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1 Introduction
During RAN1#80 meeting, the following agreements on MTC PRACH were approved [1]:
Agreements [1]:
· For coverage enhancement 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
· FFS: Whether the configuration of the number of attempts is common or separate per repetition level
· Number of attempts per PRACH repetition level can be different
· If UE does not receive a RAR after the allowed number of attempts, it moves to the next higher repetition level

· 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 UE behavior when UE receives RAR, but fails contention resolution

Working assumption [2]:
· PRACH frequency hopping can be configured when multiple PRACH frequency resources are available for Rel-13 low complexity MTC UEs in coverage enhanced mode

· Details FFS

Further consideration on MTC PRACH coverage enhancement is discussed in this contribution.
2 CE PRACH frequency hopping
The key question of supporting PRACH hopping is focused on the issue of effective use of time-frequency resources, especially for FDD systems. In FDD systems, if only CDM is used to multiplex legacy PRACH and low cost MTC UE’s PRACH, it is apparent that extra PRACH frequency resources need to be allocated for support of hopping. From the first look, this reduces system resource usage efficiency, as legacy UE cannot utilize the newly allocated frequency resources. However, considering the significant gain achieved from frequency hopping [3], the savings from coverage enhanced MTC with PRACH hopping far exceeds the overhead of additional frequency resources allocation. For example, 3dB hopping gain will save roughly 100% hopping overhead. Therefore, even for FDD system with only CDM multiplexing, it is beneficial to support frequency hopping from the perspective of resource utilization.
Furthermore, for TDD LTE systems, multiple frequency resource already exists for legacy PRACH, no extra frequency resource is required even with only CDM multiplexing configuration. Of course, additional gain from hopping will further reduce PRACH hopping resource requirement for coverage enhanced MTC UEs.
Currently, besides CDM multiplexing, TDM and/or FDM is also available for multiplexing legacy PRACH and MTC PRACH. An example is illustrated in figure 1, where one additional frequency resource is allocated for MTC UE w/o hopping. 
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Figure 1：PRACH resource allocation w/o hopping

When Rel-13 MTC UE in coverage enhanced mode supports hopping, resource allocation can be done as shown in figure 2. No additional PRACH resource is required compare with figure 1.
Subframe level frequency hopping could result in discrete frequency-time resources that are sometimes difficult for assignment to other UEs. It could also reduce the flexibility of eNB scheduling. However, considering the relatively small doppler shift of Rel-13 low cost MTC UE in coverage enhancement mode, we could actually lower the hopping frequency to multiple subframes level. As shown in figure 2, similar hopping gain can also be acquired from k*subframe level hopping [4], at the same time eliminates the problem of discrete frequency time resource leftover.
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Figure 2： PRACH resource allocation with hopping

From above analysis, frequency hopping will not reduce PRACH resource utilization. On the contrary, with significant hopping gain, actual requirement of PRACH resource is reduced.
Proposal 1 : Conform the WA about MTC PRACH frequency hopping in RAN1#80.  
PRACH frequency hopping can be configured when multiple PRACH frequency resources are available for Rel-13 low complexity MTC UEs in coverage enhanced mode

· Details FFS
3 CE PRACH resource allocation
 Based on agreement reached [5] from RAN1 #79, CDM, TMM and FDM can all be used for multiplexing between Rel-13 MTC UEs and legacy UEs.  With fewer legacy UE in the cell, CDM could be adopted to increase PRACH resource utilization. The interference to legacy UE preamble is also marginal.  On the other side, with large number of legacy UE existence, to reduce preamble interference to legacy UE, additional time-frequency resource should be allocated. Considering different deployment scenarios, it is beneficial to leave the configuration of PRACH resource entirely flexible to eNB.For example, if only CDM is allowed, in certain deployment scenario high power level UE will interference with low power level UE (so called near far effect). 
Also, from the perspective of signaling overhead impact on SIB, flexible configuration will not have big impact. For example, considering 3 coverage enhancement levels and similar resource allocation signaling structure as in the legacy system, CDM only will take roughly 31 bits. The allocation of these bits is shown below.
· prach-ConfigIndex(6bits)

· prach-FreqOffset(7bits)

· rootSequenceIndex(10bits)

· zeroCorrelationZoneConfig(4bits)

· preamble allocation for each coverage level（4bits）

To support maximum flexibility (support CDM/TDM/FDM), it is calculated that another 10~20 bits may be needed ( certain optimization could be done,  taking into account the impact of 1.4Mhz on PRACH frequency offset).  Considering the candidate TBS of SIB size already proposed, this increase is really marginal. 
Furthermore, for rel-13 low cost MTC UEs in coverage enhancement, the transmission of preamble requires multiple subframes. This has big impact on the collision rate of possible PRACH transmission, especially in FDD system. The Reason is 10 PRACH transmission opportunity can be configured in one frame for legacy system, but in coverage enhancement it is lucky to find one transmission opportunity. Therefore, it is highly beneficial to configure more than one PRACH frequency resource for FDD systems.
Proposal 2 : PRACH resource allocaiton ,multiplexing scheme for different repetition level should be configured by eNB  via SIB.
4 PRACH Preamble retransmission

4.1 PRACH Power Ramping

For Rel-13 low cost MTC UEs in coverage enhancement, repetition is needed for successful RACH procedure. One unresolved problem is whether power ramping is still needed, or only maximum power level is allowed when repetition is used for PRACH. The argument for power ramping is it adds one more granularity dimension, therefore in certain scenario power saving could be achieved. 
However, effective power saving through power ramping is based on precise pathloss estimation. If this assumption cannot be guaranteed, power ramping not only increase the time of RACH procedure, but also add extra power consumption. Considering UEs in coverage enhancement have less accurate pathloss estimation, it is really doubtful that power ramping actually achieve the intended benefit.
Proposal 3：For Rel-13 low complexity MTC UEs in coverage enhanced mode，maximum power is used in PRACH transmission.
4.2 Random access response reception & contention resolution
Coverage enhancement has impact on existing random access response reception and contention resolution procedures. Certain adjustment to the legacy procedure is needed.
If rel-13 low complexity MTC UEs in coverage enhanced mode receive no RAR or does not detect its own MAC RAR from the received RAR, UE needs to retransmit PRACH preamble. The following principle could be considered: 
When the PRACH preamble attempt is less than the maximum number (respectively configured for each level by eNB) for that coverage level, UE shall retransmit PRACH preamble using the configuration of that same coverage level; otherwise UE will start using the configuration of next coverage level. If the UE already reaches the highest coverage level, UE should indicate a random access problem to upper layer.
Contention resolution after RAR reception depends on the possible error scenario. If Msg3 is not received successfully, it could be concluded this is the result from insufficient Msg3 repetition or the collision between multiple UE’s Msg3. Therefore the UE shall go to the next coverage enhancement level after one more attempt.
If UE has successfully received Msg4 but finds it is not intended for itself, then it shall make another attempt using the same coverage enhancement level; if the decoding of Msg4 fails, besides making another attempt using the same coverage enhancement level, the UE shall also indicate to eNB to increase the repetition times of Msg4 via Msg3.
Proposal 4：Coverage enhancement has impact on existing random access response reception and contention resolution procedures. Certain adjustment to the legacy procedure is needed.

5 Conclusions
The coverage enhancement solutions for PRACH have been discussed in this contribution. We propose the followings:
Proposal 1 : Conform the WA about MTC PRACH frequency hopping in RAN1#80.  
PRACH frequency hopping can be configured when multiple PRACH frequency resources are available for Rel-13 low complexity MTC UEs in coverage enhanced mode

· Details FFS
Proposal 2 : PRACH resource allocaiton ,multiplexing scheme for different repetition level should be configured by eNB  via SIB.
Proposal 3：For Rel-13 low complexity MTC UEs in coverage enhanced mode，maximum power is used in PRACH transmission.
Proposal 4：Coverage enhancement has impact on existing random access response reception and contention resolution procedures. Certain adjustment to the legacy procedure is needed.
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Annex

A.1 PRACH simulation assumption

Basic simulation assumption is described in Table A.1-1.
Table A.1-1 Basic simulation assumption

	Parameter
	Value

	System bandwidth
	10MHz

	Sampling Frequency(Fs)
	15.36MHz

	Frame type
	FDD

	Carrier frequency
	2.0 GHz

	PRACH Resource Size
	6PRB

	Antenna configuration
	1T2R

	Channel model
	EPA

	Doppler shift
	1Hz

	Frequency Error
	100 Hz 

	Number of  RACH Sequences Per Sector
	64

	Length of RACH Sequences
	839

	PRACH Resource Allocation
	Continuous subframes

	Preamble Repetition times
	10/50

	Frequency Hopping Pattern
	Subframe Hopping/Half Frame Hopping/Frame Hopping 

	Frequency Hopping  Granularity
	30PRBs
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