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1.
Introduction
RAN1 has made a number of conclusions related to PRACH and RAR transmissions for Rel-13 low complexity (LC) and enhanced coverage UEs as captured in [2], [3], [4], see also ANNEX in section 5. In this contribution we address the impacts on random access procedure (contention based and non-contention based) and open issues with focus on Rel-13 LC UEs in normal and enhanced coverage mode taking into account the agreements and working assumptions made so far in RAN1.
2.
Discussion
2.1
Contention based random access procedure
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 [1].
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Figure 1: Message flow of contention based random access procedure

A) Impacts on contention based RA procedure for Rel-13 LC UEs in normal mode

RAN1 has agreed that Rel-13 LC UEs can be identified by PRACH. Although the details are still FFS in RAN1, for our discussion we can assume that a specific common RACH/PRACH configuration applicable for Rel-13 LC UEs in a cell is defined and potentially signaled within the new type of SIB. The Rel-13 LC UEs would select a PRACH resource (preamble, time-frequency resource) based on that specific common RACH/PRACH configuration. 
As result, in step 1) a Rel-13 LC UE selects randomly a preamble from the set of configured preambles and transmit it in an available RACH occasion as msg.1. Furthermore, if RA-RNTI is used it may determine the RA-RNTI based on the selected PRACH resource in order to monitor the msg.2 transmission (RAR) in step 2) within a (flexible) RAR window. However, with regard to the transmission of RAR there are a number of open issues that need to be resolved: 
· According to legacy procedure the RAR is sent on PDSCH and its presence is signalled on PDCCH containing the RA-RNTI. But due to the fact that PDCCH cannot be received by a Rel-13 LC UE due to its 6PRB restriction (excluding the special 1.4MHz system BW case here), it is currently open how PDSCH carrying RAR will be scheduled to a Rel-13 LC UE. RAN1 is currently discussing two options:

a. Dynamic scheduling using either narrowband PDCCH or EPDCCH with common search space (CSS).
b. Pre-defined scheduling without an associated physical DL control channel. 
· In case of option a) the concept of legacy RA-RNTI for indicating successful preamble transmission could be reused for Rel-13 LC UEs. But in case of option b) a new concept of “RA-RNTI” that associates the PRACH resource with the RAR allocation needs to be defined for Rel-13 LC UEs. In both options, in order to support the reduced BW operation of 6PRBs, the transmission of RAR needs to be limited to a known region of the system BW within the RAR window. Furthermore, in option a) the transmission timing of RAR within the RAR window might be impacted when the associated physical DL control channel cannot be sent along with the PDSCH carrying RAR in the same subframe.
Following legacy procedure, if msg.2 reception was not successful, then the UE repeats msg.1 transmission up to PREAMBLE_TRANS_MAX (incl. power ramping). If RAR reception was successful in step 2) (i.e. the RAPID included in RAR corresponds with the one that the UE sent in msg.1) then the UE sends scheduled PUSCH (e.g. containing the RRC connection request message) in step 3) applying HARQ and starting mac-ContentionResolutionTimer. For the Rel-13 LC UE, the main difference is that the eNB has to take care that the UL grant information included in RAR does not exceed the 6PRB restriction. 
After successful transmission of msg.3 the UE monitors in step 4) the reception of msg.4 on PDSCH including “UE Contention Resolution Identity” MAC CE with matching “Contention Resolution Identity”. Same as for step 2) it is currently open how PDSCH carrying “UE Contention Resolution Identity” MAC CE will be scheduled to a Rel-13 LC UE, i.e. either dynamic (with associated physical DL control channel) or pre-defined (without associated physical DL control channel).
If msg.4 reception was not successful then the UE repeats msg.1 transmission up to PREAMBLE_TRANS_MAX (incl. power ramping). Otherwise, the contention based RA procedure will be considered as successfully completed. 
In summary, the main open issues for contention based RA procedure for Rel-13 LC UEs in normal mode include:

· Msg.1: How to use RA-RNTI in case of scheduling of msg.2 w/o associated control channel due to the 6PRB restriction?

· Msg.2: Which scheduling option to apply (scheduling with or w/o associated control channel)?

· Msg.3: For the Rel-13 LC UE the eNB has to take care that the UL grant information included in RAR does not exceed the 6PRB restriction.

· Msg.4: Which scheduling option to apply (scheduling with or w/o associated control channel)?
B) Impacts on contention based RA procedure for Rel-13 LC UEs in enhanced coverage mode

Referring to all the agreements and working assumptions made so far in RAN1 the impacts on the contention based RA procedure are as follows:

RAN1 has agreed to define additional PRACH time/frequency resource region(s) separate for “enhanced coverage” UEs. Although the details are still FFS in RAN1, for our discussion, we can assume that a specific common RACH/PRACH configuration applicable for Rel-13 LC EC mode UEs in a cell is defined and potentially signaled within the new type of SIB. The Rel-13 LC EC mode UEs would select a PRACH resource (preamble, time-frequency resource) based on that specific common RACH/PRACH configuration. Furthermore, to achieve the coverage improvement up to 15 dB for FDD the messages in the steps 1) to 4) are transmitted using bundling/repetition with multiple bundle sizes/repetition levels. 
· For PRACH the maximum number of EC repetition levels was agreed as 3 (i.e. 4 if the case without repetition is included). However, the number of repetitions within each EC repetition level is still under discussion in RAN1.
· For the physical channels PDSCH/PUSCH the details of the bundling/repetition levels are still FFS.
As result, in step 1) a Rel-13 LC EC mode UE selects randomly a preamble from the set of configured preambles and transmits it in accordance with the initial repetition level in an available RACH occasion as msg.1. Open aspect in this step is, how the initial PRACH repetition level to start with, is selected: either signaled by eNB or left to UE implementation (e.g. based on UE measurement). Furthermore, if RA-RNTI is used it may determine the RA-RNTI based on the selected PRACH resource in order to monitor the msg.2 transmission (RAR) in step 2) within a (flexible) RAR window. However, with regard to the transmission of RAR there are a number of open issues that need to be resolved which are similar to the ones in the contention based RA procedure for Rel-13 LC UEs, i.e. 
· Scheduling options for RAR: either dynamic or pre-defined, maintain the flexibility to send RAR for multiple UEs or limit it for less UEs aiming to reduce the number of EC repetitions required (which would increase drastically with the message size).
· Potential need for modifying the “RA-RNTI” concept to associate the PRACH resource with the RAR allocation (e.g. ePDCCH-less approach might be used or new (e)PDCCH might be defined as explained in previous section).
· Potential need for modifying the “RAR window” concept (e.g. to maintain the flexibility within the window and/or to extend the window size)
Following legacy procedure, if msg.2 reception was not successful, then the UE repeats msg.1 transmission. However, compared to the legacy procedure, the UE might be required to change the PRACH EC repetition level used for msg.1. In this context, it is an open issue whether power ramping should be applied or the UE has to send msg.1 with maximum TX power.

If RAR reception was successful in step 2) then the UE sends scheduled PUSCH in step 3) according to the configured bundling/repetition level applying HARQ and starting mac-ContentionResolutionTimer. Same as for the Rel-13 LC UE, the eNB has to take care that the UL grant information included in RAR does not exceed the 6PRB restriction for the Rel-13 LC EC mode UE. 
After successful transmission of msg.3 the UE monitors in step 4) the reception of msg.4 on PDSCH for contention resolution. Same as for step 2) it is currently open how PDSCH for contention resolution will be scheduled to a Rel-13 LC EC mode UE. In addition, it is not clear whether there is a need to extend the MAC contention resolution timer or not due to EC mode.
If msg.4 reception was not successful then the UE repeats msg.1 transmission. However, same as in step 2) it is an open issue whether the UE might be required to change the PRACH EC repetition level, and power ramping should be applied or the UE has to send msg.1 with maximum TX power.

In summary, the main open issues for contention based RA procedure for Rel-13 LC UEs in enhanced coverage mode include:

· Msg.1: How to use RA-RNTI in case of scheduling of msg.2 w/o associated control channel due to the 6PRB restriction? How should PRACH repetition level selection be performed?
· Msg.2: Which scheduling option to apply (scheduling with or w/o associated control channel)? Is the repetition level independent or dependent on e.g. PRACH resource set? Does the legacy RAR window concept need to be modified?
· Msg.3: Is the repetition level independent or dependent on e.g. PRACH resource set? Does the legacy contention resolution timer range be modified? In any case, for the Rel-13 LC UE the eNB has to take care that the UL grant information included in RAR does not exceed the 6PRB restriction.
· Msg.4: Which scheduling option to apply (scheduling with or w/o associated control channel)? Is the repetition level independent or dependent on e.g. PRACH resource set?
2.2
Non-contention based random access procedure
Figure 1 shows the message flow of the non-contention based random access procedure acc. to Rel-8 as specified in TS 36.300, subclause 10.1.5.2 [1].
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Figure 2: Message flow of non-contention based random access procedure
C) Impacts on non-contention based RA procedure for Rel-13 LC UEs in normal mode

Due to the fact that RAN1 has agreed that Rel-13 LC UEs can be identified by PRACH we can assume that in step 0) the source eNB sends to the UE per dedicated signalling the ra-PreambleIndex (Random Access Preamble) and ra-PRACH-MaskIndex (PRACH Mask Index) which are applicable for Rel-13 LC UEs.

In step 1) the UE transmits the explicitly signalled dedicated preamble in an available RACH occasion as msg1 and determines the RA-RNTI based on the selected PRACH resource in order to monitor the msg.2 transmission (RAR) in step 2) within a (flexible) RAR window. 
With regard to the transmission/reception of RAR the number of open issues that need to be resolved are same as in the contention based RA procedure.
D) Impacts on non-contention based RA procedure for Rel-13 LC UEs in enhanced coverage mode

Due to the fact that RAN1 has agreed to define additional PRACH time/frequency resource region(s) separate for “enhanced coverage” UE, we can assume that in step 0) the source eNB sends to the UE per dedicated signalling the ra-PreambleIndex (Random Access Preamble) and ra-PRACH-MaskIndex (PRACH Mask Index) which are applicable for Rel-13 LC EC mode UEs. In addition, the source eNB has to signal to the UE the initial repetition level to use.
In step 1) the Rel-13 LC EC mode UE transmits the explicitly signalled dedicated preamble and transmits it in accordance with the initial repetition level in an available RACH occasion as msg.1. Furthermore, if RA-RNTI is used it may determine the RA-RNTI based on the selected PRACH resource in order to monitor the msg.2 transmission (RAR) in step 2) within a (flexible) RAR window. However, with regard to the transmission/reception of RAR the number of open issues that need to be resolved are same as in the ones in the contention based RA procedure for Rel-13 LC EC mode UEs.
3.
Summary
In this contribution we addressed the impacts on random access procedure (contention based and non-contention based) for Rel-13 low complexity and enhanced coverage UEs taking into account the agreements and working assumptions made so far in RAN1. At this stage, many aspects related to RA procedure are still open and under discussion in RAN1, so it might be needed to wait for the further outcome of discussion there. However, in order to progress the work in RAN2 it might be beneficial to investigate the details of RACH focusing on the contention based random access procedure and Rel-13 LC UEs in enhanced coverage mode. As starting point of the discussion the main open issues as summarized in section 2.1 can be used.
· Msg.1: How to use RA-RNTI in case of scheduling of msg.2 w/o associated control channel due to the 6PRB restriction? How should PRACH repetition level selection be performed?
· Msg.2: Which scheduling option to apply (scheduling with or w/o associated control channel)? Is the repetition level independent or dependent on e.g. PRACH resource set? Does the legacy RAR window concept need to be modified?
· Msg.3: Is the repetition level independent or dependent on e.g. PRACH resource set? Does the legacy contention resolution timer range be modified? In any case, for the Rel-13 LC UE the eNB has to take care that the UL grant information included in RAR does not exceed the 6PRB restriction.
· Msg.4: Which scheduling option to apply (scheduling with or w/o associated control channel)? Is the repetition level independent or dependent on e.g. PRACH resource set?
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5.
ANNEX
RAN1#79 (see SR in RP-141785)
RAN1 discussed PRACH transmission and reached the following conclusions:
	Agreements:
· RAN1 confirms that following PRACH related agreements in Rel-12 LC-MTC are applied for Rel-13 low-complexity UE

· For PRACH multiplexing scheme, CDM, and/or TDM and/or FDM are supported
· After the initial random access procedure, for a physical channel using repetition, the repetition level is up to network
· Multiple PRACH repetition levels are supported
· Repeating the existing preamble formats for PRACH enhancement 
· In addition, define additional time/freq. resource region(s) separate for “enhanced coverage” UEs.
· Within new region, at least CDM is allowed.
· Specified maximum numbers of levels: Working assumption of 3 (this does not include “zero coverage extension”). More evidence needed if we were to extend this. 
· eNB-configurable number of levels (1, 2, 3) up to specified max level.
· 1 attempt = configured number of repetitions.
· Rel-13 low complexity UE can be identified by PRACH.
· FFS for detailed indication method, e.g., Preamble and/or resource allocation


RAN1 discussed transmission of random access response (RAR) and paging request messages and reached the following conclusions:
	Agreements:
· RAR/Paging messages for Rel-13 low-complexity UEs and/or UEs operating coverage enhancements (CE) are transmitted separately from RAR/Paging messages for other UEs

· RAR/paging message intended for Rel-13 low-complexity UE and/or UE operating CE can support PDSCH subframe bundling/repetition with multiple bundle sizes/repetition levels

· For paging, from RAN1 perspective, followings are beneficial
· The eNB needs knowledge that the UE to be paged is a Rel-13 low-complexity UE and/or is a UE that is to be paged using CE

· If possible, it is beneficial for eNB to have knowledge on the required amount of coverage enhancement during Paging message transmission


RAN1#80 (see SR in RP-150495)
RAN1 discussed random access and reached the following conclusions:
	Agreements:

· For coverage enh. of PRACH, for initial random access

· There is one to one mapping between PRACH repetition level and PRACH resource set
· Multiple attempts are allowed for each PRACH repetition level

· There is a configurable number of attempts

· FFS: Whether the configuration of the number of attempts is common or separate per repetition level

· Number of attempts per PRACH repetition level can be different

· If UE does not receive a RAR after the allowed number of attempts, it moves to the next higher repetition level
· Specified maximum numbers of levels is 3 (this does not include “zero coverage extension”) 

· FFS: Power ramping or always max power used within each repetition level
· FFS UE behavior when UE receives RAR, but fails contention resolution
Working assumption:

· PRACH frequency hopping can be configured when multiple PRACH frequency resources are available for Rel-13 low complexity MTC UEs in coverage enhanced mode

· Details FFS


RAN1 also agreed to send an LS to RAN4 [215] asking for feedback on the possibility of selecting a starting PRACH repetition level based on UE measurements such as the RSRP measurement.
RAN1#80bis (see Draft_Minutes_report_RAN1#80b_v010)
Agreement: Confirm the Working assumption from RAN1#80:

· PRACH frequency hopping can be configured when multiple PRACH frequency resources are available for Rel-13 low complexity MTC UEs in coverage enhanced mode

· Details FFS

Agreement:

· FFS the number of frequency resources for PRACH in a subframe for eMTC 

· Repetition of all preamble formats is supported in coverage enhancement, except PRACH format 4

Agreements:

· For coverage enh. of PRACH:

· The configuration of the number of attempts can be separate per coverage level

· FFS whether or not to have default configurations and if so, the default configurations 

· The configuration of the number of repetitions can be separate per coverage level

· FFS whether or not to have default configurations and if so, the default configurations  

· When UE receives RAR but fails contention resolution

· The UE uses its current repetition level until it reaches the maximum number of attempts for that level
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