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Introduction
PRACH performance requirements for regular UEs are defined in [1] in terms of the probabilities of PRACH false alarm and PRACH detection probability. With the introduction of the Cat-M UEs, there are enhancements on the PRACH transmission [2-4], such as frequency hopping and preamble repetition. In this paper, we discuss the BS PRACH performance requirements for supporting Cat-M UEs.
Cat-M Random Access Channel
PRACH formats for supporting Cat-M UEs
As defined in [2], all existing PRACH formats, namely PRACH format 0 to format 4, are still supported by Cat-M UEs. In addition, the PRACH resources indicated by a PRACH resource configuration index as defined in Table 5.7.1-2 ~5.7.1-4 in TS36.211 [2] are all applicable to both regular and Cat-M UEs.
Observation 1: Cat-M UEs supports all existing PRACH formats, namely PRACH format 0 to format 4. Existing PRACH resource configurations are applicable to all UEs, including Cat-M UEs. 
Preamble repetition
For regular UEs, there is only one preamble transmission in each attempt. Different from regular UEs, Cat-M UE may transmit PRACH of preamble format 0-3 multiple times for each attempt, whereas PRACH of preamble format 4 is transmitted one time only. The number of repetitions required for preamble transmission attempt is configured per enhanced coverage level by numRepetitionPerPreambleAttempt from SIB2. The value range of numRepetitionPerPreambleAttempt is of {1, 2, 4, 8, 16, 32, 64, 128}. Both CEModeA and CEModeB has the same configuration range.
Observation 2: For the enhancement of PRACH performance, Cat-M UEs supports multiple preamble transmissions in an attempt for format 0 ~ 3. The number of repetitions per attempt is configured per enhanced coverage level in the range of {1, 2, 4, 8, 16, 32, 64, 128}. The value range is applicable to both CEModeA and CEModeB.
PRACH frequency hopping
For regular UEs, a preamble is transmitted with a fixed frequency offset given by the higher-layer parameter prach-FrequencyOffset. For Cat-M UEs, however, PRACH frequency hopping may be enabled by the higher-layer parameter prach-HoppingConfig from SIB2. If PRACH frequency hopping is enabled, the frequency offset of PRACH preamble transmission will no longer fixed, but depends on a cell-specific higher-layer parameter prach-HoppingOffset, the system frame number (SFN), the PRACH configuration index, and, for frame structure type 2, the uplink-downlink configuration. Depending on whether the whether PRACH resource occurs in every radio frame or not, as indicated from PRACH configuration index, frequency hopping may take place every radio frame or every two radio frames. The PRACH frequency hopping is a cell specific parameter independent on the CE levels. 
Observation 3: If PRACH frequency hopping is enabled, the frequency offset of Cat-M PRACH preamble transmission will no longer fixed. Depending on PRACH configuration, frequency hopping may take place every radio frame or every two radio frames.
General speaking, enable PRACH frequency hopping may be beneficial to the PRACH channel performance. From BS PRACH performance requirement point of view, there may not be necessary to define the requirements with both PRACH frequency hopping ON and OFF.
Observation 4: It may not be necessary to define PRACH performance requirements with both PRACH frequency hopping ON and OFF.
Frequency retuning gap
As mentioned above, when frequency hopping is enabled, the frequency hopping may take place every radio frame or every two radio frames during the transmission of the preamble. During the frequency hopping, there will be a frequency retuning gap with 2 OFDM symbols or shorter. Unlike the frequency hopping of other channels, such as PUCCH to PUSCH, RAN1 does not define where the frequency retuning gap will table place for PRACH to PRACH frequency hopping. It may be at the last two OFDM symbols in previous radio frame or first two OFDM symbols in a radio frame. In general, this should not be an issue for PRACH detection regardless whether the frequency tuning takes place at the beginning or end of the radio frame, due to the cyclic prefix (CP) and guard time (GT) at the beginning and end of the preamble transmission.
Observation 5: If PRACH frequency hopping is enabled, there may be a frequency retuning gap with up to 2 OFDM symbols. However, the frequency retuning gap in general should not have significant impact on PRACH preamble detection due to CP and GT of the preamble transmission.
Cat-M PRACH Performance Requirements
PRACH performance requirements are in terms of the probabilities of PRACH false alarm and PRACH detection probability [1]. 
The false alarm probability is the conditional total probability of erroneous detection of the random access (RA) preamble (i.e. erroneous detection from any detector) when input is only noise. Currently, the false alarm probability is required to be less than or equal to 0.1% for any number of receive antennas, for all frame structures and for any channel bandwidth.
The detection probability is the conditional probability of correct detection of the RA preamble when the preamble signal is present. There are several error cases – detecting different preamble than the one that was sent, not detecting a preamble at all or correct preamble detection but with the wrong timing estimation. For exiting PRACH transmissions configurations, the probability of detection is required to be equal to or exceed 99% for the defined SNR levels under particular preamble transmission settings, including the channel conditions, with test preambles.
For Cat-M UEs, there seems no reason to change current approach for defining the PRACH performance requirements in terms of the probabilities of PRACH false alarm and PRACH detection probability. In addition, due to the low mobility of Cat-M UEs, there is no need to support high speed mode for PRACH performance requirements.
Based on above discussion of Cat-M Random Access Channel, we have the following proposals:
· Proposal 1: The Cat-M PRACH performance requirements should be still defined in terms of the probabilities of 0.1% false alarm and 99% detection probability as the requirement for regular UEs;
· Proposal 2: Define Cat-M PRACH Performance for preamble format 0 ~ format 3 with the consideration of the impact of number of preamble repetitions on the PRACH performance (Note: ;
· Proposal 3: No need to have separate Cat-M PRACH performance requirements for CEModeA and CEModeB, since the two CE modes have the same configurable range of number of preamble repetitions;
· Proposal 4: No need to define Cat-M PRACH performance requirement for both frequency hopping ON and OFF cases, unless simulation results show significant performance difference between them;
· Proposal 5: No need to have Cat-M PRACH performance requirements for high speed mode.
Summary
In this contribution, we discussed the BS PRACH Performance Requirements for supporting Cat-M UEs. It was proposed that 
· Proposal 1: The Cat-M PRACH performance requirements should be still defined in terms of the probabilities of 0.1% false alarm and 99% detection probability as the requirement for regular UEs;
· Proposal 2: Define Cat-M PRACH Performance for preamble format 0 ~ format 3 with the consideration of the impact of number of preamble repetitions on the PRACH performance (Note: We may not be able to, and also may not need to, include all allowed repetition numbers for all preamble formats in the performance requirements. Further investigation is needed on the selection of the repetition numbers for each preamble formats);
· Proposal 3: No need to have separate Cat-M PRACH performance requirements for CEModeA and CEModeB, since the two CE modes have the same configurable range of number of preamble repetitions;
· Proposal 4: No need to define Cat-M PRACH performance requirement for both frequency hopping ON and OFF cases, unless simulation results show significant performance difference between them;
· Proposal 5: No need to have Cat-M PRACH performance requirements for high speed mode.
References
[1] 3GPP TS 36.104, “E-UTRA: Base Station (BS) radio transmission and reception”.
[2] R1-157918, “Introduction of Cat-M MTC”, Ericsson
[3] R1-157916, “Introduction of Rel-13 features of Cat-M in 36.212”, Huawei
[4] R1-157926, “Introduction of further LTE Physical Layer Enhancements for MTC”, Motorola Mobility
[5] R2-157138, “Addition of low complexity UEs and coverage enhancement features”, Ericsson
[6] R4-16xxxx, “Cat-M PUCCH Simulation Assumptions”, Nokia Networks, Alcatel-Lucent

