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1 Introduction
In RAN1#80, there were the following agreements for random access coverage enhancement (CE) [1]:

Agreements:
· 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
Working assumption:
· 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
In this contribution, we will discuss some remaining FFS issues for random access CE, including PRACH resource multiplexing, repetition number, configuration of the number of attempts per level, PRACH format for repetition, relaxing requirement, UE behavior during random access and determining the repetition level of Msg2/3/4.
2 PRACH resource multiplexing

Multiple PRACH repetition levels and using PRACH to identify Rel-13 low complexity UEs were agreed in RAN1#79 [2]. To simplify the description, type A UEs denote Rel-13 non-MTC UEs and type B UEs denote Rel-13 low complexity UEs in the following. PRACH resource multiplexing is to determine the PRACH resource for different UE types and various repetition levels considering these UEs:
· Type A UEs not using CE

· Type A UEs using CE with various repetition levels
· Type B UEs not using CE

· Type B UEs using CE with various repetition levels
2.1 PRACH resource multiplexing between type A UE and type B UE
CDM has the advantage of fine granularity for PRACH resource multiplexing, so it should be adopted as the baseline scheme unless a serious performance impact is demonstrated. Therefore, type B UEs not using CE can share the same PRACH time-frequency resource (i.e., CDM multiplexing) with type A UEs not using CE due to similar radio channel conditions (assuming the transmit power of type B UEs is not reduced). Similarly, in CE scenario, type B UEs using CE can share the same PRACH time-frequency resource with type A UEs using CE under the same repetition level due to similar radio channel condition. In this way, preamble division is used to indicate type B UEs within the time-frequency resources.
Any near-far effect resulting from a reduced power class of e.g. 20 dB should also not be a problem because a 3 dB power gap is manageable according to our previous simulation results [3].
Further, an eNB can change the PRACH configuration to adjust the available resources for PRACH transmission. If the impact (e.g., PRACH collision) to type A UE’s random access is substantial due to massive PRACH transmission by type B UEs not using CE, an additional PRACH resource can be considered for type B UEs not using CE. Using the resource allocation to indicate type B UEs should not be precluded.
Proposal 1: Rel-13 low complexity UEs not using CE should share the same PRACH time-frequency resource with Rel-13 non-MTC UEs without CE.
Proposal 1a: PRACH preamble division is used to indicate Rel-13 low complexity UEs. Indicating Rel-13 low complexity UEs by resource allocation should not be precluded.

2.2 PRACH resource multiplexing among different repetition levels
For PRACH CE, maximum 3 repetition levels can be configured. According to the requirement described in WID [4], 15dB CE for FDD is needed. Thus, each repetition level would approximately compensate 5dB CE for the cell (less for PRACH itself). 
Agreements in RAN1#79 [2] include allowing CDM within the new resource region(s) for “enhanced coverage” UEs.
Agreements:
· In addition, define additional time/freq. resource region(s) separate for “enhanced coverage” UEs.

· Within new region, at least CDM is allowed.

The near-far effect of CDM PRACH multiplexing for different repetition levels is unavoidable. As simulated in our previous contribution [3], compared to the performance of a preamble transmission without interference at 10% Pmiss point, the performance of preamble transmission sustaining 10dB or 15dB interference from another preamble is deteriorated about 3dB, which would result in higher repetition number for the preamble transmission. Thus, to avoid large performance loss caused by near-far effect, the CDM resource multiplexing should be applied to repetition levels without large difference on radio condition. 
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Figure 1: PRACH resource multiplexing

As shown in the figure above, PRACH repetition level 1 can use CDM with PRACH transmission without CE. PRACH repetition level 2 and level 3 can use CDM within a separate PRACH frequency resource.

Proposal 2: CDM should be applied to repetition levels without large differences in radio condition to alleviate the near-far effect.
3 Techniques for PRACH coverage enhancement

3.1 Repetition

3.1.1 Number of repetitions per level
The number of repetitions per level is FFS in Rel-12 as discussed in RAN1 #75 [5]:
· FFS for configurable value. 

· FFS ranges of this value per level.

Different cells will require different amount of coverage enhancement. Allowing operators to assign the up to 3 levels with different numbers of repetitions depending on the cell requirements is a natural step. Otherwise, the highest repetition levels would be unavailable to some cells where there can nevertheless be a benefit in having enough granularity of levels to match the geographical distribution of the cell’s UEs, and thus have fine-grained resource and power usage by UEs. Therefore:
Proposal 3: The number of repetitions per level should be configurable. 
3.1.2 Configuration of the number of attempts per repetition level
It is FFS whether the configuration of the number of attempts is common or separate per level.

Common configuration of the number of attempts for each repetition level means eNB indicates the total number and a predefined rule for assigning the number of attempts for each level is necessary. For example, the rule could be the number of attempts for level 0 (zero coverage extension), 1, 2, 3 is 1/2, 1/4, 1/8, 1/8 of the configured unique value. It could have some minor reduction in signaling bits. However, eNB can’t change the number of attempts only for a specific repetition level. 

As the ratio of UEs needing CE as well as the collision probability at each PRACH repetition level will vary for different cells, the attempt number at a level should be configurable with some flexibility. This also reflects the widely differing geographical distributions between cells of UEs even at the same coverage level. Separate configuration provides more flexibility for the number of attempts per repetition level. It may not have even a minor increase in signaling compared to the common configuration option, since a sizeable number of common level configurations would be needed to provide the equivalent flexibility.
Proposal 4: The configuration of the number of attempts is separate per repetition level.
After the initial random access, eNB will get the information of repetition level and can adjust the attempt number for a certain repetition level by separate configuration in dedicated signaling.
3.1.3 PRACH format for repetition
In RAN1#79, repeating the existing preamble formats for PRACH enhancement was agreed. In current specification, five preamble formats are defined with different preamble sequence length and guard time. The preamble formats are intended to relate to a wide range of cell radii. Since the target of CE is to extend the cell propagation distance for MTC traffic, and UEs with different geographic locations in a cell will have different radio conditions and propagation delays, etc., the up to 3 PRACH repetition levels could apply to different preamble formats.

Preamble format 4 is transmitted only in UpPTS of special subframe with durations 
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only. The sequence length is very short, and it will need the most repetition number among the preamble formats. It is not practicable to introduce the long additional delays of repeating format 4 only in special subframes. In any case, format 4 is intended for geographically small distances, which are not the focus of coverage enhancement work. Therefore, preamble format 4 is not appropriate to be used for PRACH CE.
Proposal 5: The preamble format used per PRACH repetition level is configurable. PRACH repetition is not supported for preamble format 4.
3.2 Relaxing PRACH requirement
In the WID [4], “Relaxed probability of missed detection for PRACH” can be considered. According to the analysis in [6], relaxing the Pmiss PRACH performance requirement from 1% to 10% can significantly reduce the repetition number for PRACH CE. Meanwhile, it could also lead to an overall reduction in number of PRACH preamble transmissions compared to using repetition alone. Therefore, relaxing PRACH requirement would be beneficial to saving resource and reducing UE’s power consumption.
Proposal 6: Relaxed probability of missed detection for PRACH is supported.
· The relaxed probability of missed detection is 10%.
4 UE behavior during random access

If PRACH repetition level matches the propagation loss for a UE, the UE will receive RAR and successfully decode it. But the UE may fail contention resolution due to the collision at its repetition level, and UE behaviour is FFS in this case. As the PRACH repetition level would be enough for the gain to compensate the path loss, the UE could have another attempt at this repetition level as long as the attempt number is lower than the allowed number. When the number of attempts at this repetition level reaches the allowed number of attempts, maybe the collision is too much at this repetition level and the UE will change the repetition level to the next higher one.

Proposal 7: When UE receives RAR but fails contention resolution:
· If the number of attempts does not reach the allowed number at its current repetition level, the UE can make another attempt at its current repetition level.

· Otherwise, the UE will move to the next higher repetition level.
At RAN1#75, UE behavior at the highest level was FFS [7], and this was not resolved at RAN1#80: 

· At highest level, FFS on how many attempts are allowed, and the overall procedure (e.g. Backoff etc.).
The allowed number of attempts at the highest level should also be configurable with the same configuration mechanism as other repetition levels. When a UE fails random access and the number of attempts reaches the allowed value at highest level, the UE could start subsequent random access after a delay of a backoff time. The PRACH repetition level decision of subsequent random access should guarantee the PRACH coverage of the UE and take into account UE’s power consumption. 

Proposal 8: When a UE fails random access and the number of attempts reaches the allowed number at highest level, the UE could start subsequent random access after a delay of a backoff time.
5 Determining the repetition level of Msg2/3/4

For Msg2 (RAR), it was agreed to support multiple repetition levels in RAN1#79[2].
· 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

 Msg3 and Msg4 also support multiple repetition levels since PUSCH and PDSCH transmissions also support multiple repetition levels. Setting the repetition level of Msg2/3/4 during initial random access was FFS since RAN1#74bis [8]:
· 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

As Msg2 is the first DL transmission for a UE, there is no other dedicated DL signaling preceding Msg2 which could be used to semi-statically configure different repetition levels of Msg2 for different UEs. DL control channel could configure the repetition level of Msg2 in a dynamic manner. However, it will be based on whether control -less transmission of common messages is adopted for CE. 
PRACH is the first UL transmission of UE. As there is a one-to-one mapping between the PRACH repetition level and the PRACH resource set, it is simple for the eNB to know the PRACH repetition level from the (successfully detected) PRACH transmission. PRACH repetition level can then be a reference for the setting of the repetition level for Msg2, with the benefits that result from less signaling, especially in coverage enhancement.
For Msg3/4, the repetition level can also be determined according to the repetition level of PRACH transmission. Msg3 could give eNB additional information about the required repetition level of Msg4. Or, eNB can indicate the repetition level of Msg3/4 semi-statically by Msg2 or dynamically by DL control channel (carrying the UL grant for Msg3) based on its decision.
To semi-statically or dynamically configure the repetition level of Msg2/3/4, new signaling design will be needed, and more bits carried (or bits not eliminated) from DCI or RAR, which would then take longer to receive in repetitions and increase UE active time. It is questionable if the increase in standardization work on the content of Msg2, DCI and/or other early transmissions would be worthwhile in this context.
A straightforward linkage between PRACH repetition and the later random access messages avoids these drawbacks. Therefore, we propose:
Proposal 9: The UE can assume that the repetition levels of at least Msg2 and Msg3 during initial random access are set according to the repetition level of its last PRACH transmission. 
6 Conclusions
In this contribution, further details of random access CE are discussed. We give following proposals to help to get convergent views on some of the remaining FFS issues:
Proposal 1: Rel-13 low complexity UEs not using CE should share the same PRACH time-frequency resource with Rel-13 non-MTC UEs without CE.

Proposal 1a: PRACH preamble division is used to indicate Rel-13 low complexity UEs. Indicating Rel-13 low complexity UEs by resource allocation should not be precluded.

Proposal 2: CDM should be applied to repetition levels without large differences in radio condition to alleviate the near-far effect.
Proposal 3: The number of repetitions per level should be configurable. 
Proposal 4: The configuration of the number of attempts is separate per repetition level.
Proposal 5: The preamble format used per PRACH repetition level is configurable. PRACH repetition is not supported for preamble format 4.
Proposal 6: Relaxed probability of missed detection for PRACH is supported.
· The relaxed probability of missed detection is 10%.
Proposal 7: When UE receives RAR but fails contention resolution:

· If the number of attempts does not reach the allowed number at its current repetition level, the UE can make another attempt at its current repetition level.

· Otherwise, the UE will move to the next higher repetition level.

Proposal 8: When a UE fails random access and the number of attempts reaches the allowed number at highest level, the UE could start subsequent random access after a delay of a backoff time.

Proposal 9: The UE can assume that the repetition levels of at least Msg2 and Msg3 during initial random access are set according to the repetition level of its last PRACH transmission. 
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