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1 Introduction

In RAN1 #79 meeting, the following agreements were concluded [1]:

Agreements:
· RAN1 confirms that following PRACH related agreements in Rel-12 LC-MTC are applied for Rel-13 low-complexity UE

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

· After the initial random access procedure, for a physical channel using repetition, the repetition level is up to network

· Multiple PRACH repetition levels are supported

· Repeating the existing preamble formats for PRACH enhancement 

· In addition, define additional time/freq. resource region(s) separate for “enhanced coverage” UEs.

· Within new region, at least CDM is allowed.

· Specified maximum numbers of levels: Working assumption of 3 (this does not include “zero coverage extension”). More evidence needed if we were to extend this. 

· eNB-configurable number of levels (1, 2, 3) up to specified max level.

· 1 attempt = configured number of repetitions.

Agreements:
· Rel-13 low complexity UE can be identified by PRACH.
· FFS for detailed indication method, e.g., Preamble and/or resource allocation
In this contribution, details of PRACH coverage enhancement, including PRACH resource multiplexing, techniques for PRACH coverage enhancement and level ramping, are discussed. 
2 PRACH resource multiplexing

Multiple PRACH repetition levels and using PRACH to identify Rel-13 low complexity UE were agreed in the last meeting. The important work is how to multiplex PRACH resource to support PRACH coverage enhancement and Rel-13 low complexity UE. 
To simplify the description, type A UEs denote Rel-13 non-MTC UEs and type B UEs denote Rel-13 low complexity UEs in the following.
The PRACH resource multiplexing should consider resource configuration for these UEs:
· Type A UEs not using CE (coverage enhancement)
· Type A UEs using CE with various repetition levels
· Type B UEs not using CE

· Type B UEs using CE with various repetition levels
2.1 PRACH resource multiplexing between type A UE and type B UE
In view of CDM has remarkable advantage of fine granularity for PRACH resource multiplexing, it should be adopted as baseline scheme unless a severe performance impact is demonstrated. Therefore, type B UEs not using CE can share the same PRACH time-frequency resource (i.e., CDM multiplexing) with type A UEs not using CE due to similar radio channel conditions (assuming the transmit power of type B UEs is not reduced). 
Similarly, in CE scenario, type B UEs using CE can share the same PRACH time-frequency resource with type A UEs using CE under the same repetition level due to similar radio channel condition.

Any near-far effect resulting from a reduced power class of e.g. 20 dB should also not be a problem because a 3 dB power gap is manageable according to our previous simulation results [2].
Further, an eNB can change the PRACH configuration to adjust the available subframes for PRACH transmission. If the impact (e.g., PRACH collision) to type A UE’s random access is substantial due to massive PRACH transmission by type B UEs not using CE, an additional PRACH frequency resource can be considered for type B UEs not using CE.
Proposal 1: Rel-13 low complexity UEs not using CE should share the same PRACH time-frequency resource with Rel-13 non-MTC UEs without CE.
2.2 PRACH resource multiplexing among different repetition levels
For PRACH coverage enhancement, maximum 3 repetition levels (1,2,3) are supported according to the agreed working assumption. According to the requirement described in WID, 15dB CE for FDD is needed. Thus, each repetition level would approximately compensate 5dB CE. 
In the last meeting, it was agreed that new PRACH region for “enhanced coverage” UEs should be supported and at least CDM is allowed within the new region.

· Agreements:
· In addition, define additional time/freq. resource region(s) separate for “enhanced coverage” UEs.

· Within new region, at least CDM is allowed.

The near-far effect of CDM PRACH multiplexing for different repetition levels is unavoidable. As simulated in our previous contribution [2], compared to the performance of a preamble transmission without interference at 10% Pmiss point, the performance of preamble transmission sustaining 10dB or 15dB interference from another preamble is deteriorated about 3dB, which would result in higher repetition number for the preamble transmission. Thus, to avoid large performance loss (larger than 1.5dB) caused by near-far effect, the CDM resource multiplexing should be applied to repetition levels without large difference on radio condition. 
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Figure 1: PRACH resource multiplexing

As shown in the figure above, PRACH repetition level 1 can use CDM with PRACH transmission without CE. PRACH repetition level 2 and level 3 can use CDM within a separate PRACH frequency resource.

Proposal 2: CDM should be applied to repetition levels without large difference on radio condition to alleviate the near-far effect.
3 Techniques for PRACH coverage enhancement

3.1 Repetition

In RAN1 #79 meeting, repeating the existing preamble formats for PRACH enhancement was agreed. In current specification, five preamble formats are defined. The sequence length and guard time of preambles with different preamble formats is different.

If the target of coverage enhancement is to extend the cell propagation distance for MTC traffic, UEs with different geographic locations may have different radio conditions and propagation delay. Thus, different PRACH repetition levels could apply to different preamble formats to adapt to different propagation delay and compensate different propagation loss.

Proposal 3: The preamble format used per PRACH repetition level is configurable.
3.2 Relaxing PRACH requirement
In WID [3], “ Relaxed probability of missed detection” for PRACH can be considered:
· The following techniques (which shall be applicable for both FDD and TDD) can be considered to achieve this:
· Relaxed “probability of missed detection” for PRACH

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 significantly reduce the repetition number for PRACH coverage enhancement.
Further, as also analyzed in [5]
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[6], 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 saving resource and reducing UE’s power consumption.
Proposal 4: Relaxed performance for PRACH could be supported to reduce repetition number and save UE’s power consumption.
3.3 PRACH frequency hopping

At RAN1 #75 meeting, it was agreed that “FFS for Frequency Hopping” [7]
. 

PRACH frequency hopping may 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 standardization effort (especially for TDD system) may be substantial to consider the specification impact (e.g., frequency hopping pattern and retuning time). Therefore, the benefits of frequency diversity arising from PRACH frequency hopping and impact of standardization effort should be investigated further.  

Observation 1: The benefits of frequency diversity arising from PRACH frequency hopping and impact of standardization effort should be investigated further.
4 Level ramping and power ramping
At RAN1 #75 meeting, level ramping was supported and FFS for power ramping [7]. 

Agreements:
· 1 attempt = configured number of repetitions.

· 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.).
· FFS: Power ramping is supported 
To avoid an MTC UE selecting a too-high or too-low repetition level, the MTC UE should select suitable repetition level to transmit PRACH, which could be beneficial to save UE’s power consumption and optimize resource utilization. 

However, if the UE fails to complete random access with its selected repetition level, because of lower repetition level or PRACH collision, it can upgrade the PRACH repetition level to improve transmission reliability or reduce the collision probability. Therefore, level ramping should be supported for PRACH CE.

An MTC UE in worst case (e.g., 15dB CE) should reach the highest repetition level as fast as possible to avoid unnecessary power waste on low repetition level, considering the requirement of power consumption reduction in WID [6].
“Provide power consumption reduction for the UE category/type defined above, both in normal coverage and enhanced coverage, to target ultra-long battery life”
However, from the overall power consumption reduction on all UEs point of view, configuration of the number of attempts on the repetition level may be useful to save system power in view of most UEs need just a little CE and an eNB may configure fewer repetition levels (so the gap between levels is large).
Proposal 5: PRACH level ramping should be supported and more than one attempt per level is allowed. FFS how to set the number of attempts per level.
Power ramping within a PRACH repetition level, is analyzed in our companion contribution [8].

5 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 collision 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. 

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

Proposal 6: To reduce PRACH collision probability in CE scenario, selecting PRACH repetition level based on DL measurement and configurable PRACH resource should be supported.
6 Conclusions
In this contribution, details of PRACH coverage enhancement, including PRACH resource multiplexing, techniques for PRACH coverage enhancement and level ramping, are discussed. We give following observation and proposals to help converge views on PRACH coverage enhancement:
Observation 1: The benefits of frequency diversity arising from PRACH frequency hopping and impact of standardization effort should be investigated further.
Proposal 1:  Rel-13 low complexity UEs not using CE should share the same PRACH time-frequency resource with Rel-13 non-MTC UEs without CE.
Proposal 2: CDM should be applied to repetition levels without large difference on radio condition to alleviate the near-far effect.
Proposal 3: The preamble format used per PRACH repetition level is configurable.
Proposal 4: Relaxed performance for PRACH could be supported to reduce repetition number and save UE’s power consumption.
Proposal 5: PRACH level ramping should be supported and more than one attempt per level is allowed. FFS how to set the number of attempts per level.
Proposal 6: To reduce PRACH collision probability in CE scenario, selecting PRACH repetition level based on DL measurement and configurable PRACH resource should be supported.
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