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1. Introduction
During the discussions regarding CoMP scenario 3 and 4, several questions regarding the PDCCH capacity was raised. In order to get some information on the PDCCH capacity issue for CoMP we have some simulations on the PDCCH capacity for scenario 3 and 4 and give some analysis.
2. PDCCH capacity analysis
Further considerations as scheduling and legacy UE to Rel-11 UE population and other control overhead must be taken into account to the full accurate information on PDCCH capacity. The contribution give analysis based on the assumptions made using a simplified simulation modeling.
The analysis was conducted by computing number of DL grants which can be transmitted on an Average in the 10Mhz system. To get the average number, we computed the required SINR and bits for the DL grants for PDCCH and averaged using the SINR CDF distribution of the UEs assuming uniform and random distribution of UEs in the network.
In the analysis, we assumed that the CoMP transmissions would be done under transmission mode 9, which enables standard transparent advanced beamforming techniques at the eNB side. The TS36.213 describes the DCI formats which UEs in TM 9 mode needs to decode. Table 1 shows the DCI formats which are used for DL transmission mode 9.
Table 1. DCI formats for TM 9
	Mode 9
	DCI format 1A
	Common and
UE specific by C-RNTI 
	Non-MBSFN subframe: If the number of PBCH antenna ports is one, Single-antenna port, port 0 is used (see subclause 7.1.1), otherwise Transmit diversity (see subclause 7.1.2)

Signaled MBSFN subframe with unicast allocation: Single-antenna port, port 7 (see subclause 7.1.1)

	
	DCI format 2C
	UE specific by C-RNTI
	Up to 8 layer transmission, ports 7-14 (see subclause 7.1.5B)


With this information we have computed the required bits for different system bandwidths for DCI format 2C and DCI format 1A and the number of CCE in the PDCCH region of the 10 MHz system. These information is given in Table 2 and 3.
Table 2. Number of bits for DCI Format 1A and 2C
	
	DCI Format 2C
	DCI Format 0/1A

	5 MHz FDD
	54 bits
	40 bits

	10 MHz FDD
	58 bits
	42 bits

	20 MHz FDD
	61 bits
	44 bits

	5 MHz TDD
	56 bits
	42 bits

	10 MHz TDD
	60 bits
	44 bits

	20 MHz TDD
	63 bits
	46 bits


Table 3. Number of CCE in PDCCH region of 10MHz system
	
	1 OFDM symbol PDCCH
	2 OFDM symbol PDCCH
	3 OFDM symbol PDCCH

	2 Tx
	8 CCE
	25 CCE
	41 CCE

	4 Tx
	8 CCE
	19 CCE
	33 CCE


Note that 1 CCE consist of 36 REs. Assuming typical PHICH configuration where there is 1 PHICH for each RB, 10 MHz bandwidth system requires 84 REs (12 RE PHICH resource can multiplex up to 8 PHICHs, and 50RB means ceiling(50/8)*12 REs for PHICH in the system). PCFICH takes up 16 REs in the 1 OFDM symbol. We have taken these additional overheads in the PDDCH region when computing the number of CCEs.
Next we have simulated the average SINR values required for reception of DCI format 1A and 2C under fading channel. The simulation results are shown in Figure 1 and 2, and results are summarized in Table 4. The required SINR values were picked by assuming at least 0.1% BLER is needed for PDCCH transmission. 
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Figure  1. SNR vs BLER results for DCI format 1A
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Figure  2. SNR vs BLER results for DCI format 2C
Table 4. Required SINR for DCI format 1A and 2C
	Required SNR

For 0.1% BLER**
	DCI Format 0/1A
	DCI Format 2C

	
	2 Tx
	4 Tx
	2 Tx
	4 Tx

	1 CCE
	5 dB
	5 dB
	9 dB
	9 dB

	2 CCE
	0.5 dB
	1 dB
	2 dB
	3 dB

	4 CCE
	-2 dB
	-1.3 dB
	-0.7 dB
	0 dB

	8 CCE
	-4.7 dB
	-3.2 dB
	-3 dB
	-2.8 dB


Note**: the PDCCH performances in fading channel are rough simulation estimates based on 25000 simulation subframes.
With the help of system level geometry distribution of scenario 3 and 4 as shown in Figure 3, we are able to compute the number of UEs which require 1 CCE aggregation level for DCI format 1A and 2C, 2 CCE aggregation level for DCI format 1A and 2C, and so forth. With the analysis of the UE population we can now compute the expectation of the average number of CCE per subframe. This is shown in Table 5 and 6.
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Figure  3. Average SNR distribution of UEs in Scenario 3 and 4 assuming UE dropping model 1 (depicted as Diff Cell ID, and Same Cell ID)
Table 5. UE population analysis and required CCE level for each UE population for DCI format 1A in UE dropping model 1
	Config 1
	DCI Format 0/1A

	
	Scenario 3
	Scenario 4

	8 CCE UE population
	10%
	5%

	4 CCE UE population
	15%
	10%

	2 CCE UE population
	31%
	23%

	1 CCE UE popultation
	44%
	62%

	Average CCE usage expectation for 1 UE
	2.46 CCE/UE
	1.88 CCE/UE


Table 6. UE population analysis and required CCE level for each UE population for DCI format 2C in UE dropping model 1
	Config 1
	DCI Format 2C

	
	Scenario 3
	Scenario 4

	8 CCE UE population
	11%
	8%

	4 CCE UE population
	23%
	12%

	2 CCE UE population
	36%
	33%

	1 CCE UE popultation
	25%
	45%

	Average CCE usage expectation for 1 UE
	2.77 CCE/UE
	2.23 CCE/UE


From the results, we can now compute the average number users which can be scheduled assuming that the eNB only schedules using DCI format 1A, or only DCI format 2C. This is shown in Table 7 and 8.
Table 7. Average number of users per subframe using DCI format 1A in UE dropping model 1
	Config 1
	Average number of users which can be scheduled for DCI Format 0/1A
( = Number CCE / Average CCE usage expectation for 1 UE)

[ UE/cell/subframe ]

	
	Scenario 3 (for each Macro/pico)
	Scenario 4 (Macro + 4 Pico)

	2 Tx, 1 OFDM symbol PDCCH (8 CCE)
	3.252033
	4.255319

	2 Tx, 2 OFDM symbol PDCCH (25 CCE)
	10.1626
	13.29787

	2 Tx, 3 OFDM symbol PDCCH (41 CCE)
	16.66667
	21.80851

	4 Tx, 1 OFDM symbol PDCCH (8 CCE)
	3.252033
	4.255319

	4 Tx, 2 OFDM symbol PDCCH (19 CCE)
	7.723577
	10.10638

	4 Tx, 3 OFDM symbol PDCCH (33 CCE)
	13.41463
	17.55319


Table 8. Average number of users per subframe using DCI format 2C in UE dropping model 1
	Config 1
	Average number of users which can be scheduled for DCI Format 2C

( = Number CCE / Average CCE usage expectation for 1 UE)

[ UE/cell/subframe ]

	
	Scenario 3 (for each Macro/pico)
	Scenario 4 (Macro + 4 Pico)

	2 Tx, 1 OFDM symbol PDCCH (8 CCE)
	2.888087
	3.587444

	2 Tx, 2 OFDM symbol PDCCH (25 CCE)
	9.025271
	11.21076

	2 Tx, 3 OFDM symbol PDCCH (41 CCE)
	14.80144
	18.38565

	4 Tx, 1 OFDM symbol PDCCH (8 CCE)
	2.888087
	3.587444

	4 Tx, 2 OFDM symbol PDCCH (19 CCE)
	6.859206
	8.520179

	4 Tx, 3 OFDM symbol PDCCH (33 CCE)
	11.91336
	14.79821


3. Conclusion

We gave some results regarding the number of UE being scheduled per subframe for different scenarios. Assuming that the system is loaded with only LTE advanced UEs (only DCI format 2C)  and the typical deployment is 2 Tx CRS deployments, we have found out that 2 OFDM symbols for PDCCH enables scheduling of 9 or 11 UEs per subframe and with 3 OFDM symbols for PDCCH enables 15 or 18 UEs per subframe for scenario 3 and 4 respectively. Note that these values are for per cell, so in case of Scenario 4 the 18 UEs per subframe is shared by the Macro + Pico Nodes, whereas in case of Scenario 3 each of the Macro and Pico node have 15 UEs per subframe each.
We note that although we give some analysis on the number of UE which can be supported using PDCCH under scenario 3 and 4, we do not have any evidence whether or not such limitation is an issue in terms of performance. Such performance analyses are for further study, and we do not have any conclusive results. During the study of CoMP it would be preferable, if limitation of number of UEs being scheduled per subframe could be taken into account for both Scenario 2, 3, and 4.
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