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1. Introduction

L1/L2 control channel cell edge coverage is evaluated in terms of the number of control channel elements needing to be aggregated for the Case 3 deployment scenario (1732 meters, 20dB Penetration Loss).  The control channel elements (CCEs) are each of size 36 resource elements as is expected for the 5 MHz LTE carrier mode..
2. SNR CDF Information for Case 3 Deployment Scenario
The C/I cdf for deployment scenario Case 3 is given below in Figure 1 where C is the total carrier power received at the UE. The term ‘I’ represents the interference from all other cells and ‘N’ is the noise power due to the UE receiver front end.  From Figure 1 we can determine the 95%-ile and 98%-ile C/(I+N), C/I, and C/N as given in Table 1 below.  SNR statistics were generated with 19 cell-site system with wrap around using system simulation assumptions given in 25.814.
Table 1 – Area Coverage Reliability and SNR requirements for 5MHz Case 3
	Area Coverage
	C/(I+N)
	C/N
	C/I

	95%-ile
	-4.9 dB
	-1.75 dB
	-3.0

	98%-ile
	-6.75 dB
	-5.0 dB
	-3.9
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Figure 1 – SNR CDF for Case 3 (1732m, 20dB Penetration Loss, 5MHz, 20 Watts)
3. CCH Coverage vs #CCEs

By using the information given in Table 1 and Figure 1 including CCH link performance curves [1] and a link budget (see Tables 4a,b) it is possible to determine CCH coverage vs. number of allocated CCEs as shown in Table 2.  Chase combining of the CCEs was used in [1]. Note that 3 CCEs is required for a control channel to achieve the same coverage as on the uplink for 12.2 kbps AMR as shown in Tables 2 and 3.  To match or exceed 7.95 kbps AMR uplink coverage about 4 CCEs are required for the CCH.  However, by allocating multiple HARQ processes to each packet the uplink coverage for 12.2 kbps AMR can be extended to the cell edge as shown in Table 4b.  Hence, 8CCEs or more are needed for a 48-bit CCH to achieve cell edge coverage.
Table 2 – CCH Coverage vs #CCEs for 48-bit payload (including 16-bit CRC) – 5 MHz Case 3
	#CCEs of size 36 REs
	1% BLER Es/Nt (total)
	Cell Radius for 98%-ile Area Coverage **
	Power Allocated

	1
	+5.54 dB
	453 m
	33.8 dBm

	2
	+1.96 dB
	569 m
	36.8 dBm

	3
	+0.03 dB
	646 m
	38.6 dBm

	4
	-1.54 dB
	721 m
	39.8 dBm

	5
	-2.54 dB
	776 m
	40.8 dBm

	6
	-3.32 dB
	819 m
	41.6 dBm

	7
	-4.06 dB
	867 m
	42.2 dBm

	8
	-4.68 dB
	908 m
	42.8 dBm


** Given Case 3 deployment scenario of 1732 meter ISD (1 km radius cells).
* Single Transmit Antenna and two Receive Antennas (MRC), Ideal Channel estimation.
Table 3 – CCH Coverage vs #CCEs for 36-bit payload (including 16-bit CRC) – 5 MHz Case 3

	#CCEs of size 36 REs
	1% BLER Es/Nt (total)
	Cell Radius for 98%-ile Area Coverage **
	Power Allocated

	1
	+2.69 dB
	542 m
	33.8 dBm

	2
	-0.34 dB
	665 m
	36.8 dBm

	3
	-2.22 dB
	761 m
	38.6 dBm

	4
	-3.80 dB
	852 m
	39.8 dBm

	5
	-4.70 dB
	912 m
	40.8 dBm

	6
	-5.62 dB
	979 m
	41.6 dBm

	7
	-6.10 dB
	1007 m
	42.2 dBm

	8
	-6.72 dB
	1047 m
	42.8 dBm


** Given Case 3 deployment scenario of 1732 meter ISD (1 km radius cells).
* Single Transmit Antenna and two Receive Antennas (MRC), Ideal Channel estimation.
Uplink coverage for the voice packets is determined as shown in Table 4a below by assuming 7 retransmissions, 4 RB allocation and a 24 dBm transmit power level.  Chase combining was assumed.  The average interference rise (IoT = (Io + No)/No) was 1.5 dB.  Coverage is extended to cell edge by assigning multiple HARQ processes per VoIP packet as shown in Table 4b.
Table 4a – VoIP Uplink Coverage for AMR 12.2 kbps and 7.95 kbps codec rates for 5 MHz Case 3
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RB Retx RBs Mod Distance Margin .+BodyLoss TxPower
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Rx Power SINR SINR MPR Size Type

(meters) (dB) (dB) (dBm) (dB) (dBm) (dB) (bits)

12 7 4

QPSK

750 12.1 20 24.0 141.5 -125.3 -1.7 0.67 0.56

321

12.2 kbps

12 7 4 QPSK 830 12.1 20 24.0 143.2 -126.9 -3.3 0.46 0.41 238 7.95 kbps

12 0 6 QPSK 850 12.1 20 24.0 143.5 -138.1 -14.4 0.04

RACH preamble

Per Subcarrier


*Note RTP/UDP/IP and RLC/PDCP headers where 9 bytes for AMR (320bits / 232 bits are required for 12.2k / 7.95k)
** Total SINR for Length 64-Chu non-coherent Preamble Detection = (18 dB – PG for 1ms RACH) = -11.4 dB

Table 5b – VoIP Uplink Coverage for AMR 12.2 kbps and 7.95 kbps codec rates for 5 MHz Case 3
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4. Conclusions

Based on link budget derivations using control channel link performance curves [1] we see that 6 or 7 control channel elements (CCEs) are required for cell edge coverage for a 36-bit downlink L1/L2 control channel. For a 48-bit L1/L2 control channel over 8 CCEs are required for cell edge coverage.  Hence, it is better to schedule cell edge UEs with a size 36-bit regular dynamic UL/DL scheduling grant.  UEs would normally monitor 48-bit downlink scheduling grants and by adding only one more blind detection would also look for a 36-bit scheduling grant composed of 7 CCEs in case of poor coverage.  A 36-bit scheduling grant would have the same format as an uplink scheduling grant and hence would restrict downlink HARQ operation to be synchronous and require a consecutive RB allocation.  To make available the necessary CCEs required for cell edge coverage some of the CCEs can be shared between uplink and downlink control channel candidate search regions. The impact would be one extra blind detection.
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ANNEX A

DL Scheduling with 1dB Scheduling Diversity Benefit
Table 5 and 6 below show coverage assuming 1 dB of scheduling diversity benefit due to using a channel sensitive scheduler. 
Table 6 – CCH Coverage vs #CEs for 48-bit payload (inc. 16-bit CRC) – 5 MHz Case 3 +1dB
	#CEs of size 36 REs
	1% BLER Es/Nt (total)
	Cell Radius for 98%-ile Area Coverage **
	Power Allocated

	1
	+5.54 dB
	503 m
	33.8 dBm

	2
	+1.96 dB
	630 m
	36.8 dBm

	3
	+0.03 dB
	713 m
	38.6 dBm

	4
	-1.54 dB
	793 m
	39.8 dBm

	5
	-2.54 dB
	850 m
	40.8 dBm

	6
	-3.32 dB
	895 m
	41.6 dBm

	7
	-4.06 dB
	944 m
	42.2 dBm

	8
	-4.68 dB
	987 m
	42.8 dBm


** Given Case 3 deployment scenario of 1732 meter ISD (1 km radius cells).

* Single Transmit Antenna and two Receive Antennas, Ideal Channel estimation.

Table 7 – CCH Coverage vs #CEs for 36-bit payload (inc. 16-bit CRC) – 5 MHz Case 3 +1dB
	#CEs of size 36 REs
	1% BLER Es/Nt (total)
	Cell Radius for 98%-ile Area Coverage **
	Power Allocated

	1
	+5.54 dB
	600 m
	33.8 dBm

	2
	+1.96 dB
	733 m
	36.8 dBm

	3
	+0.03 dB
	833 m
	38.6 dBm

	4
	-1.54 dB
	928 m
	39.8 dBm

	5
	-2.54 dB
	991 m
	40.8 dBm

	6
	-3.32 dB
	1059 m
	41.6 dBm

	7
	-4.06 dB
	1090 m
	42.2 dBm

	8
	-4.68 dB
	1133 m
	42.8 dBm


** Given Case 3 deployment scenario of 1732 meter ISD (1 km radius cells).

* Single Transmit Antenna and two Receive Antennas, Ideal Channel estimation.

ANNEX B

Loss of Coverage – Simulation and LB prediction

· FER degradation starts for transmission gain (TG) < -138.0 dB 

· Link budget (LB) predicts degradation for TG < -141.5 dB

· LB is optimistic

· LB shows 8 transmissions per packet needed for TG = -141.5dB

· 12.2kbps AMR full rate packet + headers

· 320 bits – full rate packet with headers

· Assumes 4RBs assigned

· Simulation had 9 to 10 transmission slots per packet with 50ms delay bound

· LB does not account for non-ideal channel estimation

· ~ 1 to 2.5dB loss but up to 7 or 8 dB at very low SINR
· LB assumes SNR increase of 10log10(#transmissions) due to HARQ retransmissions
· Can be optimistic for cell edge UEs
· LB IoT=1.5dB while Sim. IoT=2.5dB
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Figure 2 – Coverage improvement for different delay bounds – More HARQ transmissions
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Figure 3 – Loss of coverage occurs around transmission gain of  -138 dB

ANNEX C
“Steal” CCE’s or Candidate CCH from other Search Area for Increased Aggregation and Improved Coverage
· 2 UEs supported at cell edge – Steal CCH from other SA

· Blind Detections vs. Coverage

· Extra BD in other Search Region

· N=2 case

· DL UE also checks 6 CE CCH in UL search region

· UL UE also checks 7 CE CCH in DL search region

· How to determine if ‘N’ CE CCH in other search region is UL or DL?

· Implicit UL/DL ‘bit’ which is coded but not transmitted

· Separate UL/DL UEIDs
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Rx Power SINR SINR MPR Size Type

(meters) (dB) (dB) (dBm) (dB) (dBm) (dB) (bits)

12 23 4

QPSK

1000 12.1 20 24.0 146.2 -125.2 -1.6 0.68 0.56

325

12.2 kbps

12 15 4 QPSK 1000 12.1 20 24.0 146.2 -127.0 -3.4 0.46 0.41 237 7.95 kbps

12 1 6 QPSK 1000 12.1 20 24.0 146.2 -137.8 -14.1 0.04 NA NA RACH

Per Subcarrier
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