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In RAN1#80, there was an agreement for PRACH resource set [1]:
Agreements:
· For coverage enh. of PRACH, for initial random access
· There is one to one mapping between PRACH repetition level and PRACH resource set
When UE has determined the starting PRACH repetition level, the PRACH resource set could be determined correspondingly. Several approaches for selecting a starting PRACH repetition level were discussed in RAN1#80 and LS on PRACH coverage enhancement (CE) was sent to RAN4 [2]:
“RAN1 is considering several approaches for selecting a starting PRACH repetition level. One approach is based on RSRP measurement, and another approach is based on RSRP measurement and PSS/SSS detection time. Some other approaches do not require RSRP measurements. RAN1 requests RAN4 to feedback on the possibility of distinction among non-coverage enhancement and coverage enhancement of max. 3 non-zero levels (e.g., 0, 5, 10, 15 dB, or 0, 6, 12, 18 dB, dB number is total system coverage enhancement), for example, using RSRP measurement depending on coverage level.”

In this contribution, we will analyze the approaches for determining a starting PRACH resource set (starting PRACH repetition level). The reliability of the approach based on RSRP measurement will also be investigated. 
Approaches for determining starting PRACH resource set 
The approach chosen for determine starting PRACH resource set needs to take access time, power consumption, resource utilization, and specification impact into account.
Scheme 1: Determining starting PRACH resource set based on RSRP measurement
The system or eNB can pre-set several RSRP ranges, each range will relate to a PRACH resource set. UE firstly calculates its RSRP, and decides which range it belongs to. Once UE determines its RSRP range, it uses the corresponding PRACH resource set. 
Further in this scheme, both the RSRP range and PSS/SSS detection time may be related to a PRACH resource set. Besides RSRP, UE can also utilize PSS/SSS detection time to determine the starting PRACH resource set.
The scheme has the benefits of reducing failed PRACH transmission or avoiding excess repetitions assuming large repetition level, thus minimizes resource utilization, access time and UE power consumption.
Scheme 2: Determining starting PRACH resource set based on PBCH or SIB detection
The scheme has similar benefits as scheme 1, however it has the following problems:
There is a large MCL gap (larger than 6 dB for FDD) between the MCL of PBCH and that of PRACH. Even if a UE successfully decodes legacy PBCH, it cannot decide whether PRACH needs CE or not. It is still ambiguous for the UE to use the normal coverage PRACH resource set or to use the enhanced coverage PRACH resource set. Moreover, a UE will decode PBCH with keep trying, the keep trying shall impact the decision of the amount of CE, and the consideration about keep trying on CE identification as well as PRACH resource set determination may need more standardization work. 
For the scheme based on SIB detection, the problems analyzed above are also applicable. Additionally, different SIB TBS also affects the detection performance and PRACH resource set selection. 
Therefore, many uncertain factors will impact the detection performance significantly and will bring much standardization work to specify the relation to PRACH resource set.
Scheme 3: Always determining starting PRACH resource set corresponding to lowest PRACH repetition level
For scheme 3, a UE selects the starting PRACH resource set corresponding to the lowest PRACH repetition level (such as corresponding to 0~5 dB enhancement), and may change the PRACH resource set as a consequence of increasing the PRACH level on subsequent attempts. Compared to scheme 1 or 2, the benefit of scheme 3 is the standardization work could be reduced.
For this scheme, as all UEs would transmit PRACH using the resource set for the lowest PRACH repetition level,  unnecessary preamble transmissions of some UEs (transmitting preambles with PRACH repetition levels lower than their actually required repetition level) may be increased. Moreover, PRACH preamble colliding with other UEs may become severe especially at low repetition level. 
Though simple, scheme 3 is inefficient in resource utilization, and increases the UE power consumption with long access time when the UE is in poor channel conditions, and may cause unnecessary blocking from failed PRACH attempts.
Table 1 below compares the advantages and drawbacks of determining starting PRACH resource set based on the three schemes.
[bookmark: _Ref398630951]Table 1: Comparing the schemes of determining starting PRACH resource set
	
	Scheme 1: based on RSRP measurement
	Scheme 2: based on PBCH or SIB detection
	Scheme 3: starts from the PRACH resource set for lowest repetition level

	Decreasing access time
	√
	√
	×

	Decreasing power consumption
	√
	√
	×

	Minimizing resource utilization
	√
	√
	×

	Spec impact
	Medium
	High
	Low



Observation: Determining starting PRACH resource set based on RSRP measurement has benefits on access time, power consumption, resource utilization, and medium specification impact.
The reliability of determining starting PRACH resource set based on RSRP measurement
An LS [2] requested RAN4 to feedback on the possibility of distinction among non-CE and CE of max. 3 non-zero levels (e.g., 0, 5, 10, 15 dB, or 0, 6, 12, 18 dB, dB number is total system CE) based on RSRP measurements. Based on the LS, simulation assumption for Rel-13 MTC RSRP/RSRQ measurement accuracy studies was agreed in RAN4 #74bis [3]. The accuracy of RSRP measurement is evaluated in [4] according to the agreed assumption and represents as below to investigate the impact of inaccuracy RSRP measurement on starting PRACH resource set determination.
Take 0, 5, 10, 15 dB (corresponding to 23dBm PUSCH) total system CE as an example, assuming no CRS boosting, the SNR of CRS should be 0.7 dB, -4.3 dB, -9.3dB and -14.3 dB respectively. The PDF (probability density function) of measured RSRP with ±3 dB RSRP error of RF component in these SNR points is shown in figure 1.

 
Figure 1: PDF of measured RSRP for 0, 5, 10, 15 dB total system CE
As observed in the figure, if RSRP value is above 1.4dB, it is highly possible to use PRACH resource set for non-CE, since there is no possibility that UEs in other CE scenarios will pass this threshold. Similarly, if RSRP value is below -17.8dB threshold, using use PRACH resource set for the highest repetition level is absolutely appropriate. 
Based on RAN4 feedback for determining starting PRACH resource set, there could be two RSRP thresholds (threshold1, 2). If RSRP is above threshold 2, then non CE PRACH resource set should be used. If RSRP is below threshold 1, then the PRACH resource set of the highest repetition level should be used. The reliability of RSRP based method in these two RSRP regions can be guaranteed.
Although the reliability of determining starting PRACH resource set based on RSRP measurement may be less when threshold 1<RSRP<threshold 2, RSRP measurement based method can reduce the number of uncertain repetition levels. If the UE does not take RSRP value as the reference, the UE would be unable to distinguish all of the repetition levels, e.g. repetition levels corresponding to 5, 10, 15 dB total system CE and no CE without repetition. However if the UE utilizes RSRP to select starting PRACH resource set, as shown in the figure, only two or three repetition levels (including none CE without repetition) are indistinguishable.
In the less-reliable region, if the selected PRACH resource set corresponds to a repetition level which is one or two levels lower than the actual repetition level, the UE’s attempt number as well as power consumption may not be worse than starting from the lowest repetition level. On the other hand, if the selected PRACH resource set corresponds to a repetition level which is higher than the actual repetition level, the gain from PRACH repetition could be guaranteed to meet the CE requirement. Although there is some resource waste in this case, it is acceptable as only a small percentage of UEs are likely to be in this case. 
It should be noted that RSRP accuracy values in the figure are derived without any RSRP measurement enhancement for MTC. The accuracy of RSRP measurement can be improved if techniques useful for measurements listed in [5] are adopted.
Therefore, the proposal is:
Proposal: UE determines the starting PRACH resource set based on RSRP measurement.
Conclusions
In this contribution, the approaches for determining a starting PRACH resource set are analyzed and the reliability of RSRP based method is investigated. We conclude with the following observation and proposal: 
Observation: Determining starting PRACH resource set based on RSRP measurement has benefits on access time, power consumption, resource utilization, and medium specification impact.
Proposal: UE determines the starting PRACH resource set based on RSRP measurement.
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