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1 Introduction
 In RAN1#78bis meeting [1], followings are agreed regarding physical channels for MTC UE:
Agreements:
· Reduced UE bandwidth of 1.4 MHz in downlink and uplink is prioritized as the most important complexity reduction technique for Rel-13 MTC UEs.
Agreements:
· Investigate whether the agreements and working assumptions from Rel-12 low cost MTC WI are applicable or whether further enhancements are needed
· Focus on PSS/SSS, PBCH, and PRACH in RAN1 #79 meeting and focus on other channels in RAN1 #80 meeting

· UE power consumption is the new aspect to be considered
This contribution discusses whether agreements from Rel-12 MTC WI are applicable and further details for PRACH. 
2 Reviews on agreements and WA from Rel-12 MTC WI
In Rel-12 MTC WI, agreements relevant to multiplexing PRACH transmissions between MTC UEs are as follows: 
Agreements:
· For PRACH multiplexing scheme, CDM, and/or TDM and/or FDM are supported

· 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

Regarding PRACH, we do not see a major difference by Rel-13 low complexity UEs compared to Rel-12 Cat-0 UEs. Even considering power consumption aspects, no major issues are identified. Thus, we think agreements related to PRACH can be confirmed for Rel-13 work in principle with some clarifications. 

It is agreed to consider CDM, TDM and FDM. It was discussed that power difference between received PRACH preambles in the same time/frequency resource is large, it may degrade the performance of PRACH detection at eNB. Considering uplink transmission power reduction, the power gap can be larger. Thus, multiplexing based on CDM may need to be carefully used. For FDM, our view is that if multiplexing among MTC UEs in FDM fashion within overall system bandwidth is considered, in other words, MTC UEs can be configured with different 1.4MHz uplink subbands, FDM can be considered as multiplexing scheme for PRACH repetition. However supporting FDM for PRACH may require additional specification work. Thus, to decide whether to support FDM in FDD, further investigation on the performance benefits and complexity seems necessary.  For TDM, we consider that configuration of additional resource for coverage enhancement different from legacy PRACH resource can be based on TDM. Thus, at least, between low complexity UEs with coverage enhancement and legacy UEs, TDM can be used. Within the additional resource, as agreed, CDM can be utilized such as between different coverage levels. 
For multiplexing of PRACHs between low complexity UEs and legacy UEs, we consider that CDM and TDM can be considered with high priority. Given that separate SIB for low complexity may be used from legacy SIB, it is natural to assume additional time and potentially frequency resource region(s) are configured separately for low complexity UEs as well.
Proposal 1: Confirm the agreements regarding PRACH multiplexing for low complexity UEs with enhanced coverage. FFS whether to support FDM in FDD.  
Since it is agreed that reduced UE bandwidth of 1.4 MHz in downlink/uplink is prioritized in Rel-13 MTC WI in the last meeting, if a UE changes center frequency within the overall system bandwidth, it is necessary to consider retuning time. In other words, frequency hopping within PRACH repetition can cause large number of retuning processes which can result in large latency and/or degradation on spectral efficiency for PRACH repetition. In that point of view, the benefit of frequency hopping for PRACH repetition seems unclear. At least for PRACH transmission, it is preferable not to support frequency hopping. 
Proposal 2: It is assumed that one PRACH repetition is transmitted in the same frequency as a baseline. Consider frequency hopping within PRACH repetition if significant benefits are shown.
Followings are agreements from Rel-12 MTC WI regarding selection of repetition level and power ramping for PRACH repetition:

Agreements:
· 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).

Though in general agreements/working assumptions of Rel-12 can be confirmed in principle as we did not see a major issue impacting power consumption, it is preferred to simplify the design in terms of supported coverage enhancement levels. Particularly, the agreement “eNB-configurable number of levels (1, 2, 3) up to specified max level” may be further restricted to minimize testing burden such that the levels can be chosen from predetermined set of CE levels instead of allowing full flexibility. 

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, it is also important to choose sufficient repetition levels for RAR transmission. Even though eNB successfully detect PRACH repetition from the UE, if the UE fails on RAR detection, the UE will retransmit PRACH preamble with higher repetition level. Since the coverage between downlink and uplink can be different, when a UE does not receive RAR, it may not easily identify the coverage level required for uplink and downlink respectively. Furthermore, coverage level required for at least unicast transmission at some point needs to be determined, which in our view should be based on measurement at the UE side. Thus, it would be better to utilize the UE decision/measurement as early as possible to maximize spectral efficiency. 

If Option 2 is used, to minimize failure of RAR reception, one alternative is to transmit RAR with maximum repetition level which could degrade spectral efficiency. Also, Option 2 may increase the initial access latency with many attempted PRACH retransmissions. Thus, we prefer Option 1 and propose to investigate further how to address measurement inaccuracy.  
Proposal 3: It can be considered to select repetition level for initial PRACH transmission based on UE decision/measurement. Further investigation is needed to address measurement inaccuracy if needed.
Regarding the agreements from Rel-12 MTC WI, it is necessary to clarify the meaning of “1 attempt”. One possible interpretation is that “1 attempt” is one PRACH transmission with repetition. In this case, further clarification is needed. In RACH procedure, the maximum number of PRACH retransmission can be up to 200 times. 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. In that point of view, it can be considered that the meaning of “1 attempt” is configured number of PRACH (re)transmissions for a given repetition level. To determine PRACH power for power adjustment with multiple repetition levels, it is necessary to consider the repetition level (or the number of repetitions for PRACH transmission), maximum number of PRACH (re)transmission, and power transition between different repetition levels.
Proposal 4: The meaning of “1 attempt” is configured number of PRACH (re-)transmissions for a given repetition level. 
Proposal 5: It can be considered to support intermediate power adjustment between different repetition levels. 
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 6: Backoff delay can be determined based on repetition level or the number of repetitions for one PRACH transmission. 
3 Conclusions

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

Proposal 1: Confirm the agreements regarding PRACH multiplexing for low complexity UEs with enhanced coverage. FFS whether to support FDM in FDD.  
Proposal 2: It is assumed that one PRACH repetition is transmitted in the same frequency as a baseline. Consider frequency hopping within PRACH repetition if significant benefits are shown.
Proposal 3: It can be considered to select repetition level for initial PRACH transmission based on UE decision/measurement. Further investigation is needed to address measurement inaccuracy if needed.
Proposal 4: The meaning of “1 attempt” is configured number of PRACH (re-)transmissions for a given repetition level. 

Proposal 5: It can be considered to support intermediate power adjustment between different repetition levels. 
Proposal 6: Backoff delay can be determined based on repetition level or the number of repetitions for one PRACH transmission. 
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