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Discussion/Decision
1
Introduction
So far, RAN1 has made progress on PRACH for MTC UEs as follows [1-4]:
Agreements in RAN1 #80:
· 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
Agreements in RAN1 #80bis:
· 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

Agreements in RAN1 #81:

· 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

Agreements in RAN1 #82:

· No power ramping is introduced for PRACH with large repetition. Otherwise, PRACH power ramping procedure is based on current PRACH transmit power equation

In this contribution, we discuss on remaining issues for PRACH coverage enhancement.
2
Remaining Issues
It has been agreed that a separate PRACH resource set is configured for each PRACH repetition level, which is referred to as a coverage enhancement (CE) level. Each PRACH resource set contains non-overlapped PRACH resource, therefore an eNB may figure out the CE level and/or CE mode of a UE based on the received PRACH preamble from the UE. The PRACH resource sets for the configured CE levels may be multiplexed in a TDM, FDM, and/or CDM manner. However, it has been raised that the CDM multiplexing of the PRACH resource sets across different CE levels may result in a significant performance degradation due to the different received power level of PRACH preambles, which has been considered as a near-far impact.
The figure 1 shows the performance degradation from the near-far impact according to the received power difference levels for two UEs. As seen in the figure, the detection probability gets worse as the received power difference level of two PRACH preambles becomes larger.
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Figure 1. Near-far impact according to the received power difference levels.
PRACH power control can mitigate or reduce the received power difference level as the PRACH preamble transmission power is adjusted to achieve the target received power based on a couple of parameters including pathloss. Therefore, the CDM multiplexing of PRACH resource sets for normal coverage and enhanced coverage with lower CE level could be used for better resource utilization considering that pathloss estimation is relatively accurate in normal and low CE level so that the near-far impact could be relatively marginal. On the other hand, relatively inaccurate pathloss estimation is expected for a medium and high CE levels which may deteriorate the PRACH preamble detection probabilities at the eNB receiver and result in higher CE level use from a UE after maximum number of attempts. Therefore, at least for the medium and high CE levels, the CDM multiplexing of PRACH resource sets for a different CE levels should not be allowed.  

Proposal-1: CDM is not allowed for different CE levels at least for medium and high CE levels due to the near-far impact.
In order to avoid near-far impact within the same CE level due to a large received power difference, it has been agreed that a power ramping based on current PRACH power control equation is used except for the large repetition case. Therefore, an initial transmission power of a PRACH preamble transmission in each CE level should take the repetition into account, which may result in balanced received power from UEs in the same CE level. For example, an offset can be introduced to compensate the repetition number such as PREAMBLE_RECEIVED_TARGET_POWER = preambleInitialReceivedTargetPower + DELTA_PREAMBLE + DELTA_OFFSET + (PREAMBLE_TRANSMISSION_COUNTER – 1) * powerRampingStep, where DELTA_OFFSET can be a predefined value for each repetition number.
Proposal-2: an offset which compensates the repetitions of PRACH preamble is used for initial PRACH transmission power.

As agreed, the RSRP measurement is used to determine if a coverage enhanced PRACH resource is used or not. In addition, RAN2 agreed that the intitial PRACH resource is determined by UE based on downlink measurement in RAN2 #90. Furthermore, the power ramping is used for coverage enhanced PRACH preamble transmission based on the PRACH power control equation in which a downlink measurement (i.e. pathloss) is used to calculate the transmission power and the downlink measurement is based on RSRP. Given these agreements, using RSRP to determine the starting CE level seems to be beneficial to reduce unnecessary retransmission of PRACH preamble.
Proposal-3: the starting CE level of PRACH transmission is determined based on RSRP.
The PRACH resource set, its associated number of repetitions, and maximum number of attempts are configured per CE level. Given that the PRACH preambles are transmitted with repetitions over multiple subframes in CE mode, the starting subframe of the repetitions should be known to UE for each CE level, e.g., provided in SIB.
Proposal-4: starting subframe of PRACH repetition for each CE level should be known to UE.

The PDCCH order has been used to correct timing advance value so far, enabling eNB to initiate PRACH preamble transmission. For a coverage enhanced UE and/or low-cost UE, the PDCCH order can also be used if the timing advance value is changed or a CE level is changed. In this case, an eNB can indicate a CE level (or starting CE level) and a PRACH preamble for contention-free RACH triggering. For triggering contention-based RACH, the eNB can indicate a starting CE level or the UE can determine one. In this way, PDCCH order may allow changing a CE level. Based on this observation, it seems to be worthwhile to study further on supporting PDCCH order for coverage enhancement.
Proposal-5: study on supporting PDCCH order for coverage enhancement.
3
Conclusion
In this contribution, we discussed on the remaining issues on PRACH coverage enhancement for MTC UE. From the discussions, we propose followings:
Proposal-1: CDM is not allowed at least for medium and high CE levels due to the near-far impact.

Proposal-2: an offset which compensates the repetitions of PRACH preamble is used for initial PRACH transmission power.
Proposal-3: the starting CE level of PRACH transmission is determined based on RSRP.
Proposal-4: starting subframe of PRACH repetition for each CE level should be known to UE.

Proposal-5: study on supporting PDCCH order for coverage enhancement.
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