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1. Introduction

At the RAN1 #74 meeting, coverage enhancement of the PRACH was discussed.
· Enhancement of PRACH format is required to achieve coverage improvement target

· FFS if new PRACH format(s), new resources, or repetition of existing PRACH format(s) is adopted

· Define one or multiple PRACH coverage enhancement level

· FFS whether or not to use PRACH to indicate coverage level

· Details, such as resource multiplexing (TDM/FDM/CDM) method,  are  also FFS
In this contribution, we discuss further details of the PRACH coverage enhancement especially multi-level PRACH coverage enhancement in the initial access.
2. Multi-level Coverage Enhancement of RACH Procedure
Figure 1 shows the initial access procedure for LTE. PRACH configurations are signaled using SIBs. For coverage enhancement, the same procedure as the existing one would be reused to reduce specification work although there would be some modifications to each channel. As shown in Figure 1, RA preamble and RA response are not transmitted with either a RRC connection or HARQ operation. Considering these limitations, we discuss coverage enhancement of the RA preamble and RA response in the following subsections.
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Figure 1 - Initial access procedure for normal UE
2.1. Coverage Enhancement of RACH Preamble
PRACH resources
As described in [2], enhancing the coverage using the PRACH could be achieved through repetition, a new PRACH format, or a relaxed requirement. From these three solutions, repetition will yield the greatest benefit in achieving the maximum improvement of 15 dB. Considering various demands for coverage enhancement, multi-level coverage enhancement should be supported in all UE dedicated channels including the PRACH as discussed in [3]. Adjustment of the coverage enhancement level can be achieved through the number of repetitions. Possible variation in the coverage enhancement level for the PRACH should be further discussed considering at least the measurement accuracy of the RSRP.
Observation 1: Multi-level coverage enhancement for the PRACH would be beneficial to accommodate various coverage-shortage levels
When the UE employs multi-level repetition in the coverage enhancement mode, the eNB may be required to detect all possible PRACH transmission patterns. To simplify detection and improve reliability, time-frequency resource partitioning is beneficial as shown in Figure 2(a). New sparse transmission timings of PRACH configured using SIBs should be defined for MTC UEs in the coverage enhancement mode. The contents of the SIBs could be reused to configure different timings by defining separate timings in the RACH configuration index. To reduce further the detection complexity, it is possible to define different PRACH resources for different numbers of repetitions as shown in Figure 2(b). 
Proposal 1: PRACH resources for coverage enhancement should be defined to simplify detection and improve reliability
Frequency sharing using the normal RACH is effective in avoiding strong PUSCH interference. In this case, low cross-correlation between the normal and coverage enhanced RACHs should be retained, i.e., the existing RACH format or limited modification to the format should be used for coverage enhanced PRACH. Whether or not the amount of RACH resources is sufficient should be carefully considered after determining the required number of repetitions for the PRACH.

Observation 2: Frequency sharing with the normal PRACH is beneficial if the RACH capacity is sufficient
Proposal 2: PRACH resources for coverage enhancement should be defined after clarifying the maximum number of repetitions for the PRACH for coverage enhancemnt

It is possible to dedicate frequency resources to the PRACH for coverage enhancement when additional capacity is available. However, PUSCH muting must be employed to avoid collision of coverage enhanced PRACH resources with the PUSCH. Frequency hopping may reduce the degradation due to PUSCH interference even without muting: however, the gain would be limited and further limitations on the specification work/scheduling will be required. Therefore, frequency hopping is not an efficient way to mitigate PUSCH collisions. Considering additional overhead for the muting, dedicated frequency resources will only be beneficial when the acceptable delay for the RA procedure is significantly long. 
Observation 3: Dedicated frequency may increase the overhead due to muting to mitigate PUSCH collisions 
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(a) Repetition with overlapped time resources and frequency division with normal RACH 
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(b) Repetition without overlapped time resources and frequency division with normal RACH
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(c) Repetition without overlapped time resources and frequency sharing with normal RACH
Figure 2 - Example of time-frequency resource partitioning
UE coverage/capability indication
Since the PRACH is the first uplink signal that the UE transmit on initial access, it is also beneficial to indicate information necessary for UE coverage enhancement. If a non-backward compatible feature is introduced into the DL data channel for MTC UEs and/or coverage enhancement mode UEs, an indicator for non-backward compatiblity should be derived using the RACH preamble as discussed in [4]. The indicator will be first utilized to decide the proper format for the RACH response. Possible information to be indicated are a flag to indicate tolerance for latency, a flag to indicate the coverage enhancement mode, the applied number of repetitions for the PRACH, the required degree of DL coverage enhancement, the number of receiver antennas, and DL bandwidth limitations. Apparently indication of all the information may cause a larger overhead or specification impact. Therefore, the number of indicators should be minimized. Considering the required number of bits for indication, if the PRACH explicitly indicates the number of repetitions for the PRACH, it would be best to limit the number of repetition patterns for the PRACH. Depending on the detailed features of the UE, some of these indications could be merged. For example, if MTC UEs with delay tolerance can behave as a UE without delay tolerance, delay tolerance and the coverage enhancement mode would be merged into one flag. Single Rxs and bandwidth limitation would also be merged.
Observation 4: Possible information indicated by the RA preamble could be a combination of UE category/capability information and UE coverage information
Proposal 3: Number of indicators should be minimized after the discussion of UE category/capability

PRACH resource partitioning is also beneficial to achieve implicit indication of UE coverage information [4]. Considering its nature of delay tolerance, it is easy to indicate some information by mapping the information to the timing. Figure 2(b) would be categorized as an implicit indicator of the number of repetitions in the RACH preamble. However, how much information could be indicated would rely on the acceptable delay for the RA procedure, which would be discussed in RAN2. The frequency domain indicator may increase the scheduling restriction considering the aforementioned PUSCH muting.

Sequence division is also possible in addition to time/frequency division for the indicators. If we share the same time/frequency resources with the normal RACH, it is better to avoid introducing new sequences to retain the low cross correlation. Although partitioning of the existing sequence could be achieved by utilizing sequence group A/B as shown in Figure 3, it incurs several limitations. By setting a low power offset value for message B such as –∞, group B will always be selected by legacy UEs. Coverage enhancement mode UEs could be dedicated to select Group A and Group A can be further divided to achieve implicit indication. To achieve the existing sequence based implicit indication, new content of the SIBs for coverage enhancement UEs should be specified. Original usage of group A/B will be invalid or limited. Furthermore, since possible implicit indication with sequence splitting will be limited to 1 or 2 bits considering the limited number of sequences, it should be considered when time/frequency domain indication does not have sufficient capacity to carry all the information.
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Figure 3 - Sequence domain indication with existing RACH preamble 
by overwriting the definition of preamble group
Considering the above discussion, time domain indication will be the most flexible if an additional delay is acceptable. Sequence domain indication could be utilized as a complement.
Observation 5: PRACH resource partitioning is also beneficial to achieve implicit indication of UE category/capability information and UE coverage information.
Observation 6: Time domain indication will be most flexible if an additional delay is acceptable. Sequence domain indication could be utilized as a complement.
2.2. Coverage Enhancement of RACH Response

For the RACH response, it is possible to indicate the number of RAR repetitions implicitly using ways similar to those described in Section 2.1. Explicit indication of the number of repetitions could be achieved by including them into the MAC PDU of the RAR. Another possibility is to pre-define the number of RAR repetitions based on the number of repetitions of the RA preamble and UE capability related information such as a single Rx and bandwidth reduction. However, such pre-defined rules may reduce the flexibility or reliability. From these solutions, indication using the MAC PDU would be the most straightforward solution.
Observation 7: Number of repetitions for RAR would be indicated by the contents of the RAR
By limiting the time-frequency location of the RACH preamble, the RA-RNTI could be also extended. Especially when multi-level repetition is allowed for the same time-frequency resources, the number of repetitions in the RACH preamble should be included into the RA_RNTI to avoid an increased number of false alarms.
Observation 8: RA-RNTI would be extended as a modification to the RACH preamble to avoid an increased number of false alarms.
3. Summary
In this contribution, we discussed the coverage enhancement of the PRACH for low cost MTC. Observations and proposals are given below.
· Observation 1: Multi-level coverage enhancement for the PRACH would be beneficial to accommodate various coverage shortage levels
· Proposal 1: PRACH resources for coverage enhancement should be defined to simplify the detection and improve reliability
· Observation 2: Frequency sharing with the normal PRACH is beneficial if the RACH capacity is sufficient
· Proposal 2: PRACH resources for coverage enhancement should be defined after clarifying the maximum number of repetitions for the PRACH for coverage enhancement
· Observation 3: Dedicated frequency may increase the overhead due to muting to mitigate PUSCH collision
· Observation 4: Possible information indicated by the RA preamble could be a combination of UE category/capability information and UE coverage information
· Proposal 3: Number of indicators should be minimized after the discussion of UE category/capability
· Observation 5:  PRACH resource partitioning is also beneficial to achieve implicit indication of UE category/capability information and UE coverage information
· Observation 6: Time domain indication will be most flexible if an additional delay is acceptable. Sequence domain indication could be utilized as a complement
· Observation 7: Number of RAR repetitions would be indicated by the contents of the RAR
· Observation 8: RA-RNTI would be extended as a modification to the RACH preamble to avoid an increased number of false alarms
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