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Discussion/Decision
1
Introduction
So far, RAN1 has made progresses on PRACH for MTC UEs as following [1-3]:
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

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 and 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.
Two options have been discussed for PRACH transmission power allocation in a CE mode such as (i) transmit maximum power always and (ii) transmit a required power based on pathloss estimation. Assuming that a new UE power class is used for Rel-13 low complexity UE such as 20dBm, the required maximum coverage enhancement level is approximately 17dB since 155.7dB MCL is agreed as a target coverage enhancement in RAN1 #79. Furthermore, RAN1 has also agreed to support up to 3 CE levels for PRACH coverage enhancement. From the agreements, the coverage enhancement level granularity could be larger than 5dB at least in the case that all 3 CE levels are configured. The granularity will be even larger if a smaller number of CE levels is configured (e.g. 2 CE levels).

Considering that the downlink measurement accuracy could be reasonably good especially in lower CE level, the option with transmitting maximum power always doesn’t seem to be an energy efficient way as it can waste more than 5dB which may result in unnecessary UE power consumption as well as near-far impact within the same CE level. Moreover, the subsequent RACH msg 3 transmissions will be also based on the coverage level detected from the RACH msg1, thus the waste may not be limited to only PRACH preamble transmission. Therefore, in order to minimize unnecessary UE power consumption and avoid near-far impact within the same CE level, the power control should be used for PRACH preamble transmission at least for a low CE level.

Proposal-2: power control should be used for PRACH preamble transmission at least for a lower CE level.
Assuming that the power control is used for a CE mode, the existing PRACH power ramping UE behaviour can be simply reused if a UE doesn’t receive the corresponding RAR within the RAR window after a PRACH preamble transmission until it reaches to the maximum number of trial configured for a certain CE level. 
Proposal-3: power ramping is used at least for a low CE level within the maximum number of trials configured.
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 dynamic UL/DL traffic adaptation has been introduced in TDD for better resource utilization according to the UL and DL traffic loads, in which the UL/DL subframe configuration may be changed dynamically and indicated from PDCCH. However, the coverage limited UEs may not be able to receive the dynamic indication since a number of repetitions needs to be used for the downlink control channel and the number of repetitions may be longer than the subframe configuration change cycle. Therefore, the coverage limited UE may transmit an uplink signal in an uplink subframe which may be indicated as a downlink subframe in the downlink control channel and this may result in interference between uplink and downlink signals.
To avoid such interference, the coverage enhancement mode of operation may not be supported in the eIMTA-enabled cell or vice-versa. As an alternative, the PRACH preamble repetitions may be allowed only in the UL only subframes (i.e., the UL subframes that will not be switched) which may be a subset of uplink subframes of the cell-specific and UE-specific UL/DL subframe configurations in an eIMTA-enabled cell.
Since the dynamic UL/DL traffic adaptation and coverage enhancement provide benefits in a different way, it seems to be beneficial to allow both features in the same cell for better resource utilization according to the traffic loads while increasing cell coverage with enhanced coverage mode of operation. To support TDD, the SIB for MTC UE should include the legacy cell-specific TDD subframe configuration. In an eIMTA-enabled cell, that configuration identifies the subframes that are DL only (i.e., DL and won’t be switched). In an eIMTA cell, a second configuration (e.g., in the SIB) can be used to indicate the UL only subframes.
Proposal-5: PRACH repetitions are in UL only subframes in an eIMTA-enabled cell.
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-6: 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: power control should be used for PRACH preamble transmission at least for a lower CE level.
Proposal-3: power ramping is used at least for a low CE level within the maximum number of trial configured.
Proposal-4: starting subframe of PRACH repetition for each CE level should be known to UE.

Proposal-5: PRACH repetitions in UL only subframes in an eIMTA-enabled cell.
Proposal-6: study on supporting PDCCH order for coverage enhancement.
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