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[bookmark: _GoBack]Introduction
In the RAN Meeting #65, Study on Small Data Transmission Enhancements for UMTS was approved as one of the topics to be studied as part of 3GPP Release 13 [1]. One aspect to be studied is the coverage of small data transmissions. It was agreed at RAN1#78bis that maximum coupling loss (MCL) evaluations were to be made for all relevant channels using a set of agreed reference scenario parameters, with the purpose of finding the bottleneck channels for which improvements should be considered. 
In this contribution we summarize our evaluation results [5]-[11], identify the bottleneck channels and propose a way forward in the study.
Some considerations
In earlier evaluations, the coverage benefits of using EUL in CELL_FACH over transmitting Rel-99 PRACH messages, have been established [2][3][4]. It seems reasonable to assume the best possible coverage baseline for the present work. Hence, if the goal is to maximize coverage, focus should be on studying E-DCH in CELL_FACH rather than the PRACH message part. This is why we have not provided any evaluation results for the PRACH message part. However, the PRACH preamble part is used both in Rel-99 PRACH transmission and in CELL_FACH E-DCH, and therefore has been evaluated [8]. A consequence of focusing on E-DCH CELL_FACH in uplink is that downlink will be assumed to use HS-DSCH CELL_FACH, which in turn means that the FACH coverage when mapped to S-CCPCH has not been evaluated.
In the ongoing “Study on Downlink Enhancements for UMTS”, the downlink costs associated with F-DPCH transmission are extensively investigated. Hence, we have not focused on this channel in the present study. Our assumption however is that F-DPCH cannot be a limiting channel in terms of coverage, as it is a power controlled dedicated channel, so a fairly high power could be accepted for the few users that are in really bad coverage without too high capacity loss. 
Results for E-AGCH/E-RGCH/E-HICH were not finalized in time to be included in this paper. Further, focus has been on providing service on HSPA channels, and not Rel-99 DCH channels. Therefore no results for DPDCH/DPCH are presented. There are also other physical channels in the specifications that have not been considered in the evaluation (for example S-DPCCH), since they are not considered to be interesting from coverage perspective.
A general problem when evaluating downlink coverage, is that the MCL for a particular channel depends on the allowed transmit power for the channel in question. What is really an acceptable channel power in downlink? In our analysis we have made some basic assumptions on typical power values used and then evaluated the coverage. In some cases, the MCL could be improved by increasing the power further without sacrificing too much capacity. The possibility for increasing the power needs to be discussed separately in each case.

Evaluation results and analysis
Results
MCL evaluations of coverage for different channels according to the agreed reference scenario in Annex A have been performed [5]-[11]. The results are summarized in Table 1 below.

	
	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



[bookmark: _Ref402872713]Table 1	Summary of MCL values for the agreed reference scenario.
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 [5] for further details.
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 [6] for further details.
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 [7] for further details.
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 [8] for further details.
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 [9] for further details.
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 [10] for further details.
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 [11] for further details. 
Analysis
Looking at the MCL results in Table 1, it seems clear 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. It is not clear that it is acceptable to improve the performance of this channel by increased power due to capacity cost. Also, it is not clear that further repetitions are acceptable either, since those could also come at a capacity/resource cost. 
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.
Proposal: Further coverage enhancement studies for small data transmissions should focus on the PRACH preamble, EUL and paging using S-CCPCH. 

General observations
It is clear from the results presented that uplink seems to be the limiting link in general, which is not surprising given the limited output power in the UEs. However, one additional parameter that directly impacts the uplink coverage in a negative way is the RoT. Reducing the RoT with 3 dB automatically leads to a 3 dB coverage gain. Hence, in general, techniques that allow delay-tolerant UEs/services to access the network during low RoT periods could be very useful to provide service to devices in very bad coverage.
It can also be noted that the Pedestrian A 1 Hz channel provides problems because of the slowly varying channel amplitude, but with large amplitude variations due to the limited multi-path (essentially flat fading). See Figure 1 below.
[image: ]
Figure 1	Power envelope examples, two independently fading RX antennas and combined power.
The coherence time for a 1 Hz fading channel is approximately 400 ms. In essence, the UE can be considered out of coverage for hundreds of ms, only to be within coverage within the next hundred ms period when the channel moves out of the fading dip. For channels allowing delay, like cell search and system information acquisition this can be tolerable, since the channel will experience a fading top during the accumulation time. For other channels where extensive accumulation/repetition is not possible, like the AICH or HS-SCCH, the same does not apply. Here it can be misleading to look at an average detection rate. 

Cell selection/reselection
As earlier indicated [12], signalling restriction for cell selection/reselection parameters could potentially limit the maximum coupling loss supported. Currently the Qqualmin criterion does not allow the UE to select a cell with P-CPICH  < -24 dB, due to signalling restrictions. Similarly, the Qrxlevmin criterion does not allow the UE to select a cell with P-CPICH  < -119 dBm due to signalling restriction. These restrictions can be translated into maximum coupling loss restrictions, see Table 2 and Table 3. See also Annex B on details of the Qqualmin MCL calculation.

	Total Tx power (Ior)
	43.0
	dBm

	P-CPICH power ratio (Ec/Ior)
	-10.0
	dB

	P-CPICH power (Ec)
	33.0
	dBm

	Thermal noise density @ 290K
	-174.0
	dBm/Hz

	Occupied channel bandwidth
	3840000.0
	Hz

	Thermal noise power
	-108.2
	dBm

	Noise figure
	9.0
	dB

	Receiver noise power (N0)
	-99.2
	dBm

	P-CPICH Ec_hat/(Ior_hat+N0)
	-24.0
	dB

	Maximum coupling loss
	156.0
	dB


[bookmark: _Ref398888683]Table 2	MCL link-budget for the Qqualmin criterion.

	Total Tx power (Ior)
	43.0
	dBm

	P-CPICH power ratio (Ec/Ior)
	-10.0
	dB

	P-CPICH power (Ec)
	33.0
	dBm

	Required P-CPICH Ec_hat
	-119.0
	dB

	Maximum coupling loss
	152.0
	dB


[bookmark: _Ref398888692]Table 3	MCL link-budget for the Qrxlevmin criterion.
Comparing these MCL restrictions of 156 and 152 dB with the MCL values in Table 1 indicates that for the baseline scenario it seems that the signalling restriction for Qqualmin and Qrxlevmin does not impose any limitation on the system. Quite significant improvements would be required to enhance all channels to support MCLs larger than 152 dB. Hence, for the moment, we conclude that no extension of the Qqualmin/Qrxlevmin signalling is required.

[bookmark: _In-sequence_SDU_delivery]Conclusion
It has been agreed to study Small Data Transmission Enhancements for UMTS as part of 3GPP Release 13. One key area to be investigated in the study is the coverage aspects of small data transmissions. 
Evaluations have been made for many channels, and a few of them sticks out as being worse than others. In particular, PRACH preamble detection, E-DCH transmissions (both in CELL_FACH and CELL_DCH) and paging using S-CCPCH are weak links and should be the focus areas for further investigations.
Proposal: Further coverage enhancement studies for small data transmissions should focus on the PRACH preamble, EUL and paging using S-CCPCH. 
Additionally, we conclude that without significant improvements to all channels the signalling restriction for Qqualmin and Qrxlevmin does not impose any limitation on the system, so no extension of the Qqualmin/Qrxlevmin signalling is required.
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Annex A
At RAN1#78bis, the following was agreed:

Relative coverage of all relevant channels shall be investigated, by calculating the maximum coupling loss for each channel in the reference scenario outlined in the table below.

	Parameter
	Assumption

	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





Annex B
Let  and  be transmitted and received channel power respectively,  and  be transmitted and received carrier power respectively. Further, let  be the received inter-cell interference power,  the received noise power, the geometry  and let  denote the coupling loss.
Finally, let  denote the UE measured “CPICH Ec/No” according to TS 25.215. Since the denominator in the measurement is the wideband received power in the band, including thermal noise, contrary to the name of the measurement contains not only  but also  and .
We then get (assuming linear units)

Solving for  results in


Using the above formula, the maximum coupling loss to meet the required received “CPICH Ec/No” can be calculated:


Assuming no inter-cell interference, , corresponds to letting the geometry go to infinity, which leads to the slightly simplified formula
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