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Discussion/Decision
1. Introduction
Coverage enhancement is one of the key objectives in the study item on small data transmission enhancements for UMTS [1]. The priority of the coverage extension is to balance the link budget of different channels and signals. In RAN1#78bis the evaluation methodology and reference scenario were agreed for the evaluation of the relative coverage of various channels [2]. In this contribution, coverage is evaluated for normal UMTS based on the agreed simulation assumptions. Based on the results, a range for coverage improvement is proposed as the requirement on the coverage enhancement in this study.
2. Coverage Evaluation
2.1 Reference scenario and simulation assumptions
The reference scenario agreed in RAN1#78bis is taken as the basic simulation assumption. The maximum coupling loss (MCL) is evaluated for various channels. 
· In the downlink, the coverage of P-CCPCH, HS-SCCH and HS-PDSCH are evaluated. 
· In the uplink, both the Rel-99 channel (DPDCH) and EUL channels (E-DPCCH and E-DPDCH) are evaluated. 
· Considering the RACH procedure, the MCL of PRACH preamble and message are evaluated.
Table 1 Simulation assumptions for coverage evaluation for normal UMTS
	Parameter
	Value

	TBS
	120 bits (HS, EUL)

	UE capability
	Rel-12, supporting any legacy feature improving coverage

	Number of UE antennas
	1 antenna

	Number of Node B antennas
	2 antennas (uncorrelated)

	Maximum UE carrier transmit power
	23 dBm at antenna connector

	Maximum Node B carrier transmit power
	43 dBm at antenna connector

	UE receiver noise figure
	9 dB

	Node B receiver noise figure
	5 dB

	Downlink common channel power settings
	P-CPICH: -10 dB from max carrier power

P-SCH: -12 dB
S-SCH: -13.5 dB
P-CCPCH (BCH): -12 dB

For other channels reasonable power settings can be proposed. 

	DL inter-cell interference
	No inter-cell interference

	Soft/softer handover
	No soft/softer handover

	Downlink OCNS
	OCNS added to fill up DL carrier power

	Uplink rise-over-thermal (RoT) operation point
	10 dB

	Channel model
	Ped A 1 Hz Doppler spread, AWGN static channel

	Carrier frequency
	2.0 GHz

	Frequency error
	20 kHz, 1 kHz optional, in cell search simulations,
0 otherwise

	Beta values
	To be provided with evaluation results


2.2 Coverage evaluation results
Besides the basic simulation assumptions listed in Table 1, in the uplink the optimum power setting is used for evaluating the E-DPDCH and E-DPCCH coverage: it is set to 2dB for E-DPDCH/DPCCH and to -4.44dB for E-DPCC/DPCCH. For uplink DPDCH evaluation, the typical setting of c /d = 0.733(11/15) is assumed. Regarding the evaluation of PRACH preamble, the false alarm rate is assumed 0.001 and the detection rate is 0.99, which are referred from the test specifications. For the downlink, the maximum power for HS-SCCH is -10dB and for HS-PDSCH is -2dB.
To evaluate the coverage of E-DPDCH and HS-PDSCH, the initial BLER is set to 10%, which is the typical setting point. For the control channels, such as P-CCPCH and HS-SCCH the BLER target of 1% is assumed.
The evaluation results for relevant channels are shown in the Table 2 and Table 3 for AWGN and PA channel (1HZ Doppler spread), respectively. From the results, the following observations can be made:
· In both AWGN and PA channel, the uplink is the bottleneck for the coverage.
· In the downlink, the HS-PDSCH has the best coverage in both AWGN and PA due to the high Tx power (-2dB). Considering realistic deployments, especially for massive UE scenarios, it would not be possible to allocate so much power for only one UE, so we still take the P-CCPCH as the channel with the best coverage for imbalance evaluation.

· In the uplink, the PRACH preamble has the worst coverage in both channel models. However, it is also observed that the imbalance between PRACH, DPDCH and E-DCH is relatively not large. The imbalance mostly exists between downlink and uplink.

· For AWGN channel, the maximum relative coverage imbalance between relevant channels is about 14 dB, which is between P-CCPCH and PRACH preamble.

· For PA channel with 1Hz Doppler spread, the maximum relative coverage imbalance between relevant channels is 10dB, which is between P-CCPCH and PRACH preamble.

Table 2 MCL evaluation for normal UMTS (AWGN)

	Physical channel
	PRACH
	DPDCH
	E-DPDCH
(10ms TTI)
	E-DPCCH
(10ms TTI)
	P-CCPCH
	HS-SCCH
	HS-PDSCH

	
	Preamble
	Message
	
	
	
	
	
	

	Data rate(kbps)
	 
	8.4kbps
	12.2kbps
	12kbps
	 
	 
	 
	60kbps

	Transmitter
	 
	 
	 
	 
	 
	 
	 
	 

	(0) Tx power (dBm)
	23
	23
	23
	23
	23
	43
	43
	43

	(1)Actual Tx power (dBm)
	23
	23
	19.61
	20.31
	13.87
	31
	33
	41

	Receiver
	 
	 
	 
	 
	 
	 
	 
	 

	(2) Thermal noise density (dBm/Hz)
	-174
	-174
	-174
	-174
	-174
	-174
	-174
	-174

	(3) Receiver noise figure (dB)
	5
	5
	5
	5
	5
	9
	9
	9

	(4) Interference margin (dB)
	0
	0
	0
	0
	0
	0
	0
	0

	(5) Occupied channel bandwidth (Hz)
	3840000
	3840000
	3840000
	3840000
	3840000
	3840000
	3840000
	3840000

	(6) Uplink rise-over-thermal (RoT) operation point (dB)
	10
	10
	10
	10
	10
	-
	-
	-

	(7) Effective noise power
	-93.16 
	-93.16 
	-93.16 
	-93.16 
	-93.16 
	-99.16
	-99.16
	-99.16

	=(2)+(3)+(4)+10log((5))+(6) (dBm)
	
	
	
	
	
	
	
	

	(8) Required SINR (dB)
	-21.6
	-23.3
	-26.09
	-25.69
	-33.63
	-21.6
	-19.6
	-15.6

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	(9) Receiver sensitivity

= (7) + (8) (dBm)
	-114.76 
	-116.46 
	-119.25 
	-118.85 
	-126.79 
	-120.76
	-118.76
	-114.76

	(10) MCL

= (1) -(9) (dB)

        
	137.76 
	139.46 
	138.86 
	139.16 
	140.66 
	151.76
	151.76
	155.76


Table 3 MCL evaluation for normal UMTS (PA Channel with 1 Hz Doppler spread)
	Physical channel
	PRACH
	DPDCH
	E-DPDCH
(10ms TTI)
	E-DPCCH
(10ms TTI)
	P-CCPCH
	HS-SCCH
	HS-PDSCH

	
	Preamble
	Message
	
	
	
	
	
	

	Data rate(kbps)
	 
	8.4kbps
	12.2kbps
	12kbps
	 
	 
	 
	60kbps

	Transmitter
	 
	 
	 
	 
	 
	 
	 
	 

	(0) Tx power (dBm)
	23
	23
	23
	23
	23
	43
	43
	43

	(1)Actual Tx power (dBm)
	23
	23
	19.61
	20.31
	13.87
	31
	33
	41

	Receiver
	 
	 
	 
	 
	 
	 
	 
	 

	(2) Thermal noise density (dBm/Hz)
	-174
	-174
	-174
	-174
	-174
	-174
	-174
	-174

	(3) Receiver noise figure (dB)
	5
	5
	5
	5
	5
	9
	9
	9

	(4) Interference margin (dB)
	0
	0
	0
	0
	0
	0
	0
	0

	(5) Occupied channel bandwidth (Hz)
	3840000
	3840000
	3840000
	3840000
	3840000
	3840000
	3840000
	3840000

	(6) Uplink rise-over-thermal (RoT) operation point (dB)
	10
	10
	10
	10
	10
	-
	-
	-

	(7) Effective noise power
	-93.16
	-93.16
	-93.16
	-93.16
	-93.16
	-99.16
	-99.16
	-99.16

	=(2)+(3)+(4)+10log((5))+(6) (dBm)
	
	
	
	
	
	
	
	

	(8) Required SINR (dB)
	-14.2
	-16.7
	-17.42
	-21.89
	-26.03
	-10
	-7.7
	-7.2

	(9) Receiver sensitivity

= (7) + (8) (dBm)
	-107.36
	-109.86
	-110.58
	-115.05
	-119.19
	-109.16
	-106.86
	-106.36

	(10) MCL

= (1) -(9) (dB)

        
	130.36
	132.86
	130.19
	135.36
	133.06
	140.16
	139.86
	147.36


It is proposed to capture the evaluation results and observations above in the TR. Also considering there would be different settings and propagation channels in realistic deployments, based on the observations above a range for coverage improvement is proposed as the requirement on the coverage enhancement in this study item.
Proposal 1: To agree the evaluation results and observations, and capture them in the TR.
Proposal 2: An additional coverage requirement of 10dB to 15dB improvement should be targeted for small data transmission applications in comparison to legacy UMTS.
3. Conclusion
In this contribution, the coverage of related channels is investigated for normal UMTS based on the reference scenario agreed in RAN1#78bis. Considering the priority of this study is to balance the coverage of different channels, a range of additional coverage improvements is proposed as the requirement on this study.
Proposal 1: To agree the evaluation results and observations, and capture them in the TR.
Proposal 2: An additional coverage requirement of 10dB to 15dB improvement should be targeted for small data transmission applications in comparison to legacy UMTS.
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