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1 Introduction

In the RAN #65, the study item (SI) on small data transmissions for UMTS was initiated [1]. In RAN1 #78bis the TSG RAN WG1 discussed and summarized the fundamental characteristics of the small data transmissions, as well as a reference scenario for performing investigations in the area of coverage improvements [2]. 
In this contribution we provide a Text Proposal (TP) that is intended to capture the investigations and findings related to the area of coverage improvements as described in [3] and [4].   
2 Text Proposal 
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6.1.2
Baseline evaluation results
6.1.2.1 Coverage evaluation results source I
MCL evaluations for different channels based on the reference scenario described in section 6.1.1 are summarized in Table 3.
Table 3. Summary of the MCL evaluations
	
	Cell search

(P-SCH,
S-SCH)
	BCH

(S-CCPCH)
	Paging

(PICH,
S-CCPCH)
	PRACH preamble
	AICH
	EUL

(DPCCH,
E-DPCCH, E-DPDCH)
	HS-SCCH
	HS-PDSCH

	MCL [dB],
Ped A 1 Hz
	154
	150
	143
	
	145
	141
	144
	160

	MCL [dB],
AWGN
	152
	152
	149
	143
	152
	146
	150
	158


· Cell search: For cell search the MCL value can be further improved by relaxing the initial acquisition time further, which should be possible for many of the small data transmission use cases. Moreover, the MCL value will be better if cell search in idle/active mode is considered. Also, the MCL values increase by 4 dB if 100 ms accumulation is used instead of 10 ms accumulation, with somewhat higher complexity cost in the UE. See [4] for further details.
· System information acquisition (BCH): For BCH the MCL depends on the acceptable system information acquisition time, so the value can be a few dB better or worse depending on the requirement. See [5] for further details.
· Paging channels (PICH and PCH): The MCL for paging procedure is limited by the S-CCPCH rather than the PICH, and is very dependent on the number of paging repetitions performed. If more than two repetitions are allowed, the MCL can improve by a few dB. See [6] for further details.

· PRACH preamble: For the PRACH preamble, the evaluation has been done assuming an AWGN channel only. The MCL result depends on acceptable false alarm and detection probability. Clearly also here retransmissions is a useful tool to improve coverage, but it shall be noted that a fair amount of retransmissions have already been assumed in the presented MCL values. See [7] for further details.
· Acquisition indicator channel (AICH): The MCL for AICH also depends heavily on the acceptable missed detection probability. Given that PRACH preambles likely will have rather bad detection probability for the users in worst coverage, it is important to have fairly low missed detection probability (we have assumed 5-10%). Possibly the AICH detection performance could be improved by allowing somewhat higher power on AICH, but since it is difficult to power control AICH one would not like to increase the power too much considering the capacity cost. See [8] for further details.
· Enhanced uplink (EUL): Also for EUL, both in CELL_DCH and CELL_FACH, the MCL performance depends heavily on the allowed number of repetitions (HARQ retransmissions). The MCL values given assumes at least 8 transmission attempts. See [9] for further details.
· HS-SCCH and HS-PDSCH: Comparing HS-SCCH and HS-PDSCH, more power is normally available for the HS-PDSCH and also the HS-PDSCH can benefit from HARQ retransmission, making the HS-SCCH the weaker link. The HS-SCCH performance can be boosted somewhat by less conservative power setting. See [10] for further details.
The MCL results in Table 3, seem to clearly indicate that the uplink is the weakest link, with both PRACH preamble detection and EUL having lower supported MCL values than other channels. In addition to uplink, the paging channel (in particular the S-CCPCH) sticks out as a weak link.

The AICH and HS-SCCH channels are somewhere between the best and worst channels. However, for these channels it could be viable to use somewhat less conservative power settings to improve the MCL. AICH will still be a low power channel, and the HS-SCCH can be power controlled such that users in really bad radio could be given higher HS-SCCH power without causing a large overall extra HS-SCCH power cost in the cell. 

Following the above reasoning, we identify PRACH preamble detection, E-DCH transmissions (both in CELL_FACH and CELL_DCH) and paging using S-CCPCH as focus areas for further investigations.
6.1.2.2 Coverage evaluation results source II
MCL evaluations for different channels are summarized in Table 4 and Table 5 based on the reference scenario described in section 6.1.1. See [11] for further details.
Table 4 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 5 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


The evaluation results for relevant channels are shown in the Table 4 and Table 5 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.

Based on the evaluations performed, we identify PRACH preamble detection, E-DCH transmissions (both in CELL_FACH and CELL_DCH) and PRACH message as focus areas for further investigations.
6.1.3
Potential solutions

--------------------------------------------------------------- Text end ------------------------------------------------------------------
3 Proposal
Upon reviewing the content of this Text Proposal, it is proposed:

Proposal: Agree on the text proposal presented in this document and capture its content on the TR for the study on Small Data Transmission Enhancements for UMTS
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