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1. Introduction
In RAN1#80~81 meeting [1][2]

 REF _Ref426363264 \r \h 
[3], the followings were agreed for PRACH design.
· For coverage enh. of PRACH, for initial random access

· There is one to one mapping between PRACH repetition level and PRACH resource set
· Multiple attempts are allowed for each PRACH repetition level

· There is a configurable number of attempts

· Number of attempts per PRACH repetition level can be different

· Specified maximum numbers of levels is 3 (this does not include “zero coverage extension”) 

· FFS: Power ramping or always max power used within each repetition level
· FFS the number of frequency resources for PRACH in a subframe for eMTC 

· Repetition of all preamble formats is supported in coverage enhancement, except PRACH format 4

· For coverage enh. of PRACH:

· The configuration of the number of attempts can be separate per coverage level

· FFS whether or not to have default configurations and if so, the default configurations 

· The configuration of the number of repetitions can be separate per coverage level

· FFS whether or not to have default configurations and if so, the default configurations  

· When UE receives RAR but fails contention resolution

· The UE uses its current repetition level until it reaches the maximum number of attempts for that level

· UE determines based on RSRP measurement whether or not to start using one of the PRACH resource sets for CE (i.e., PRACH transmission with repetitions)

In RAN2#90 meeting [4], the followings were agreed for PRACH design.
· In SIB the eNB provides a set of PRACH resources (e.g. time, frequency, preamble) each associated with a coverage enhancement level (including LC in normal coverage). 
· UE determines the initial PRACH resource from the set based on UE’s downlink measurement (pending confirmation from RAN4).
In this contribution, we discuss the remaining issues of PRACH design for Rel-13 low complexity UEs based on these agreements.
2. Discussion

2.1. Configuration of PRACH resource set
It was agreed in RAN2#90 that in SIB the eNB provides a set of PRACH resources (e.g. time, frequency, preamble) each associated with a coverage enhancement level (including LC in normal coverage). Furthermore, considering that different cells with different system bandwidths and/or different TDD UL-DL configurations may require different PRACH multiplexing methods, TDM and/or FDM and/or CDM shall be supported.
The most straightforward approach is to configure PRACH resource set separately for each coverage enhancement level in MTC SIB reusing the existing PRACH and RACH configurations, including PRACH configuration index, preambleInfo  and 
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. In addition, as preamble is repeated, the repetition number of PRACH for each coverage enhancement level should be separately configured.
For TDD, it is not preferred to configure a set of random access subframes with different number of PRACH frequency resources in each random access subframes to one coverage enhancement level, since only part of the PRACH frequency resources can be used for PRACH repetition in the set of random access subframes. Taking TDD PRACH configuration index 15 and UL/DL configuration 1 as example, there are 5 random access subframes as subframes 2, 7, 8 with one frequency resource, and subframe 3 with two frequency resources. Since PRACH repetition among subframes 2,3,7,8 can use only one frequency resource in each subframe, the other frequency resource in subframe 3 is wasted which will reduce the system efficiency.
For PRACH resources for each coverage enhancement level, it is proposed that the existing Table 5.7.1-2 ~5.7.1-4 in TS36.211 are reused to indicate PRACH resources within each radio frame. 
Furthermore, it is noted that there may be RAR collision for the same coverage enhancement level shown in Figure 1. As the RARs are scheduled in CSS, the scheduling becomes complicated and the latter RAR may not be transmitted due to lack of resources.
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Figure 1: Example for RAR collision

Therefore, it is proposed that PRACH periodicity is introduced as shown in Figure 2 to achieve intermittent PRACH resource configuration in time-domain to avoid RAR collision. In addition, PRACH periodicity can be used to determine the starting radio frame of a PRACH repetition and PRACH configuration index further determines the starting subframe in the radio frame, i.e. the first random access subframe indicated by the PRACH configuration index in the starting radio frame as the starting subframe, and the subsequent random access subframes are used to repeat the PRACH transmission according to the PRACH repetition time. For the random access subframes out off the PRACH repetition period in each PRACH periodicity, such as subframe #1,4,7 in radio frame#2 and #5 in Figure 2, since there is no PRACH transmission corresponding to coverage enhancement level x in these subframe, PRACH  transmission corresponding to other coverage enhancement levels or other UL traffic can be transmitted in such subframes, so as to increase system efficiency.
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Figure 2: PRACH periodicity illustration

For preamble set for each repetition level, the existing signaling can only indicate a preamble set starting from preamble 0. Some modifications on the signaling are necessary to achieve CDM multiplexing which can be discussed in RAN2.
For the starting frequency location of PRACH for each coverage enhancement level, 
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can be directly reused. Whether multiple starting frequency locations can be configured for one coverage enhancement level to boost PRACH capacity can be further discussed.
Based on the analysis above, we have the following proposals:

Proposal 1: The PRACH time and frequency resource set for each coverage enhancement level is separately configured reusing PRACH configuration index and 
[image: image5.wmf]_

RA

PRBoffset

n

.

Proposal 2: Preamble set for each coverage enhancement level is separately configured and the detailed signaling can be discussed in RAN2.

Proposal 3: PRACH periodicity is introduced for each coverage enhancement level to determine the starting radio frame of PRACH repetition.
Proposal 4: The number of PRACH repetition for each coverage enhancement level is introduced.
2.2. PRACH repetition level 
Based on our simulation in [5], RSRP measurement can be used to determine the starting PRACH repetition level. Considering that PRACH repetition levels are configurable, RSRP range for each PRACH repetition level shall be indicated in MTC SIB as well. UEs can determine the PRACH resources and repetition numbers based on the configuration in MTC SIB according to RSRP measurement.
Proposal 5: Starting PRACH repetition level shall be decided based on RSRP measurement.
Proposal 6: RSRP range of each PRACH repetition level shall be indicated in MTC SIB.

2.3. PRACH power ramping
Power ramping is used to improve the detection performance of retransmitted preamble if no response from the network is received for the previously transmitted preamble. For UEs in enhanced coverage, PRACH repetition with full power can be achieved by configuring a large PREAMBLE_RECEIVED_TARGET_POWER and power ramping is then turned off. Therefore, power ramping can be reserved. 
Proposal 7: Power ramping for preamble transmission can be reserved.
3. Conclusion
In this contribution, we discuss the remaining issues for PRACH coverage enhancement with the following proposals: 
Proposal 1: The PRACH time and frequency resource set for each coverage enhancement level is separately configured reusing PRACH configuration index and 
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Proposal 2: Preamble set for each coverage enhancement level is separately configured and the detailed signaling can be discussed in RAN2.

Proposal 3: PRACH periodicity is introduced for each coverage enhancement level to determine the starting radio frame of PRACH repetition.

Proposal 4: The number of PRACH repetition for each coverage enhancement level is introduced.
Proposal 5: Starting PRACH repetition level shall be decided based on RSRP measurement.
Proposal 6: RSRP range of each PRACH repetition level shall be indicated in MTC SIB.

Proposal 7: Power ramping for preamble transmission can be reserved.
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