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1
Introduction
In this contribution we highlight several important differences between CoMP Scenarios 3 and 4 and provide quantitative performance comparisons for control channel capacity and legacy UE performance.  We believe that it is important to capture the differences between the two scenarios as part of the final CoMP Phase 2 conclusions as they have significant influence on both CoMP performance and specification impact. 

In companion papers we present our CoMP Phase 2 results [1] and address specification impact [2].  HetNet CoMP performance for a degraded backhaul scenario is discussed in [3] and the applicability of the existing X2 interface is discussed in [4]. 

2
Key Differences between CoMP Scenarios 3 and 4 
Differences between CoMP Scenarios 3 and 4 have been discussed at the last RAN1 meetings.  While non-legacy UEs may be served in a similar and UE-transparent fashion by exploiting CSI-RS and DM-RS, important system-level differences remain.  In fact, the data performance of Scenarios 3 and 4 is similar only when conditioned on the same transmission point association.  However, this seems hardly feasible as Scenario 4 suffers from boundary issues at which cell splitting is reduced (see [5] for details).  In contrast, Scenario 3 can achieve range expansion even at cluster boundaries for those UEs that are capable of CRS interference cancellation (CRS-IC).  In fact, Scenario 4 is not able to obtain any benefits from CRS-IC capable UEs, as its transmission points are configured with identical cell-IDs and the CRS from a single transmission point can therefore not be isolated. 

Besides transmission point association, Scenarios 3 and 4 show differences for any system features that rely on the CRS.  Among those, we address legacy UE performance and control channel limitations in this contribution.  Other differences, including mobility aspects, were discussed in a previous contribution [6]. 
For clarification, the following makes the assumption that for Scenario 4, the CRS is transmitted by all transmission points in a CoMP cluster and that the same cell-ID is configured throughout the cluster.  This is in line with the assumptions that have been discussed at previous RAN1 meetings [7]. 

3
Legacy UE performance

Legacy UEs that perform CSI feedback and PDSCH demodulation based on the CRS exhibit largely different behavior in Scenarios 3 and 4, respectively.  In Scenario 3, UEs behave as in the typical co-channel case and association is assumed to be in accordance with strongest received power.  A limited amount of cell-splitting is possible as a result especially for clustered UE droppings (as in Configuration 4b).  In contrast, in Scenario 4, UEs see a composite channel that results from transmitting identical signals from all transmission points in a CoMP cluster.  While this leads to some SINR gain (“SFN effect”) the inability to perform any kind of cell splitting leads to inferior performance compared to Scenario 3. 
System-level performance evaluations were performed to illustrate the performance impact quantitatively. Results are shown in Tables 3.1 and 3.2 for Configuration 1 (uniform UE dropping) and Configuration 4b (clustered UE dropping), respectively.  Simulation assumptions are listed in Table A.1 in the appendix.  

From the tables, we see that the lack of cell splitting hurts Scenario 4 performance.  For the baseline case of 4 RRHs per macro cell, we observe that Scenario 4 loses 14% for a uniform drop and 34% with clustered drop.  The larger loss of Scenario 4 for clustered drop is due to the larger degree of cell splitting that can be exploited with Scenario 3 (since UEs are dropped close to the RRHs, a larger percentage naturally associates with them). 
In Figure 3.1, we compare the decoding SINR of Scenario 3 and Scenario 4 for a uniform UE drop with 4RRHs/cell.  The figure shows that Scenario 4 as expected has larger decoding SINR due to the SFN effect.  However, the SINR difference amounts to only 0.8 dB on average and does not compensate for the loss of cell splitting that Scenario 3 achieves.  

Observation: 

· Scenario 4 shows significant performance loss for legacy UEs, due to lack of cell splitting

· 14% loss for 4RRHs (Configuration 1)

· 34% loss for 4RRHs (Configuration 4b)

Table 3.1: Legacy UE performance in Configuration 1 (uniform UE drop).

	RRH density
	Scheme
	RRH Assoc.
	5% UE throughput [Mbps]
	Median UE throughput [Mbps]
	Average UE throughput [Mbps]

	Macro-only
	-
	0.407
	0.730
	0.816

	1 RRH/cell
	S3
	4%
	0.413
	0.772
	1.276

	
	S4
	-
	0.405
	-2%
	0.743
	-4%
	0.825
	-35%

	2 RRHs/cell
	S3
	6%
	0.415
	0.797
	1.633

	
	S4
	-
	0.408
	-2%
	0.743
	-7%
	0.831
	-49%

	4 RRHs/cell
(baseline)
	S3
	12%
	0.425
	0.869
	2.439

	
	S4
	-
	0.407
	-4%
	0.748
	-14%
	0.840
	-66%

	10 RRHs/cell
	S3
	26%
	0.492
	1.175
	4.282

	
	S4
	-
	0.434
	-12%
	0.793
	-32%
	0.866
	-80%


Table 3.2: Legacy UE performance in Configuration 4b (clustered UE drop).

	RRH density
	Scheme
	RRH Assoc.
	5% UE throughput [Mbps]
	Median UE throughput [Mbps]
	Average UE throughput [Mbps]

	Macro-only
	-
	0.340
	0.602
	0.678

	1 RRH/cell
	S3
	27%
	0.404
	0.927
	1.420

	
	S4
	-
	0.351
	-13%
	0.714
	-23%
	0.820
	-42%

	2 RRHs/cell
	S3
	29%
	0.425
	1.004
	2.169

	
	S4
	-
	0.371
	-13%
	0.720
	-28%
	0.825
	-62%

	4 RRHs/cell
(baseline)
	S3
	32%
	0.437
	1.079
	3.277

	
	S4
	-
	0.377
	-14%
	0.707
	-34%
	0.813
	-75%
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Figure 3.1: Comparison of decoding C/I for Scenarios 3 and 4 (4RRHs/cell; uniform UE drop). On average, Scenario 4 gains 0.8dB in decoding C/I over Scenario 3. 
4
Control Channel Limitations

Another major difference between Scenarios 3 and 4 lies in how control is transmitted to UEs.  In Scenario 3, UEs receive both control and data from either the macro or one of the RRHs.  UEs that are located in the range expansion region of a UE can rely on interference cancellation and the concept of almost blank subframes (ABS) to achieve satisfactory decoding performance.  As separate control regions are kept per transmission point, cell splitting gain is also achieved for control transmissions, and control channel limitations are thus avoided. 

In contrast, Scenario 4 relies on a common control region among a macro cell and all of its associated RRHs. While some SINR gain results from transmitting control simultaneously from all transmission points, such gain is typically small.  As shown in Figure 3.1, for 4RRHs and uniform UE drop it only amounts to 0.8dB on average. The SINR gain is therefore greatly outweighed by the dimension loss that results from having a common control region.  As the following simple analysis shows, even for 4 RRHs/cell, Scenario 4 runs into control channel limitations that lead to performance loss.  In our view, it is therefore important that control channel limitations be taken into account as part of the current CoMP study in order to understand realistic CoMP performance trends. 

Tables 4.1 and 4.2 illustrate this issue and use some simple analysis to estimate the potential performance impact due to control channel limitations.  Specifically, Table 4.1 shows the number of control resources that are available for a 2Tx system with up to 3 control symbols.  For simplicity a single aggregation level of 4CCEs is assumed.  For simplicity, additional limitations due to common and UE-specific search space are neglected. 
Based on the available number of PDCCHs, Table 4.2 shows how these resources could be broken down for Scenarios 3 and 4, respectively.  For both scenarios it is assumed that a single UL grant per transmission point is used, such as to be at least able to schedule a single UL transmission per transmission point.  The remaining resources are then used for DL grants.  Note that the restriction of using a single UL grant would likely result in UL inefficiencies but here we made this assumption in order to allow at least one DL grant per transmission point in Scenario 4.  

For Scenario 3, due to the separate control regions for macro cell and RRHs, even with 2 control symbols, 5 PDCCHs are available per transmission point.  Through system-level simulations, it was verified that 5 PDCCHs lead to negligible performance loss compared to the hypothetical case of having unlimited control resources. 

Table 4.1: Available control resources for a 2Tx system (4CCE aggregation level).

	
	1st control symbol
	2nd control symbol
	3rd control symbol
	Total

	Total REs
	600
	600
	600
	1800

	CRS
	-200
	0
	0
	-200

	PCFICH
	-16
	0
	0
	-16

	PHICH
	-24
	0
	0
	-24

	CCEs
	10
	16.7
	16.7
	43.4

	#PDCCH
	2.5
	4.2
	4.2
	10.9


Table 4.2 Example PDCCH allocation for Scenarios 3 and 4.

	
	Scenario 3
	Scenario 4

	Control symbols
	2
	3

	Total #PDCCHs
	6
	10

	UL grants
	1
	5*1

	Available DL grants
	5
	5

	DL grants per Tx point
	5
	1


For Scenario 4, due to the common control region, 5 PDCCHs need to be allocated to UL grants (one for each transmission point). Even if spending 3 control symbols, this only leaves 5 PDCCHs for downlink grants.  After splitting up these 5 PDCCHs evenly for each transmission point, only a single PDCCH remains per transmission point.  As a result, it is clear that only a single UE can be scheduled per transmission point, thus removing any performance gain due to subband scheduling. 

Observation:  

· Scenario 4 suffers from control channel limitations and even for 4RRHs incurs losses compared to Scenario 3 due to an increased number of control symbols and loss of subband scheduling gain.  
· A loss of 17% compared to Scenario 3 is observed based on control channel limitation alone (approximately 10% due to loss of subband scheduling gain; additional 7% due to the increased number of control symbols).  The problem is further exacerbated as the number of RRHs increases. 
5
Conclusions

In conclusion, we have highlighted important differences between Scenarios 3 and 4 and provided quantitative results that illustrate their performance impact: 

· For legacy UEs, Scenario 4 shows significant performance loss due to lack of cell splitting compared to Scenario 3
· For 4 RRHs, Scenario 4 loses 14% for Config. 1 and 34% for Config. 4b

· Scenario 4 suffers from control channel limitations that at least lead to loss of subband scheduling gain, even for the baseline of 4RRHs/cell.  For larger RRH density, the problem is exacerbated and control channels become the key bottleneck. 

· Scenario 4 loses 17% compared to Scenario 3 in the considered setup.  A 10% loss results from not being able to achieve subband scheduling gain.  Another 7% loss is due to an increased control region. 
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Appendix
Table A.1: Simulation assumptions for the evaluations in Section 3. 

	Parameter
	Value
	Parameter
	Value

	Deployment
	3GPP Case 1, 57 cells
	UEs/cell
	25 for Configuration 1; 
30 for Configuration 4b

	Number of antennas
	2Tx, 2Rx
	CSI feedback
	Realistic Rel-10 PMI/CQI/RI feedback (5ms feedback periodicity) 

	Transmission scheme
	SU-MIMO with rank-adaptation (TM4)
	Link adaptation
	non-ideal

	Antenna downtilt
	10 degrees
	Bandwidth
	10MHz

	Fast fading
	TU, spatially i.i.d., 3km/h
	Scheduling/feedback subband size
	6RBs

	Coordination area
	Intra-cell cluster for S4.
	Receiver
	MMSE-IRC

	Association
	Largest received power (no bias applied)
	Overhead
	2 control symbols and CRS overhead.  No DM-RS since TM4 is used. 
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