That brings additional flexibility to the scheduling process which can be leveraged by advanced schedulers to improve the system performance.
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Figure 2 The het-net breathing principle illustration
5
Performance evaluation
In this section, we evaluate the performance of two particular use cases of cell aggregation.: The first one is downlink cell aggregation without fast coordination and the second use case is independent UL and DL cell selection. 
5.1. Downlink cell aggregation without fast coordination:

This use case assumes no fast coordination of transmission parameters among CoMP cells and UEs in CoMP mode are scheduled completely independently by the two cells, with the two cells transmitting different data towards the UE. Detail description of algorithms and simulation results can be found below:

CoMP algorithm

Each CoMP UE is allowed to have two serving cells: Primary cell selection follows RSRP maximization principle and secondary cell is selected with second strongest RSRP. To control the CoMP UE ratio, RSRP window is utilized to constraint the range of second strongest cell’s RSRP: [0,2,4,6,8]dB window are simulated, where 0 dB representing the baseline non-CoMP case, and 8dB means around ~60% CoMP UE ratio, see the simulation results.

CoMP UE is connected to two cells and it is assumed that data packets for one UE are split in high layer into two cells. Each cell can independent schedule and transmit PDSCH to this UE with dynamical rank adaptation. The PDSCH from two cells are always independent received, thus UE receiver takes all other cells as interference no matter it is transmitting signal to itself or not.

Feedback and RRM
For both CoMP and Non-CoMP UE, per cell PMI&CQI&RI feedback is assumed as for MIMO Transmission Mode 4. The main difference between CoMP and non CoMP UE is that UE’s in CoMP mode shall feedback to multiple cells,  each cell separately: Each serving cell will receive PMI, CQI&RI from the UE independently.

For simplicity, we assume very low level of coordination between cells: Data for each UE is split to two cells at the MAC layers (like is done for carrier aggregation), and the scheduler of each cell shall operate independently and take the CoMP UE into account as if this user is an ordinary user. UE receiver always tries to decode the streams from two cells independently. So, when both cells schedule PDSCH to this UE in the same PRB&TTI, UE receiver will take the signal from other cell as interference to this cell. (IRC receiver assumed). Detail simulation parameters can be found in appendix A and [2].
Simulation results

The simulation results are presented in Table 1 for the agreed CoMP scenario 2 with 57 cells cooperation and UE specific CoMP set size is max 2 cells. 

From the results we make the following detailed observations:
· The gain from this simple use case of cell aggregation at low and medium load is ~20% in average UE throughput and ~ 60% at the 5%tile and the optimal gain is achieved by having ~50% of the users using aggregated transmission (8dB window size)
· The gain decreases at high load, this is explained by the fact that system spectral efficiency is optimized by serving users from own cell and at high load there are always own cell users available.

· At high load the number of users using CoMP (dual cell transmission) should be reduced to optimize the gain.

· The load measured in terms of the relative occupied PRB resources is only increasing slightly when cell aggregation is enabled, this because the increase in user throughput compensate for the increased resource utilization.
In summary we make the following observation:
Observation: Non-coherent joint transmission based on the cell aggregation framework can provide substantial and robust gains in UE average and especially cell edge throughput for CoMP scenario 2.
	Simulated cases
	Statistics

	Offered load
	Transmission scheme
	Load
	Mean user throughput gain [%]
	5% user throughput gain [%]
	CoMP users

	(Mbps/cell)
	
	[rel. PRB occupation]
	
	
	[%]

	0.5Mbps
	R8 SU 2x2
	4%
	15%
	67%
	0%

	
	CoMP
	5%
	
	
	52%

	1.0Mbps
	R8 SU 2x2
	8%
	19%
	56%
	0%

	
	CoMP
	9%
	
	
	56%

	2.0Mbps
	R8 SU 2x2
	17%
	19%
	69%
	0%

	
	CoMP
	20%
	
	
	55%

	4.0Mbps
	R8 SU 2x2
	33%
	17%
	53%
	0%

	
	CoMP
	38%
	
	
	55%

	8.0Mbps
	R8 SU 2x2
	82%
	7%
	33%
	0%

	
	CoMP
	84%
	
	
	23%


Table 1 Simulation results for Simple CoMP (use case 1) with 57 cells cooperation.
5.2. Independent UL and DL cell selection

Simulation setup
The second use case of cell aggregation is to optimize the UL cell coverage. We assume all UEs are aggregating two cells. The primary cell is selected following RRM measurement as in Rel.8. But the secondary cell is selected following minimal pathloss criteria to optimize the uplink coverage. So, in this use case of cell aggregation, Pcell is used to transmit PDCCH only, and Scell is used for PUSCH only (Baseline is RSRQ based cell selection.). Detailed simulation parameters can be found in Appendix B and [2].
Simulation results

	
	Coverage 
Spectrum 
efficiency  [bps/Hz]
	Average 
Spectrum 
efficiency  [bps/Hz]
	UE association ratio to Pico

	RSRQ based cell selection
	0.7025
	2.841
	69%

	Path loss Based cell selection
	1.2373
	3.2345
	90%

	Gain
	76%
	14%
	


Table 1 Simulation results for independent DL and UL cell selection.
If UE is able to select the secondary cell using pathloss criteria, the association ratio to pico is much higher than RSRQ based, the reason is that the transmitting power difference between macro and pico shrink the coverage of pico in downlink, but not in uplink. Pathloss based cell selection is more reasonable in this scenario as it is more fit to actual equivalent Pico coverage in uplink.
Observation: Cell aggregation framework allows using different cell selection criteria for primary and secondary cell which can effectively enhance the uplink performance in het-net scenario using more appropriate criteria focusing on uplink optimization. 
6
Conclusions

In this contribution we have outlined how the cell aggregation framework defined in Rel-10 CA WI can be largely reused to support a very flexible type of CoMP schemes by configuring the same frequency for multiple serving cells and how reusing the Rel-10 cell aggregation framework can greatly reduce the standardization effort needed for CoMP. 
Moreover the cell aggregation framework supports a number of new use cases, one of these allowing CoMP to be operated across transport networks with non-negligible latency.

Besides, we also presented simulation results for a non-coherent joint transmission CoMP scheme based on the cell aggregation framework which shows significant gain for low and medium load assuming a realistic FTP traffic scenario. 
Observation: Cell aggregation as defined in the Rel-10 carrier aggregation work item can be used to support CoMP functions with minimal standardization effort.
Observation: Coherent JT needs some heavy additional effort especially for FDD mode.

Observation: The cell aggregation framework supports CoMP schemes which can work across transport networks with non-negligible latency.

Observation: Non-coherent joint transmission based on the cell aggregation framework can provide substantial and robust gains in UE average and especially cell edge throughput for CoMP scenario 2.
Observation: Cell aggregation framework allows using different cell selection criteria for primary and secondary cell which can effectively enhance the uplink performance in het-net scenario using more appropriate criteria focusing on uplink optimization. 
Proposal: In summary we propose that the cell aggregation framework already available in Rel-10 specification is considered as starting point for adding further CoMP support in the LTE specification.
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Appendix A
	Parameter of use case 1(Downlink)
	Value

	Deployment scenario
	Scenario.2 in TR36.819, with 57 sectors coordination area
UE select its preferable secondary cell from all 57 sectors.

	UE dropping
	Configuration 4b

	Channel model
	SCM Urban macro high spread, 3kmph, pathloss and antenna pattern according to latest 3GPP requirements

	Antenna configuration
	2Tx x 2Rx cross-poles both at UE and eNB 

	Feedback
	Realistic  per cell codebook (2Tx) PMI and realistic CQI feedback.

	UE receiver
	IRC

	Traffic 
	FTP model 1 in TR36.819

Poison UE arrival assumed. 


Appendix B

	Parameter of use case 2 (Uplink)
	Value

	Deployment scenario
	CoMP scenario.3 in TR36.819

UE select its preferable secondary cell from all 57 sectors + 

	Channel model
	SCM Urban macro high spread, 3kmph, pathloss and antenna pattern according to latest 3GPP requirements

	Antenna configuration
	1x2: 

	Feedback
	Realistic  per cell codebook (2Tx) PMI and realistic CQI feedback.

	eNB receiver
	MMSE

	Traffic 
	Full buffer 

	Power Control
	FPC formula ((=[0.9, 0.7])

	Sounding
	Ideal channel estimation, SRS is transmitted every 10ms
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