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1. Introduction

In the study item on small data transmission enhancements for UMTS, initial considerations on introducing the concept of coverage level was discussed in RAN1 #80 meeting to reduce the power consumption on SDT devices and improve system capacity [1]. The discussion contribution [2] provides further considerations on the coverage level and illustrates how the differentiation of coverage levels benefits the SDT devices and legacy UEs. In this contribution, we provide a text proposal on the introduction of differentiation on coverage levels in SDT.

2. Text Proposal
[------------------------------------------------------------- TEXT START --------------------------------------------------------------]
6.1.4
Considerations on selection of repetition number
For the PRACH preamble and message channels, the amount of dB improvement results to be different depending on the path loss and the MCL required to be reached. Path loss can be measured at the UE based on CPICH. The required MCL can be a set of thresholds broadcasted from the network. Different MCL thresholds can be determined by the network, separating the coverage requirements into different coverage classes. When the measured path loss at the UE matches a certain predefined condition of the thresholds, a corresponding number of repetitions can be determined by the UE. Table yyy illustrates an example on selecting the number of repetitions depending on the measured path loss and the predefined threshold conditions. In this example, 3 thresholds are signalled to the UE, with X1 < X2 < X3.
In Table yyy, if the measured path loss is smaller than X1, it means that the UE is perhaps very close to the NodeB and just 1 repetition can fulfil the required PRACH preamble coverage in the uplink. If the measured path loss is larger than X1, but smaller than X2, then the UE is perhaps a little far away from the NodeB, and 4 repetitions on PRACH preamble can fulfil the required PRACH coverage in the uplink. Similarly, we can find out the case when 8 repetitions on PRACH preamble are needed, when path loss is larger than X2 but smaller than X3. Similar way for the UE to determine the number of repetitions can be applied to the PRACH message part, however with number of repetitions different than PRACH preamble.













 This is because the channel’s reception quality of these two channels at the NodeB is different.
Table yyy Illustration of the selection of repetition for PRACH preamble and messages
	Path Loss* (dB)
	Repetition numbers* for PRACH preamble
	Repetition numbers* for PRACH messages

	If Path Loss < X1, then
	1
	1

	If X1 < Path Loss < X2, then
	4
	8

	If X2 < Path Loss < X3, then
	8
	32


* 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 thresholds X1, X2 and X3 are network configured parameters.
*





	
	
	

	
	
	

	
	
	

	
	
	



The NodeB needs to know the corresponding repetition number and deterministic timing to combine the repeated signals. To achieve this, one way for the PRACH channels is using signature splitting to indicate the number of repetitions. As an alternative, different start access slot can also be used to indicate different number of repetitions.
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 (a).
By using equation (a), 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. As shown in Figure aaa, 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 aaa  Illustration of 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   (b)
where the term in square brackets represents the estimated total transmission power required for detection. This required estimated total 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 (b) is used to calculate the share of power on each repetition, which is split from the total required power. As an example, if the PRACH preamble transmission starts with repetitions, the total required power could be equally split into all the repetitions, and the Delta value should equal to -10log10(NRepetition), where NRepetition is the repetition number. It is noted that the Delta value can also be calculated by the network and signalled to the UE. 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.
The UE can also change the number of repetitions for the PRACH preamble based on the AICH feedback, rather than selecting the number of repetitions based on the predetermined threshold conditions. The UE can start with the legacy PRACH preamble transmission without repetitions. Then, if there is no response on the AICH within a certain amount of time, it can assume that it is coverage limited and begin repeating preambles with higher repetition number. It may begin with fewest number of maximum preamble repetitions. If, after a certain time, there is still no response on the AICH, UE can switch to more repetitions.


 [------------------------------------------------------------- TEXT END --------------------------------------------------------------]
3. Conclusion
It is proposed to agree on and capture the text proposal on the introduction on differentiation on coverage levels as presented in this contribution for inclusion in the TR 25.705 [1].
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