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1. Introduction

In RAN1#75 meeting, following agreements were achieved on techniques for coverage improvement of PRACH transmission for the MTC UEs:
· 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 this contribution we discuss issues related to PRACH transmission for MTC coverage enhancement UEs. More specifically, consideration points and possible approaches related to repetition levels, multiplexing scheme between different repetition levels, and power control for PRACH with repetition are provided. 
2. Repetition levels
In last meeting, supporting repetition of existing PRACH formats was agreed to improve coverage of PRACH transmission for MTC CE UEs. Furthermore, it was agreed in RAN1#74 meeting that multiple PRACH repetition levels are supported, and a working assumption was made in RAN1#75 meeting that the maximum number of repetition levels configured for PRACH coverage enhancement is 3. When multiple levels are supported, it is reasonable to apply multiple repetition levels after RRC connection as well as for the initial access where SIB is used for this configuration.
In general, MTC UEs would be deployed in different location, so it is expected that channel conditions of MTC UEs would be different. In this case, applying multiple repetition levels for PRACH transmission would save PRACH resources (e.g. time/frequency/code resources) by properly selecting PRACH repetition level according to the channel condition of MTC CE UEs. More importantly, it is necessary to consider multiple repetition levels for the subsequent transmissions including RAR, Msg3, and Msg4 to further improve spectral efficiency. For this, the selected repetition level for PRACH transmission could be used to choose the repetition level of the subsequent transmissions. 
Next, depending on eNodeB implementation or target scenario, configuring single repetition level for PRACH transmission could be sufficient for some cases. However, with the agreement on configurability of multiple repetition levels, it seems that eNodeB has flexibility to select the number of repetition levels for PRACH transmission according to PRACH reception capability/complexity and with consideration of system overhead. For example, even if eNodeB considers 15dB as the maximum (target) CE level to support, it would be beneficial from system resource efficiency to additionally configure lower CE level(s) on top of the target CE level since most of MTC CE UEs may be likely to require lower CE level (e.g. 3 ~ 5dB) than the target CE level (e.g. 15dB). 
Observation 1: Support of multiple repetition levels for PRACH transmission is beneficial to cover various coverage enhancement levels and to enhance spectral efficiency even in the initial access.
2.1. Selection of starting repetition level

For multiple repetition levels for PRACH transmission, it would be important to select suitable repetition level since selecting wrong repetition level would cause inefficiency. For example, if selected repetition level is too high, resources for the subsequent transmissions as well as PRACH transmission could be inefficient by consuming much larger amount of resources compared to CE requirement for the MTC CE UE. 
For RRC_IDLE state (e.g. initial random access), in general, prior information related to repetition level for PRACH transmission (e.g. last success level or RRC configured level) would not be available. Even if the prior information exists, it might be old-fashioned to use for PRACH transmission. Therefore, for RRC_IDLE state, two options for starting point of PRACH repetition level could be considered: 
Option 1: select repetition level based on UE measurement; 
Option 2: start from lowest repetition level. 
According to discussion on the last meeting and relevant email discussion, it is observed that UE measurement (e.g. RSRP) could suffer from noise enhancement [1]. In other words, as SINR value decreases, the difference between estimated RSRP value and ideal RSRP value could be increased. Furthermore, if selected repetition level for PRACH transmission is higher than that of ideal case, the subsequent transmission as well as PRACH transmission would be inefficient as mentioned earlier. In that point of view, it seems undesirable to consider UE measurement based method (Option 1). In case of Option 2, more PRACH resource could be used due to PRACH retransmission. However, it seems to be manageable by configuring reasonable lowest repetition level with consideration on target deployment scenario of MTC CE UEs. In addition, since the finally succeeding repetition level in Option 2 would be closer to the ideal case, resource inefficiency, especially, caused from the subsequent transmissions could be minimized. 
Proposal 1: For RRC_IDLE state, the lowest repetition level can be considered as the starting repetition level of PRACH transmission. 
Once a UE is in RRC_CONNECTED state, some other information to determine PRACH repetition level would be available such as PUSCH repetition number and PUCCH repetition number. A mapping between configured repetition level to another channel and PRACH repetition level can be considered. Alternatively, last success repetition level or RRC configured repetition level can be also considered. In our view, if RRC configured level is provided, it seems reasonable to apply the configured value as PRACH repetition level (i.e., RRC configured value overrides any other value derived by other means). Meanwhile, if there is no RRC configured level for PRACH transmission, applying last success level for PRACH repetition could be beneficial from system overhead perspective. 
Proposal 2: For RRC_CONNECTD state, RRC configured level can be considered as PRACH repetition level if it is provided. Otherwise, last success level can be considered for PRACH repetition. 
3. Multiplexing scheme for multiple repetition levels
For multiplexing PRACH preambles with different repetition levels, CDM, TDM, or FDM could be considered. Since PRACH transmission can be used for initial access, the support of various system bandwidths should be considered. In that point of view, FDM for multiplexing PRACH with different repetition levels seems not desirable. Next, in case of TDM, reservation of available subframes for each repetition level may largely affect total latency consumed especially for initial access. According to the agreement, additional time/frequency resource region(s) would be defined for “enhanced coverage” UEs, and within the new region, at least CDM is allowed. Therefore, it seems to be reasonable to adopt CDM as baseline for multiplexing PRACHs with different repetition levels. 
Proposal 3: CDM can be considered as baseline for multiplexing between MTC PRACHs with different repetition levels. 
Considering CDM, root index and information related to cyclic shift could be configured at each cell to generate PRACH preambles. PRACH preambles could be distinguished by the combination of root index and cyclic shift. To avoid the case where both root index and cyclic shift are the same, neighbouring cells could perform coordination for selecting root index. In that point of view, use of smaller number of root index in a cell would be good to provide network flexibility or simple cell planning. Furthermore, since the absolute value of cross correlation between any two PRACH preambles with different root index would have non-zero value [2], it could be necessary to consider the case where the number of root index used in a cell is small for CDM of PRACH preambles between legacy UE and coverage enhancement UE or between different repetition levels. Thus, it is desirable to configure both starting root index and starting point to apply cyclic shift for the starting root index for MTC CE UEs considering the case where used root index between legacy UE and coverage enhancement UE is overlapped. 
Proposal 4: Both starting root index and starting point to apply cyclic shift for the index is configured for MTC CE UEs.
4. Power ramping over repetition levels
It could be considered to support power ramping for coverage enhancement with multiple repetition levels. With both power ramping and multiple levels, it would be possible to carry out sophisticated adjustment of coverage enhancement level. Since increasing PRACH repetition level could affect spectral efficiency of the subsequent transmissions (e.g. RAR, Msg3/4), it could be considered to perform power ramping first before increasing the repetition level. 
Proposal 5: It can be considered to support power ramping on PRACH repetition for spectral efficiency of the subsequent transmissions as well as PRACH transmission. 

Related to power ramping with multiple repetition levels, first of all, defining maximum number of PRACH (re)transmission could have the following alternatives: 
· Alternative 1: The maximum number of PRACH (re)transmission is configured per repetition level. For example, for repetition level l, the maximum number of PRACH (re)transmission can be configured by preambleTransMax_l. In this case, the maximum number of PRACH (re)transmission over all the repetition levels is sum of preambleTransMax_l for all l values.
· Alternative 2: The maximum number of PRACH (re)transmission per repetition level is identically set to preambleTransMax. In this case, the maximum number of PRACH (re)transmission over all the repetition levels is the multiplication of the number of repetition levels and preambleTransMax.
· Alternative 3: The maximum number of PRACH (re)transmission over all the repetition levels is set to preambleTransMax. Here, the maximum number of PRACH (re)transmission for each repetition level is set to predefined or configured value where sum of the values for each level becomes preambleTransMax. 
Considering both UE power consumption and network resource manageability, it seems reasonable to consider Alternative 1 or 3. With these alternatives, network can configure proper number of the maximum number of PRACH (re)transmission per repetition level, by taking the total amount of PRACH power across multiple subframes (which has more effective meaning rather than PRACH power in a subframe) into account.
It is obvious that the total amount of PRACH power across multiple subframes is highly dependent on both repetition level and power ramping method. Given that, if power ramping is considered based on the power of each PRACH transmission in a subframe as for the legacy UE even under coverage enhancement situation, power ramping might be inefficiently applied since it is likely that the maximum power will be selected fast and maintained for certain time duration. Thus, under coverage enhancement situation requiring PRACH repetition, it would be reasonable that power ramping is applied by considering the total amount of PRACH power across multiple subframes rather than PRACH power in a subframe. In addition, to determine a proper power level per each PRACH attempt, both the number of repetitions and the number of retransmission so far should be considered. Furthermore, due to different number of repetitions per repetition level, some considerations on transition between levels would be necessary because it is not desirable to reduce the total accumulated power as repetition level increases. To address this, for example, PRACH power in a subframe can be adjusted to satisfy the condition where the total amount of PRACH power across multiple subframes continuously/gradually increases even when repetition level is changed to the larger one. 
Proposal 6: To determine PRACH power for power ramping 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.

5. Conclusion
This contribution discussed the issues related to coverage enhancement of PRACH transmission for MTC UEs. We propose as follows:

Observation 1: Support of multiple repetition levels for PRACH transmission is beneficial to cover various coverage enhancement levels and to enhance spectral efficiency even in the initial access.
Proposal 1: For RRC_IDLE state, the lowest repetition level can be considered as the starting repetition level of PRACH transmission. 
Proposal 2: For RRC_CONNECTD state, RRC configured level can be considered as PRACH repetition level if it is provided. Otherwise, last success level can be considered for PRACH repetition. 
Proposal 3: CDM can be considered as baseline for multiplexing between MTC PRACHs with different repetition levels. 

Proposal 4: Both starting root index and starting point to apply cyclic shift for the index is configured for MTC CE UEs.
Proposal 5: It can be considered to support power ramping on PRACH repetition for spectral efficiency of the subsequent transmissions as well as PRACH transmission. 

Proposal 6: To determine PRACH power for power ramping 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.
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