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1. Introduction
In RAN 1 #74b meeting, coverage enhancement of PRACH was discussed and agreed on: 
Agreement:
· For PRACH multiplexing scheme, CDM, and/or TDM and/or FDM are supported

· Multiple PRACH repetition levels are supported

· FFS: For initial random access, there is one to one mapping between PRACH repetition level and PRACH resource set. UE selects a PRACH repetition level and transmits the PRACH preamble using the PRACH resource set according to the selected PRACH repetition level

· FFS: details of PRACH resource set, repetition levels

· 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

· Continue investigations on frequency of initial random access with specific proposals how UE will determine PRACH repetition level for initial access, how respective resources will be signalled, until RAN1 #75 meeting
This paper analyzes the RACH procedure in coverage enhancement mode as well as the PRACH resource design.
2. Discussion on initial random access
Before initial access, eNB does not know the coverage status for each UEs. eNB may configure one repetition level of PRACH targeting to the worse coverage, or multiple repetition levels of PRACH for UE to choose based on the estimated path loss. 
2.1. One or multiple repetition levels
If UE repeats PRACH preamble sequence with the single repetition level and always transmit at maximum Tx power, the UE power consumption is large. More importantly, without PRACH power control, there is a near-far effect which will impact the PRACH detection performance. Power ramping can be adopted to solve this problem and in the meanwhile it can reduce UE power consumption. However, the power ramping is based on the measurement of path loss. Alternatively, eNB can configure multiple repetition levels and UE can select one repetition level based on the path loss using maximal Tx power for each repetition. With a short transmission time, it may reduce UE power consumption comparing with using the maximal repetition level with lower Tx power.
Observations #1: Configuring multiple repetition levels of PRACH to allow UE to choose may help UE to reduce power consumption compared with defining a single repetition level.
On the other hand, Table 1 gives an example of PRACH resource number with CDM multiplexing scheme within 64 subframes. 64 preambles are divided into 5 groups and each group associated with a repetition level of {4, 8, 16, 32, 64}. One PRACH physical resource block (6 PRBs) are reserved in each subframe. Within 64 subframes, there are 32 or 64 opportunities for random access for each PRACH levels. The total opportunities are 192. In comparison, if a single repetition level of PRACH resources is allowed (e.g., 64 repetitions), the opportunities for PRACH are 64 assuming the same physical resources.
Observations #2: With the same physical resources and the same number of preamble sequence, multiple repetition levels provide more opportunities for UE to choose than single repetition level. 
Based on the above observation, we propose:
Proposal #1: Allow eNB to configure multiple PRACH repetition levels for initial random access.
Table 1 PRACH resource number for CDM multiplexing scheme
	
	Group A
	Group B
	Group C
	Group D
	Group E

	Repetition levels
	4
	8
	16
	32
	64

	Number of Physical resource within 64 subframes
	16
	8
	4
	2
	1

	Preamble sequence number 
	4
	4
	8
	16
	32

	Total PRACH resource number in 64 subframes
	64
	32
	32
	32
	32


2.2. Selection for repetition level for initial access
If eNB configures multiple repetition levels for initial access, UE needs to select one repetition level to transmit PRACH. Similar to power ramping, repetition level ramping can be adopted, i.e., allowing UE to use a higher repetition levels if the failure times for PRACH achieve the maximum number for a UE-chosen or eNB-configured repetition level. UE may always start from the minimal level. Alternatively, UE may select one repetition level based on some measurements of path loss/coverage. The second method will save transmission power and reduce collision possibilities if UE can have accurate path loss estimation.
Proposal #2: UE may select a repetition level based on path loss initially and ramp to the next level if still fail after reaching a maximal number of attempts.
eNB may can learn the coarse coverage status of a UE once it detects the PRACH transmission, especially if the UE uses maximal transmission power and the eNB can measure the received signal power from PRACH. There is no need to use PRACH to convey any information on coverage explicitly. For example, if eNB detects a preamble sequence with 8 repetitions, eNB knows that the UE transmitting this preamble sequence needs 8 repetitions to bridge the coverage gap. 
Observation #3: eNB may learn the coarse coverage status once it detects the PRACH.
3. Msg 2/3/4 transmission in initial random access 
UE is expecting Msg2 after sending PRACH. There were some discussions on repetition levels associated with transmission of Msg2/3/4 in RAN1 #74b, such as semi-statically configured, dynamically signaled, or predefined repetitions. 
Repetition level for Msg2
In the current specifications, Msg2 is transmitted in PDSCH scheduled by PDCCH. With PDCCH, the repetition level and timing relationship for PDSCH can follow the same rule for unicast channel. If PDCCH is still needed for Msg2, the PDCCH may need repetitions in coverage enhancement. In [1], some analysis on PDCCH transmission is provided. It seems reasonable for a UE to support blindly detect the different repetition levels of PDCCH in order to give eNB more flexibility to adjust PDCCH repetition levels based on the coverage situations of the group of “RACHing” UEs, whose Msg 2 is multiplexed in the same transport block. 
If only one repetition level of PDCCH is configured or pre-defined for Msg2, it shall target to the worse coverage. However, it will waste PDCCH resources and increase latency and power consumption of UE for receiving PDCCH always with a larger repetition level (assuming UE always detects PDCCH after receiving all the retransmissions). 
Another solution is configuring different repetition levels of PDCCH, each of which associated with one repetition level of PRACH. This solution has restriction for eNB to multiplex Msg2 for different UEs into one transport block. For example, eNB can only multiplex the UEs needing the same repetition levels. 
Alternatively, it is also possible to receive a Msg2-carrying PDSCH without PDCCH according to some pre-defined rules [2]. Similar to the discussion on PDCCH, UE can blindly detect for PDSCH with multiple repetition levels.
Proposal #3: If PDCCH is used to schedule PDSCH carrying Msg2, UE can monitor multiple levels of PDCCH. The repetition level and timing relationship can follow the same rule as unicast channel. Without PDCCH, UE can blindly detect PDSCH at multiple possible repetition levels. 
The UL grant for Msg 3 is indicated in Msg 2. In addition to the frequency resource allocation, the repetition level of PUSCH for Msg 3 can be also indicated in Msg2. For Msg 4 reception, blind detection of (E)PDCCH can also be adopted. 
As discussed in previous section, eNB can learn a coarse coverage status after receiving PRACH. However, it may not be accurate enough to provide a good scalability of spectral efficiency. More than doubled resources are needed to provide additional 3dB gain due to the poor channel estimation from the observations in [3].  Considering UE power consumption as well as the spectral efficiency, it will be beneficial if UE can report a more precise channel quality as early as possible. Based on this precise channel quality report, eNB can adjust the repetition number. Msg 3 provides a good opportunity for such report [4]. eNB can adjust the repetition level of PDCCH of Msg 4. 
Because the MTC devices are stationary and the channel does not change much. UE can report the channel quality in Msg 3 when performing initial access and eNB can allocate resource for the subsequent uplink/downlink transmission based on this channel quality.
Proposal #4: Msg3 in the RACH process can be used to convey channel quality report that is more precise than coverage gap estimated from a selected PRACH format. eNB can adjust the repetition level of Msg 4 and UE can blindly detect it. 
4. PRACH resource design for multiple repetition levels
With multiple PRACH repetition levels, separate resources may be needed so that eNB can easily detect the PRACH with different repetition levels from different UEs. It was agreed to support CDM, and/or TDM and/or FDM for PRACH multiplexing scheme [5]. 
Figure 1 illustrates some examples of PRACH multiplexing scheme in coverage enhancement mode. Figure 1(a) is CDM, where preamble sequence Group A~C are used for PRACH with different repetition levels, e.g., {2, 4, 8} respectively. Different PRACH formats can be transmitted on the same physical resource with well defined starting subframe. For example, the PRACH format with 2 repetitions can start at even subframe. Figure 1(b) and (C) are FDM and TDM scheme respectively. For FDM, PRACH with different repetition levels use different PRBs in one subframe while PRACHs with different repetition levels are transmitted in different subframe for TDM. Figure 1 (d) is a hybrid scheme of TDM+FDM, where PRACHs with different repetition levels are transmitted in different physical resources (separated in time or frequency domain). 
It is noted that, in Figure 1 for the different multiplexing schemes, there is no overlapping between PRACH resources.  eNB knows the starting subframe of each PRACH resource as well as the repetition levels. In addition, new PRACH configuration, e.g., starting subframe, may need to be defined for coverage enhancement mode. New system information element needs to be added, for example in SIB 2 or new SIB in coverage enhancement. With dedicated configuration of PRACH in coverage enhancement mode, it is up to eNB to use the same or different resource (preamble sequences or physical resources) for the PRACH for the UE in normal coverage.
Proposal #5: Introduce a dedicated configuration in SIB with new PRACH configurations in coverage enhancement mode. 
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Figure 1 An example of PRACH resource multiplexing 
5. Conclusion
In this paper, we discussed PRACH and PRACH procedure in coverage enhancement mode. Some observations are made:
Observations #1: Configuring multiple repetition levels of PRACH to allow UE to choose may help UE to reduce power consumption compared with defining a single repetition level.

Observations #2: With the same physical resources and the same number of preamble sequence, multiple repetition levels provide more opportunities for UE to choose than single repetition level. 
Observation #3: eNB may learn the coarse coverage status once it detects the PRACH.
Based on the observations, we proposed that: 
Proposal #1: Allow eNB to configure multiple PRACH repetition levels for initial random access.
Proposal #2: UE may select a repetition level based on path loss initially and ramp to the next level if still fail after reaching a maximal number of attempts.
Proposal #3: If PDCCH is used to schedule PDSCH carrying Msg2, UE can monitor multiple levels of PDCCH. The repetition level and timing relationship can follow the same rule as unicast channel. Without PDCCH, UE can blindly detect PDSCH at multiple possible repetition levels. 
Proposal #4: Msg3 in the RACH process can be used to convey channel quality report that is more precise than coverage gap estimated from a selected PRACH format. eNB can adjust the repetition level of Msg 4 and UE can blindly detect it. 
Proposal #5: Introduce a dedicated configuration in SIB with new PRACH configurations in coverage enhancement mode. 
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