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1
Introduction
RAN meeting #65 initiated a study item on Small Data Transmission Enhancements for UMTS [1]. In the last RAN1 meeting #79 we were able to identify channels which will be the most depending from coverage point of view. We decided to focus our study on PRACH preamble, PRACH message, EUL and PCH on S-CCPCH channels. In order to avoid major specification impact and still be able to enhance coverage for these channels different solutions should be investigated carefully.

In this contribution we are presenting couple of solutions which might be helpful enhancing coverage for over mentioned channels and providing justification why they are most beneficial in our view. 
2
Discussion
2.1
Scope of the Study Item
The study item one of the objectives [1] is defined as:

The study should consider the following aspects:

· identify any potential problems or system bottlenecks relevant to these applications and requirements 

From the identified requirements, the study should then consider potential technical solutions, for example:

· Investigate mechanisms to enhance coverage for low data transmissions, including above-mentioned optimizations (and for example time domain repetition of physical channels or signals) (RAN1, RAN2)
2.2
Potential solutions to enhance coverage for SDT.
1.
Increased power
Increasing power of the channels or i.e. boosting seems to be the easiest way to achieve goal which is enhancing the coverage of the specific channel. However boosting as it has direct impact to the other channels has to be tuned with caution due to high probability that other channels will be forced to maintain in high interference environment. Taking into account number of SDT devices which are considered to be in the network in the future increasing power of a one channel may have a major impact to the overall network performance.
As it was presented in the coverage evaluation simulations by Ericsson and Huawei we have a set o powers that were used for each channel. 
PRACH preamble and PRACH message
In [2] PRACH Tx power was set to 23dBm which is maximum value and it reflects a need to reach a maximum coverage. However as it was shown in [3] such an approach may have negative impact on the uplink shared resources. Additionally high number of devices in SDT scenarios may increase uplink noise due to initial PRACH access attempts ever greater. Adjusting initial PRACH parameters, here copied in Table 1 may have positive impact on reducing uplink noise rise as it shown in [3], for reference copied below:
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Figure 1 Impact of PRACH parameter optimization on UL noise [3]
Table 1 PRACH parameter changes 
	Parameter
	Baseline
	Step 1
	Step 2
	Step 3

	Required PRACH C/I
	-25 dB
	-28 dB
	-30 dB
	-33 dB

	PRACH preamble step size
	2 dB
	1 dB
	1 dB
	1 dB

	RACH preamble retransmissions
	32
	16
	16
	16

	RACH preamble cycles
	8
	1
	1
	1

	Power offset after last PRACH preamble
	0 dB
	2 dB
	2 dB
	2 dB


As a conclusion increasing power for PRACH in order to improve coverage is not possible as it was set to the maximum value already [2] but rather PRACH parameters as mentioned above should be tuned carefully in order to avoid side effect of increase noise level. More feasible way to improve PRACH coverage seems to be repetition which is described in the next section. 
EUL channels (E-DPCCH and E-DPDCH) 
As it was presented in [4] E-DPCCH reception was assumed ideal i.e. no errors were simulated and realistic beta values were set on E-DPDCH  for coverage evaluations.  . Round trip time can be made shorter with 2ms TTI but from the other hand the resulting control signaling is too much to be handled on the cell edhe. Assuming 2ms TTI we can achieve higher data rates, meanwhile 10ms offers better coverage. It was assumed to use 10ms but even though MCL value is pretty low around 140-145dB for AWGN channel model and 8 times transmission attempts. 
In [2] EUL channels power were set:  2dB for E-DPDCH/DPCCH and to -4.44dB for E-DPCC/DPCCH which for AWGN channel resulted in MCL values around 140dB. 
Both evaluations show that current power levels are not sufficient in order to fulfil good coverage expectations. Even if we will set E-DPDCH power to maximum as it was done in [4] we still need to assume realistic E-DPCCH detector which will impact the results even more. For a delay tolerant scenario as the SDT was identified to be the case we may end up with higher number of repetitions. 
PCH on S-CCPCH channels
PCH is transmitted over S-CCPCH and is associated with PICH over which Paging Indicators are transmitted. As it was shown in [5] PICH can sustain large values of MCL, but the S-CCPCH performance is not that. Due to mutual dependency the performance of both together channels is rather low even in AWGN channel conditions. 

Power of PCH are already set to a high value, typical values in reference to CPICH are in range of -0.5db – 0dB [3], so further increase is rather not possible. 
2.
Repetition
In case of repetition/retransmission it is clear that more retransmission you have you gain better coverage. However there is also a disadvantage related to that solution which is the overhead caused by the control channels which needs to be sent with every retransmission. Another side effect of the repetition and especially if the number of devices is large is interference. Those will have an impact to the overall system if the power of the repeated channels will be too big and together with large number of repetition we may influence the system negatively.   
PRACH preamble and PRACH message
Due to power limitation for PRACH as mentioned in the section 1 the steps which may help improving the coverage of PRACH is repetition. Repeating preambles many times will help in performance. Together with accepted higher false alarm level and lower detection probability which both could be set differentially for SDT devices due to their specific requirements and operations points. As mentioned earlier also tuning PRACH settings can help a lot. 
EUL channels (E-DPCCH and E-DPDCH) 
It seems that EUL coverage will be the most challenging from all identified bottlenecks channels as only 8 repetitions in AWGN channel condition provides sufficient performance, as shown in [4]. Nevertheless due to power limited scenario, already power for E-DPDCH was assumed to be as high as possible, the repetitions seems to be the only way forward with side effects in latency and potential impact on higher-layers.

PCH on S-CCPCH channels
 As it was shown in [5] increase paging attempts by 1 and 2 already gives big performance gain and success rate is above 90%. It is worth to note that no combining of information between the different paging attempts was performed.

Moreover such an approach is in line with TS 25.331 which already allows network to repeat PCCH message few times for better reliability. We mention more about S-CCPCH based paging and approach of HS-PDSCH paging in [6] interesting
3.
Less restricted detection thresholds for specific channels.
For the devices which will be operating with delay tolerant services the pretty low detection probability might be acceptable and by that be one of the potential solutions for coverage enhancements. An acceptable level of false alarms may vary and is dependable on HW resources. Mostly the reasonable values for false alarms are located in the range of 0.1-1%, but taking into considerations specific character of the services available by SDT this range might be extended. 
PRACH preamble and PRACH message
The requirements for the preamble detection are shown in Table 8.9 in [7] and here copied for a convenience.
Table 2 Requirements for Ec/No of Pd in static propagation conditions:
	
	Ec/N0 for required Pd ( 0.99
	Ec/N0 for required Pd ( 0.999

	BS with Rx Diversity
	-20.5 dB
	-20.1 dB

	BS without Rx Diversity
	-17.6 dB
	-16.8 dB


Taking into consideration origins and the way how SDT devices should operate in the system there is a margin for less restricted requirements in order to achieve some gains in coverage. Moreover potential gain can be achieved without any standardization changes. 
EUL channels (E-DPCCH and E-DPDCH) 
Based on the simulation results shown in [4] it would be not a good idea to lower the detection requirements for E-DPCCH as already with ideal detection we face an issue with E-DPDCH performance. 
PCH on S-CCPCH channels
Test requirements for PCH detection shown in [8] are for static propagation condition -19dB for PICH and -14.8dB for S-CCPCH respectively. Here copied for convenience:
Table 3 Test requiremenets for PCH detection:
	Test Number
	S-CCPCH_Ec/Ior 
	PICH_Ec/Ior
	Pm-p

	1
	-14.8
	-19
	0.01

	2
	-9.8
	-12
	0.01


As it was shown in [5] PICH can sustain large values of MCL, but the S-CCPCH performance is not that. As can be seen in Table 3 detection requirements are already relatively high for S-CCPCH and it may be risky to lower them more. 
3
Conclusions
This document briefly discusses the potential solutions for coverage enhancements for the channels which were identified as bottlenecks for introducing Small Data Transmission operation into the network.
Each solution has its advantages and drawbacks and choosing one or the other should not only be followed by the numbers but due to specific nature of this study the potential impact to the standardization changes should also be taken into account. 
References
[1] RP-141711 New SI proposal: Study on small data transmission enhancement for UMTS, Ericsson, Huawei, HiSilicon, Telefonica S.A., China Unicom, Nokia Networks
[2] R1-145134 Evaluation results on coverage enhancements, Huawei
[3] HSPA+ Evolution to Release 12, H.Holma, A.Toskala, P. Tapia, Wiley 
[4] R1-145031 Coverage evaluations Enhanced Uplink, Ericsson
[5] R1-145028 Paging Channels (PICH and PCH) coverage evaluation, Ericsson
[6] R1-150640 Initial considerations on solutions for improving coverage of the PCCH channel
[7] TS 25.104 Base Station (BS) radio transmission and reception (FDD)
[8] TS 25.101 User Equipment (UE) radio transmission and reception (FDD)
