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1 Introduction
In the RAN1 #74bis meeting, the following agreements related to determining the repetition levels were reached in [1]:

Agreements:
· Multiple PRACH repetition levels are supported

· FFS: details of random access procedure including initial selection for repetition level

· FFS during initial random access procedure if repetition level associated with transmission of Msg2/3/4 can be semi-statically configured, dynamically signalled, or predefined
· After the initial random access procedure, for a physical channel using repetition, the repetition level is up to network

In this contribution, the determination of repetition levels for PRACH and Msg2/3/4 during initial random access is analyzed. Further, the determination of repetition levels for other channels (PDCCH, PDSCH, PUCCH, PUSCH) after initial random access is also discussed.
2 Determining the repetition level during initial random access
2.1 Determining the repetition level of PRACH

In order to inform an eNB the repetition level an MTC UE requires, the UE can select a PRACH repetition level from the multiple candidate PRACH levels according to the selected PRACH repetition level. 

Three schemes are analyzed for determining the PRACH repetition level, considering resource utilization and delay of PRACH/Msg2/3/4, specification impact, implementation restrictions, and the complexity of eNB/UE’s transmission or reception.
Scheme 1: UE determines PRACH repetition level based on DL measurement
The DL measurement would be based on the measurement of CRS, or the detection performance statistics of a specific physical channel (e.g., PBCH). Regardless of which metric is used for DL measurement, the motivation of scheme 1 is to provide some prior information on the channel condition an MTC UE is experiencing. According to the prior channel information, an MTC UE can select a suitable PRACH repetition level, which would be favorable for the optimization of resource utilization and avoid unnecessary transmission (failed PRACH or too many repetitions for PRACH/Msg2/3/4). However, the accuracy of DL measurement should be maintained to a reasonable level so as to eliminate possible false selection on the PRACH repetition level of an MTC UE.
The mechanism of selecting a preamble based on DL measurement (pathloss) has been adopted in the current specification [2], so it is reasonable to consider selecting the preamble repetition level based on DL measurement. For example, an MTC UE can select a suitable PRACH resource based on RSRP. Thus, it could avoid an MTC UE transmitting preamble and Msg3 as well as receiving RAR and Msg4 using improper repetition number, which could minimize resources from excess repetition and thereby minimize PRACH collisions, access time, and UE power consumption. 
A concern is that the accuracy of DL measurement may be degraded for MTC UEs under extreme scenarios. Taking the DL measurement of RSRP as an example, the maximum deviation of RSRP measurements may increase – though it should still be sufficient for cell (re) selection and power control and therefore selection of one of a small number of possible repetition levels. The worst case RSRP error would not occur all the time, and could be corrected if needed by the eNB after RRC connection. 
The specification impact of scheme 1 is to specify the relationship of DL measurement and the selection of PRACH repetition level. 
Scheme 2: UE determines PRACH repetition level from the minimum PRACH repetition level 

For scheme 2, an MTC UE may select the minimum PRACH repetition level (such as corresponding to 3 or 5dB enhancement), and would increase the PRACH level on subsequent attempts until the maximum PRACH repetition level is reached. Compared to scheme 1, the benefit of scheme 2 is the standardization work could be minimized.
For this scheme, as all MTC UEs would transmit PRACH from the minimum PRACH repetition level and unnecessary preamble transmissions of some MTC UEs (transmitting preambles with PRACH repetition levels lower than their actually required repetition level) may be increased, PRACH preamble colliding with other UEs may become severe. This problem may be exacerbated when many UEs in the system are simultaneously transmitting PRACH with too low a repetition level.

Further, the false detection of other UE’s RAR may increase the unnecessary transmission of MSG3, which may cause inefficient resource utilization and increase the UE’s power consumption.
To sum up, though simple, scheme 2 is particularly inefficient with long access time and UE power consumption when the UE is in poor conditions, and may cause unnecessary blocking from failed PRACH attempts.

Scheme 3: UE utilizes the maximum PRACH repetition level 

For this scheme, an MTC UE always selects the maximum PRACH repetition level for initial access. If most MTC UEs need low or moderate coverage improvement, this scheme would always incur the worst case resource overhead not only arising from the transmission of PRACH but also from the transmission of Msg2/3/4 and corresponding control channels (PDCCH and PUCCH).
Moreover, the transmission and reception (soft combination) are based on maximum repetition number, which would increase the transmission/detection complexity of eNB and UE (soft combination based on maximum repetition number) and possibly prolong the access time due to increased PRACH collision (within limited resource).
The possible benefit of scheme 3 with respect to scheme 2 is that subsequent attempts would not be required, so the access time for UE that are in fact in the worst conditions would be minimized.

To sum up the above analysis, although more standardization work is needed for scheme 1, in view of scheme 1 has obvious benefits on random access process and optimizing resource utilization, having the UE select the PRACH repetition level based on DL measurement is preferred.

Proposal 1: Considering benefits on random access process and optimizing resource utilization, having the UE select the PRACH repetition level based on DL measurement is preferred.

2.2 Determining the repetition level of Msg2/3/4

As Msg2 is the first DL transmission for an MTC UE, there is no other dedicated DL signaling preceding Msg2 to inform the MTC UE the repetition level used for Msg2. The repetition level of Msg2 can be based on the repetition level of PRACH transmission or the maximum Msg2 repetition level. To optimize resource utilization, the repetition level of Msg2 tied on the repetition level of PRACH transmission is preferred.  For Msg3/4 transmission, the repetition level of Msg3/4 can also be tied to the repetition level of PRACH transmission. In this case, no extra signaling is needed to inform the repetition level of Msg3/4. However, the eNB loses decision-making on the repetition level of Msg3/4 for initial access.

An eNB can participate on deciding the repetition level of Msg3/4 based on eNB’s measurement, and indicate repetition level related to Msg3/4 by Msg2. Obviously, more standardization work on the content of RAR would be needed. Moreover, the performance of Msg2 detection may be impacted, as the code rate of Msg2 transmission may be increased due to extra indication (indicating the repetition level of Msg3/4) added in RAR. 

For this reason, the repetition level of Msg2/3/4 tied to the repetition level of PRACH transmission is preferred as no extra signaling needed and less specification impact (the specification just specify the relationships between the repetition level of PRACH transmission and repetition level of Msg2 transmission).
Proposal 2: The repetition level of Msg2/3/4 should be tied to the repetition level of PRACH transmission as no extra signaling needed and less specification impact.
3 Determining repetition level during non-initial random access 
As agreed in [1], after the initial random access, the repetition level of physical channels is up to the network. An eNB can configure the repetition level of physical channels (such as (E)PDCCH, PUCCH, PDSCH, and PUSCH) for MTC UEs by dedicated signaling as RRC connection is established already. 

3.1 Determining the repetition level by eNB
The eNB can determine the repetition level of physical channels by UL measurement or channel detection. For example, the eNB can determine the repetition level based on the measurement of UL reference signal or the statistical performance of specific channel detection. 
In addition, an MTC UE can report the expected repetition level to the eNB to provide a reference for determining the repetition level. When an eNB determines the repetition level of a physical channel, it can also take the UE’s report on repetition level into account.  

3.2 Determining the repetition levels of different channels
The repetition levels of different channels can be independently determined or be determined according to a known relationship. 
Maximum flexibility can be obtained if the repetition levels of different channels are independently determined. However, the signaling transmitted by eNB to inform the repetition levels to MTC UEs would increase.
If the repetition levels of different channels are determined according to a known relationship, a common signaling can be used to determine the repetition level of each channel based on a known criterion (for example, to achieve the same MCL). Signaling overhead can be saved in this case.

3.3 Configuring the repetition level
Once RRC connection is established, an eNB can configure the determined repetition levels to an MTC UE by dedicated RRC signaling or physical layer signaling. Otherwise, the repetition level of a certain channel may be acquired based on UE’s blind detection with different repetition levels.
Considering the flexibility of configuring the repetition levels, the detection complexity and power consumption of MTC UEs, it is favorable for an eNB to configure the repetition levels by dedicated RRC signaling.
To sum up the above analysis, it is proposed:

Proposal 3: An eNB can determine the repetition level based on UL measurement/channel detection associating with UE’s report, and configure the repetition level of physical channels by dedicated RRC signaling.
4 Conclusions
In this contribution, the determination of repetition level during initial random access (for PRACH and Msg2/3/4) and non-initial random access for other channels (PDCCH, PDSCH, PUCCH, PUSCH) during are analyzed, and the following proposals are presented: 
Proposal 1: Considering benefits on random access process and optimizing resource utilization, having the UE select the PRACH repetition level based on DL measurement is preferred.

Proposal 2: The repetition level of Msg2/3/4 should be tied to the repetition level of PRACH transmission as no extra signaling needed and less specification impact.
Proposal 3: An eNB can determine the repetition level based on UL measurement/channel detection associating with UE’s report, and configure the repetition level of physical channels by dedicated RRC signaling.
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