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1. Introduction

In CoMP scenario 4, the macro eNB and its associated RRHs are assumed to have the identical cell IDs. It results in that Rel-8/9/10 PDCCH capacity is insufficient to support the desired PDSCH transmissions, i.e., Rel-8/9/10 PDCCH capacity insufficient problem will become a bottleneck to fully exploit CoMP scenario 4 gains in terms of the spectrum efficiency. In this paper, we analyze the shortage of Rel-8/9/10 PDCCH capacity in CoMP scenario 4, and discuss the potential alternatives of enhancing PDCCH capacity. 
2. Shortage of Rel-8/9/10 PDCCH capacity in CoMP scenario 4 
 The PDCCH capacity is decided by the available PDCCH resources and the average number CCEs per PDCCH. 
2.1 The available Rel-8/9/10 PDCCH resources
In Rel-8/9/10, PDCCH is configured to use at most 3 OFDM symbols per subframe. PCFICH and PHICH are also configured to occupy the same control region. If we assume 12 REGs for PHICH, the available resources in terms of number of CCEs for PDCCH transmission for a 10MHz bandwidth are shown in Table 1. In Table 1, 4 RRH nodes are assumed in macro cell area.  
Table 1 Available Rel-8/9/10 PDCCH resource for a 10MHz bandwidth
	
	Normal  Subframe

(3 OFDM symbols PDCCH)
	MBSFN Subframe

(2 OFDM symbols PDCCH)

	
	2Tx
	4Tx
	2Tx
	4Tx

	Available resources per eNB
	42 CCEs
	37 CCEs
	26 CCEs
	20 CCEs

	Available PDCCH resources in independent macro/RRH cell ID cases
	42 ×5 CCEs
	37 ×5 CCEs
	26 ×5 CCEs
	20 ×5 CCEs

	Available PDCCH resources
 in CoMP scenario 4 
	42 CCEs
	37 CCEs
	26 CCEs
	20 CCEs


2.2 The average number of CCEs per PDCCH

In this section, the aggregation level of PDCCH is estimated from the geometry. The geometries of both independent macro/RRH cell ID cases and CoMP scenario 4 are show in Figure 1. Here, simulations parameters in the calibration discussions (see Appendix A in [1]), 4 RRHs/macro cell area, configuration 4b, ULA antenna configuration are assumed. Moreover, the numbers of antennas for Macro/RRH/UE are 2. Note that the geometry of CoMP scenario 4 is calculated based on single frequency network. 
Figure 1 shows that compared to independent macro/RRH cell ID cases, single frequency network improves geometry performances of CoMP scenario 4 greatly. It results in that the average number of CCEs per PDCCH decreases. The PDF distributions of aggregation level of 1 CCE, 2 CCEs, 4 CCEs and 8 CCEs are shown in Figure 2. The PDCCH aggregation level is decided by the geometry and the required SINR of target PDCCH PER  1% .
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Figure 1 Geometry performances in both independent macro/RRH cell ID cases and CoMP scenario 4
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Figure 2 PDF distributions of aggregation level
 The average numbers of CCEs per PDCCH, derived from the PDF distributions shown in Figure 2, are summarized in Table 2. Moreover, the available number of DL grant PDCCH, defined by available resources/average number of CCEs per PDCCH, is also shown in Table 2. Note that only the normal subframe is considered in Table 2, and half of all PDCCH resources shown in Table 1 is assumed for DL grant PDCCH assignment.
Table 2 Average number of CCEs per PDCCH and available number of DL grant PDCCH
	
	independent macro/RRH cell ID cases
	CoMP Scenario 4

	Average number of CCEs per PDCCH
	3.2 CCEs
	2.2 CCEs

	available number of DL grants in PDCCH
	42×5/2/3.2=32.8
	42/2/2.2=9.5


2.3 Shortage of Rel-8/9/10 capacity in CoMP scenario 4
In order to achieve the same spectrum efficiency as in independent macro/RRH cell ID cases, it is assumed that CoMP scenario 4 serves the same available numbers of DL grants in PDCCH. In this case, as in Table 2, Rel-8/9/10 PDCCH can only serve 29% (9.5/32.8) out of the desired DL grants. This means that Rel-8/9/10 PDCCH capacity insufficient problem is quite serious in CoMP scenario 4. 
Observation 1: Rel-8/9/10 PDCCH can only serve 29% of desired DL grant PDCCH in CoMP scenario 4. Rel-8/9/10 PDCCH capacity insufficient problem is quite serious in CoMP scenario 4.
3. Potential alternatives of enhancing PDCCH capacity
3.1 R-PDCCH based PDCCH Enhancement

In order to enhance PDCCH capacity, R-PDCCH, which is designed for eNB-to-Relay transmissions in Rel-10, is considered to be reused naturally (the R-PDCCH-based enhancement is called e-PDCCH in this paper). However, the following aspects are not considered in the R-PDCCH design.
· Mobility of the receiver

In the R-PDCCH design, the receiver is Relay node and in general the Relay node does not move. However, in the e-PDCCH design, the receiver is a mobile UE. In order to support a mobile UE, e-PDCCH consumes much more RBs in the PDSCH region than that of R-PDCCH. Therefore e-PDCCH-only solution seems unable to meet the requirement of the PDCCH capacity enhancement in CoMP scenario 4, which is about 2.4 times (71%/29%) over Rel-8/9/10 PDCCH capacity.
· Density of the receiver

       In the R-PDCCH design, the receiver is the fixed Relay node and the total number of Relay nodes is much smaller than that of UEs. In order to support numerous UEs, e-PDCCH consumes much more RBs in the PDSCH region than that of R-PDCCH. Therefore e-PDCCH-only solution seems unable to meet the requirement of the PDCCH capacity enhancement in CoMP scenario 4, which is about 2.4 times over Rel-8/9/10 PDCCH capacity.
· Bad channel quality between the transmitter and the receiver
In the R-PDCCH design, it is assumed that the fixed Relay nodes are deployed at line-of-sight from the macro eNB, then, in general, the channel quality between the macro eNB and the Relay node is relatively good. However, in the e-PDCCH design, the channel quality between the macro eNB and UE is poorer due to shadowing and multipath fading. In order to support those UEs with poor channel quality, e-PDCCH consumes much more RBs in the PDSCH region than that of R-PDCCH. Therefore e-PDCCH-only solution seems unable to meet the requirement of the PDCCH capacity enhancement in CoMP scenario 4, which is about 2.4 times over Rel-8/9/10 PDCCH capacity.
Observation 2: The e-PDCCH consumes much more RBs in the PDSCH region than that of R-PDCCH. Therefore e-PDCCH-only solution seems unable to meet the requirement of the PDCCH capacity enhancement in CoMP scenario 4, which is about 2.4 times over Rel-8/9/10 PDCCH capacity.
Observation 3: Because mobility, density and poor channel quality issues are not considered in R-PDCCH design, further discussion on R-PDCCH-based enhancement. Probably, R-PDCCH-based enhancement has a major specification impact.
3.2 Continues multiple PDSCH transmission scheduling 
In order to solve PDCCH capacity insufficient problem, it is also important to reduce the shortage of Rel-8/9/10 PDCCH capacity. Multiple PDSCH transmissions in continuous subframe corresponding to a single DL grant PDCCH, shown in Figure 3, is proposed for this purpose in this paper. Figure 3 shows that 1 PDCCH is designed to have continues multiple PDSCH transmissions. When continuous multiple PDSCH transmissions without PDCCH in the same subframe are supported, it is impossible to feedback ACK/NACK of PDSCH based on allocated CCE ID of its PDCCH. In this case, we propose to feed back one ACK/NACK for continuous multiple PDSCH transmissions, and reuse ACK/NACK feedback mechanisms in TDD systems. 
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Figure 3 Continuous PDSCH transmissions scheduling in CoMP scenario 4

This continues multiple PDSCH transmission scheduling is suitable for those UEs which has a large size data to transmit. Using this continuous multiple PDSCH transmission scheduling, it is not necessary to assign DL grant PDCCH for those UEs every subframe, this will mitigates the shortage of Rel-8/9/10 PDCCH capacity.
Suggestion: In order to solve the PDCCH capacity insufficient problem in CoMP scenario 4, continuous multiple PDSCH transmission scheduling should be discussed for mitigating the shortage of Rel-8/9/10 PDCCH capacity. 
4. Conclusion

In this contribution, we analyze the shortage of PDCCH capacity in CoMP scenario 4, and discuss the potential alternatives of enhancing PDCCH capacity. 
Observation 1: Rel-8/9/10 PDCCH can only serve 29% of desired DL grant PDCCH in CoMP scenario 4. Rel-8/9/10 PDCCH capacity insufficient problem is quite serious in CoMP scenario 4.
Observation 2: The e-PDCCH consumes much more RBs in the PDSCH region than that of R-PDCCH. Therefore e-PDCCH-only solution seems unable to meet the requirement of the PDCCH capacity enhancement in CoMP scenario 4, which is about 2.4 times over Rel-8/9/10 PDCCH capacity.
Observation 3: Because mobility, density and poor channel quality issues are not considered in R-PDCCH design, further discussion on R-PDCCH-based enhancement. Probably, R-PDCCH-based enhancement has a major specification impact.
Suggestion: In order to solve the PDCCH capacity insufficient problem in CoMP scenario 4, continuous multiple PDSCH transmission scheduling should be discussed for mitigating the shortage of Rel-8/9/10 PDCCH capacity.
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