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1 Introduction
 In RAN1#79 [1], followings are agreed regarding PRACH transmission for MTC UE:
Agreements:
· 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.
Agreements:
· Rel-13 low complexity UE can be identified by PRACH.
· FFS for detailed indication method, e.g., Preamble and/or resource allocation
Agreements:
· RAR/paging message intended for Rel-13 low-complexity UE and/or UE operating CE can support PDSCH subframe bundling/repetition with multiple bundle sizes/repetition levels

This contribution continues to discuss issues on PRACH transmission in details including PRACH repetition level for initial access, configuration related to PRACH transmission, frequency hopping, power ramping, and backoff delay. 
2 PRACH repetition level for initial access
To determine repetition level for initial PRACH repetition, we can consider the following options:

Option 1: select repetition level based on UE measurement or known repetition level; 

Option 2: start from the lowest repetition level. 
Since a UE will retransmit PRACH when the UE does not receive the corresponding RAR within RAR window, it is also important to choose sufficient repetition levels for RAR transmission. Even though eNB successfully detects PRACH repetition from the UE, if the UE fails on RAR detection, the UE will retransmit PRACH preamble with higher repetition level. In the last meeting, it is agreed that RAR intended for Rel-13 low-complexity UE and/or UE operating CE can support multiple repetition levels. To select the repetition level of RAR, possibly two approaches can be considered. One is to determine the repetition level of RAR based on the repetition level of PRACH. The other is to use the configured repetition level for RAR which may be indicated in SIB. If the lowest repetition level is selected to maximize spectral efficiency, the level should be chosen based on some measurements at UE side since downlink and uplink may have different channel properties. In other words, measurements at UE side to estimate the required repetition would be necessary to allow efficient utilization of multiple repetition levels of RAR. Thus, overall, it would be better to utilize the UE decision/measurement as early as possible to maximize spectral efficiency. In that point of view, we prefer Option 1 to decide initial repetition level of PRACH repetition. 
Proposal 1: It can be considered to select repetition level for initial PRACH transmission based on UE decision/measurement. 
During the several meetings, it was observed and discussed that the accuracy of UE measurement can be varying depending on wireless channel condition. In addition, a number of companies proposed that this inaccuracy problem could be mitigated by adjusting UE measurement result based on the channel condition estimated during the cell search procedure and/or SIB detection. It can be considered to investigate further how to address measurement inaccuracy if necessary. 

3 RACH configuration

In case of PRACH repetition, since the performance of PRACH detection at eNB may be degraded when power difference between received PRACH preambles in the same time/frequency resource is large, it would be necessary to separate time/frequency resources for different repetition level of PRACH transmission. Furthermore, in our view, it is expected that coverage enhancement UE would have low mobility or no mobility while non-coverage enhancement UE including Rel-13 low complexity UE could have high mobility. In this case, it seems to be inefficient for coverage enhancement UEs to decide High-speed-flag always based on UE with high mobility in terms of eNB complexity for PRACH detection [3]. On the other hand, if some portion of time/frequency resources can be shared between PRACH transmissions with different repetition levels, the value of High-speed-flag shall be the same across all the UEs. Within the same time/frequency resources, to avoid excessive blind decoding for multiple repetition levels, it can be considered to separate PRACH resources and/or preamble indexes based on PRACH repetition level. 
It is agreed that at least Rel-13 low complexity UE can be identified by PRACH, and TDM and/or FDM and/or CDM can be used for multiplexing PRACH repetition. Since a new SIB will be introduced for Rel-13 MTC UE, basically, it can be considered to define PRACH and/or RACH configuration independently for Rel-13 MTC UE from legacy UEs. The resource configuration to allow multiplexing between Rel-13 MTC UEs and legacy UEs based on TDM/FDM/CDM can be reflected by eNB configuration. The remaining question is how to configure PRACH resource for different repetition levels and different UE capabilities. In Rel-13 MTC UEs, there are three types of UEs – (1) low complexity UE in non-CE mode (2) low complexity UE in CE mode (3) MTC UE in CE mode. First question is whether a separate resource for each type needs to be configured. The next question is whether different resource needs to be configured for each repetition level. Since transmission of RAR can be different depending on the UE capability and CE mode, the separation at least between (1) and (2) is needed. Also, for efficient mechanism, it is also desirable to configure a separate resource per each repetition level. In general, at least four different PRACH resources – one for non-CE mode and three for each repetition level if the network supports three repetition levels – are necessary. Different resource can be configured utilizing CDM/FDM/TDM. 
Proposal 2: It would be necessary to separate time/frequency/code-domain resources depending on PRACH repetition level including non-CE case. 
For TDM, we can consider to introduce additional PRACH configuration including information related to system frame number and/or subfrmae number for each resource. In addition, for enhanced coverage UE, it would be necessary to define a set of subframes where PRACH repetition can start. For the efficiency, a separate configuration of starting subframe(s) per repetition level can be also considered. For FDM, prach-FrequencyOffset can have different value for each resource. If FDM is used for resource separation for different repetition levels, prach-FrequencyOffset can be defined for each repetition level. For CDM, it can be considered to introduce root index and/or starting point to apply cyclic shift for Rel-13 low complexity UE [3]. 
If DCI corresponding to RAR for Rel-13 MTC UE is introduced, the repetition level of RAR could be indicated by DCI. However, if DCI for RAR is not introduced for Rel-13 MTC UE or the repetition level indicator field is not introduced in the DCI for Rel-13 MTC UE, a mechanism to align the repetition level of RAR that the eNB uses and the UE expects is necessary. One approach is to fix the repetition level to the maximum repetition level that the network supports. To utilize multiple repetition levels, it would be necessary that the repetition level of RAR can be determined by PRACH transmission by using repetition level, preamble index, and/or time/frequency resources used for the relevant PRACH transmission. In this case, it can be considered to separate PRACH time/frequency resources or preamble indexes depending on RAR repetition level. However, in this case, if the resources for PRACH are already defined for each PRACH repetition level, it can be largely increased that the number of overall PRACH resources, or the number of PRACH resources for a certain combination of PRACH and RAR repetition levels can be reduced. To mitigate this problem, it can be considered to link or align between PRACH repetition level and RAR repetition level. 

Proposal 3: It is necessary to further investigate how to link or align between PRACH and RAR repetition levels.
4 Frequency hopping

If a UE changes center frequency within the overall system bandwidth, it is necessary to consider retuning process/time. In other words, frequency hopping within PRACH repetition can cause large number of retuning processes which can result in large latency, additional power consumption for retuning process, and/or degradation on spectral efficiency for PRACH repetition depending on the required frequency retuning time. Regarding simulation results in [2], the performance difference between subframe-level and frame-level frequency hopping for PRACH repetition is marginal. In general, since the received power of each PRACH transmission for enhanced coverage UEs would be small, it could be better to accumulate multiple PRACH repetition transmitted in the same frequency to average thermal noise. In those points of view, even if frequency hopping is introduced for PRACH repetition, it can be considered that the unit of hopping pattern for PRACH repetition is multiple subframes rather than single subframe. 
Proposal 4: If frequency hopping is supported for Rel-13 MTC UE, it is necessary to define the unit of frequency hopping for PRACH repetition to be multiple preamble transmissions rather than single preamble transmission. 
5 Power ramping

If UE moves to next highest level under the condition UE fails to detect RAR after only 1 attempt, it seems that the portion of transmitting PRACH with the highest repetition level is dominant. In this case, the spectral efficiency by having multiple repetition level for PRACH transmission would be marginal. Furthermore, moving to the next repetition level without intermediate power ramping i.e., use UE maximum power for each PRACH can increase total PRACH power from repeated PRACH transmissions suddenly. In our view, it would be more power efficient to perform power adjustment before changing repetition level. 
Proposal 5: It can be considered to support intermediate power adjustment between different repetition levels. 
6 Backoff delay

After RAR detection, UE can apply backoff delay for PRACH retransmission. The value of backoff delay is initially set to 0, and RAR can update the value of maximum backoff delay (indicated by Backoff Parameter Value) for the subsequent PRACH retransmission. Based on the backoff parameter in the UE, UE selects a random backoff time according to a uniform distribution between 0 and the Backoff Parameter Value. However, range of current Backoff Parameter Value and step of random backoff time would not be effective to avoid collisions between different PRACH preambles due to the large number of repetition. Therefore, it is necessary to consider repetition level or the number of repetitions for one PRACH transmission to choose random backoff time. For example, simply, randomly chosen value for backoff time can be adjusted by multiplying predefined value depending on repetition level. 
Proposal 7: Backoff delay can be determined based on repetition level or the number of repetitions for one PRACH transmission. 
7 Conclusions

This contribution discussed PRACH design for Rel-13 MTC UEs. The followings are the proposals. 

Proposal 1: It can be considered to select repetition level for initial PRACH transmission based on UE decision/measurement. 
Proposal 2: It would be necessary to separate time/frequency/code-domain resources depending on PRACH repetition level including non-CE case. 
Proposal 3: It is necessary to further investigate how to link or align between PRACH and RAR repetition levels.

Proposal 4: If frequency hopping is supported for Rel-13 MTC UE, it is necessary to define the unit of frequency hopping for PRACH repetition to be multiple preamble transmissions rather than single preamble transmission.

Proposal 5: It can be considered to support intermediate power adjustment between different repetition levels.
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