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1 Introduction

In RAN#65 meeting, the new WI of further LTE Physical Layer Enhancements for MTC was approved [1], and the following objective is described:

· Target a relative LTE coverage improvement – corresponding to 15 dB for FDD – for the UE category/type defined above and other UEs operating delay tolerant MTC applications with respect to their respective nominal coverage. 

· The following techniques (which shall be applicable for both FDD and TDD) can be considered to achieve this:

· Repetition techniques for control channels (e.g. PBCH, PRACH, (E)PDCCH)

· Relaxed “probability of missed detection” for PRACH and initial UE system acquisition time for PSS/SSS/PBCH/SIBs can be considered as long as the UE power consumption impact can be kept on a reasonable level.

· The amount of coverage enhancement should be configurable per cell and/or per UE and/or per channel and/or group of channels. Relevant UE measurements and reporting to support this functionality should be defined.
In this contribution, the previous agreements and working assumptions on coverage enhancement related to PRACH in Rel-12 from power consumption perspective are confirmed. Moreover, we discuss PRACH collision due to PRACH repetition, and give our preference on determining PRACH CE mode and repetition level.  
2 Rel-12 agreements and working assumptions on coverage enhancement related to PRACH
2.1 Multiple PRACH repetition levels
In RAN1 # 74bis meeting, multiple PRACH repetition levels and PRACH multiplexing scheme were agreed [2]:

Agreement:

· For PRACH multiplexing scheme, CDM, and/or TDM and/or FDM are supported

· Multiple PRACH repetition levels are supported

In RAN1 #75 meeting, details related to multiple PRACH repetition levels and PRACH multiplexing methods were agreed in [3].
Different UEs in a cell will experience diverse channel conditions, so the amount of coverage improvement needed by different UEs is varied. Since an eNB would configure multiple PRACH repetition levels, an MTC UE can transmit preamble corresponding to its PRACH repetition level, and it is natural for the eNB to acquire UE coverage repetition level via UE PRACH transmission.

For a Rel-13 low complexity UE transmitting preamble according to the amount of UE’s coverage improvement, the resource utilization can be optimized and UE’s power consumption can be saved.  On the contrary, if a Rel-13 low complexity UE has to transmit preamble from the lowest repetition level by continuous attempt or using highest level, which would increase UE’s power consumption and the possibility of preamble collision, especially at lower repetition level.

Proposal 1: The agreement to support multiple PRACH repetition levels in Rel-12 should be confirmed for PRACH coverage enhancement to optimize resource utilization and save UE’s power consumption. 
2.2 Relaxing PRACH requirement
In Rel-12, repeating the existing preamble formats for PRACH enhancement was agreed, and “relaxing PRACH requirement is FFS” was agreed to as a working assumption in RAN1 #74bis meeting [2].

Working assumption:
· Repeating the existing preamble formats for PRACH enhancement 

·      Relaxing PRACH requirement is FFS

According to simulation results provided in [4], the SNR working point can be improved by 4~5 dB by relaxing Pmiss from 1% to 10% while maintaining Pfa (probability of false alarm) at 0.1%. Therefore, relaxing PRACH performance requirement can remarkably reduce the repetition number for PRACH coverage enhancement.
Further, as also analyzed in [5], relaxing PRACH performance requirement from 1% Pmiss to 10% could lead to an overall reduction in number of RACH preamble transmissions compared to using repetition/accumulation alone. Therefore, relaxing PRACH requirement would be beneficial to save resource and reduce UE’s power consumption.
Proposal 2: Relaxed performance for PRACH should be supported to reduce repetitions and save UE’s power consumption.
Relaxing PRACH requirement may increase the probability of preamble re-transmission, which would have impact on random access (preamble transmission and RAR reception) process.

Table 1 below compares the average processing load for PRACH repetition and PRACH relaxing requirement. For the sake of simplicity, assuming A denotes the average processing load for each preamble transmission at 10% Pmiss target, and B denotes the average processing load for each RAR reception. Moreover, only the first two steps of the random access process are considered in the analysis. 

Assuming the SINR of 10% Pmiss is the target SINR. In our PRACH simulation, the SINR of 1% Pmiss would be higher than 5dB than the SINR of 10% Pmiss. Thus, about 3.2 repetitions would be needed to achieve 1% Pmiss at the target SINR in theory. Therefore,  an MTC UE with PRACH repetition should use 3.2A to achieve 1% PRACH Pmiss target.

For an MTC UE with PRACH relaxing requirement, on average, two times PRACH transmission could achieve 1% Pmiss (For two times PRACH transmission, the correct probability would be equal to 1-0.1^2, so the erroneous probability is equal to 1%). However, an MTC UE needs retransmission at 10% probability. Thus, the total processing load of PRACH transmission with relaxing requirement would be equal to 1.1A (A plus 0.1A). Correspondingly, the total processing load of RAR reception would be 1.1B (as an MTC UE would receive RAR corresponding to PRACH transmission of two times, the total processing load would be equal to B plus 0.1B). Thus, the average processing load difference between PRACH repetition and PRACH relaxing requirement is (2.1A-0.1B). As the power consumption of UL transmit is generally higher than DL reception, the value of (2.1A-0.1B) might be larger than zero, which means relaxing PRACH requirement could save resource and power consumption compared to (fully adopting) PRACH repetition. 

Table 1: The comparison of processing load between PRACH repetition and relaxing PRACH requirement
	
	PRACH transmission
	
RAR reception

	 PRACH Repetition
	3.2A
	B

	Relaxing PRACH Pmiss from 1% to 10% (Pfa = 0.1%)
	A+0.1A
	B+0.1B


2.3 Power ramping and level ramping

At RAN1 #75 meeting, level ramping was supported and FFS for power ramping [3]. 

Agreements:
· 1 attempt = configured number of repetitions.

· FFS: Power ramping is supported

· If UE does not receive a RAR after 1 attempt, it moves to next highest level (e.g. 5 to 10, and 10 to 15). 

· At highest level, FFS on how many attempts are allowed, and the overall procedure (e.g. Backoff etc.).

From the optimization of power utilization, to avoid an MTC UE overusing or underusing repetition level, the MTC UE should select suitable repetition level to transmit PRACH, which could be beneficial to save UE’s power consumption. 
However, if the UE fails to complete random access with its desirable repetition level via multiple attempts, it can upgrade the PRACH repetition level to improve transmission reliability. Therefore, level ramping should be supported for PRACH coverage enhancement.
Moreover, similar to the analysis in section 2.2, the resource overhead of PRACH transmission with higher level would be higher than that of retransmission of enhanced PRACH. Further, PRACH retransmission is supported in current specification. To reduce PRACH transmission time and reuse same philosophy of current mechanism for PRACH, the retransmission of enhanced PRACH should also be supported. 

In addition, the target of a PRACH repetition level would be to extend the coverage to the high point of a range of coverage enhancement related to this repetition level. For an MTC UE, the amount of coverage enhancement which needs may be less than the high point of the range of coverage enhancement. Therefore, the UE may not need to transmit repeated PRACH with maximum power at the start, and the power consumption could be saved. If the UE cannot complete the random access, it can take precedence in increasing the transmit power.
Proposal 3: The agreement to support level ramping in Rel-12 should be confirmed in Rel-13 coverage enhancement.

Proposal 4: To avoid excessive power overhead, power ramping should be supported for PRACH coverage enhancement.
2.4 PRACH frequency hopping

At RAN1 #75 meeting, it was agreed that “FFS for Frequency Hopping” [3]. 

PRACH frequency hopping may contribute to provide frequency diversity gain and reduce the repetition number. From this point of view, the power consumption of enhanced PRACH transmission could be saved due to reduced active time. However, for a Rel-13 low complexity UE supporting frequency hopping, it has to retune from time to time. The extra power consumption arising from retuning (inter-frequency selection and prolonged active time) should be considered.  Therefore, the impact of frequency hopping on PRACH power consumption needs further analysis.
3 PRACH collision due to PRACH repetition
PRACH CE based on PRACH repetition could prolong the occupied time of one PRACH transmission, which may increase the collision probability of PRACH transmission. However, the ratio of UEs needing CE at each PRACH repetition level should be considered into the analysis of collision probability. 
Generally, if most UEs need normal coverage or lower repetition level, the eNB can configure more preambles and subframes to provide more PRACH opportunity to reduce the PRACH colliding probability.
The ratio of UEs needing moderate or highest repetition level may be small, and these UEs could be delay tolerant. Thus, to reduce the PRACH collision probability, these UEs can randomly select PRACH opportunity within a longer time range 

Besides, to select PRACH repetition level based on DL measurement is also beneficial to reduce the PRACH collision probability, especially at the lowest level.
To sum up, in order to reduce PRACH collision probability in CE scenario, selecting PRACH repetition level based on DL measurement and flexible mechanism to configure PRACH resource should be supported.

Proposal 5: To reduce PRACH collision probability in CE scenario, selecting PRACH repetition level based on DL measurement and flexible mechanism to configure PRACH resource should be supported.
4 Determine PRACH CE mode and PRACH repetition level

As analyzed in our companion contribution [6], UE can effectively determine whether to use PRACH CE mode based on RSRP or path loss measurement. Moreover, determining PRACH repetition level via DL measurement of RSRP or pathloss has obvious benefits on access time, power consumption, resource utilization, and medium specification impact. Therefore, we proposed the UE can determine the amount of PRACH CE based on RSRP or path loss measurement.

Proposal 6a: UE determines whether to use PRACH CE mode based on RSRP or path loss measurement.

Proposal 6b: Further to 6a, the UE determines the amount of PRACH CE based on RSRP or path loss measurement.
5 Conclusions
In this contribution, the previous agreements and working assumptions on coverage enhancement related to PRACH in Rel-12 from power consumption perspective are analyzed. We discuss PRACH collision due to PRACH repetition, and give our preference on determining PRACH CE mode and repetition level.
Proposal 1: The agreement to support multiple PRACH repetition levels in Rel-12 should be confirmed for PRACH coverage enhancement to optimize resource utilization and save UE’s power consumption. 

Proposal 2: Relaxed performance for PRACH should be supported to reduce repetitions and save UE’s power consumption.
Proposal 3: The agreement to support level ramping in Rel-12 should be confirmed in Rel-13 coverage enhancement.

Proposal 4: To avoid excessive power overhead, power ramping should be supported for PRACH coverage enhancement.
Proposal 5: To reduce PRACH collision probability in CE scenario, selecting PRACH repetition level based on DL measurement and flexible mechanism to configure PRACH resource should be supported.

Proposal 6a: UE determines whether to use PRACH CE mode based on RSRP or path loss measurement.

Proposal 6b: Further to 6a, the UE determines the amount of PRACH CE based on RSRP or path loss measurement.
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