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1. Introduction

At the RAN1 #74bis meeting, coverage enhancement of the PRACH was discussed.
	Agreement:

· 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

· FFS: For initial random access, there is one to one mapping between PRACH repetition level and PRACH resource set. UE selects a PRACH repetition level and transmits the PRACH preamble using the PRACH resource set according to the selected PRACH repetition level

· FFS: details of PRACH resource set, repetition levels

· FFS: details of random access procedure including initial selection for repetition level

· FFS during initial random access procedure if repetition level associated with transmission of Msg2/3/4 can be semi-statically configured, dynamically signalled, or predefined
· Continue investigations on frequency of initial random access with specific proposals how UE will determine PRACH repetition level for initial access, how respective resources will be signalled, until RAN1 #75 meeting
Working assumption:
· Repeating the existing preamble formats for PRACH enhancement 

· Relaxing PRACH requirement is FFS
· Frequency hopping is FFS


In this contribution, we discuss further details on the PRACH coverage enhancement especially multiplexing-related issues including frequency hopping and multi-level PRACH coverage enhancement in the initial access.
2. Frequency Hopping for PRACH

Although repetition will yield the greatest benefit in achieving the maximum improvement of 15 dB, some complementary mechanisms such as a relaxed requirement and frequency hopping are considered to reduce the maximum repetition level. Feasibility of a relaxed requirement highly depends on the latency requirement for the RACH procedure. Therefore, the necessity of a relaxed requirement should be discussed after determining a feasible latency.

Frequency hopping will reduce the required repetition level to achieve the target coverage. However, frequency hopping may require PUSCH muting for the RACH resources as shown in Figure 1. Otherwise, coverage will highly degraded due to PUSCH interference. Since the motivation for frequency hopping is mainly to achieve a frequency diversity gain, a UE common hopping pattern is sufficient if frequency hopping is introduced. A UE specific hopping pattern should be avoided considering resource fragmentation in addition to resource waste due to PUSCH muting. It should be noted that frequency hopping may introduce resource fragmentation and scheduling limitations to some degree. Therefore, a hopping pattern should be designed to use a common frequency location as the normal PRACH and/or both sides of the PUSCH to avoid resource fragmentation as shown in Figure 1(b). Whether or not time/frequency/preamble resources are partially shared with the normal PRACH need further study. Intermittent timing resources for coverage enhanced PRACH together with FDM can be considered to reduce the overhead.

Observation 1: A UE common frequency hopping pattern is sufficient to obtain a frequency diversity gain if frequency hopping is applied to the PRACH.
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Figure 1. Frequency hopping on PRACH.
3. Multiplexing of PRACH
At the RAN1#74bis meeting, it was agreed that the repetition level would be configurable by the network after the initial access. Since multi-level repetition will increase the detection complexity and collision probability, multiplexing of the RACH preamble should be carefully considered. 
Considering low-cost MTC UEs and the coverage enhancement mode, multiplexing can be categorized into the following cases.
1. Multiplexing of the normal PRACH and PRACH in the coverage enhancement mode

2. Multiplexing of the PRACH in the coverage enhancement mode with different coverage enhancement levels
3. Multiplexing of normal UEs and low-cost MTC UEs
Although the last case can be categorized into UE information indication related to low-cost features, the UE information can be indicated implicitly using PRACH resources, i.e., in the multiplexing scheme, as discussed in [5]. Since the impact on the RA procedure due to low cost related features is a UE information indication issue rather than a multiplexing issue, here we focus on the multiplexing in the first and second cases above.
For the multiplexing in the first and second cases, we should consider the traffic of the PRACH with coverage enhancement to balance resource efficiency and RACH collision probability. The traffic will highly depend on the following components. 
· Number of MTC UEs
· Typical coverage enhancement level

· Usage of RACH in the coverage enhancement mode 

We discuss the relationship of an adequate multiplexing scheme to the traffic load in the following subsection.
3.1. Multiplexing of normal PRACH and PRACH with coverage enhancement
If the amount of traffic in the PRACH with coverage enhancement is light, it is considered that CDM can provide sufficient performance. For CDM, it is better to avoid introducing new sequences to retain a low cross correlation. For a contention based RACH preamble, preamble group partitioning similar to existing group A/B would be considered as shown in Figure 2. Existing group A/B can be utilized to restrict the preamble for legacy UEs. Without preamble set partitioning, the repetition gain can be degraded due to a high collision probability for a high repetition level UE. For a non-contention based RACH preamble, a shared preamble is possible. 
[image: image2.emf]0 1 2

N

A

–1  N

A

N

non

-1

63

Contention based preamble :N

con

Non-contention based 

preamble : 64 –N

con

Group A Group B

Adjustable by SIcontents

no coverage enhanced UE coverage enhanced UE


Figure 2. Preamble partitioning for multiplexing of normal PRACH and coverage enhanced PRACH.
If the traffic in the PRACH with coverage enhancement is heavy, additional resources for the PRACH with coverage enhancement is required to increase the PRACH capacity. Considering a limited number of subframes in the existing PRACH configuration for TDD, it is better to consider FDM for additional resources. However, PUSCH muting must be employed to avoid collision of coverage enhanced PRACH resources with the PUSCH. Therefore, PUSCH capacity degradation should be considered to introduce FDM. Introducing intermittent timing resources should be considered for a coverage enhanced PRACH together with FDM although the timing limitation may increase the collision probability. The aforementioned frequency hopping will be partially or totally categorized into FDM. 
Observation 2: Time/frequency resource sharing with the normal PRACH is beneficial if the PRACH capacity is sufficient. Otherwise, FDM should be considered.
Proposal 1: Multiplexing of normal PRACH and PRACH with coverage enhancement should be decided considering RACH traffic with coverage enhancement.
3.2. Multiplexing between different coverage enhancement levels
For multiplexing between different coverage enhancement levels, TDM is also possible in addition to CDM as shown in Figure 3(a) considering the delay tolerance of coverage enhancement and the  limited number of preambles of up to 64 in total. FDM is not feasible due to a large amount of PUSCH muting. Regardless of the multiplexing scheme it is beneficial to have one-to-one mapping between the repetition level and the PRACH resources to keep the detection complexity at a moderate level. Considering the limited resources for the preamble set, TDM will be the most flexible scheme for the multiplexing between different converge enhancement levels. Since the typical repetition level will be different between operators, detailed multiplexing should be discussed further. If FDM is introduced for the multiplexing of the normal PRACH and PRACH with coverage enhancement, CDM can be easily applied due to greater flexibility with regard to the preamble selection as shown in Figure 3(b). With FDM, the PRACH with and without coverage enhancement will have full flexibility with regard to selecting the preamble as the legacy PRACH.
Observation 3: It is beneficial to have one-to-one mapping between the repetition level and the PRACH resources to keep the detection complexity at a moderate level.
Proposal 2: PRACH resource partitioning for different coverage enhancement levels should be defined to simplify the detection and improve reliability.
Considering the above discussion, the possible multiplexing schemes would result in the two options as shown in Figure 3. Since it would be difficult to have a common assumption for RACH traffic from MTC UEs, it is beneficial to have some flexibility in the multiplexing configuration similar to the current PRACH configurations.
Proposal 3: Multiple multiplexing configurations for PRACH with coverage enhancement should be supported to adjust the overhead and capacity of PRACH multiplexing.
	[image: image3.emf]Normal 

PRACH

CE

PRACH

CE level 

#0

CE level 

#1

CE level 

#0, #1

CE level 

#2

CDM

CE level #2


(a) CDM between normal PRACH and coverage 
enhanced PRACH
	[image: image4.emf]Normal 

PRACH

CE

PRACH

FDM

Muting  (capacity loss, resource fragment on PUSCH)

CE level 

#0

CE level 

#1

CE level #0

CE level #1


(b) FDM between normal PRACH and coverage 
enhanced PRACH


Figure 3. Multiplexing of PRACH.
4. Multi-level Repetition of PRACH for Initial Access
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, resource partitioning to achieve one-to-one mapping between the repetition level and the PRACH resources should be considered as shown in Figure 3.

For initial access, i.e., moving from RRC_IDLE to RRC_CONNECTED, there is no consensus yet regarding flexibility with respect to the PRACH repetition level. Therefore, several options for the repetition level are considered.

· Alt. 1: Single-level repetition

· Option 1: Fixed coverage enhancement level (achieve 15 dB enhancement)

· Option 2: Semi-static (UE common) repetition level (carried by MIB or SIB)

· Alt. 2: Multi-level repetition with or without UE coverage information
· Option 1: UE determined repetition level based on measurement (with mapping table such as RSRP ( repetition level)

· Option 2: UE determined repetition level based on implementation (including measurement, machine learning)

For single level repetition, a semi-static repetition level is considered so that the network can limit the maximum coverage enhancement level in addition to a fixed repetition level. However, considering that the initial access may be triggered for every MTC UE report and that most of the UEs have sufficient coverage, the overhead has an impact on the RACH capacity. Therefore, single level repetition should be avoided even for the initial access. Otherwise, a feasible repetition level can be limited due to the large overhead of the coverage enhanced PRACH on initial access.

For multi-level repetition, the decision criteria for the repetition level and accuracy of the decision need some discussion. If most of the MTC UEs are in a deep coverage hole and the UE determines the repetition level based on measurement and a usage mapping table which associates the RSRP with the repetition level, the measurement accuracy should be carefully considered. However, considering that typically most of UEs have sufficient coverage that does not require coverage enhancement, it is assumed that most of the UEs have sufficient measurement accuracy. Furthermore, it is possible to determine the repetition level by implementation. For example, if a UE is stationary, the UE can remember the adequate repetition level once the UE is connected to an eNB and reuse the repetition level for the next initial access attempt to the same eNB. If one-to-one mapping between the repetition level and the PRACH resources is introduced, the eNB can detect the PRACH repetition level without additional complexity. 
Observation 4: Multi-level repetition for initial access can be achieved by implementation only if one-to-one mapping between the repetition level and the PRACH resources is introduced.
Proposal 4: Multi-level PRACH repetition should be supported for initial access
－FFS on the details of the decision criteria for the number of repetitions.
UE coverage/capability indication

Since the PRACH is the first uplink signal that the UE transmits on initial access, it is beneficial to indicate the information necessary for UE coverage enhancement. If a non-backward compatible feature is introduced in the downlink for low-cost MTC UEs and/or coverage enhancement mode UEs, indicator(s) of non-backward compatibility should be derived using the RACH preamble. Such indicators will be first utilized to decide the proper format for the RACH response. Possible information to be indicated is the coverage enhancement mode, the required degree of DL coverage enhancement, and UE information related to low-cost features. 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, it is better to limit the information to be indicated and consider implicit indication using RACH resource partitioning [4]. At least, coarse UL coverage can be implicitly indicated by multi-level repetition. Similar to the discussion in Section 3.2, time-domain partitioning will yield the most flexibility for implicit indication although additional delay tolerance should be assumed. If FDM is used for multiplexing of the normal PRACH and coverage enhanced PRACH, sequence domain indication is also possible.
Observation 5: PRACH resource partitioning is beneficial to achieve implicit indication of UE category/type information and/or UE coverage information.
Observation 6: Time domain indication will be the most flexible if an additional delay is acceptable. 

5. Coverage Enhancement of RACH Response

For the RACH response, it is possible to indicate the number of RAR repetitions implicitly with time/frequency resource partitioning even in the initial access. 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 RACH preamble and UE information related to low-cost features 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 RAR repetitions would be indicated by the contents of the RAR.
By modifying the time-frequency location of the RACH preamble for coverage enhancement and/or low-cost MTC UEs, the RA-RNTI could also be 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.
6. Summary

In this contribution, we discussed the coverage enhancement of the PRACH for low cost MTC. Observations and proposals are given below.
· Observation 1: A UE common frequency hopping pattern is sufficient to obtain a frequency diversity gain if frequency hopping is applied to the PRACH
· Observation 2: Time/frequency resource sharing with the normal PRACH is beneficial if the PRACH capacity is sufficient. Otherwise, FDM should be considered
· Observation 3: It is beneficial to have one-to-one mapping between the repetition level and the PRACH resources to keep the detection complexity at a moderate level
· Observation 4: Multi-level repetition for initial access can be achieved by implementation only if one-to-one mapping between the repetition level and the PRACH resources is introduced
· Observation 5: PRACH resource partitioning is beneficial to achieve implicit indication of UE category/type information and/or UE coverage information
· Observation 6: Time domain indication will be the most flexible if an additional delay is acceptable. 
· 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
· Proposal 1: Multiplexing of normal PRACH and PRACH with coverage enhancement should be decided considering RACH traffic with coverage enhancement
· Proposal 2: PRACH resource partitioning for different coverage enhancement levels should be defined to simplify the detection and improve reliability
· Proposal 3: Multiple multiplexing configurations for PRACH with coverage enhancement should be supported to adjust the overhead and capacity of PRACH multiplexing
· Proposal 4: Multi-level PRACH repetition should be supported for initial access
－FFS on the details of the decision criteria for the number of repetition
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