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1 Introduction
PRACH resource multiplexing defines the PRACH resources for Rel-13 low complexity UEs and other UEs operating or not operating coverage enhancement (CE). It had been discussed for several meetings and the following agreements were reached since Rel-13:
Agreements in RAN1 #79 [1]:
· RAN1 confirms that following PRACH related agreements in Rel-12 LC-MTC are applied for Rel-13 low-complexity UE

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

· In addition, define additional time/freq. resource region(s) separate for “enhanced coverage” UEs.

· Within new region, at least CDM is allowed.

· Rel-13 low complexity UE can be identified by PRACH.

· FFS for detailed indication method, e.g., Preamble and/or resource allocation
Agreements in RAN1 #80 [2]:
· For coverage enh. of PRACH, for initial random access

· There is one to one mapping between PRACH repetition level and PRACH resource set

Agreements in RAN2 #91 [3]:
· Rel-13 “normal complexity” UEs in enhanced coverage use the same random access resources as a Rel-13 low complexity UEs in the same enhanced coverage level.
In this contribution, further analyses of PRACH resource multiplexing are provided, as well as the resource indication method.
2 PRACH resource multiplexing and indication for different repetition levels

The PRACH resource sets should be defined respectively for the specified maximum 3 repetition levels [2] and zero coverage extension as a result of one to one mapping. A PRACH resource set includes PRACH resources in preamble/time/frequency dimension and PRACH resources from different sets are multiplexed. CDM, FDM and TDM are different resource multiplexing schemes to be considered.

2.1 PRACH resource multiplexing
As additional time/freq. resource region(s) separate for “enhanced coverage” UEs will be defined, either TDM or FDM or hybrid TDM and FDM is used for the resource multiplexing of the additional resource region(s) and legacy resource region. CDM needs to be supported for the agreement it is allowed within the new region(s). 
A way for PRACH resource configuration for the multiplexing of multiple PRACH resource sets is that it is up to eNB implementation to configure. The benefit is the resource multiplexing is controlled by eNB taken into consideration of multiple aspects such as system bandwidth, TDD/FDD configuration, the number of served legacy UEs or MTC UEs, the available resource, etc. However, there is a problem for CDM which should not be ignored.
2.1.1 Near-far effect arising from CDM

For CDM PRACH resource multiplexing for different repetition levels, the near-far effect is unavoidable as the received power of preambles in different levels would be not the same. For example, assuming UE1 and UE2 need 15dB and 0dB CE respectively, both UE1 and UE2 have already used the maximum available transmit power with ideal pathloss estimation. Thus, 15dB near-far effect would occur between preamble transmissions by UE1 and UE2. 
As simulated in our previous contribution [4], compared to the performance of a preamble transmission without interference at 10% Pmiss point, the performance of preamble transmission sustaining 10dB or 15dB interference from another preamble is deteriorated about 3dB, which would result in higher repetition number for the preamble transmission.
Thus, to avoid large performance loss caused by near-far effect, the CDM resource multiplexing should be applied to repetition levels without large difference on radio condition. With that premise, eNB could configure the PRACH resources based on its decision.
Proposal 1: CDM should be configured for repetition levels without large differences in radio condition to alleviate the near-far effect.
In RAN1 #75 meeting during Rel-12, we had the agreement on sharing legacy resource [5]:

· Enhanced coverage UEs and legacy UE may share the same time/frequency resource. In this case, enhanced coverage UEs will use CDM to multiplex with legacy UEs. 
As discussed in [6], supporting relaxed PRACH requirement has a benefit of saving resource and reducing UE’s power consumption. The SNR working point can be improved by 4~5 dB by relaxing Pmiss from 1% to 10% while maintaining Pfa (probability of false alarm) at 0.1%. As a consequence, additional PRACH repetition may not be needed for repetition level 1 (for 5dB or 6dB total system CE). UEs operating CE in PRACH repetition level 1 can share the same time and frequency resource with UEs not operating CE , i.e. CDM with PRACH transmission without CE and can reuse legacy time/frequency resource. PRACH repetition level 2 and level 3 can use CDM within additional resource region separate for “enhanced coverage” UEs. This resource multiplexing method is considered to be applicable without much impact on legacy UEs as enhanced coverage UEs usually work in quiet times.
An eNB should be able to reconfigure available preamble/time/frequency resources for different repetition levels according to the amount of UEs in each repetition level based on its long term statistics. For example, eNB could enlarge the PRACH resource sets for UEs not operating CE and UEs in PRACH repetition level 1 with additional time/frequency resource if eNB finds the number of UEs operating PRACH repetition level 1 is large. 

Proposal 2: With the aid of relaxing Pmiss of PRACH, UEs operating CE in PRACH repetition level 1 need no additional repetition and can share the same time and frequency resource with UEs not operating CE. UEs operating CE in PRACH repetition level 2 and level 3 can use CDM within additional resource region separate for “enhanced coverage” UEs.

2.2 Indication of PRACH resources for the multiplexing schemes

2.2.1 CDM
For CDM, the number of preambles per repetition level should be configurable and transparent to legacy UEs. 

The current parameter numberOfRA-Preambles configures the number of preambles for contention based random access for legacy UEs. Similarly, the specification can define several new parameters (depending on the number of multiplexed repetition levels) to configure available preambles for each repetition level. In this way, the implementation of CDM would be transparent to legacy UEs since legacy UEs would regard the preambles for MTC and CE as the dedicated preambles available for non-contention-based random access.

The maximum number of available preambles (for both contention-based random access and non-contention-based random access) in a cell is 64 in the current specification. If the number of available preambles in a cell is increased to consider the CDM of UEs in CE, it will cause standardization work on how to determine the root sequence for the increased preambles, and it may also impact the correlation detection of legacy UE’s preamble reception. For simplifying standardization work point of view, the maximum number of available preambles in a cell should be kept to 64.

For CDM resource multiplexing, UEs in different repetition levels could use the same parameters, such as rootSequenceIndex, prach-FreqOffset and prach-ConfigIndex to share the same time and frequency resource.

2.2.2 FDM
In current specification, the parameter prach-FreqOffset is used to indicate the starting frequency location of PRACH resource both FDD and TDD. In TDD, multiple frequency resources could be determined based on the single parameter prach-FreqOffset together with multiple frequency resource indexes 
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configured in a single parameter prach-ConfigIndex using the formula:
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For FDM, UEs in different repetition levels can use the same prach-ConfigIndex to determine the PRACH resources on the time dimension. The specification could define multiple prach-FreqOffset or use the similar principle of multiple frequency resource indexes 
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 in TDD to configure multiple PRACH resource sets on the frequency dimension. However, the latter method would save the signaling overhead to configure multiple frequency resources for multiple repetition levels. When PRACH frequency hopping is configured to operate CE, PRACH transmission can start at a frequency resource determined by the above parameter(s) and then hop according to a predefined pattern.
2.2.3 TDM
One alternative of the standardization work to support TDM is to use multiple prach-ConfigIndex parameters to configure PRACH resource sets respectively for the multiple repetition levels on the time dimension, and new tables to designate available radio frames and subframes corresponding to the values of different parameters for different repetition levels would be needed. This alternative configures PRACH resource on the time dimension independently for each repetition level with multiple additional parameters as the overhead. Another alternative is use the same parameter prach-ConfigIndex to configure resources for multiple repetition levels with more entries added in the resource configuration table. Each entry is to designate available time dimension resources for each repetition level. UEs in different PRACH repetition levels interpret the same parameter differently based on their corresponding entries. The signaling overhead of the latter alternative is smaller than the former one with the union configuration for the multiple repetition levels. Moreover, the union configuration for the multiple repetition levels can easily avoid the overlap of the time resources for different repetition levels by defining non-overlapped time recourses in each entry corresponding to the same prach-ConfigIndex.
Table 1 below summarizes the parameters to indicate PRACH resources in the CDM/FDM/TDM resource multiplexing manner for different PRACH repetition levels.
Table 1: Parameters to indicate CDM/FDM/TDM PRACH resources for different PRACH repetition levels 
	Parameter
	Same or separate parameter(s) for different repetition levels 

	
	CDM
	FDM
	TDM

	rootSequenceIndex
	Same
	Same
	Same

	numberOfRA-Preambles
	Separate
	Same
	Same

	prach-FreqOffset
	Same
	Can be separate
	Same

	prach-ConfigIndex
	Same
	Same (frequency resource indexes 
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 can be separate)
	Can be same or separate


Proposal 3: For CDM/FDM/TDM PRACH resource indication for UEs operating CE, same or separate parameters are needed for different repetition levels as shown in Table 1.

2.3 PRACH format utilization for different resource sets in CE
For repeating the existing preamble formats for PRACH CE, it was agreed in RAN1 #80bis [7]:
Agreement: 

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

In current specification, preamble formats 0-3 are defined with different preamble sequence length and guard time. The preamble formats are intended to relate to a wide range of cell radii. Since the target of CE is to extend the cell propagation distance for MTC traffic, and UEs with different geographic locations in a cell will have different radio conditions and propagation delays, etc., repetition in different resource sets corresponding to the multiple repetition levels utilizes different preamble formats.

Proposal 4: The PRACH repetition in different resource sets corresponding to the multiple repetition levels utilizes different preamble formats.
3 PRACH resource multiplexing between Rel-13 low complexity UEs and other UEs
It was agreed to identify Rel-13 low complexity UE by PRACH and FFS for detailed indication method. And there is a RAN2 agreement to use the same random access resources for Rel-13 “normal complexity” UEs and Rel-13 low complexity UEs in the same enhanced coverage level for CE. Based on these agreements, the RAN1 agreement to identify Rel-13 low complexity UE by PRACH applies for non CE. That is, for non CE, Rel-13 low complexity UE should use different preamble/time/frequency resources for PRACH, i.e. different PRACH resource set from other UEs. Thus, considering the PRACH resource sets for 3 PRACH repetition levels and zero coverage extension, totally 5 PRACH resource sets need to be configured by eNB.
For the PRACH resource sets multiplexing between Rel-13 low complexity UEs and other UEs for non CE, CDM can be supported as it has the advantage of fine granularity for PRACH resource multiplexing [4]

 REF _Ref418271890 \n \h 
[8]. When the impact (e.g., PRACH collision) to legacy UE or other UE’s random access is substantial due to massive PRACH transmission by Rel-13 low complexity UEs not operating CE in a cell, configuring separate time and/or frequency PRACH resources for Rel-13 low complexity UEs should also be supported. The different PRACH resource set multiplexing schemes between Rel-13 low complexity UEs and other UEs should be configured up to eNB based on the available resources and the UE amount of each type according to eNB’s long term statistics.
Proposal 5: For the different PRACH resource sets of Rel-13 low complexity UEs and other UEs under zero coverage extension, CDM, TDM, and FDM should be supported and up to eNB configuration. 
For resource multiplexing between Rel-13 low complexity UEs and other UEs, the resource indication method proposed in the section 2 (PRACH resource multiplexing and indication for different repetition levels) can be used similarly.

4 Conclusions
In this contribution, we discuss PRACH resource multiplexing and indication and propose:
Proposal 1: CDM should be configured for repetition levels without large differences in radio condition to alleviate the near-far effect.
Proposal 2: With the aid of relaxing Pmiss of PRACH, UEs operating CE in PRACH repetition level 1 need no additional repetition and can share the same time and frequency resource with UEs not operating CE. UEs operating CE in PRACH repetition level 2 and level 3 can use CDM within additional resource region separate for “enhanced coverage” UEs.
Proposal 3: For CDM/FDM/TDM PRACH resource indication for UEs operating CE, same or separate parameters are needed for different repetition levels as shown in Table 1.

Proposal 4: The PRACH repetition in different resource sets corresponding to the multiple repetition levels utilizes different preamble formats.

Proposal 5: For the different PRACH resource sets of Rel-13 low complexity UEs and other UEs under zero coverage extension, CDM, TDM, and FDM should be supported and up to eNB configuration. 
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