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Discussion/Decision
1
Introduction
In RAN1 #75 meetings, the followings were agreed as a progress on the PRACH coverage enhancement for MTC UEs.

Agreements:
· WA on usage of existing PRACH formats from RAN1#74bis is confirmed.

· Enhanced coverage UEs and legacy UE may share the same time/frequency resource. In this case, enhanced coverage UEs will use CDM to multiplex with legacy UEs. 

· FFS for multiplexing repetition level(s) within shared time/freq. resources

· In addition define additional time/freq. resource region(s) separate for “enhanced coverage” UEs.

· Within new region, at least CDM is allowed.

· FFS for Frequency Hopping

· NOTE: RACH resource mapping for the “low complexity UE not requiring enhanced coverage” is FFS.
· 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.

· Number of repetitions per level: 

· FFS for configurable value. 

· FFS ranges of this value per level – come back later in week.

· 1 attempt = configured number of repetitions.

· FFS: Power ramping is supported

· If UE does not receive a RAR after 1 attempt, it moves to next highest level (e.g. 5 to 10, and 10 to 15). 

· At highest level, FFS on how many attempts are allowed, and the overall procedure (e.g. Backoff etc).

In addition, the discussion was continued via e-mail [75-06] in RAN1 reflector and some other issues were identified as outcomes of the e-mail discussion such as CE mode selection, PRACH resource configuration, starting PRACH level, and so on. Therefore, in this contribution, we discuss on the open issues for the PRACH coverage enhancement for further progress.
2
Discussion
CE mode configuration

It has been raised that how a UE is configured to CE mode for PRACH procedure or select CE mode for PRACH preamble transmission. Since a PRACH preamble is the first signal transmitted from a UE, eNB may not be able to figure out whether a UE suffers from a coverage limited channel condition until the eNB receives uplink signal from the UE. Therefore, it seems appropriate that a UE determines the mode of operation for PRACH transmission based on the downlink measurement achieved before the PRACH procedure at least for the initial access. As an example, although it is UE implementation issue, if the measured RSRP is below a predefined threshold it may trigger CE mode of operation for PRACH preamble transmission. Alternatively, downlink channel quality may be estimated by UE based on the PBCH reception. 
Proposal 1: CE mode for PRACH transmission is determined by UE and consider it as a UE implementation

PRACH configuration

It has been agreed that up to 3 PRACH CE levels may be configured in the same cell which implies that there could be up to 4 PRACH resources with different coverage levels including normal PRACH resource which is used for normal mode. Assuming that two or more of PRACH CE levels are available in a cell where the PRACH resource configurations for CE mode may be informed via broadcasting channel (e.g. SIB), there are a couple of options discussed for the starting CE level selection as following:
· Option 1: start from lowest CE level which has the largest repetition number
· Option 2: start from highest CE level which has the smallest repetition number

· Option 3: start from the CE level selected by UE
Supporting multiple CE levels may reduce resource waste by reducing unnecessary repetitions who has low or medium coverage limitation since the required number of repetition goes up to 40 even with relaxed which may consume too much uplink resource if all coverage limited UE need to use largest repetition number. Also, it doesn’t make much sense that eNB configures multiple PRACH CE levels and a UE needs to start at the lowest CE level always since lower CE levels are never used in this case as the coverage limited UE will most likely succeed to receive RAR in the lowest level. Therefore, option 1 seems to be not a proper candidate for the CE level section.
As similar with CE mode selection, the CE level may be selected by UE based on downlink measurement (e.g., RSRP). One can argue that the downlink measurement is relatively inaccurate in a coverage limited channel condition. However, the measurement accuracy can be improved by averaging the result longer time and this will be done during broadcasting channel reception procedure. For the coverage limited UE, the cell access time will be much longer than that for non-coverage limited UE since broadcasting channels will be transmitted with repetitions and PBCH reception may partially rely on keep trying method which requires relatively long delay. Therefore, there will be enough time for coverage limited UE to improve the downlink measurement accuracy. In that sense, it seems reasonable that a UE select CE level based on downlink measurement which may give another benefit such that eNB may be informed regarding the coverage limitation level based on the CE level selected by UE and the CE level selected by UE may be used in a subsequent PRACH procedures (i.e. Msg 2/3/4).   
Proposal 2: the starting PRACH repetition level is determined by UE based on RSRP measurement
PRACH power ramping
Regarding the uplink transmission power for PRACH preamble transmission, two alternatives have been discussed in the previous meeting such as using maximum power always and reusing power ramping method in CE mode. Since only up to 3 levels can be configured in a cell, the granularity of PRACH link adaptation is quite coarse as similar with aggregation level of the (E)PDCCH. Therefore, power control may be required to fine tune the link adaptation based on the channel condition, this may reduce UE battery consumption as a UE doesn’t need to transmit full power always. Therefore, it is recommended using the power ramping method already used for normal mode for the CE mode as well.

Assuming that power ramping is used for CE mode, it seems to be straightforward that a UE reaches a maximum power within a repetition level, the UE moves to next repetition level.
Proposal 3: power ramping is supported in CE mode within a repetition level
3
Conclusion
In this contribution, we discussed on the remaining issues for PRACH coverage enhancement. From the discussion, we propose followings:

Proposal 1: CE mode for PRACH transmission is determined by UE and consider it as a UE implementation

Proposal 2: the starting PRACH repetition level is determined by UE based on RSRP measurement
Proposal 3: power ramping is supported in CE mode
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