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1.
Introduction
At last RAN2#90 meeting first discussion to random access procedure for Rel-13 low complexity (LC)/enhancecd coverage (EC) UEs took place [1], [2], [3] and as result the following agreements were made: 

1. UEs according to case 2 (Low complexity Rel-13 UE in EC mode) and case 5 (Normal complexity Rel-13 UE in EC mode) use the same RA resources (no optimization for normal category UEs in Extended Coverage).
2. In SIB the eNB provides a set of PRACH resources (e.g. time, frequency, preamble) each associated with a coverage enhancement level (including LC in normal coverage). 
3. UE determines the initial PRACH resource from the set based on UE’s downlink measurement (pending confirmation from RAN4).
In this contribution we continue discussion on the contention-based random access procedure with focus on Rel-13 LC UEs in EC mode and up to message 2 transmission taking into account the latest agreeements made in RAN1#81 as captured in [7]:
Agreements:

· UE determines based on RSRP measurement whether or not to start using one of the PRACH resource sets for CE (i.e., PRACH transmission with repetitions)

· NOTE: RAN1 will re-visit after RAN4 conclusion: if a UE operating CE selects based on DL measurement a starting PRACH repetition level

Agreement:
· UE knows repetition level of transmission of RAR from the repetition level of its most recent PRACH

· FFS whether the repetition level is a function of the TBS of the RAR or not

· FFS the detailed mapping from the repetition level of PRACH to that of RAR

· UE knows in which subframe(s) transmission of RAR can begin from its most recent PRACH resource set

· UE knows in which frequency resource(s) transmission of RAR can occur from its most recent PRACH resource set

· Note: if option 1 is adopted, this does not preclude the possibility of specifying a single frequency resource for M-PDCCH

· NOTE: “Transmission of RAR” includes Option 1,2,3 for RAR transmission mechanism (which will be down-selected)

· If option 1 is adopted, the repetition level, subframe(s), frequency resource(s) here refers to that of M-PDCCH

Agreements:

· Options for RAR and Paging for Rel-13 low complexity UEs and UEs operating coverage enhancement:

· Option 1: M-PDCCH-scheduled PDSCH carrying the message(s)

· Option 2: M-PDCCH DCI carrying the message

· Option 3: M-PDCCH-less PDSCH carrying the message

· Agree the following as working assumptions for RAR:

· Support Option 2 for the case of a single MAC RAR in a narrowband
· Support Option 1 for the case of multiple MAC RARs in a narrowband
· FFS: In case of small number of MAC RARs, some part of MAC RARs is included in the DCI, and remaining parts of MAC RARs are included in the PDSCH
· FFS whether eNB indicates support for Option 1 and/or Option 2 in SIB


· If eNB can indicate support for only Option 1 then Option 1 can be used also for a single MAC RAR
2.
Discussion
As reference, Figure 1 shows the message flow of the contention-based random access procedure acc. to Rel-8 as specified in TS 36.300, subclause 10.1.5.1 [4].
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Figure 1: Message flow of contention-based random access procedure

2.1
Common RACH/PRACH configuration in RRC
Currently, the common RACH/PRACH configuration for contention-based random access procedure which are broadcast per SIB2 and used by UEs, e.g. in RRC_IDLE for initial access, are separated in 2 IEs: 
· The IE RACH-ConfigCommon is used to specify the generic random access parameters such as number of non-dedicated RA preambles, group of RA preambles, power ramping parameters, RA supervision information and maximum number of Msg3 HARQ transmissions.
· The IE PRACH-ConfigSIB is used to specify the PRACH configuration in the cell such as RACH occasions, preamble format and frequency position of RACH occasions.
At last meeting it was agreed that the eNB provides in SIB a set of PRACH resources (e.g. time, frequency, preamble) each associated with a coverage enhancement level (including LC in normal coverage). However, considering the legacy structure of common RACH/PRACH configuration we have to discuss whether for the new instance of SIB which should carry the common RACH/PRACH configuration for Rel-13 LC/EC UEs we want to maintain the separation in 2 IEs or merge them into a single IE or introduce new IEs e.g. specific to the coverage enhancement level. However, this discussion can be started in detail once further input from RAN1 on the physical layer details of RACH/PRACH for Rel-13 LC/EC UEs is provided. 
Another topic to take care of in RAN2 is the ongoing discussion in RAN1 related to the support of default configurations for PRACH as indicated by the incoming LS in [6]. So far, we understood from the LS and the discussion in RAN1, that the idea is to define the number of PRACH attempts and number of repetitions per coverage level as default configuration(s). By doing so, the signalling of common RACH/PRACH configuration in EC mode could be reduced to some extent. However, it is currently not clear what kind of signalling gain we may achieve with this approach and what the potential complexity of this approach might be, therefore, the applicability of default configuration should be discussed in more detail once the complete set of new parameters to be supported for RACH/PRACH in EC mode becomes clear. Furthermore, as the use of default configurations affects RRC signalling, we think that the final decision on the support of default configurations should be left to RAN2.
Observation 1: RAN2 should start discussing the structure of common RACH/PRACH configuration to be signaled in a new SIB instance for Rel-13 LC/EC UEs. However, this discussion cannot be started in detail until RAN1 provides further inputs on the physical layer design of RACH/PRACH for Rel-13 LC/EC UEs.

2.2
Message 1 transmission
In accordance with latest RAN1 agreements the message 1 transmission in EC mode may look as follows:

· The UE selects initial PRACH resource from the set of PRACH resources (e.g. time, frequency, preamble) each associated with a coverage enhancement level (including LC in normal coverage) based on UE’s downlink measurement (pending confirmation from RAN4). 
· The UE selects randomly a preamble from the set of available preambles of the selected PRACH resource and transmits it in RACH occasions in accordance with the associated coverage enhancement level.
· The UE determines the RA-RNTI associated with the time-frequency resource in which the preamble was transmitted in order to monitor the msg.2 transmission (RAR) within a (flexible) RAR window.
For msg.1 transmission in EC mode it is still not clear whether a power ramping procedure should be applied per PRACH attempt or the UE should send msg.1 always with a maximum allowed TX power, and what the exact number of repetitions associated with a coverage enhancement level is. However, due to the fact that M-PDCCH based RAR scheduling was agreed by RAN1 as working assumption, we can conclude as baseline that RA-RNTI can be used for scheduling of msg.2 and a Rel-13 LC/EC UE shall determine the RA-RNTI associated with the time-frequency resource in which the preamble was transmitted in order to monitor the msg.2 transmission (RAR).

Proposal 1: Rel-13 LC/EC UEs shall determine the RA-RNTI associated with the time-frequency resource in which the preamble was transmitted in order to monitor the msg.2 transmission (RAR).

2.3
Message 2 transmission
In legacy procedure after msg.1 transmission the UE monitors the msg.2 transmission (RAR) within a flexible RAR window. The RAR is sent on PDSCH and its presence is signalled on PDCCH containing the RA-RNTI. If msg.2 reception was not successful, then the UE repeats msg.1 transmission. If RAR reception was successful (i.e. the RAPID included in RAR corresponds with the one that the UE sent in msg.1) then the UE sends msg.3, i.e. scheduled PUSCH containing the RRC connection request message applying HARQ and starting mac-ContentionResolutionTimer.
In EC mode, there are many open issues to clarify for msg.2 transmission. Referring to the latest agreements in RAN1 the current status can be summarized as follows:
· Which scheduling option to apply (scheduling with or w/o associated control channel)? 
· RAN1 agreed on an M-PDCCH based RAR scheduling:
· Option 1 for the case of multiple MAC RARs in a narrowband: M-PDCCH-scheduled PDSCH carrying the message(s)

· Option 2 for the case of a single MAC RAR in a narrowband: M-PDCCH DCI carrying the message

· Is the repetition level independent or dependent on e.g. PRACH resource set? 
· RAN1 agreed that UE knows repetition level of transmission of RAR from the repetition level of its most recent PRACH. However, we understand that the repetition level of PRACH and RAR may or may not be same.
· Can the legacy flexible RAR window size concept be maintained or should a fixed RAR window size be applied?
· This is still open.
· Does the RAR window size need to be extended?
· This is still open.
· Can the legacy Contention resolution timer value range be kept or does it need to be extended?
· This is still open.
· Can the legacy RAR format be kept or should a new RAR format be defined?
· Our understanding is that the legacy RAR format consisting of the four fields R/Timing Advance Command/UL Grant/Temporary C-RNTI can be kept.
· However, due to the fact that RAN1 agreed on two options for RAR scheduling RAN2 might think of supporting two RAR formats: 
· Legacy RAR format in case multiple RARs are transmitted on M-PDCCH-scheduled PDSCH. In this case the RARs are transmitted on a MAC PDU that consists of MAC header (incl. Backoff Indicator subheader and RAPID subheader) and the RARs.
· New RAR format in case single RAR is transmitted on M-PDCCH DCI carrying the message. This new RAR format should accommodate the Backoff Indicator, one RAPID and one RAR.
· How many RARs can be transmitted in a TTI in EC mode?
· Single and multiple RARs can be transmitted in a TTI.
· Can be legacy Backoff timer value range be kept or does it need to be extended?
· This is still open.
In view of above status we conclude the following for Rel-13 LC/EC UEs:
· The legacy RAR format consisting of the four fields R/Timing Advance Command/UL Grant/Temporary C-RNTI can be kept.
· New RAR format should be introduced for Rel-13 LC/EC UEs to accommodate the Backoff Indicator, one RAPID and one RAR.
Proposal 2: Legacy RAR format consisting of the four fields R/Timing Advance Command/UL Grant/Temporary C-RNTI can be kept for Rel-13 LC/EC UEs.
Proposal 3: New RAR format should be introduced for Rel-13 LC/EC UEs to accommodate the Backoff Indicator, one RAPID and one RAR.
3.
Summary
In this contribution, we continued the discussion on the contention-based random access procedure with focus on Rel-13 LC UEs in EC mode and up to message 2 transmission taking into account the latest agreements in RAN1. As conclusion, the following observation and proposals were made:
Observation 1: RAN2 should start discussing the structure of common RACH/PRACH configuration to be signaled in a new SIB instance for Rel-13 LC/EC UEs. However, this discussion cannot be started in detail until RAN1 provides further inputs on the physical layer design of RACH/PRACH for Rel-13 LC/EC UEs.

Proposal 1: Rel-13 LC/EC UEs shall determine the RA-RNTI associated with the time-frequency resource in which the preamble was transmitted in order to monitor the msg.2 transmission (RAR).

Proposal 2: Legacy RAR format consisting of the four fields R/Timing Advance Command/UL Grant/Temporary C-RNTI can be kept for Rel-13 LC/EC UEs.

Proposal 3: New RAR format should be introduced for Rel-13 LC/EC UEs to accommodate the Backoff Indicator, one RAPID and one RAR.
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