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1. Introduction

Two scenarios (Scenario 3 and 4) were agreed during RAN1#64 meeting for CoMP evaluations in HetNet (heterogeneous networks) [1]. The scenarios are different in terms of Cell IDs assignment to the transmission nodes. In the Scenario 3 a distinct Cell IDs are assigned to each transmission node, while for Scenario 4 low Tx power transmission nodes have the same cell ID as overlay high Tx transmission power node. In terms of PDSCH transmission both scenarios can provide similar performance for the transmission modes relying on DMRS. However other transmission modes or standard features (e.g. PDCCH) relying on CRS may introduce some differences in the performance between Scenario 3 and 4. 
In this contribution we compare Scenarios 3 and 4 in terms of PDCCH capacity by using Releases 8-10 control channel design which utilizes CRS for channel estimation and demodulation. It should be noted that the design aspects of the enhanced PDCCH should be also taken into account in the analysis to assess PDCCH capacity difference for Scenario 3 and 4, however due to initial stage of the development the new downlink control channel was not evaluated in the contribution.
2. Upper bounds on PDCCH resources
Releases 8-10 downlink control includes three physical channels (PDCCH, PCFICH and PHICH), which can be transmitted in the first 1, 2 or 3 OFDM symbols of the downlink subframe. The maximum number of available resources utilized to transmit such downlink control channel in 10MHz system with 3 OFDM symbols is shown in Table 1. It can be seen that maximum of 43 or 37 CCEs can be allocated for PDCCH transmission in case of 2TX and 4Tx CRS antenna ports. Assuming that some of the CCEs from the total available will be also used for uplink scheduling and power control messages these values illustrates only upper bounds for PDCCH capacity. In order to indicate PDCCH capacity limits in practical scenarios a typical number of the CCEs resources of 21 and 18 CCEs are additionally considered in the evaluations.
Table 1: Available control channel resource for 10MHz system
	
	2 TX
	4TX

	Number of PRBs (10MHz bandwidth)
	50 PRBs

	Number of REGs (3 OFDM symbols)
	400 REGs
	350 REGs

	PCFICH
	4 REGs

	PHICH
	6-39 REGs

	Maximum PDCCH
	43 CCEs
	37 CCEs

	Typical PDCCH
	21 CCEs
	18 CCEs


3. Evaluation of PDCCH capacity

For evaluation of PDCCH capacity in Scenario 3 and 4 a system level simulation were carried out with dynamic scheduling decisions. In order to purely focus on the required PDCCH capacity identical scheduling decisions and PDSCH transmission mode for the UEs are assumed in both scenarios. Due to distinct Cell ID assignment, independent CRS and PDCCH transmissions are assumed for each transmission node in Scenario 3. On the other hand in Scenario 4 the CRS and PDCCH are transmitted cooperatively for the transmission points due to common Cell ID assignment. The assumed for evaluation PDCCH and PDSCH transmissions are illustrated in Figure 1.
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Figure 1: PDCCH and PDSCH transmission in Scenario 3 and 4
Releases 8-10 PDCCH design support link adaptation on control channel via different levels of CCE aggregation (1, 2, 4 or 8). The transmission node decides on CCE aggregation level based wideband instantaneous SINR conditions at the UE. For Scenario 4 smaller CCEs aggregation level is expected due to SFN combining gain of the cooperative transmission. However this SFN gain is coming at the expense of sharing the same PDCCH region by all transmission nodes with the same Cell ID. On the other hand in Scenario 3 PDCCH offloading is achieved via cell splitting, but higher CCE aggregation level is expected due to independent PDCCH transmission by each node.

In the quantities analysis we assume the PDSCH transmission mode 9 based on wideband CQI report with DCI Format 2C message. For PDCCH link adaptation a wideband SINR was used. The number of required CCEs was dynamically calculated for each downlink subframe based on the instantaneous scheduling decision at the transmission node and channel conditions at the UE as follows

[image: image3.wmf](

)

å

=

=

UE

N

i

CCE

CCE

i

n

N

1

,
where NUE is a number of scheduled UEs in the subframe and 
[image: image4.wmf](

)

i

n

CCE

 is CCE demands of the ith scheduled UE. Two UEs dropping configurations are considered in the evaluations – configuration 1 with uniform UE dropping and configuration 4b with clustered UE dropping. The other simulation assumptions are provided in the appendix of this document. 
The CDF of allocated CCEs and CCEs resource bounds discussed in Section 2 are presented in Figure 2.
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Figure 2. Comparison of CCEs distribution for Scenario 3 and 4
It can be seen from Figure 2 that Scenario 3 can be supported with Releases 8-10 PDCCH design for both UE dropping configurations without significant scheduling restrictions due to lack of control channel resources. However for Scenario 4, PDCCH resource constraints become a bottleneck. Therefore in order to efficiently support Scenario 4 in Release 11 a new design of PDCCH is required.
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Figure 3: Comparison of CCEs distribution for high and low Tx power nodes in Scenario 3
Another important consideration for PDCCH capacity is CCEs distribution for different types of the transmission nodes. Due to difference in the Tx power of nodes in Scenario 3 the number of associated UEs and CCEs demands per node may depend on the type of the transmission node. In order to assess the PDCCH load balance the CCE distributions for high and low Tx power nodes are separately shown in Figure 3 for two considered UE dropping configurations. It can be seen that for clustered UE dropping (configuration 4b) the PDCCH load is balanced across different types of nodes, however for uniform UE dropping (configuration 1) the PDCCH load of high Tx power node substantially exceeds the PDCCH load of low Tx power node. Such PDCCH loading imbalance may lead to the scheduling constraints (due lack of available PDCCH resources) on high Tx power nodes. In order to address non uniform loading problem an RSRP biasing should be considered for offloading of PDCCH region of high Tx power node.
4. Conclusions

In this contribution, the analysis of PDCCH capacity using Releases 8-10 design is provided for Scenarios 3 and 4. Based on evaluations, we see benefits Scenario 3 comparing to Scenario 4 when Release 8-10 PDCCH is used for scheduling of UEs. In particular Scenario 3 can be supported with Releases 8-10 PDCCH design without significant restrictions on the user scheduling decisions. However Scenario 4 with Release 8-10 PDCCH may have remarkable scheduling constraints due limited number of available PDCCH resources. In order to address the PDCCH capacity problem in Scenario 4 we recommend to RAN1 to consider enhanced design of PDCCH in Release 11 in order to efficiently support such scenario.
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Appendix

	Parameters 
	Assumption 

	Channel model
	ITU UMa/UMi

	System BW 
	FDD 10MHz 

	Number of UEs, Number of Tx points 
	(1710, 285) 

	Number of antennas at UE,  Number of antennas at Tx Point 
	 (2, 4)

	Antenna configuration 
	eNB: co-polarized antennas
UE: co-polarized antennas 

	Transmission scheme
	SU-MIMO, MU-MIMO

	Outer loop for target FER control 
	10% PER for 1st transmission 

	Link adaptation 
	MCSs based on LTE transport formats 

	HARQ scheme 
	CC

	DL overhead
	30.95% 

	Handover Margin 
	1 dB 

	Initial transmission + Maximum number of retransmissions
	4 

	Feedback and control channel errors 
	No Error 

	Scheduler 
	Greedy search algorithm based on PF metric 

	UE speed
	3kmph 

	Scheduling granularity 
	5 PRBs 

	Traffic load 
	Full buffer

	Maximum Rank per UE 
	1 for MU-MIMO

2 for SU-MIMO

	Maximum number of UEs in MU-MIMO
	2 

	Receiver type 
	Interference unaware MMSE (option 1 in R1-110586) 

	Feedback periodicity 
	10ms 

	CQI & PMI feedback granularity in frequency
	5 PRBs

	PMI feedback 
	Rel.-10 LTE codebook 
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