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1 Introduction

In the RAN1 #75 meeting, the following agreements related to PRACH resource multiplexing were reached in [1]:

Agreements:

· 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. 

· FFS for multiplexing repetition level(s) within shared time/freq. resources

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

· Within new region, at least CDM is allowed.

· NOTE: RACH resource mapping for the “low complexity UE not requiring enhanced coverage” is FFS.

In this contribution, further analyses of PRACH resource multiplexing to consider coverage enhancement and Category 0 UE (low complexity UE) are provided, and corresponding proposals are given.
2 PRACH resource multiplexing to support coverage enhancement 
In the current specification, PRACH resource (preamble, time and frequency) region of legacy UEs is configured by SIB2. Table 1 below shows the parameters and values to configure legacy PRACH resource region. 

Table 1: Parameters and values to configure legacy PRACH resource region
	Configuring legacy PRACH region
	Parameter
	Value

	Root index
	rootSequenceIndex
	(0 837)

	Preambles
	numberOfRA-Preambles
	4, 8, 12, 16 ,20, 24, 28, 32, 36, 40, 44, 48, 52, 56,60, 64

	Frequency 
	prach-FreqOffset
	(0 94)

	Time
	prach-ConfigIndex
	(0 63)


As described in the agreements [1], CDM, FDM and TDM are considered to multiplex PRACH resource between UE in CE (coverage enhancement) and legacy UE or to multiplex PRACH resource among UEs in CE. In the following, further analyses are provided to implement PRACH resource multiplexing in the manner of CDM, FDM and TDM.
2.1 CDM
2.1.1 Configuring the number of preambles

As mentioned in the introduction, “Enhanced coverage UEs and legacy UE may share the same time/frequency resource, and enhanced coverage UEs will use CDM to multiplex with legacy UEs”. For CDM, the number of preambles for UEs in CE multiplexed with legacy UEs should be configurable, and the preamble configuration for UEs in CE should be transparent to legacy UEs. 
The current parameter numberOfRA-Preambles configures the number of preambles for contention based random access to legacy UEs. Similarly, the specification can define one or more new parameters (corresponding to one or multiple CE levels) to configure available preambles for UEs in CE. In this way, the implementation of CDM would be transparent to legacy UEs.
The maximum number of available preambles (for both contention-based random access and non-contention-based random access) is 64 in the current specification. If the number of available preambles is increased to consider the PRACH resource multiplexing of UEs in CE, it will cause new standardization work on sequence generation, 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 within one PRACH opportunity should be kept to 64.
For CDM resource multiplexing, UEs in CE and legacy UEs could use the same parameters, such as rootsequenceeindex, prach-FreqOffset and PRACH-Configindex to share the same time and frequency resource.
Proposal 1: For CDM, same parameters, including rootsequenceeindex, prach-FreqOffset and PRACH-Configindex, should be applied to legacy UEs and UEs in CE.
2.1.2 Near-far effect arising from CDM 

Although CDM has been adopted consider the flexibility and efficiency of PRACH resource multiplexing, the implementation of CDM should consider the near-far effect. To restrict the impact of the near-far effect of CDM, power control is useful to control the received power of different preamble transmissions to be similar.
For preamble transmissions with different repetition levels to meet CE of different performance requirements, the received power of different preambles may not be the same. For example, it is assumed that UE1 and UE2 need 15dB and 0dB CE, respectively. Moreover, both the UE1 and UE2 had 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. 
Figure 1 below gives the simulation results of near-far effect considering three CE levels (assuming 5dB, 10 dB and 15dB), and the simulation assumptions are the same as those in our previous contribution [3]. The alpha in the Figure 1 denotes the ratio of the received power of interfering preamble transmission to that of useful preamble transmission.

 As seen from the Figure 1, compared to the performance of a preamble transmission without interference (baseline) at 10% Pmiss point, the performance of preamble transmission with 10dB or 15dB alpha is deteriorated about 3dB, which would result in higher repetition number of 10dB or 15dB CE.
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Figure 1: Performance evaluation of near-far effect

As analyzed above, the near-far effect of preamble transmission using different repetition levels is unavoidable. To avoid large performance loss (larger than 1.5dB) caused by near-far effect as illustrated in the Figure 1, the CDM resource multiplexing could be applied to adjacent repetition levels.  
Proposal 2: CDM should be configured to adjacent repetition levels to alleviate the near-far effect.
2.2 FDM
In current specification, the parameter prach-FreqOffset is used to indicate the starting frequency location of PRACH resource. FDM can be used to support PRACH resource multiplexing among different CE levels. 
In TDD, the formula below is provided to determine multiple frequency resources according to a single parameter prach-FreqOffset. 
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For FDM, an eNB or a CE UE can reuse the above formula to determine multiple frequency resources corresponding to different repetition levels based on a single parameter prach-FreqOffset. Assuming two frequency resources (
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=100. Therefore, the starting frequency locations of two frequency resources are 10 and 84 as shown in the Figure 2
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Figure 2: Illustration of FDM
CDM should also be supported within the additional frequency resource, and the same rootsequenceeindex should be used to generate preambles within legacy PRACH resource and additional frequency resource. Moreover, the number of available preambles for different CE levels within the new frequency resource should also be configurable. 

The same PRACH-Configindex can be used to UEs in CE and legacy UEs for FDM resource multiplexing. The density of additional frequency resource can be adjusted as shown in the Figure 3 via a periodic parameter.
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Figure 3: Additional frequency resource
Considering the near-far effect analyzed in the above section, the additional frequency resource should be adopted for moderate and high CE levels.

Proposal 3: An additional frequency resource could be introduced for UEs in CE, and the parameters, including rootsequenceeindex, prach-FreqOffset and PRACH-Configindex configured for legacy UEs, should be reused for UEs in CE. 
2.3 TDM
TDM would suffer large restrictions due to time dividing among legacy UEs and UEs in CE. Especially for TDD system, the number of available UL subframes is dependent on the UL-DL configuration, so the application of TDM will not be favorable. Moreover, the capacity of legacy UE’s PRACH may be severely decreased due to coarse multiplexing granularity by TDM.

The standardization work to support TDM would be large as multiple PRACH-Configindex would be needed, and new tables to designate available radio frames and subframes corresponding to the values of PRACH-Configindex for different CE levels would be defined. 
Although TDM can apply to 1.4MHz carrier rather than FDM, there are no benefits (capacity and standardization work) to apply TDM in 1.4MHz carrier compared to CDM. 
From the above analysis, TDM should not be applied for PRACH resource multiplexing.
Proposal 4: TDM should not be applied for PRACH resource multiplexing.
2.4 Reconfiguration of PRACH resource 

As the agreement listed in the introduction, UEs in CE can share the same time and frequency resource with legacy UEs to improve the efficiency of resource utilization. However, for some eNB, if the number of CE UEs is large, configuring UEs in CE to share the time and frequency resource with legacy UEs may cause high collision probability. In this case, separate time and frequency resource may be defined for UEs in CE. Therefore, an eNB should configure available preamble/time/frequency resource for UEs in CE according to the coverage requirement of UEs in CE. Similarly, for CDM, the number of available preambles of each CE level can also be determined according to the requirement of UEs related to the corresponding CE level.

Proposal 5: An eNB should configure available preamble/time/frequency resource for UEs in CE according to the coverage requirement of UEs in CE.
3 PRACH resource multiplexing to support Category 0 UE 

3.1 Differentiating category 0 UEs via PRACH 
As concluded in the last meeting, ‘NOTE: RACH resource mapping for the “low complexity UE not requiring enhanced coverage” is FFS.” Moreover, as stated in the TR 36.888 [4], one possibility is to change PRACH so that the eNB can differentiate MTC and non-MTC UEs to alleviate the performance impact and capacity limitations to legacy UEs. 

An eNB can distinguish Category (Cat) 0 UE to schedule RAR on reduced bandwidth for Cat 0 UE. Otherwise, an eNB may always schedule RAR on reduced DL BW with restricted peak data rate for all UE’s categories. This would incur scheduling restriction on Msg2 size (the number of RAR conveyed in the Msg2 might be reduced) and may also cause performance impact on RAR reception.
Besides, an eNB can distinguish Cat 0 UE to compensate the DL coverage loss caused by a single RF chain without impacting the legacy UE’s operation. Otherwise, an eNB may always transmit RAR with coverage compensation, which may waste the DL resource and reduce the resource utilization efficiency.

To efficiently improve the resource efficiency of RAR transmission, an eNB should identify Cat 0 UE as early as possible. From this point of view, an eNB identifying a Cat 0 UE at PRACH reception step is reasonable. 
Proposal 6: An eNB should identify Cat 0 UE category via PRACH.
3.2 Resource multiplexing for Cat 0 UEs and CE UEs
As analyzed in [3], CDM has the best multiplexing flexibility due to fine granularity, so CDM can be adopted as the baseline solution for Cat 0 UEs multiplexing with non-MTC (legacy) UEs. FDM can also be supported to provide large capacity of random access.

For resource multiplexing between a Cat 0 UE and a non-MTC UE in CE, the manner of resource multiplexing proposed in the section 2 (PRACH resource multiplexing between a legacy UE and a UE in CE) can be used similarly.

Figure 4 below shows an example of PRACH resource multiplexing to consider a Cat 0 UE and a non-MTC UE with and without CE.
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Figure 4: PRACH resource multiplexing to consider a Cat 0 UE and a non-MTC UE with and without CE
The specification impact of multiplexing Cat 0 UE and other UEs (non-MTC UE or non-MTC UE in CE) in a CDM or FDM manner is similar to that described in the section 2.
Proposal 7: Cat 0 UE can be multiplexed with non-MTC UE or non-MTC UE in CE in a CDM/FDM manner.
4 Conclusions
In this contribution, PRACH resource multiplexing considering coverage enhancement and Cat 0 UE are analyzed, and the following proposals are provided:
Proposal 1: For CDM, same parameters, including rootsequenceeindex, prach-FreqOffset and PRACH-Configindex, should be applied to legacy UEs and UEs in CE.
Proposal 2: CDM should be configured to adjacent repetition levels to alleviate the near-far effect.
Proposal 3: An additional frequency resource could be introduced for UEs in CE, and the parameters, including rootsequenceeindex, prach-FreqOffset and PRACH-Configindex configured for legacy UEs, should be reused for UEs in CE. 
Proposal 4: TDM should not be applied for PRACH resource multiplexing.
Proposal 5: An eNB should configure available preamble/time/frequency resource for UEs in CE according to the coverage requirement of UEs in CE.
Proposal 6: An eNB should identify Cat 0 UE category via PRACH.

Proposal 7: Cat 0 UE can be multiplexed with non-MTC UE or non-MTC UE in CE in a CDM/FDM manner.
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