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In RAN1 #81 meeting, the following agreement was concluded for RAR transmission [1]:
Agreement: 
· UE knows repetition level of transmission of RAR from the repetition level of its most recent PRACH
· FFS whether the repetition level is a function of the TBS of the RAR or not
· FFS the detailed mapping from the repetition level of PRACH to that of RAR
· UE knows in which subframe(s) transmission of RAR can begin from its most recent PRACH resource set
· UE knows in which frequency resource(s) transmission of RAR can occur from its most recent PRACH resource set
Further, in RAN2 #91 meeting, the following agreement was concluded for RAR transmission [2]:
Agreements
· Rel-13 “normal complexity” UEs in enhanced coverage use the same random access resources as a Rel-13 low complexity UEs in the same enhanced coverage level.

In this contribution, taking the “transmission of RAR” as M-PDCCH, how to determine the repetition level, transmission subframes and frequency resource of M-PDCCH are discussed, and corresponding proposals are given.
The repetition level of M-PDCCH
It was agreed that “UE knows repetition level of transmission of RAR from the repetition level of its most recent PRACH”. The repetition level of M-PDCCH depends on performance requirement and the amount of coverage enhancement and coverage compensation. Therefore, the factors which determine the repetition level of M-PDCCH from the repetition level of its most recent PRACH may include:
· The baseline MCL gap of M-PDCCH and PRACH
· The frame structure will also have impact on the baseline MCL gap of M-PDCCH and PRACH
· The coverage loss from a single receive RF chain and bandwidth reduction [3]:
· 4 dB coverage loss from a single receive RF chain
· 1~3 dB coverage loss from bandwidth reduction
· 5~9 dB coverage loss from a single receive RF chain and bandwidth reduction
· The UL Tx power reduction
· Assuming 3dB UL Tx power reduction
The following table illustrates the factors impacting the MCL gap between PRACH and M-PDCCH arising from bandwidth reduction, a single receive RF chain and UL Tx power reduction.
For the simplicity, in the following, we use type A UE denotes Rel-13 non-MTC UE and type B UE denotes Rel-13 low complexity UE.
Table 1: The factors impact the MCL gap between PRACH and M-PDCCH
	
	BW reduction in CE case
	A single receive RF chain
	UL Tx power reduction

	Type A UEs
	Yes
	No
	No

	Type B UEs
	Yes
	Yes
	Yes



Table 2 below summarizes the MCL surplus for type A UEs and type B UEs. 
Table 2: Summary of MCL surplus for type A UE and type B UE
	
	Type A UE’s M-PDCCH MCL surplus
	Type B UE’s M-PDCCH MCL surplus

	w/o UL Tx reduction, FDD
	3.4
	-1.6

	w/ UL Tx reduction, FDD
	N/A
	1.4

	w/o UL Tx reduction, TDD
	-1.8
	-6.8

	w/ UL Tx reduction, TDD
	N/A
	-3.8


If maximum 3 repetition levels are used for achieving 15dB coverage enhancement, it can assume 5dB coverage step corresponding to each repetition level when without UL Tx power reduction and 6dB coverage step corresponding to each repetition level when with UL Tx power reduction. Therefore, a criterion to determine the repetition level gap △ between PRACH repetition level and repetition level of M-PDCCH is to make △ fulfill the following inequality:
(△× S - S/2) ≦ MCL surplus ≦ (△× S + S/2)
Where, S is the coverage step, and △ is integer, which is equal to the minus of PRACH repetition level and repetition level of M-PDCCH.
According to the above criterion, assuming the repetition level of PRACH is level n, table 3 below gives the repetition level of M-PDCCH based on the MCL surplus.
Table 3: The repetition level of M-PDCCH
	
	Type A UE’s M-PDCCH MCL surplus
	Type B UE’s M-PDCCH MCL surplus

	w/o UL Tx reduction, FDD
	n-1
	n

	w/o UL Tx reduction, TDD
	n
	n+1

	w/ UL Tx reduction, FDD
	
	n

	w/ UL Tx reduction, TDD
	
	n+1


As seen from the table 3, under the same PRACH repetition level, the repetition level of M-PDCCH in TDD would have one higher level than that in FDD regardless of UE’s type.
Proposal 1: Under the same PRACH repetition level, the repetition level of M-PDCCH in TDD would have one higher level than that in FDD regardless of UE’s type.
Further, as seen from table 3:
· If PRACH repetition level is n, the repetition level of M-PDCCH for type A UE is n-1 for FDD and n for TDD.
· If PRACH repetition level is n, the repetition level of M-PDCCH for type B UE is n for FDD and n+1 for TDD.
In view of RAN2 had agreement on type A UE and type B UE using the same random access in the same enhanced coverage level, it is impossible to differentiate type A UE and type B UE in the coverage enhancement before M-PDCCH (for scheduling RAR) reception. Thus, for the simplicity point of view, under the same PRACH repetition level, the repetition level of M-PDCCH for type A UE can be equal to the repetition level of type B UE.
Proposal 2: Under the same PRACH repetition level, the repetition level of M-PDCCH for type A UE can be equal to the repetition level of M-PDCCH for type B UE.
The transmission subframes and frequency resource of M-PDCCH 
It was agreed that:
· UE knows in which subframe(s) transmission of RAR can begin from its most recent PRACH resource set
· UE knows in which frequency resource(s) transmission of RAR can occur from its most recent PRACH resource set
However, as all the multiplexing schemes (CDM, TDM and FDM) and its combination could be supported for PRACH resource multiplex, and for a certain PRACH resource multiplexing scheme, there still have multiple different ways to determine the starting subframe and frequency resource of M-PDCCH.
The figure below shows an example of using CDM between PRACH CE level 1 and PRACH CE level 2, and one PRACH enhanced transmission opportunity of PRACH level 2 corresponds two PRACH enhanced transmission opportunities of PRACH level 1.
As seen in the figure below, there have several ways (as marked cases a, b, c, d) to determine the starting subframe and frequency resource of M-PDCCH.


Figure 1: Illustration of determining subframes and frequency resource of M-PDCCH
For case a, the M-PDCCHs corresponding to different PRACH repetition levels and enhanced transmission opportunities of PRACH CE level 1 are FDM. In the following, timing is defined as the time length between the starting subframe of PRACH transmission and the starting subframe of M-PDCCH. The timing between {PRACH repetition level 1, opportunity 1} and its M-PDCCH is different from that of {PRACH repetition level 1, opportunity 2} and its M-PDCCH. The timing between {PRACH repetition level 1, opportunity 2} and its M-PDCCH is also different from that of {PRACH repetition level 2, opportunity 1} and its M-PDCCH.
For case b, the M-PDCCHs corresponding to PRACH repetition level 1 and PRACH repetition level 2 are FDM. The M-PDCCHs corresponding to different enhanced PRACH opportunity of the same PRACH repetition level are TDM. This allows the same timing to be maintained for different PRACH repetition levels or different PRACH enhanced opportunities of the same repetition level.
For case c, the M-PDCCHs corresponding to different PRACH repetition levels and enhanced transmission opportunities are TDM. The timing between {PRACH repetition level 1, opportunity 1} and its M-PDCCH is different from that of {PRACH repetition level 2, opportunity 1}.
For case d, the M-PDCCHs corresponding to different PRACH repetition levels and enhanced transmission opportunities are multiplexed on ECCE dimension. The timing in this case is the same as that in case a.  As the resource is shared, the repetition number of M-PDCCHs would be increased to some extent.
Moreover, for the preambles using CDM under the same repetition level, the specification should specify the resource of which RAR related to which preamble should be determined in which time-frequency resource, which will complicate the resource (time and frequency) determination of M-PDCCH. 
Similarly, for PRACH resource multiplexing using FDM and/or TDM, there also have several branches to determine the starting subframe and frequency resource of M-PDCCH. Therefore, there have many possibilities for determining time-frequency resource of M-PDCCH, especially hybrid multiplexing schemes are used for different PRACH resource sets.
A simplified way to determine the time and frequency resource of M-PDCCH would have a known relationship between PRACH resource set and the time-frequency resource of M-PDCCH. 
There are some different options to establish known relationship between PRACH resource set and the time-frequency resource of M-PDCCH.
Option 1: SIB configuration
In theory, for each PRACH resource set, the SIB can configure the subframe (starting subframe and available subframes) and frequency resource of M-PDCCH corresponding to that PRACH resource set.
However, to achieve flexible resource utilization of M-PDCCH, the SIB configuration may not only be related to PRACH resource set, but also related to PRACH enhanced transmission opportunities (of the same PRACH repetition level) and preamble index (of the same PRACH repetition level). This is very complicated for SIB signaling indication, and also will incur large signaling overhead.
Option 2: Predefined mapping rule
By predefining mapping rule between PRACH resource set and time-frequency resource of M-PDCCH, we can determine time-frequency resource of M-PDCCH and eliminate signaling overhead.
For example, if different PRACH resource sets are CDM, the FDM (i.e., case b) can be assumed for determining time-frequency resource of M-PDCCH corresponding to different PRACH resource sets due to same timing can be maintained.
For example, if different PRACH resource sets are FDM, FDM is favorable for determining time-frequency resource of M-PDCCH corresponding to different PRACH resource sets.
For example, if different PRACH resource sets are TDM, then TDM is favorable for determining time-frequency resource of M-PDCCH corresponding to different PRACH resource sets.
For a certain PRACH repetition level, since different PRACH enhanced transmission opportunities are TDM, so TDM is naturally assumed for determining time-frequency resource of M-PDCCH corresponding to different PRACH enhanced transmission opportunities.
For a certain PRACH repetition level, since different PRACH preambles are CDM, FDM can be assumed for determining time-frequency of M-PDCCH corresponding to different PRACH preambles because same timing can be maintained for different PRACH preambles.
However, for option 2, the restriction would be large in some scenarios. For example, FDM of M-PDCCH is hard to apply in small carrier bandwidth.
Option 3: Combination of option 1 and option 2
For option 3, the SIB can configure the time and frequency of M-PDCCH corresponding to different PRACH resource sets with CDM multiplexing. 
If different PRACH resource sets are FDM, FDM is favorable for determining time-frequency of M-PDCCH corresponding to different PRACH resource sets.
If different PRACH resource sets are TDM, then TDM is favorable for determining time-frequency of M-PDCCH corresponding to different PRACH resource sets.
For a certain PRACH repetition level, TDM is naturally assumed for determining time-frequency of M-PDCCH corresponding to different PRACH enhanced transmission opportunities.
In summary, both option1 and option 3 can provide some flexibility due to SIB can configure the time and frequency resource of M-PDCCH to some extent.
Proposal 3: Determining the time-frequency resource of M-PDCCH by PRACH resource set is at least based on SIB configuration.
[bookmark: _Ref129681832]Conclusions
In this contribution, taking the “transmission of RAR” as M-PDCCH, how to determine the repetition level, transmission subframes and frequency resource of M-PDCCH are discussed, and the following proposals are given.
Proposal 1: Under the same PRACH repetition level, the repetition level of M-PDCCH in TDD would have one higher level than that in FDD regardless of UE’s type.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 2: Under the same PRACH repetition level, the repetition level of M-PDCCH for type A UE can be equal to the repetition level of M-PDCCH for type B UE.
Proposal 3: Determining the time-frequency resource of M-PDCCH by PRACH resource set is at least based on SIB configuration.
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