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1.
Introduction
At last RAN2#91 meeting the following agreements related to random access for Rel-13 low complexity and enhanced coverage UEs were made:
· Rel-13 “normal complexity” UEs in enhanced coverage use the same random access resources as a Rel-13 low complexity UEs in the same enhanced coverage level.

· In addition to PRACH resource sets and corresponding PRACH repetition factor (PRACH repetition number), system information for Rel-13 LC/CE UEs should include
1. Selection criterion (measurement threshold, pending RAN1/4 confirmation) for determining the initial PRACH coverage level, and
2. Number of maximum preamble transmission attempts per coverage level.

· Confirm the following RAN1 agreement: RAR time/frequency resource and repetition factor (either for PDSCH or M-PDCCH) are derived from the used PRACH resources.

· For Rel-13 UEs in extended coverage, RA response window duration is extended based on the RAR repetition factor.

· Uplink grant in RAR is used for the initial HARQ transmission of Msg3 for Rel-13 low complexity and coverage enhanced UEs.

· Support HARQ with repetitions for all unicast transmissions after RAR.

· FFS whether the repetition factor is also in the RAR or provided/derived by other means
In this contribution we continue discussion on some open aspects related to the contention-based random access procedure with focus on Rel-13 LC UEs in EC mode taking into account the latest agreeements made in RAN1#82 as captured in [1], particularly the following:

Working assumption:

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

· The working assumption regarding RAR that was made in RAN1#81 was cancelled

In detail we discuss the following open aspects: 
1. Determination of RA-RNTI

2. Selection of time/frequency resource for Msg1
3. RAR format 
2.
Discussion
2.1
Determination of RA-RNTI
According to MAC specification [2] the RA-RNTI associated with the PRACH in which the Random Access Preamble is transmitted, is computed as:
RA-RNTI= 1 + t_id+10*f_id

Where t_id is the index of the first subframe of the specified PRACH (0≤ t_id <10), and f_id is the index of the specified PRACH within that subframe, in ascending order of frequency domain (0≤ f_id< 6). The formula applies for both FDD and TDD as follows:

· For frame structure type 1 (FDD) with preamble format 0-3, there is at most one random access resource per subframe (=f_id index 0). As result, max 10 RA-RNTIs in the value range (1..10) are available.

· For frame structure type 2 (TDD) with preamble format 0-4, there might be multiple random access resources in an UL subframe depending on the UL/DL configuration. The maximum configuration consists of 6 subframes and 6 frequency resources. As result, max 36 RA-RNTIs in the value range (1..60) are available.
In Rel-13 LC/EC mode, we suppose that similar as in legacy case a number of PRACH configurations are defined with which for PRACH transmissions the preamble format, system frame number and subframe numbers to use are specified. In case multiple EC levels are configured, then we suppose that the PRACH configurations are also specific to each configured EC level (including the non EC). With regards to determination of RA-RNTI amongst other the following questions need to be clarified:

· Can the legacy formula be re-used in EC mode? If not which other criteria should be taken into account for determining the RA-RNTI?

· When should the RA-RNTI be determined by UE (understanding that a UE in EC sends multiple copies of the messages over different subframes)? For each PRACH attempt or when it changes the EC level?

In our opinion the legacy formula cannot be re-used in EC mode due to the repetitions per PRACH attempt. That means due to the repetitions the RA-RNTIs are occupied by UEs for a longer time so that the risk for RACH collisions significantly increase when new UEs initiate RACH procedure. Therefore, we think that a new RA-RNTI formula may need to be defined to take the EC mode of operation into account. Intention is to increase the number and value range of RA-RNTIs. The formula for determining such new RA-RNTIs may look as follows:

RA-RNTI = 1 + t_id + 10*f_id + M*r_id
where r_id denotes the index of the used repetition level and M is an appropriate integer. In Rel-13 LC/EC, the UE should determine the RA-RNTI for each PRACH attempt acc. to the new formula.
Proposal 1: A new RA-RNTI formula should be defined to take the EC mode of operation into account. Intention is to increase the number and value range of RA-RNTIs. The new RA-RNTI formula may be defined as a function of the index of the first subframe of the specified PRACH, the frequency index of the specified PRACH within that subframe and the used repetition level.
2.2
Selection of time/frequency resource for Msg1
In EC mode, we suppose that similar as in legacy case a number of PRACH configurations are defined with which for the PRACH transmissions the preamble format, system frame number and subframe numbers to use are specified. Below an example for a PRACH configuration is shown where only 1 RACH occasion in every radio frame is configured.
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Figure 1: Exemplary PRACH configuration where 1 RACH occasion in every radio frame is configured
Questions to clarify here is whether a PRACH configuration contains i) the RACH occasions just for the initial transmission; or ii) the RACH occasions for the initial transmissions and repetitions as well. 
In case of option i) open issue is how the UE does know in which RACH occasions it is allowed to send repetitions. In case of option ii) open issue is whether initial transmissions and repetitions can happen in any or only in defined RACH occasions.
Proposal 2: RAN2 is asked to discuss how to define the PRACH configurations for each EC level with regards to the RACH occasions for initial transmissions and repetitions.

2.3
RAR format
Referring to the latest agreements in RAN1#82 the RAR is transmitted on the PDSCH and is associated with the M-PDCCH. Due to this the legacy RAR format consisting of the four fields R/Timing Advance Command/UL Grant/Temporary C-RNTI can be re-used. From the discussion in last RAN2 meeting, it is FFS whether the repetition factors for Msg3 and Msg4 transmission are included in RAR or provided/derived by other means.
In our opinion the repetition factors for Msg3 and Msg4 transmission should not be included in RAR but provided/derived by other means, e.g. by broadcast information as part of PRACH configuration. The main reasons are:
· Including information on the repetition level for Msg3 and Msg4 transmission would require changes to the MAC PDU format for RAR and involve additional specification work. However, it would be even more desirable to limit the size of the RAR message in order to minimize the number of repetitions needed for coverage enhancement. 
· Scheduling of Msg4 is up to eNB. Therefore, it looks a bit odd to send the repetition factor for Msg3 on RAR.

Proposal 3: There is no need to define a new RAR format as the repetition factors for Msg3 and Msg4 should not be included in RAR but instead, be provided/derived by other means.
3.
Summary
In this contribution, we discussed some open aspects related to the contention-based random access procedure with focus on Rel-13 LC UEs in EC mode and made the following proposals:
Proposal 1: A new RA-RNTI formula should be defined to take the EC mode of operation into account. Intention is to increase the number and value range of RA-RNTIs. The new RA-RNTI formula may be defined as a function of the index of the first subframe of the specified PRACH, the frequency index of the specified PRACH within that subframe and the used repetition level.
Proposal 2: RAN2 is asked to discuss how to define the PRACH configurations for each EC level with regards to the RACH occasions for initial transmissions and repetitions.

Proposal 3: There is no need to define a new RAR format as the repetition factors for Msg3 and Msg4 should not be included in RAR but instead, be provided/derived by other means.
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