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1
Introduction
In RAN1#82bis, it was agreed that – 
· For at least initial random access, the criterion for UE to select PRACH resource set is based on RSRP measurement 

· PRACH configuration is signaled based on Table 5.7.1-2 ~5.7.1-4 in TS36.211

· Note: the tables may be subject to modification

· The starting frequency location in units of PRB of PRACH resources for each PRACH resource set is signaled

· Confirm working assumption:

· For RAR for Rel-13 low complexity UEs and UEs operating coverage enhancement, M-PDCCH-scheduled PDSCH carrying the message(s)

· For PDSCH carrying MAC RAR (Msg2)

· The narrowband is indicated in the associated DCI

· For initial PUSCH carrying Msg3

· The narrowband is explicitly indicated in UL grant in RAR
In this contribution, we address the remaining details of random access for MTC.

2
PRACH Configuration
It has been agreed that PRACH configuration is signaled based on Table 5.7.1-2 ~5.7.1-4 in TS36.211. From the table, it is seen that PRACH periodicity as little as 1 subframe and as much as 20 subframes are supported. In addition, the table provides multiple time configurations in order to avoid PRACH collision among cells when the same frequency is used for PRACH. This also allows multiple PRACH resource sets to be configured within the cell e.g. in the TDM manner. It is seen the current provide sufficient flexibility to support multiple PRACH resource sets within a cell. Therefore, there is no need to modify the tables.
Observation 1: Table 5.7.1-2~5.7.1-4 in TS36.211 provides sufficient flexibility to support multiple PRACH resource sets within a cell.
For PRACH configuration supporting repetition, the eNB will signal one entry in the table together with the number of repetitions. Preamble repetitions can be done transmitting on consecutive PRACH occasions. The UE needs to also know the starting point which can be obtained via –
· Explicit signaling e.g. by providing the starting subframe and preamble repetition period 
· Predefined based on repetition number, SFN, and PRACH configuration

Explicit signaling has several advantages. First, this allows TDM of multiple PRACH resource sets without e.g. interleaving of the preambles which can help with eNB processing. Second, the overhead can be reduced where some PRACH subframes from the PRACH configuration are not used. This is shown in Figure 1.
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Figure 1. Example of PRACH with different configurations.
From the figure, it is seen that explicit starting point configuration provides more flexibility in the implementation. The signaling overhead is not expected to be significant.
Proposal 1: PRACH starting point is explicitly signaled using the following parameters – starting subframe and preamble repetition period.
Table 1 illustrates the number of transmissions required for the various coverage enhancement levels. Performance results show that up to 50 repetitions may be required to reach 155.7dB MCL. However, that number can be significantly reduced (e.g. to around 20 repetitions) if the PRACH missed probability is relaxed. Note that these numbers do not include implementation margins.
Table 1. Examples of PRACH repetition for various coverage enhancement levels, Pmax = 23 dBm.
	Coverage Enhancement Target
	No of Transmissions Required

	145.7 dB MCL

(0-5 dB)
	4 @ 1% Pmiss

	150.7 dB MCL

(5-10 dB)
	15 @ 1% Pmiss, 8 @ 3% Pmiss

	155.7 dB MCL

(10-15 dB)
	50 @ 1% Pmiss, 20 @ 10% Pmiss


Using the results from Table 1 and also including some implementation margins, the following possible PRACH repetitions values can be supported {2, 4, 8, 16, 32, 48, 64}. The eNB will configure one value based on the expected coverage enhancement level of that particular PRACH resource set.
Proposal 2: Possible PRACH repetition values are {2, 4, 8, 16, 32, 48, 64}.
Table 2 illustrates possible PRACH configuration parameters. For Rel-13 LC-MTC UE, it is possible to reuse existing PRACH-ConfigSIB information element to define time-frequency allocation and available preambles. For UE in enhanced coverage, some extension will be needed.
Table 2. Example of PRACH configuration parameters.
	PRACH parameter
	Configuration

	Time (subframe) allocation
	prach-ConfigIndex 

	Frequency (PRB) allocation
	prach-FreqOffset, hopping pattern 

	Preamble + preamble set
	rootSequenceIndex, zeroCorrelationZoneConfig, preambleInfo 

	High speed support
	N/A (or always set to FALSE)

	Coverage enhancement
	Number of repetition for preamble, starting subframe, repetition period,

maximum number of attempts, control channel search space


3
Random Access Procedure

For RAR transmission, two options for control channel timing are possible –

a) The possible starting subframes of the M-PDCCH are determined from the end of the PRACH transmission plus a fixed offset (e.g. 3 subframes as in legacy RAR transmission). In this case, the RAR response window starts after a fixed subframe offset and contains multiple possible control channel opportunities. However, UE may need to detect the control channel for subsequent transmissions (e.g. RRC connection request and RRC connection set up messages) according to the M-PDCCH configuration, which would increase the UE implementation complexity.

b) The possible starting subframes of the M-PDCCH are configured separately via the MTC SIB1. In this case, the UE always look for the DCI starting at specific subframes. For RAR, the first control channel occasion after the PRACH transmission may be the starting point or the specific subframe within the RAR response window according to the M-PDCCH configuration. With this approach, the detection of control channel for subsequent transmissions would follow the same M-PDCCH configuration and easy the UE implementation.

Note that in both options, the number of repetitions to be used by the control and data channels will be specified by the M-SIB or predefined based on the number of repetition for the preamble. From the figure, it seen that it is better to have the starting subframe of the M-PDCCH be configured by the SIB1bis so that UE would be able to apply the same M-PDCCH configuration for detecting RAR and subsequent transmissions.
Proposal 3: The starting subframe of the M-PDCCH for RAR transmission is configured via SIB1bis. 

Currently, the DCI for RAR is distinguished via the RA-RNTI. The RA_RNTI is defined as RA-RNTI = 1 + t_id + 10*f_id. Given the presence of additional PRACH configurations and large number of repetition needed for control channel coverage enhancement, it is possible that the DCI for different random access responses with the same RA-RNTI may overlap in time. This problem may be severe at large coverage enhancement level (e.g. at 155.7 dB MCL, EPDCCH-based control channel would require 17dB extension, resulting in more than 100 repetitions). While it may be possible to avoid this overlap through implementation, this would restrict eNB flexibility in configuring the PRACHs. Thus, RA-RNTI collision issue should be studied further and potential solutions should be considered. For example, the RA_RNTI definition may be modified to include a term based on the coverage enhancement level or an index of PRACH occasion that maps to the same control region.   

Proposal 4: RA-RNTI definition should be modified due to potential overlap from multiple PRACH configurations and control channel repetition.
Currently, Msg3 is scheduled via a DCI and contains the UE identity used for contention resolution and L2/L3 messages transmission. At this point, the eNB has very limited CSI information to determine the appropriate repetition number for the UE. Hence, it may be reasonable to fix the repetition number for Msg3 based on the PRACH repetition level. However, the eNB now has the flexibility to dynamically set the repetition number via the uplink grant. It should be allowed to do this because the support of HARQ retransmission could ensure the reliable Msg3 transmission and eNB can select the repetition number based on some other factors such as system load and past performance. Furthermore, some UEs may be given dedicated preambles which the eNB can respond to appropriately.

Proposal 5: eNB dynamically indicates the resource allocation and repetition number for Msg3 via the UL grant in RAR.
Similar to Msg3, Msg4 is scheduled via a DCI. This message is used for contention resolution. However, at this point the UE has not undergone RRC configuration set-up yet. Therefore, M-PDCCH should still be transmitted in the same CSS as RAR and uses the same number of repetition as the RAR M-PDCCH although Msg4 is a unicast message.

Proposal 6: Msg4 is scheduled via CSS M-PDCCH. eNB dynamically indicates the resource allocation and repetition number for Msg4 in the M-PDCCH DCI.

4
Conclusion
In this contribution, we consider random access for Rel-13 low complexity UEs and coverage enhancement UEs. The following observation and proposals are made –

Observation 1: Table 5.7.1-2~5.7.1-4 in TS36.211 provides sufficient flexibility to support multiple PRACH resource sets within a cell.
Proposal 1: PRACH starting point is explicitly signalling using the following parameters – starting subframe and preamble repetition period.
Proposal 2: Possible PRACH repetition values are {2, 4, 8, 16, 32, 48, 64}.
Proposal 3: The starting subframe of the M-PDCCH for RAR transmission is configured via SIB1bis. 

Proposal 4: RA-RNTI definition should be modified due to potential overlap from multiple PRACH configurations and control channel repetition.

Proposal 5: eNB dynamically indicates the resource allocation and repetition number for Msg3 via the UL grant in RAR.

Proposal 6: Msg4 is scheduled via CSS M-PDCCH. eNB dynamically indicates the resource allocation and repetition number for Msg4 in the M-PDCCH DCI.
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