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1
Introduction
As part of the current CoMP study item two heterogeneous setups consisting of macro cells and remote radio heads (RRHs) have been agreed.  The two scenarios, referred to as Scenarios 3 and 4, differ in terms of whether transmission points are assigned different or identical cell-IDs.  In the latter case, the RRHs effectively become part of a distributed antenna array. 
At a high-level, the downlink PDSCH performance, if based on CSI-RS and DM-RS and disregarding legacy UE aspects, is similar between both Scenarios 3 and 4 as both achieve cell splitting gains among macro and RRH transmission points using the UE-specific CSI-RS and DM-RS.  From the current evaluation viewpoint, it is therefore expected that in terms of PDSCH performance both setups will perform effectively identical.  We would like to emphasize, however, that there are significant differences when it comes to features that rely on CRS, some of which we pointed out in an earlier contribution [1]. 
This contribution focuses on comparing Scenarios 3 and 4 from a control channel perspective.  Based on our evaluations, we see benefits for Scenario 3 as it is more general and can encompass different deployment scenarios.  For example, on one hand, it can effectively achieve the same decoupling of control and data transmissions as Scenario 4.  On the other hand, it can achieve superior performance when control channel capacity or the existence of legacy UEs is concerned. 

The downlink PDSCH performance is addressed in a companion paper [2]. 

2
Control Channel Transmissions for Scenarios 3 and 4

In this section, we discuss details regarding the control channel transmission for CoMP Scenarios 3 and 4. Throughout this paper we assume that UEs are not capable of interference cancellation (IC) in order to allow for a more direct comparison between both scenarios.  However, we would like to point out that performance benefits may be achieved by IC capable UEs in Scenario 3 since macro and RRH cells may be differentiated.  
2.1
Control Channel Transmissions in Scenario 4
In Scenario 4, all transmission points within a macro/RRH coordination area have the same cell-ID [3].  As the demodulation of the PDCCH is tied to the CRS, all transmission points are transmitting the same CRS and the control region is identical through the setup, i.e., both macro and RRH transmission points transmit the same control signals.  While the SFN-nature of the CRS transmissions leads to some geometry gain for UEs throughout the coverage area, this SNR gain comes at the expense of having to share the same control region through the coverage area.  As a result care needs to be taken that control capacity does not become a bottleneck in this setup. 

2.2
Control Channel Transmissions in Scenario 3

In Scenario 3, macro and RRH cells transmit independent CRSs and have separate control regions.  Assuming that UEs are not IC-capable, the range of the RRH cells can be extended by performing separation of control and data transmissions, similar to Scenario 4.  This concept of separating the cell transmitting PDCCH and PDSCH, respectively, is illustrated in Figure 2.1.  Specifically, we can differentiate three different classes of UEs, depending on how they receive control/data transmissions: 

· Macro-PDCCH; Macro PDSCH.  These are UEs that are attached to the macro cell for both control and data transmission.  In Figure 2.1 these UEs are labeled UE2, UE4 and UE7. 
· Macro-PDCCH; RRH-PDSCH.  These UEs receive control from the macro cell but data transmissions from the RRHs.  This decoupling of control and data is quite similar to Scenario 4 and can be accomplished due to the UE-specific nature of CSI-RS and DM-RS.  The need for receiving control transmissions from the macro is due to the different transmit powers of macro and RRHs which can lead to poor control geometry for UEs in extended coverage of the RRHs.  For data transmissions, the macro may silence the resources on which UEs in extended coverage receive data to avoid harsh interference (similar to Rel-10 eICIC).  In Figure 2.1 there is one such UE, labeled UE3. 
· RRH-PDCCH; RRH-PDSCH.  These UEs are attached to an RRH for both control and data transmission.  There are two such UEs in Figure 2.1 namely UE1 and UE5. 
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Figure 2.1: Illustration of control channel design for Scenario 3.
The concept of decoupled control and data transmission in Scenario 3 alleviates control capacity issues and improves the PDSCH performance of UEs that are associated to the RRHs for both control and data transmissions. This is further illustrated in Figure 2.2, which shows the control and data regions for both macro and RRH nodes.  As it is expected that individual RRHs will serve a smaller number of UEs compared to the macro, their control regions will in general be smaller.  
For the class of UEs that are associated to RRHs for both control and data, the smaller control region size of the RRH cells increases data performance due to the reduced control overhead.  We emphasize that such a gain is not achievable in Scenario 4 as the control region is common in that case. 
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Figure 2.2: Illustration of control and data regions for Scenario 3.  
3
Other overhead/performance considerations for Scenarios 3 and 4 

In RAN1 #64, a comparison was presented between Scenarios 3 and 4 in [5], which is repeated in part below in Table 1.  We address the highlighted FFS issues for Scenario 3 in [5] following the table.    
Table 1  Comparison of CoMP with Single/Multiple cell ID, in part from [5]
	
	Cons (FFS issues)

	Single cell ID
	1. Capacity benefit may be limited for legacy UEs
・ PDCCH and PDSCH must be transmitted from all points. (Rel-8/9)

( No cell splitting gain 

・ PDCCH  must be transmitted from all points. (Rel. 10 UE)

( UE specific control channel is most likely needed to spatially reuse control region for Rel. 11 UE

・2. FFS 

・Point association accuracy using uplink measurement for each UE. 

・Common channel capacity (e.g., RACH)

	Multiple cell ID
	1. Limited performance gain for CoMP (1)
・ Macro CRS collision with RRH PDCCH/PDSCH (1) 

・ Subframe shifts are needed (2)
( MBSFN subframes are not synchronized between macro and RRH, not preferable for TM9 (3)
( Canceling legacy transmission (CRS, MIB/SIB, SS, PHICH, etc.) in macro layer is necessary to solve the problem (4).


(1) Since the CRS of the macro and RRH can be configured to collide, the macro CRS does not interfere with RRH PDCCH/PDSCH, therefore the performance gain for CoMP is not limited in Scenario 3. 
(2) Since the UE receives control from the strongest DL cell, no subframe shift is needed.
(3) MBSFN subframes are not needed. Even if used, MBSFN configuration can be still synchronized between macro and RRH. 
(4) Since the UE receives CRS, MIB/SIB, SS, PHICH from the strongest DL cell, no interference cancellation is needed (although interference cancellation can further improve performance beyond what is achievable in Scenario 4)
3.1
Handover rate difference

In [3] and [5], it was mentioned that one of the advantages of Scenario 4 over Scenario 3 is that the required number of handovers is reduced.  The real practical benefits seem to be limited based on the considerations given in Table 2 below.  

Table 2  Costs associated with handovers
	Cost metric
	Notes relevant to Scenario 3

	Increased backhaul traffic to support handovers and to forward outstanding user data between eNBs
	Not relevant in the RRH scenario since all handover related processing is internal to the eNB, therefore no backhaul traffic is created and no delays are incurred. 

	Increased battery current consumptions due to idle mode UE reselection requiring the acquisition of MIB/SIB of target cell
	UE implementation is allowed to cash system information, therefore it is not required to read MIB/SIB frequently during idle mode reselections. 

	Connected mode UEs incur delay at every handover
	Assuming that the SRS based network measurements give adequate performance, the eNB can make correct handover decisions without receiving any RRM measurement from the UE. With this assumption, the handover delay consists of only the RRC procedure and PRACH delay, which is minimal. The delays associated with CSI-RS reconfigurations and associated CQI report interruption is on the similar order and is already present in Scenario 4.   


Due to the above discussion, we believe that the different handover rate is not a serious distinguishing factor between Scenarios 3 and 4. 
4
Performance Comparison of Scenarios 3 and 4 

In this section we complement the qualitative arguments in Section 2 with a quantitative performance assessment.  As discussed earlier, the comparison focuses on comparing the benefits between achieving smaller control region for Scenario 3 with the SFN-based SNR-gain that is achieved by Scenario 4 for control transmissions. 

Optimizing control channel transmissions is a multi-faceted optimization problem that is tightly linked with scheduler implementations and other proprietary implementation aspects. It therefore seems infeasible to attempt an absolute comparison between Scenarios 3 and 4, as this would depend on each company’s implementation preference.  Instead, we focus on a relative comparison in which both Scenarios 3 and 4 use the same scheduling procedures.  This is consistent with the fact that PDSCH transmission for both cases rely on the same principles. Employing the same scheduler therefore seems natural. 

For the relative comparison between both scenarios we focus on the tradeoff between the SFN-induced SNR-gain of Scenario 4 which will reduce the number of CCEs needed for PDCCH transmissions, with the fact that in Scenario 3 some of the control transmission will be offloaded to the RRH cells.  Our analysis is primarily motivated by gaining a better understanding of the above tradeoff.  

4.1
Evaluation Assumptions

The evaluation assumptions are in line with the aforementioned objective of achieving a relative comparison between Scenarios 3 and 4.  The scheduler works identically for both setups and is the same that was used to obtain the PDSCH results in [2].  For each scheduling decision, the corresponding PDCCH transmission is logged in the following way: 
· For Scenario 3, the PDCCH is transmitted from either the macro cell (for PDSCH-macro associated UEs or UEs with decoupled control and data; see Sec. 2.2) or from the RRH cell (if associated with the RRH for both control and data).  The number of CCEs needed for the PDCCH transmission is determined based on the geometry that results from the Scenario 3 configuration. 

· For Scenario 4, PDCCH is transmitted from the macro cell and RRH-cells in the same fashion, therefore inducing an SFN effect.  This SNR gain is captured and leads to a reduced number of CCEs needed for PDCCH transmission.  As the control region is common within a coordination area, PDCCH transmissions are logged per macro/RRH coordination area. 

For the mapping of control channel SNR to the number of required CCEs, the Table 4.1 below was used.  It is assumed that at least 2CCEs are always necessary due to the relatively large payload (59 bits) of DCI format 2C. 
Table 4.1: Assumed mapping from control geometry to required number of CCEs.

	Control geometry
	Above 3.3dB
	Below 3.3dB but above 0dB
	Below 0dB

	Number of CCEs
	2 CCEs
	4 CCEs
	8 CCEs


4.2
Comparison of Control Capacity 

In this section, we provide a comparison between the average number of control symbols needed for Scenarios 3 and 4.  For Scenario 3, this number is broken down for macro and RRH cells, respectively, in line with the earlier discussion.  
Based on our evaluations, we observed that in some cases the maximum number of available CCEs in the control region is exceeded.  While this is not possible in practice, this limitation may be addressed through optimizations of the scheduler.  It is difficult to gauge how much PDSCH performance loss will be incurred by reducing the number of PDCCH transmissions.  

To avoid the issues associated with accounting for the control capacity issues and instead focus on a relative comparison between Scenarios 3 and 4, we artificially assume that more than 3 control symbols could be employed.  It is assumed that each control symbol contributes the same number of CCEs to the control capacity (except for the first symbol for which we account for the CRS overhead).  Our analysis assumes that no uplink grants are transmitted in the control region, which is another assumption made for the sake of simplifying this relative comparison between Scenarios 3 and 4. 
Table 4.2 shows the comparison between the average number of control symbols needed for Scenarios 3 and 4.  For Scenario 3 we observe that the RRH cells can use a relatively small number of control symbols as few UEs are associated with them for control transmissions.  The number of control symbols needed for the macro cells in Scenario 3 and 4 is relatively similar.  We note, however, that the offloading of some control transmission to the RRH cells in Scenario 3 outweighs the SFN-based SNR gain that is achieved in Scenario 4. 
Table 4.2: Average number of control symbols needed for Scenarios 3 and 4. 
	Deployment scenario
	Scenario 3
	Scenario 4

	
	Macro
	RRH
	

	Avg. number of control symbols
	2.93
	1.32
	3.16


4.3
Comparison of Spectral Efficiency Performance

In this section, we use a different metric to compare the performance impact of Scenarios 3 and 4.  As mentioned before, the smaller number of needed control symbols for RRH-cells leads to a noticeable performance improvement for UEs that are associated with the RRH-cells for both control and data transmissions (see Figure 2.2 for details).  
This performance improvement can be quantified by adjusting the spectral efficiency performance based on the number of needed control symbols on a per-cell (for Scenario 3) or per-coordination area (for Scenario 4) basis.  The resulting performance comparison is shown in Table 3.3 which is based on the data transmission performance shown in our companion paper [2].  For ease of reference some evaluation assumptions are shown in Table A.1 in the appendix.  We refer to [2] for further details. 

As can be seen from Table 4.3, a performance gain of up to 7% in terms of average spectral efficiency can be achieved as a result of the reduced control symbol overhead for RRH-associated UEs.  No improvements to the tail performance are observed which is expected as UEs that are associated with the RRH for both control and data transmissions typically see good spectral efficiency performance.  
Table 4.3: Comparison of spectral efficiency performance for Scenarios 3 and 4.

	Scenario
	5% UE spectral efficiency [bps/Hz]
	Median UE spectral efficiency [bps/Hz]
	Average cell spectral efficiency [bps/Hz]

	Scenario 3
	0.021
	0.142
	5.33

	Scenario 4
	0.021
	-0%
	0.138
	-3%
	4.95
	-7%


5
Conclusions

In conclusion, this contribution has compared Scenarios 3 and 4 primarily from a control channel perspective.  Based on the discussion as well as the evaluation results we draw the following conclusions: 
· Scenarios 3 and 4 primarily differ in terms of control channel aspects but achieve similar data performance if separation of control and data transmission are assumed for Scenario 3 as in Scenario 4.  For this case, the tradeoff between the scenarios mainly amounts to balancing the benefit of SFN-induced SNR gain (for Scenario 4) vs. the offloading of some control transmissions to the RRH cells (for Scenario 3).  We also note that Scenario 3 is more general which may enable IC-capable UEs to extract further benefits. 

· Evaluation results have shown that the SFN-induced SNR gain for Scenario 4 is outweighed by the offloading of control transmissions in Scenario 3.  In Scenario 3, the smaller control region size for RRH-associated UEs leads to a noticeable performance improvement in the order of up to 7%. 
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Appendix
The simulation assumptions are mostly aligned with [4] unless noted in the tables below.  Additional parameters are also specified below.  
Table A.1: Simulation assumptions for the evaluations in Sec. 4. 
	Parameter
	Value
	Parameter
	Value

	Deployment
	3GPP Case 1
	UEs/cell
	30 (Configuration 4b)

	Number of antennas
	2Tx, 2Rx
	CSI feedback
	Rel-10 2Tx codebook

	Transmission scheme
	SU-MIMO, rank-1
	Link adaptation
	non-ideal

	Antenna downtilt
	10 degrees
	Bandwidth
	10MHz

	Fast fading
	TU, spatially i.i.d., 3km/h
	Overhead
	based on control channel analysis

	Coordination area
	Intra-cell
	Receiver
	MMSE-IRC

	Association bias
	-18dB
	Scheduling/feedback subband size
	6RBs





















































PAGE  
3/8

_1365777532.vsd

_1365780442.vsd
Macro eNB­1


RRH­1



