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NB-IoT RRM core requirements were completed in RAN4#79. In this paper, we discuss the configurations and parameter settings for NB-IoT PRACH test cases. 
Discussion
Test Purpose
The purpose of legacy PRACH tests is to verify whether the UE’s behavior during the random access procedure is according to the requirements and that the PRACH power settings and timing are within specified limits. This test will verify the requirements in Clause 6.2.2 and Clause 7.1.2 in an AWGN model. 
For the NB-IoT PRACH tests, in addition to the purposes stated above for legacy UEs, it also verifies whether the UE follows the new NB-IoT PRACH requirements defined in Section 6.2.3 in TS 36.133, i.e., the UE should determine the coverage enhancement level based on the RSRP measurements and the configured criterion in RSRP-ThresholdsNPRACH when executing the random access procedure. For NB-IoT PRACH, as defined in TS 36.331[4], the number of RSRP thresholds can be configured is 1 or 2. It means there is at least one RSRP configured threshold, which creates two coverage enhancement levels, and at most two RSRP configured thresholds, which separate three CE levels for NB-IoT PRACH resource management (e.g., PRACH repetition levels).  From PRACH resource management point view, it is obviously beneficial to configure more CE levels for optimizing the PRACH resource usage (e.g., configure the repetitions) according to the UE RF conditions. 
Observation 1: Based on TS 36.331 [4], both cell and UE are required to support up to three PRACH CE levels for NB-IoT. Also, from system performance point of view, it is desirable to configure up to maximum PRACH CE levels for optimizing the PRACH resource usage.
However, from previous discussion for eMTC, RAN4 has reached the following conclusions about the PRACH coverage enhancement [5]: 
· It is possible to reliably distinguish among coverage enhancement of max. 2 levels (e.g. 5 dB EC and 15 dB EC) using RSRP based method at least for AWGN channels.
Observation 2: Based on previous RAN4’s agreement [5], the UE can only reliably distinguish maximum two coverage enhancement levels.
Based on Observation 1 and Observation 2, we come to the conclusion that in the PRACH test cases, it is reasonable to have implemented up to two RSRP configured thresholds (i.e., three PRACH CE levels) in PRACH test cases, since UE is required to support the configurations, and it is desirable to implement the configuration in the system deployment.  On the other hand, in PRACH test requirement, the UE performance should only be evaluated based on two coverage enhancement levels, since the UE can only reliably distinguish maximum two coverage enhancement levels according to RAN4’s agreements.
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Figure 1. Illustration of RSRP thresholds configuration in PRACH test cases.
As an example, Figure 1 illustrates the proposed PRACH configuration for the tests. As shown in the figure, two RSRP thresholds are configured (RSRP2 <= RSRP1), which separate three PRACH CE levels (CE2 to CE0).  
As defined in TS 36.321[10], if the measured RSRP is less than the threshold RSRP2 then the MAC entity considers to be in PRACH  CE level 2; else if the measured RSRP is less than the threshold RSRP1 then the MAC entity considers to be in CE level 1; else the MAC entity considers to be in CE level 0. Setting the thresholds of RSRP1 and RSRP2 properly  allow the evaluation of UE’s capability to select the PRACH resource precisely. 
In PRACH test for normal coverage, the DL RF condition, RSRPTest1 should be also set to RSRPTest1 ≥ RSRP1 + ∆RSRP, where (∆RSRP >0) is the absolute RSRP measurement error.  In the test 1, the UE is required to select the PRACH resources configured for PRACH CE0 at least 90% of time.  
Based on above discussion, we have the following proposals for RSRP thresholds in PRACH tests: 
Proposal 1: In NB-IoT PRACH test configuration, two RSRP thresholds can be configured that separate three PRACH CE levels;
Proposal 2: In NB-IoT PRACH test requirements, only one RSRP threshold is used for verifying whether the UE is capable of distinguishing two coverage enhancement levels in order to verify whether the UE is capable of selecting PRACH resources and transmits or re- transmits PRACH preambles using the selected PRACH resources and PRACH configuration corresponding to the two coverage enhancement levels.

Operation Mode of the Test Cases
There are three operation modes for NB-IoT, namely in-band mode, guard-band mode, and standalone mode. Our understanding is that there is so far no decision on whether a NB-IoT UE has to support all three modes, or has to support one of them, or has the freedom to only support anyone of them. Thus, it seems we may keep a number of options open for developing RRM test cases, including NPRACH test cases: 
· Option 1: If it is mandatory for UE to support all of the three option modes, then we may only define tests for the option mode, which is considered as the most stringent one among the three operation modes;
· Option 2: If it is mandatory for UE to support one particular option mode, and it happens that the particular option mode is considered as the most stringent one among the three operation modes, then then we may need only to define tests for that option mode;
· Option 3: If the UE has the freedom to support anyone of the option modes, then we may need to define the test cases to cover all of the three operation modes. In addition, we define the applicability rule for UE supporting multiple modes. For example, the applicability rule may be read as follows:
· For a NB-IoT UE,
· if it supports the most stringent operation mode (e.g., In-band mode), it should be tested with the test case of that mode; 
· Otherwise, if it does not support the most stringent operation mode, but supports the next most stringent operation mode, it should be tested with the next most stringent operation mode;
· Otherwise, it should be tested with the least stringent operation mode.

Test Environments
For legacy and Cat-M1 UEs, TS 36.133 has defined PRACH test cases. We may develop NB-IoT PRACH test cases based on these test cases with necessary changes for supporting NB-IoT UEs.
In the following, we present the parameters for NB-IoT PRACH tests for normal coverage with suggested changes in the settings if necessary
Number of carrier and cells
· As Cat-M1 test cases, 1 E-UTRA carrier with 1 cell
Option Mode
· TBD
PCFICH/PDCCH/PHICH parameters
· NB-IoT UE does not monitor PCFICH/PDCCH/PHICH channels
· It should be fine to keep the settings as legacy test cases 
NPDCCH parameters
· Use new NPDCCH RMCs (to be developed)
NPDSCH parameters
· Use new NPDSCH RMCs (to be developed)
OCNG Patterns
· Use new OCNG patterns (to be developed)
SNR levels
· 
For test case for normal coverage, the RSRP level (or equivalently, ) should be set based on the RSRP Threshold RSRP1 plus the RSRP measurement error limit defined for NB-IoT UEs 
· 
For test case for enhanced coverage, the RSRP level (or equivalently, ) should be set based on the RSRP Threshold,  RSRP2 plus the RSRP measurement error limit defined for NB-IoT UEs 
RACH-ConfigCommon-NB
· Reuse the following parameters from legacy PRACH tests
· preambleTransMax
· PowerRampingParameters
· powerRampingStep
· preambleInitialReceivedTargetPower
· Define the following parameters per CE level
· ra-ResponseWindowSize
· Valid values: { pp2, pp3, pp4, pp5, pp6, pp7, pp8, pp10}
· Suggestion: { pp2, pp4, pp6} for the three CE levels
· mac-ContentionResolutionTimer
· Valid values: { pp1, pp2, pp3, pp4, pp8, pp16, pp32, pp64}
· Suggestion: { pp1,  pp3, pp8} for the three CE levels
NPRACH-ConfigSIB-NB 
· Define the following new parameters
· nprach-CP-Length
· Valid values: {us66dot7, us266dot7}
·  Suggestion: {us66dot7}
· rsrp-ThresholdsPrach
· Define two RSRP Thresholds (RSRP2 < RSRP1 ) to divide three PRACH CE levels
· RSRP1 is used in the test to separate the two CE levels for normal coverage
· RSRP1=RSRP2 + ∆RSRP, where ∆RSRP is the absolute RSRP measurement error defined in the TS 36.133. 
· If the test point RSRPtest1 = RSRP1+ ∆RSRP, the UE is required to select CE0 at least 90% of time.
· Any avalid value
· Reuse the following parameters from legacy PRACH tests
· Backoff Parameter Index
· Need to define the following PRACH-Parameters per CE level
· nprach-Periodicity-r13 			
· Valid values: {ms40, ms80, ms160, ms240, ms320, ms640, ms1280, ms2560}
· Suggestion: {ms80,  ms240,  ms640}
· nprach-StartTime
· Valid values: {ms8, ms16, ms32, ms64, ms128, ms256, ms512, ms1024}
· Suggestion: {ms8,  ms32, ms128}
· nprach-SubcarrierOffset
· Valid values: {n0, n12, n24, n36, n2, n18, n34}
· Suggestion: {n0, n12, n24} for the three CE levels
· nprach-NumSubcarriers
· Valid values: {n12, n24, n36, n48}
· Suggestion: {n12 }
· nprach-SubcarrierMSG3-RangeStart
· Valid values: {zero, oneThird, twoThird, one}
· Suggestion: {one} = no second set
· maxNumPreambleAttemptCE: 
· Valid values: {n3, n4, n5, n6, n7, n8, n10}
· Suggestion: {n3}
· numRepetitionsPerPreambleAttempt
· Valid values: {n1, n2, n4, n8, n16, n32, n64, n128}
· Suggestion: {n1, n4, n16}
· npdcch-NumRepetitions-RA
· Valid values: {r1, r2, r4, r8, r16, r32, r64, r128, r256, r512, r1024, r2048}
· Suggestion: {r1}
· npdcch-StartSF-CSS-RA
· Valid values: {v1dot5, v2, v4, v8, v16, v32, v48, v64}
· Suggestion: {v2}
· npdcch-Offset-RA
· Valid values: {zero, oneEighth, oneFourth, threeEighth}
· Suggestion: {zero}
Conclusions
In this paper we discussed the configuration and parameter settings for NB-IoT PRACH test cases. It was proposed that

· Proposal 1: In NB-IoT PRACH test configuration, two RSRP thresholds can be configured that separate three PRACH CE levels;
· Proposal 2: In NB-IoT PRACH test requirements, only one RSRP threshold is used for verifying whether the UE is capable of distinguishing two coverage enhancement levels in order to verify whether the UE is capable of selecting PRACH resources and transmits or re- transmits PRACH preambles using the selected PRACH resources and PRACH configuration corresponding to the two coverage enhancement levels.
· Proposal 3: For the operation mode of the test cases, we may keep a number of options open for developing NPRACH test cases until it is clear on whether a NB-IoT UE has to support all three modes, or has to support one of them, or has the freedom to only support anyone of them: 
· Option 1: If it is mandatory for UE to support all of the three option modes, then we may only define tests for the option mode, which is considered as the most stringent one among the three operation modes;
· Option 2: If it is mandatory for UE to support one particular option mode, and it happens that the particular option mode is considered as the most stringent one among the three operation modes, then then we may need only to define tests for that option mode;
· Option 3: If the UE has the freedom to support anyone of the option modes, then we may need to define the test cases to cover all of the three operation modes. In addition, we define the applicability rule for UE supporting multiple modes.
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