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1 Introduction

In the RAN1 #74bis meeting, the following agreements related to PRACH coverage improvement were achieved in [1]:

Agreements:

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

· 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

In this contribution, detailed considerations on PRACH multiplexing schemes, PRACH resource set and repetition levels are presented. Further, preliminary observation and proposals are provided to help coverage the discussion on the random access of MTC UEs with coverage improvement.
2 PRACH resource multiplexing 

2.1 Scenarios of PRACH resource multiplexing
PRACH resource multiplexing can not only be applied to support multiple PRACH repetition levels, but also be used to differentiate new UE category and legacy UEs (i.e., category 1-8) due to the limitation of DL bandwidth and TBS for new UE category. An eNB should know the UE’s category before scheduling subsequent DL data (e.g., RAR and MSG4). Given PRACH transmission is the first step for UE connecting with eNB, it is proposed to use PRACH resource multiplexing to indicate the UE’s category.
Proposal 1: For low cost MTC UEs, it is proposed to use PRACH resource multiplexing to indicate the UE’s category to eNB.
2.2 PRACH resource multiplexing
To simplify the discussion, the following analysis of PRACH multiplexing scheme focuses on supporting multiple PRACH repetition levels. However, the same analysis can be applied to indicate the UE’s category.
2.2.1 Principle of determining scheme for PRACH resource multiplexing

“For PRACH multiplexing scheme, CDM, and/or TDM and/or FDM are supported” is agreed in [1]. The following figures give an illustration of PRACH resource multiplexing with different repetition levels in TDM, CDM and FDM manners, respectively.

[image: image1.emf]Time

P

r

e

a

m

b

l

e

Frequency

PRACH 

repetition level 1

PRACH 

repetition level 2

PRACH 

repetition level 3


Figure 1: PRACH resource multiplexing in a TDM manner
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Figure 2: PRACH resource multiplexing in a CDM manner
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Figure 3: PRACH resource multiplexing in an FDM manner

Theoretically, regardless of which PRACH resource multiplexing scheme(s) is adopted, the total available number of preambles under the same configuration among the domains of code (preamble), time and frequency is the same. However, the actual resource utilization efficiency and multiplexing flexibility are different due to the different granularity of resource configuration for CDM, TDM and FDM. When determining PRACH multiplexing scheme, resource utilization efficiency, multiplexing flexibility and specification impact should be considered.
Observation 1: When determining PRACH multiplexing scheme, resource utilization efficiency, multiplexing flexibility and specification impact should be considered.

2.2.2 Analyzing the schemes (TDM, CDM and FDM) for PRACH resource multiplexing

Option 1: TDM

The benefit of this option is the preamble transmission of different repetition levels can be fully orthogonalized with the preamble transmission of legacy UEs. 

However, because the granularity of PRACH resource multiplex is a subframe, some subframes would be reserved for PRACH enhancement of MTC UEs. This may introduce some PRACH resource configuration restriction (especially for TDD) to legacy UEs. Moreover, the latency of random access for legacy UEs may be prolonged considering the PRACH opportunities of legacy UEs are probably scattered.
In addition, this option would also have less adjustment flexibility and utilization efficiency. For example, if few MTC UEs need a certain PRACH repetition level, the eNB still has to reserve separate subframe(s) for the PRACH enhancement, which may lead to inefficient resource utilization.  
For TDM, MTC UEs can use the same prach-FrequencyOffset with legacy UEs to determine the starting frequency resource of PRACH transmission [2]. However, multiple prach-ConfigurationIndex would be needed to configure multiple PRACH resource sets on the time dimension, and multiple tables similar to Tables 5.7.1-2, 5.7.1-3 and 5.7.1-4 in [2]
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[3] for MTC UEs may need to be specified to establish the relationship between prach-ConfigurationIndex and its indicated time resource.
Option 2: CDM (preamble multiplexing)

For this option, the preambles selected from different PRACH resource sets can be simultaneously transmitted with different repetition times.
MTC UEs can use the same prach-FrequencyOffset and prach-ConfigurationIndex with legacy UEs to determine the starting frequency resource and time resource of PRACH transmission. In current specification, the number of available preambles for contention based random access is configured by the parameter numberOfRA-Preambles [2]. For CDM, the specification should specify multiple numberOfRA-Preambles to configure available preambles for each PRACH resource set. 
Option 2 would also bring PRACH resource configuration restrictions to legacy UEs because some preambles would be reserved for PRACH enhancement of MTC UEs. Since the granularity of PRACH resource multiplexing is a preamble, option 2 can make efficient resource utilization and provide maximum flexibility for resource multiplexing and adjustment.
Option 3: FDM

If the UL system bandwidth is larger than 1.4MHz, the PRACH resources corresponding to different PRACH repetition levels could be multiplexed based on frequency. Similar to option 1, the benefit of option 3 is the preamble transmission of different repetition levels can be fully orthogonalized with the preamble transmission of legacy UEs, and it would not introduce PRACH resource configuration restrictions to legacy UEs at least for FDD. 

In TDD system, this option may introduce PRACH resource configuration restrictions to legacy UEs since the available PRB number of PRACH transmission for legacy UEs might be reduced. Moreover, as the granularity of PRACH resource multiplex is 6PRB, this option may have less adjustment flexibility and utilization efficiency. 
For FDM, MTC UEs can use the same prach-ConfigurationIndex with legacy UEs to determine the PRACH resource sets on the time dimension. However, the specification could define multiple prach-FrequencyOffset or use the similar principle of prach-ConfigurationIndex in TDD to configure multiple PRACH resource sets on the frequency dimension. 

Table 1 below provides a comparison of different approaches (TDM, CDM and FDM) for PRACH resource multiplex. The implementation complexity of CDM may not be increased when the random access load is small. 
Obviously, CDM has the advantageous over resource utilization efficiency, multiplexing flexibility and specification impact, so it could be adopted as the baseline solution for PRACH resource multiplexing. If the system bandwidth is larger and PRACH capacity is an issue, more PRACH resources may be configured in an FDM manner.

Proposal 2: CDM (preamble multiplexing) is preferred as the baseline solution for PRACH resource multiplexing. If the system bandwidth is larger and PRACH capacity is an issue, more PRACH resources may be configured in an FDM manner.
Table 1 Comparison of different approaches for PRACH resource multiplex
	
	Option 1 (TDM)
	Option 2 (CDM)
	Option 3 (FDM)

	Specification impact 
	Specify multiple prach-ConfigurationIndex;
Introduce new tables in TS 36.211 
	Specify multiple numberOfRA-Preambles
	Specify multiple prach-FrequencyOffset 

	Resource utilization efficiency and multiplexing flexibility
	Low
	High
	Low

	PRACH configuration restriction to legacy UEs
	Large (especially for TDD)
Prolong access time for legacy UEs
	Moderate (impacting available preamble number of legacy UEs) 
	Large (impacting available frequency resource of legacy UEs, especially for small bandwidth)

	Orthogonality with legacy UEs
	Full orthogonal
	Quasi-full orthogonal
	Full orthogonal

	Implementation complexity
	Increase
	Increase (for moderate or high random access load)
	Increase 


3 Configuring PRACH resource sets and repetition levels
3.1 Mapping between PRACH repetition level and PRACH resource set
To avoid excessive repetitions and support scalability of spectral efficiency impact for coverage improvement, multiple PRACH repetition levels are supported to facilitate the eNB acquiring the PRACH repetition level an MTC UE applies. 
An MTC UE can select a PRACH repetition level and transmits the PRACH preamble using the PRACH resource set according to the selected PRACH repetition level, and eNB can obtain the PRACH repetition level by PRACH detection. To guarantee consistent decision on the PRACH repetition level by eNB and UE, a one to one mapping between PRACH repetition level and PRACH resource set for initial random access should be defined. 
Proposal 3: One to one mapping between PRACH repetition level and PRACH resource set for initial random access should be defined.
3.2 The number of PRACH repetition levels
The repetition level of PRACH indicates the amount of coverage improvement an MTC needs, and it can be a reference to set the repetition number of other channels (such as PDCCH, PDSCH, PUSCH) for the MTC UE.  However, the granularity of the coverage step should balance efficient resource utilization and the complexity of PRACH detection. 
If a 5dB coverage step (the number of repetition would increase about 3 times from one repetition level to another higher repetition level) were used, about three repetition levels are needed for 15dB coverage improvement requirement, which may make an acceptable tradeoff between efficient resource utilization and the complexity of PRACH detection. 

Proposal 4: Three PRACH repetition levels (5dB coverage step) could be supported considering the tradeoff between efficient resource utilization and the complexity of PRACH detection.
3.3 Configuring PRACH resource sets
Each PRACH resource set can determine one or multiple PRACH resources, and each PRACH resource includes specific resource on time, frequency and preamble (code) dimensions. 
As analyzed in the section 2, the parameters prach-ConfigurationIndex, prach-FrequencyOffset and numberOfRA-Preambles configure the PRACH resources, including available time resources, starting frequency location and available preamble numbers (related to contention based random access), in the current specification. 
To configure multiple PRACH resource sets, it is favorable to reuse the principle of configuring PRACH resource in the current specification. However, depending on which scheme adopted for PRACH resource multiplexing, multiple prach-ConfigurationIndex, or multiple prach-FrequencyOffset, or multiple numberOfRA-Preambles would be needed to configure multiple PRACH resource sets.
Proposal 5: Reusing the principle (parameters like prach-ConfigurationIndex, prach-FrequencyOffset and numberOfRA-Preambles) of configuring PRACH resource in the current specification to configure multiple PRACH resource sets.
4 Conclusions
In this contribution, considerations on PRACH multiplexing schemes, PRACH resource set and repetition levels are presented, and the following observations and proposals are given:

Observation 1: When determining PRACH multiplexing scheme, resource utilization efficiency, multiplexing flexibility and specification impact should be considered.

Proposal 1: For low cost MTC UEs, it is proposed to use PRACH resource multiplexing to indicate the UE’s category to eNB.

Proposal 2: CDM (preamble multiplexing) is preferred as the baseline solution for PRACH resource multiplexing. If the system bandwidth is larger and PRACH capacity is an issue, more PRACH resources may be configured in an FDM manner.
Proposal 3: One to one mapping between PRACH repetition level and PRACH resource set for initial random access should be defined.
Proposal 4: Three PRACH repetition levels (5dB coverage step) could be supported considering the tradeoff between efficient resource utilization and the complexity of PRACH detection.
Proposal 5: Reusing the principle (parameters like prach-ConfigurationIndex, prach-FrequencyOffset and numberOfRA-Preambles) of configuring PRACH resource in the current specification to configure multiple PRACH resource sets.
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