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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. 
As part of the coverage evaluations, this contribution provides performance results for cell search. The relevant channels involved in cell search are P-SCH, S-SCH and P-CPICH.

Assumptions
The reference scenario parameters agreed at RAN1#78bis to be used in the coverage evaluations can be found in Annex A. Below additional considerations are also applied in order to be conservative in simulation:
1. Initial cell search is assumed. This is different from cell search in idle/active mode, since the primary scrambling code is identified from all possible scrambling codes in the identified scrambling code group, which implies a more difficult detection.
2. Correspondingly, a carrier frequency offset of 20 kHz is assumed for most simulations (except for Figure 3), because the UE clock is not synchronized to downlink when initial search starts. It is possible to introduce frequency domain search to mitigate the impact due to frequency offset, at cost of computational complexity and additional HW resources, however this is not considered in the current evaluation.
3. In theory cell search performance would be negatively impacted if two cells’ SCH signals are slot-aligned. This is not considered in this contribution because neighbour cell power is assumed to be significantly lower than target cell.

Modelling
A pipelined processing model [2] is used for cell search evaluation. The three stages therein, i.e. stage1/2/3, correspond to slot timing detection/ frame timing together with scrambling code group detection/ scrambling code detection, respectively. Each stage runs during a predefined accumulation interval, and the result of stage N at the end of the accumulation interval is used to feed stage N+1 in the next accumulation interval, see Figure 1. 


Accumulation time

Figure 1   Cell search pipeline layout

The signal can be coherently or non-coherently accumulated in the accumulation interval. The coherent accumulation time length is limited by maximum carrier frequency offset. For a maximum carrier frequency offset of 20 kHz, 64 chips of coherent accumulation length offers good performance [2]. Because the channel in the present study is assumed to be slow-fading or static AWGN, a longer total accumulation time could be beneficial. However, accumulation time is also a trade-off between processing gain and power consumption/ implementation cost, therefore both 10 ms and 100 ms accumulation times are simulated in this contribution for comparison.
Successful detection is defined as a cell search that detects the correct P-CPICH scrambling code with correct frame timing. Detection time is defined as time length from start time of cell search pipeline until a successful detection occurs.

Evaluation results
Based on assumptions and models described above, link level simulations have been run to characterize the cell search detection time as function of the . The MCL has then been computed according to the formula in Annex B, i.e. .
The simulation results for the Pedestrian A 1 Hz channel are found in Figure 2, where the CDFs of the detection time for different MCL and accumulation times “accumTime” are plotted. The resulting average detection times “avgDetTime” are also shown in the legend box.
By modifying some simulation parameters, Figure 3 shows difference between frequency offset 20 kHz and 1 kHz, and Figure 4 gives results with static channel (AWGN). 
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Figure 2 	Cell search performance in Pedestrian A 1 Hz channel
It can be observed from Figure 2:
1. For 10 ms accumulation time, MCL can be up to 154 dB for 2.6 sec average detection time (7.5 sec @95%). For small data application, initial search is not frequent and normally can tolerate a longer detection time. If average detection time is relaxed to 6.2 sec (16 sec@95%), cell search can get 2 dB better coverage, i.e. 156 dB MCL.
2. For 100 ms accumulation time, MCL can be up to 158 dB for 2.8 sec average detection time (7.8 sec @ 95%). If average detection time is relaxed to 9.6 sec (31 sec@95%), cell search can get 2 dB better coverage, i.e. 160 dB MCL.

[image: ]
Figure 3 	Cell search performance in Pedestrian A 1 Hz channel, 1 kHz and 20 kHz frequency error

It can be found from Figure 3 that frequency offset 1 kHz has around 2 dB advantage over frequency offset 20 kHz in terms of MCL. It is worth noting that coherent correlation length can be longer for 1 kHz frequency error to get additional processing gain, if a-priori knowledge is available. However, this is not assumed by this comparison, i.e. a common coherent correlation length is used to generate all curves. 
[image: ]
Figure 4 	Cell search performance in AWGN channel
From Figure 4, it can be found that:
1. AWGN has a rather stringent detection bound at MCL = 152 dB, coupling loss beyond 152 dB can rapidly degrade the detection performance.
2. An accumulation time of 100 ms has ~4 dB advantage over 10 ms in terms of MCL.
3. The leftmost curve (MCL=152dB, accumTime=100ms) has its origin at 300 ms@94%, because the detection is very reliable but it still takes minimum 300 ms due to pipeline delay.

[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. Simulations of cell search have been performed for the agreed reference scenario to find out the MCL the baseline system can tolerate.
Based on results and discussions as above, the following conclusions can be drawn:
1. For Pedestrian A 1 Hz channel, initial cell search can work at ~152-154 dB MCL with acceptable detection time (5-10 sec).
2. For static AWGN channel, initial cell search can work at ~152 dB MCL with acceptable detection time (5-10 sec). 
3. If even higher detection times for initial cell search are acceptable, even higher MCL can be tolerated.
4. For cell search in idle/active mode the cell search time is shorter than indicated in the presented simulations
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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
According to the simulation assumptions the assumed noise figure in downlink is 9 dB. Assuming a thermal noise density at 290K of -174 dBm/Hz we get a total received thermal noise power  of 
 [dBm].
Given the assumed transmitted  of 43 dBm, the maximum coupling loss to ensure a certain received  can be calculated as
 [dB].
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MCL=152dB, accumTime=10ms, avgDetTime=1.1sec

MCL=154dB, accumTime=10ms, avgDetTime=2.6sec

MCL=156dB, accumTime=10ms, avgDetTime=6.2sec

MCL=158dB, accumTime=10ms, avgDetTime=33sec

MCL=160dB, accumTime=10ms, avgDetTime=88sec

MCL=152dB, accumTime=100ms, avgDetTime=0.55sec

MCL=154dB, accumTime=100ms, avgDetTime=0.82sec

MCL=156dB, accumTime=100ms, avgDetTime=1.4sec

MCL=158dB, accumTime=100ms, avgDetTime=2.8sec

MCL=160dB, accumtime=100ms, avgDetTime=9.6sec
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MCL=154dB, accumTime=10ms, fe=1khz, avgDetTime=1.22sec

MCL=156dB, accumTime=10ms, fe=1khz, avgDetTime=2.37sec
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MCL=150dB, accumTime=10ms, avgDetTime=0.23sec

MCL=152dB, accumTime=10ms, avgDetTime=3.1sec

MCL=153dB, accumTime=10ms, avgDetTime=11.8sec

MCL=154dB, accumTime=10ms, avgDetTime=104sec

MCL=152dB, accumTime=100ms, avgDetTime=0.31sec

MCL=154dB, accumTime=100ms, avgDetTime=0.45sec

MCL=156dB, accumTime=100ms, avgDetTime=3.3sec

MCL=157dB, accumTime=100ms, avgDetTime=10.7sec

MCL=158dB, accumTime=100ms, avgDetTime=61.7sec
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