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1. Introduction 
In RAN1#79 and RAN1#80 the following is agreed:

· 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.
· 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

The following working assumption was made:

· 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

This contribution further discusses some consideration on this aspect.
2. Discussion
The PRACH for coverage enhancement can be divided into the following 3 processes.

· PRACH resource allocation

· PRACH resource selection

· PRACH transmission

2.1 PRACH Resource Allocation

In RAN1#79 it was agreed that the PRACH transmissions can be multiplexed using TDM, FDM, and/or CDM (different preamble sequences).  It should be clarified that different repetition levels can be multiplexed using TDM, FDM and/or CDM.  

Near far problem when normal coverage and coverage enhanced PRACH are multiplexed in the same frequency resource may exists.  It is noted that such issue may not be significant if the coverage levels are not too far apart [1].  Therefore such multiplexing should be allowed and it should be up to the eNB to manage these resources among the different coverage levels.  Similarly legacy UE and LC-MTC UE should also be able to share the same frequency resource.  

Proposal 1: PRACH of different coverage enhancement levels, normal coverage for LC-MTC UE and normal UE can be multiplexed using TDM, FDM and/or CDM.  

It was agreed that 3 repetition levels (excluding normal coverage) are defined.  The number of repetitions in each level should be configurable by the eNB.  This allows the eNB to decide the coverage gap between each repetition level and also the miss detection probability (e.g. 1% to 10%) for each repetition level.  Such configurations together with the starting time, frequency and code of each PRACH resource can be indicated in the SIB (e.g. SIB2).
Proposal 2: The PRACH resources including frequency domain (PRBs), time domain (subframes), code(s), number of repetition level and number of repetitions in each repetition level shall be configurable by the network and signalled in the SIB (e.g. SIB2).

2.2 PRACH Resource Selection

The selection of PRACH resource is linked to the coverage level the LC-MTC UE is in.  For initial selection, the following options were considered:
· Option A: Start from lowest repetition level 

· Option B: Based on measurements

· Option C: Use a repetition level configured after the last successful access

In Option A, since all LC-MTC UEs always start from the lowest repetition level, it may lead to a high collision probability at the lowest repetition level.  If there are few CE-MTC UEs in suitable conditions for the lowest repetition level, this will lead to unnecessary wastage of eNB resources.

In Option B, the LE-MTC UEs will select the initial repetition level based on measurements e.g. RSRP.  It was argued that such measurements are highly inaccurate [2] and so a LS was sent to RAN4 [3] to evaluate the suitability of using this scheme.  This scheme shall be reconsidered when RAN4 input is available.
In Option C, the LC-MTC UE uses the last configured level or configured number of repetitions.  This is more accurate than Option B especially in poor SNR and does not lead to unnecessary repetition level ramping as in Option A.  If the number of repetitions for PRACH is configured then this would also provide a finer and accurate granularity for the coverage level thereby optimising the power consumption of the LC-MTC UE.  This scheme is based on the assumption that the LC-MTC UE in coverage enhanced mode (especially in very deep coverage such as basement) is stationary.  It is of course possible that the radio condition may change for such UE.  In which case, this would lead to repetition level ramping (if it moves further out of coverage) or use more than required repetitions (if it moves closer into coverage), which can be easily corrected by the eNB for next access.  A timer can be used for the validity of this configuration such that when the timer expires the LC-MTC UE would forget the configuration.  For initial access and after this timer expires, the LC-MTC UE can use Option A or Option B, but we have a preference for Option B (depending on outcome of RAN4).  NOTE: This scheme is similar to paging a LC-MTC UE at a targeted repetition level (instead of the worst case level) where the LC-MTC UE has to remember its repetition level in order to receive paging at its targeted repetition level.
Proposal 3: For initial access the LC-MTC UE uses a repetition level configured after the last successful PRACH access, if it was within a certain time window. Dedicated RRC signalling is provided to configure the initial PRACH repetition level to use for the next RACH access, and the duration of the time window.
Proposal 4: For cases where the CE-MTC UE does not have a valid configured repetition level, then the repetition level is selected based on measurements (e.g. RSRP). The range of RSRP values that correspond to each repetition level should be signalled in SIB2.

2.3 PRACH Transmission

In RAN1#80, it was agreed that the LC-MTC UE performs several attempts at each repetition level.  If the number of attempts is configurable it allows eNB flexibility to manage the load in each repetition level.  We do not expect the number of attempts to be high (e.g. 2-3 attempts per level).
Proposal 5: The number of PRACH transmission attempts is configurable per repetition level.

In RAN1#75, it was FFS whether power ramping is used.  The main argument for power ramping is to provide finer coverage level granularity for PRACH, e.g. by having two power levels in each repetition level would introduce a sub-coverage level for this repetition level.  We do not see a benefit in this because:

1) It is unclear how the power level is determined.  One method is to base it on path loss measurement [4].  It was already doubtful whether measurement is accurate to distinguish among 3 coverage (repetition) levels and hence introducing additional coverage levels is unlikely to be useful.
2) The eNB is likely going to base the repetition level of the EPDCCH (scheduling the RAR) and/or RAR on the repetition level (or resource) used on the preamble.  If power ramping is used, the eNB would not be aware of the power transmitted by the LC-MTC UE and would therefore still based the repetition level of the subsequent message on that of the preamble.  Therefore the additional coverage level introduced by using power ramping does not benefit subsequent messages.  If the repetition is to be optimised for subsequent messages, it would be more accurate that the eNB indicate the repetition used e.g. in the RAR.

3) LC-MTC UE in coverage enhanced mode is technically out of coverage, i.e. the max transmission power cannot reach the eNB.  Reducing power would mean increasing number of repetitions for the same coverage level.  Since it was concluded in the SI [5] that there is a diminishing return in gain from repetition, then reducing the power would require more repetitions, e.g., reducing power by 3dB would require more than double the number of repetitions.  This would consume more LC-MTC UE power.

Since there is no benefit in power ramping for LC-MTC UE in coverage enhanced mode, it should not be used.  The LC-MTC UE in coverage enhanced mode should use maximum transmission power for PRACH.  For normal coverage, the existing PRACH transmission with power ramping can be reused for LC-MTC UE.

Proposal 6: No power ramping is used for Coverage Enhanced PRACH transmissions.  LC-MTC UEs that select a non-zero repetition level will always use the maximum transmission power for each PRACH preamble transmission.

3. Conclusion

In this contribution we discuss some considerations for PRACH and propose the following:
Proposal 1: PRACH of different coverage enhancement levels, normal coverage for LC-MTC UE and normal UE can be multiplexed using TDM, FDM and/or CDM.
Proposal 2: The PRACH resources including frequency domain (PRBs), time domain (subframes), code(s), number of repetition level and number of repetitions in each repetition level shall be configurable by the network and signalled in the SIB (e.g. SIB2).

Proposal 3: For initial access the LC-MTC UE uses a repetition level configured after the last successful PRACH access, if it was within a certain time window. Dedicated RRC signalling is provided to configure the initial PRACH repetition level to use for the next RACH access, and the duration of the time window.

Proposal 4: For cases where the CE-MTC UE does not have a valid configured repetition level, then the repetition level is selected based on measurements (e.g. RSRP). The range of RSRP values that correspond to each repetition level should be signalled in SIB2.

Proposal 5: The number of PRACH transmission attempts is configurable per repetition level.

Proposal 6: No power ramping is used for Coverage Enhanced PRACH transmissions.  LC-MTC UEs that select a non-zero repetition level will always use the maximum transmission power for each PRACH preamble transmission.
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