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1
Introduction
This contribution provides our views on downlink control signaling aspects of CoMP.  We consider aspects related to the signaling of DCI as well as control channel performance in various CoMP scenarios. The adequacy of the current PDCCH is analyzed to determine whether enhancements to it are justified from a CoMP perspective. 

Requirements for control channel enhancements (“E-PDCCH”) are treated in a separate contribution [1].  Other companion papers provide a high-level proposal on DL-CoMP schemes [2] as well as views on CSI feedback in support of CoMP/MIMO [3] and downlink reference signals [4].  For brevity, we will abbreviate “Scenario” as “Scn” in the following. 

2
Downlink control signaling in support of CoMP
Control signaling details in support of Rel-11 CoMP are unclear at this point, as the CoMP CSI feedback and CoMP schemes are still under heavy discussion.  Despite this fact, we believe that it is important to keep control signaling aspects in mind when discussing CoMP operation, especially at this early stage where basic CoMP operation has not yet been narrowed down. 

In our view, it is important to proceed based on the proven design principles of previous releases, which strove for transparency and limited the number of DCI formats to the smallest number possible.  A good example for this design guideline is Rel-10 MU-MIMO operation.  The co-scheduling of multiple UEs on the same time/frequency resources can be entirely transparent to the UE, and a single DCI format supports the corresponding TM9 transmission mode. 

We envision that a similar design principles will also prove valuable in Rel-11.  At this point both CoMP and MIMO enhancements are being considered actively.  Similar to the feedback discussions which strive for commonality among CoMP/MIMO, similarities between both topics should also be exploited for DCI-related issues to a maximum extent.  In principle, it seems desirable to address enhancements for both with a common DCI format, if possible. 

Proposal: 

· Continue to focus on the proven design principles of UE-transparent transmission schemes and strive for commonality between CoMP and MIMO control signaling. 

· If addition of a new DCI format is necessary, a single new DCI format should be targeted for CoMP/MIMO operation, if possible. 
3
Control channel issues in CoMP Scenario 4

A major difference between CoMP Scn-3 and Scn-4 lies in how control is transmitted to UEs.  In Scn-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 an RRH 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, Scn-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 and is outweighed by the dimension loss that results from having a common control region.  As the following simple analysis shows, even for 4 RRHs/cell, Scn-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 1 and 2 illustrate this issue and use some simple analysis to estimate the potential performance impact due to control channel limitations.  Specifically, Table 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. 

Table 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

	#grants on PDCCH
	2.5
	4.2
	4.2
	10.9


Table 2: Example PDCCH allocation for Scn-3 and Scn-4.

	
	Scenario 3
	Scenario 4

	Control symbols
	2
	3

	Total # of grants on PDCCH
	6
	10

	UL grants
	1
	5*1

	Available DL grants
	5
	5

	DL grants per Tx point
	5
	1


Based on the available number of grants on PDCCH, Table 2 shows how these resources could be broken down for Scn-3 and Scn-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 Scn-4.  

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

For Scn-4, due to the common control region, 5 grants need to be allocated to the UL (one for each transmission point). Even if spending 3 control symbols, this only leaves 5 grants for the downlink.  After splitting up these 5 grants evenly for each transmission point, only a single DL grant 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:  
· Scn-4 suffers from control channel limitations and even for 4RRHs incurs losses compared to Scn-3 due to an increased number of control symbols and loss of subband scheduling gain.  
· Scn-4 incurs a loss of 17% compared to Scn-3 due to 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. 
In our view, it is important to note that the control capacity limitations faced in Scn-4 by themselves, do not justify the introduction of CoMP-specific PDCCH enhancements.  Ultimately, Scn-3 and Scn-4 enable the same type of CoMP operation, especially considering that a colliding CRS configuration in Scn-3 avoids issues due to CRS-on-PDSCH collisions, or similar issues that were raised for JT-CoMP.  Given these similarities, it does not seem necessary to optimize Scn-4 support in the specification because similar CoMP functionality may be provided with Scn-3.  

Proposal: 

· Control capacity issues in Scn-4 by themselves do not justify the introduction of PDCCH enhancements since an adequate configuration of Scn-3 may provide the same CoMP functionality while avoiding control capacity issues.  

4
Conclusions

In this contribution, we have discussed control signaling aspects and addressed design principles for signaling of DL control information.  We have also compared CoMP Scn-3 and Scn-4 from a control capacity viewpoint and identified significant issues with Scn-4.  However, by itself, this does not justify PDCCH enhancements as CoMP Scn-3 may provide the same CoMP functionality as Scn-4 while obviating the control channel issues. 
Our detailed proposals and observations are summarized as follows: 

· Continue to focus on the proven design principles of UE-transparent transmission schemes and strive for commonality between CoMP and MIMO control signaling. 

· If addition of a new DCI format is necessary, a single new DCI format should be targeted for CoMP/MIMO operation, if possible. 

· Scn-4 suffers from control channel limitations and even for 4RRHs incurs losses compared to Scn-3 due to an increased number of control symbols and loss of subband scheduling gain.  
· Scn-4 incurs a loss of 17% compared to Scn-3 due to 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. 
· Control capacity issues in Scn-4 by themselves do not justify the introduction of PDCCH enhancements since an adequate configuration of Scn-3 may provide the same CoMP functionality while avoiding control capacity issues.  
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