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1 Introduction
Determining coverage enhancement during random access procedure needs to consider all the messages/physical channels in the random access procedure, including PRACH, Msg2 (RAR), Msg3, Msg4, M-PDCCH. As for a physical channel using repetition after the initial random access procedure, the repetition level is up to network [1]. In this contribution, we focus on the determination of repetition level (i.e. coverage enhancement) during initial random access procedure based on the agreements in the previous meetings.
2 Determining PRACH repetition level after the first PRACH transmission
The determination of starting PRACH repetition level (i.e. starting PRACH resource set) is discussed in our accompanied contribution [2]. For the PRACH repetition level after the first PRACH transmission, there were some agreements in RAN1#80 [3] and RAN1 80bis [4]:

Agreements:
· Multiple attempts are allowed for each PRACH repetition level

· There is a configurable number of attempts
· 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
Agreements:
· The configuration of the number of attempts can be separate per coverage level
· When UE receives RAR but fails contention resolution
· The UE uses its current repetition level until it reaches the maximum number of attempts for that level

At RAN1#75, UE behavior at the highest level was FFS [5]: 

· At highest level, FFS on how many attempts are allowed, and the overall procedure (e.g. Backoff etc.).
Offline discussion in Rel-13 concluded that this should be handled after more agreements relating to attempts etc. were made. Given the progress up to RAN1#80bis, it is now clear that the allowed number of attempts at the highest level is also configurable with the same configuration mechanism as other repetition levels. In current random access procedures, if a UE fails random access and the number of preamble transmission attempts reaches the maximum allowed number of preamble transmission, the UE will indicate a random access problem to upper layers and delay the subsequent random access transmission by the backoff time. For the overal random access procedure in CE, when a UE fails random access and the number of attempts reaches the allowed value at highest level, the UE can behave as in current procedures. That is, the UE indicates a random access problem to upper layers and must wait to start a new subsequent random access procedure after a delay or backoff time. 
Proposal 1: When a UE fails random access and the number of attempts reaches the allowed number at highest level, the UE indicates a random access problem to upper layers and waits a backoff time before it can start a new random access procedure.
3 Determining the repetition level of Msg2/3/4/M-PDCCH during random access
Msg2 (RAR), Msg3, Msg4 and M-PDCCH support multiple repetition levels and determining the repetition level of Msg2/3/4 during initial random access was FFS since RAN1#74bis [6]:
· 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

3.1 The feasibility of determining Msg2/3/4/M-PDCCH repetition level based on PRACH
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 later channels. The feasibility of determining repetition level of other channels based on PRACH needs to consider the MCL gap and the UE category/type.
As PRACH has a similar MCL with PUSCH for both Rel-13 low complexity UEs and normal complexity UEs (1dB difference), it is feasible to determine the repetition level of Msg3 based on PRACH. The number and selection of Msg3 repetition level could be the same as PRACH repetition level. 
In order to evaluate the feasibility of determining Msg2/4 repetition level based on PRACH, we calculate some example dB values to be compensated for normal complexity UEs and Rel-13 low complexity UEs for the example case where all three levels are configured and are equally distributed across the 0-15 dB or 0-18dB range. The calculation of PRACH and PDSCH in Table 1 is based on MCL values in TR36.888 [7]. We assume 20dBm for transmission power of low complexity UEs and 4dB DL loss for 1R. The PRB number is 2 for PDSCH evaluation the same as in [7]. 
Table 1 Required CE for each physical channel in different repetition levels (dB)
	
	
	Basic MCL
	Required CE for level 1 (140.7- 145.7dB MCL, 0-5dB system CE)
	Required CE for level 2 (145.7-150.7dB MCL, 5-10dB system CE)
	Required CE for level 3 (150.7-155.7dB MCL, 10-15dB system  CE)

	Normal complexity UEs
	PRACH
	141.7
	0-4
	4-9
	9-14

	
	PDSCH
	145.4
	0-0.3
	0.3-5.3
	5.3-10.3

	
	
	Basic MCL
	Required CE for level 1 (137.7- 143.7dB MCL, 0-6dB system CE)
	Required CE for level 2 (143.7-149.7dB MCL, 6-12dB system CE)
	Required CE for level 3 (149.7-155.7dB MCL, 12-18dB system  CE)

	Rel-13  low complexity UEs
	PRACH
	138.7
	0-5
	5-11
	11-17

	
	PDSCH
	141.4
	0-2.3
	2.3-8.3
	8.3-14.3


When the MCL gap between PRACH and PDSCH is smaller than the CE granularity of the first PRACH repetition level, for example PRACH and PDSCH for Rel-13 low complexity UEs, the number and selection of PDSCH repetition level could be the same as PRACH repetition level (Both have 3 repetition levels and one-to-one mapped). Otherwise, the number of PDSCH repetition level would be less than PRACH repetition level. As an example, the MCL gap between PRACH and PDSCH is analogous to the CE granularity of the first PRACH repetition level for normal complexity UEs, the first and second repetition level of PRACH could be related to one repetition level of PDSCH (as shown in the table for normal complexity UEs, 0-0.3dB CE for the first level and 0.3-5.3dB for the second level of PDSCH could be combined into one level with 0-5.3dB CE) and the third repetition level of PRACH could be related to another repetition level of PDSCH (5.3-10.3dB CE). The rationale also applied for PRACH and M-PDCCH.

Since the DL coverage is better than PRACH coverage, it is feasible to determine Msg2/3/4/M-PDCCH repetition level based on PRACH repetition level.

Observation: It is feasible to determine Msg2/3/4/M-PDCCH repetition level based on PRACH repetition level.

3.2 Approaches for determining Msg2/3/4/M-PDCCH repetition level

As Msg2 is the first DL transmission intended for a UE or a group of UEs, 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. M-PDCCH could configure the repetition level of Msg2 in a dynamic manner, but there is no further source of coverage information available to the eNB to adjust the repetition level compared to simply linking it to PRACH. There is no need to dynamically adjust Msg2 repetition level. .
For Msg3, the repetition level can also be determined according to the repetition level of PRACH transmission. Or eNB can indicate the repetition level of Msg3 semi-statically by Msg2 based on its decision. However, indicating the repetition level of Msg3 in Msg2 has specification impact on the contents of Msg2. The indication will add the bits carried in RAR, which would then take longer to receive in repetitions and increase UE active time. For another thing, there is also no further source of coverage information available to the eNB when sending Msg2 to adjust the repetition level. It is questionable if the increase in standardization work on the content of Msg2 would be worthwhile in this context.
For M-PDCCH scheduling Msg4 and/or Msg4, determining the repetition level based on PRACH repetition level is a signal saving option. As another option, the repetition level of MPDCCH and/or Msg4 is indicated semi-statically by Msg2 or the repetition level of Msg4 is indicated dynamically by M-PDCCH scheduling Msg4 based on eNB’s decision.
The Msg2 indication has similar drawbacks as discussed above. Indicating repetition level dynamically by M-PDCCH increase the bits carried (or bits not eliminated) in DCI as well as the DCI repetition number. Considering the existence of a DCI targeting a specific UE is blindly detected in the occasions starting from every subframe in the subset, so that the UE power consumption will be increased possibly to large extent as a result of the power consumption increasing for each blind detection. 
A straightforward linkage between PRACH repetition and the later random access messages avoids these drawbacks. Therefore, we propose:
Proposal 2: 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. 
4 Conclusions
In this contribution, the determination of repetition level (i.e. coverage enhancement) during initial random access procedure is discussed. We give following observation and proposals to help to get progress in this aspect:
Observation: It is feasible to determine Msg2/3/4/M-PDCCH repetition level based on PRACH repetition level.

Proposal 1: When a UE fails random access and the number of attempts reaches the allowed number at highest level, the UE indicates a random access problem to upper layers and waits a backoff time before it can start a new random access procedure.
Proposal 2: 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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