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1. Introduction

In the study item on small data transmission enhancements for UMTS[1], initial considerations on introducing the concept of coverage levels was discussed in RAN1 #80 meeting to reduce the power consumption on SDT devices and improve system capacity [2]. This contribution provides further considerations on the coverage levels and illustrates how the differentiation of coverage levels benefits the SDT devices and legacy UEs.
2. Further analysis on coverage enhancement in SDT 
One major objective of SDT study is balancing the coverage of different channels. According to evaluations in TR 25.705, it is concluded that the coverage of PRACH preamble/message, E-DCH and PCH should be improved. and it is observed that different channels have different imbalance with the best coverage channel. Even for the same channel, the amount of dB improvement shall be also different when the SDT devices have different locations. This is because in different locations, the path loss and penetration loss can vary greatly between different SDT devices. 
To improve coverage, more radio resources should be used or more detection/decoding operation may be needed at the UE side. When the UE locates in different places or have different surrounding conditions, the required number of repetitions or the amount of accumulated energy shall not be necessarily the same. Therefore, if there is no differentiation on the coverage levels, the solution for coverage enhancement would be designed to align the coverage of the channels with the Maximum Coupling Loss of the system, wherever the UE locates or whatever the surrounding conditions are. This will cause significant consumption on radio resources, which will further impact the capacity of both SDT UEs and legacy UEs. Also, without differentiation on the coverage levels, more detection operations and more transmission time will be used by SDT UEs, which reduces the battery life of the SDT UEs. 
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Figure 1 Coverage levels for SDT 
As an example the PRACH preamble is used to illustrate the above analysis. As shown in Figure 1:

· Inside the Area A surrounded by the red dashed circle, all channels can be covered in this area. There is no need of any repetition or other enhancement to improve the coverage of PRACH preamble, PCH and EUL channels in this area.

· In the Area C between the blue dashed line and the black solid line, the SDT device has the largest imbalance between coverage limited channels, such as PRACH preamble, and the best coverage channel (BCH over P-CCPCH or S-CCPCH). For example, about 10dB imbalance exists between PRACH preamble and BCH according to the simulation results in TR 25.705. In this area, 10dB enhancement may be needed. 

· In the Area B between the blue and red dashed line, the best coverage channel (BCH) can cover but the PRACH preamble cannot cover this area. For example, the imbalance between best coverage and worst coverage channel is only 5dB even at the edge point of Area B, which is the point on the blue dashed line. In this case, the PRACH preamble needs to be enhanced by e.g. 5dB rather than 10dB.

PRACH preamble is just one example. For other channels such as E-DCH channels and PCH, a similar analysis applies and the differentiation of coverage levels turns out to be beneficial for minimizing the impact on the legacy UE capacity and optimizing the performance and battery life of the SDT devices.
Based on the above observations, it is proposed to differentiate the coverage levels in the design of the solutions for coverage improvement in SDT. By doing this, the proper amount of radio resources is used to achieve different levels of coverage improvement which depend on the SDT device location and surrounding conditions. Otherwise the coverage improvement solutions would use more radio resources than needed, and this causes higher UE power consumption when trying to achieve the maximum coupling loss of the best coverage channel. The capacity of legacy UEs will be also impacted.

Proposal 1: Differentiate the coverage levels in the design of the coverage enhancement solutions according to the SDT UE location and surrounding conditions.

3. Consideration on using coverage levels in SDT

3.1 Definition and determination of coverage levels
In order to differentiate the coverage levels in coverage enhancement solution design, it is needed to define the coverage levels and how the UE determines the coverage level it belongs to. The path loss of UEs can be used to differentiate the coverage levels. Table 1 gives an example of the definition of coverage levels. In deployment, the range corresponding to each coverage level shown in Table 1 can be broadcasted, and the UE can measure the path loss based on CPICH. The SDT UE can use legacy measurements (e.g. RSCP or Path Loss) to estimate on which coverage level it camps.
· Normal coverage level: Coverage enhancement is not needed and all channels can be reached without enhancement if the UE locates on the position corresponding to the normal coverage level. As an example, if the Path Loss of a UE is less than or equal to the MCL of the worst coverage channel in the system, then the UE determines that it is on the normal coverage level and there is no need to enhance the coverage of any channels. 

· Median Coverage Level: It corresponds to the location where a relative small amount of improvement is needed. As an example, if the Path Loss of a UE is in the range from MCL of the worst coverage channel and the average MCL of the best and worst coverage channel, the UE assumes that it is on the median coverage level. 
· Extreme Coverage Level: It corresponds to the location where a relative large amount of improvement is needed. As an example, if the measured Path Loss of a UE is in the range from the average MCL of the best and worst coverage channels to the MCL of the best coverage channel, the UE assumes that it is on the extreme coverage level. It should be noticed that when balancing channels is targeted as the objective as stated in SID, it is assumed that the UE is out of the coverage/service if the path loss of the UE is larger than the MCL of the best coverage channel. If future work is also targeted on further extending the coverage beyond the MCL of the best coverage channel, then maybe an additional new coverage level can be defined.
Table 1 Definition of coverage level for SDT
	Coverage Level
	Path Loss* (dB)

	Normal Coverage Level
(e.g. Area A)
	≤ (MCLworst coverage channel)

	Median Coverage Level
(e.g. Area B)
	[ (MCLworst coverage channel),  (MCLbest coverage channel + MCLworst coverage channel)/2 ]

	Extreme Coverage Level
(e.g. Area C)
	 [ (MCLbest coverage channel + MCLworst coverage channel)/2,   (MCLbest coverage channel) ]


* spectively.veragel  would be smaller than 5 dB and 10 dB in t B is needed for ernece  first thing is to define the coverage* The measurement is the legacy measurement such as path loss and RSCP, which is based on the downlink CPICH. The MCL of the best coverage channel and worst coverage channel can be obtained from the evaluation results for each channel.*
For UEs on different coverage levels, the amount of repetitions needed or equivalently the required total transmission energy to achieve the required accumulated reception energy for decoding is different for the same channel. Regarding different channels of UEs in the same coverage level, the amount of repetitions depends on the performance of each channel and this may be different. Moreover, according to the evaluation results in TR 25.705, the MCL difference between the best coverage channel (BCH channel) and worst coverage channel (PRACH preamble) is almost 10dB. This means 10dB improvement is needed for PRACH preamble for SDT UEs in extreme coverage level, while only 5 dB is needed for PRACH preamble for SDT UEs in media coverage level. For other channels such as PRACH message, E-DCH and PCH, the amount of coverage improvement would be smaller than 5 dB and 10 dB on median and extreme coverage levels, respectively. 
3.2 RACH access on different coverage levels
In RAN1#80 meeting, it was agreed that repetition technique is used to enhance the coverage of PRACH preamble and message. As discussed in that meeting, deterministic timing and number of repetition should be defined when using repetition to improve the coverage of PRACH preamble [1] otherwise the network has no knowledge of how to combine the received signals.  
According to Section 3.1, SDT UE shall determine the coverage level it belongs to. After this, if the UE needs to send RACH to access the network, different repetition number and timing will be used according to the specific coverage level of the UE. As an example, based on the evaluation in [1] and [2], different repetition numbers for PRACH preamble and PRACH messages are needed for UEs in different coverage levels (see Table 2). It is observed that by using the differentiation of coverage levels, the repetition numbers used by the UE in normal and median coverage levels will be reduced a lot from the repetition numbers needed in extreme coverage level. If no differentiation on coverage levels is used, the repetition number needed by the UE in the worst coverage level, which is 8, will be used to design the coverage improvement solution for PRACH preamble. This is a waste of radio resource and has impact on the capacity of PRACH.
Table 2 Repetition numbers for PRACH in different coverage levels

	Coverage Level
	Repetition numbers* for PRACH preamble
	Repetition numbers* for PRACH messages

	Normal Coverage Level
	1
	1

	Median Coverage Level
	Less than 4
	8

	Extreme Coverage Level
	8
	32


* The repetition number here includes the first transmission.
The NodeB needs to know the corresponding repetition number and deterministic timing to combine the repeated signals. To achieve this, one way is using signature splitting to indicate the coverage level of the UE. For the signature in different signature groups, NodeB uses a different assumption on repetition number and timing. 
Another aspect to be considered is the initial transmission power of the PRACH preamble. In legacy systems, the initial power of the first PRACH preamble is calculated as follows:
Preamble_Initial_Power =Primary CPICH DL TX power -CPICH_RSCP+ UL interference + Constant Value (1).

By using the Equation (1), the UE can choose proper initial transmission power of the PRACH preamble which is targeted to avoid too much uplink interference while achieving the reception target on NodeB with as less ramping-ups as possible.
Similar considerations for setting the initial transmission power apply to the repetition solution considered for PRACH. For each coverage level, the repetition number is defined. However, there still exists path loss difference between locations inside the same coverage level. In that case, as shown in Figure 2, the power ramping procedure should be also used to minimize the uplink interference. Hence, the initial transmit power of the preamble should be calculated. 
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Figure 2  illustration on power ramping when repetition on preamble is used.
The initial transmission power for PRACH preamble can be set as:

Preamble_Initial_Power=[Primary CPICH DL TX power-CPICH_RSCP+UL interference+Constant Value]+Delta  (2)
where the term in square brackets represents the estimated total transmission power required for detection. This required power usually is much larger than the maximum power which can be supplied by the UE in a single transmission. Then repetition is used and a share of the required estimated total power shall be transmitted on each repetition. The Delta value in equation (2) is used to calculate the share of power on each repetition. As an example, if the total required power is equally split into all the repetitions, the Delta value should equal to -10log10(NRepetition), where NRepetition is the repetition number. Furthermore, during a RACH procedure, if on one coverage level the UE fails to access to the network when the maximum power has been achieved, the UE can adapt to the next coverage level to send the RACH.
Alternatively, instead of calculating the initial power, another way is to adapt the repetition number and use the maximum power on each repetition. In this case, the used repetition number would be smaller than the assumed repetition number defined on the corresponding coverage level. By using maximum transmission power on each repetition, the accumulated energy from the used repetitions can still achieve the reception requirement. However, the used repetition number can be reduced. By doing this, on each repetition the UE uses maximum power to transmit and the effective transmission time is reduced. The power efficiency of the PA would be better and the PA can be turned off while the UE is not transmitting, hence it is beneficial for the battery life of the SDT UE.
3.3 EUL transmission on different coverage levels

Regarding E-DCH transmission, both time multiplexing of E-DPCCH/E-DPDCH and repetition are considered as potential solutions for coverage improvements. From current studies, even if time multiplexing technique of E-DPCCH/E-DPDCH is used, repetition is still needed. Hence, it is beneficial to take the coverage levels into the design of the E-DCH coverage improvement solutions.
4. Conclusion
This contribution illustrates the benefit of introducing the coverage levels. It is shown that the differentiation on coverage levels is beneficial for minimizing the impact on legacy UE capacity, and optimizing the performance and battery life of the SDT devices.

Considerations on how to use the coverage levels in coverage enhancement solutions are also discussed. By defining the coverage levels through legacy measurement, SDT UEs can estimate its coverage level. For UEs on one coverage level, proper amount of resource used for coverage enhancement (e.g. repetition number) is specified for each channel. Further discussion regarding RACH access and EUL transmission with the coverage levels is also provided.
Proposal 1: Differentiate the coverage levels in the design of the coverage enhancement solutions according to the SDT UE location and surrounding conditions.

Proposal 2: Capture Section 2 and 3 of this contribution in the TR.
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