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1 Introduction
In RAN1#80bis, a working assumption on PRACH frequency hopping was confirmed, but discussion did not reach consensus on the details:

Agreement:
· 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 discuss some points related to design of PRACH frequency hopping (FH), and how it can interact with PUSCH FH to assist further discussion of the details.
2 PRACH operation
2.1 PRACH and PUSCH alignment
We take the 10 MHz system bandwidth as the design case, because it is the smallest system bandwidth with sufficient PRBs to have appreciable benefits from frequency hopping. Commonality of design implies that 15 and 20 MHz should follow the same rules as 10 MHz. Table 1 shows a possible typical resource allocation budget. As an example, we have assumed that non-MTC and MTC PUCCH share 6 PRBs, although this is still an open question. We have used 3 MTC PRACH regions, for a simple operation of one region per CE level. Assuming that some minimal resource is required for non-MTC PUSCH, there is space for approximately 2 MTC PUSCH regions, leaving 8 PRBs for non-MTC PUSCH. 

Table 1: Example resource allocations in 10 MHz.
	Usage
	PRBs allocated

	PUCCH (shared)
	6

	Non-MTC PRACH
	6

	3x MTC PRACH
	18

	2x MTC PUSCH
	12

	Non-MTC PUSCH
	8

	TOTAL
	50


More generally, this shows that there could be approximately 5 or 6 MTC PUSCH/PRACH regions available in 10 MHz. It has been suggested that only one hop is needed to obtain most of the gain from FH on PRACH, so to create enough different regions into which each PRACH region can hop, the hopping opportunities for MTC PRACH and MTC PUSCH should be aligned at a subframe level. For the same reason, the hopping behavior(s) of MTC PRACH should be the same as for MTC PUSCH, i.e. any MTC PUSCH region should be interchangeable with any MTC PRACH region. It seems clear that a hopping PRACH must not hop into a non-MTC (i.e. non-hopping) PRACH resource.
The details of FH for PUSCH for MTC are still undecided, for CE and non-CE cases. In current operation, the PUSCH hopping type and, for Type 1 also the hopping offset, are indicated dynamically by DCI, which clearly cannot be used for PRACH FH. So the PRACH FH configuration can only be cell-specific, and as a consequence of interchangeability, it should support at least any cell-specific frequency hopping that is supported by MTC PUSCH, including the existing cell-specific hopping if that is retained for non-CE operation (although the potential hopping subframes may be more limited in legacy operation due to the HARQ retransmission delay of 8 ms). This should provide enough resource and flexibility for MTC PRACH frequency hopping. It is natural that MTC PRACH can also hop with another MTC PRACH, and this can occur at additional subframe boundaries to the potential hops with MTC PUSCH. An example of this is shown in Figure 2.
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Figure 1: Example frequency hopping resource usage, using the resource allocations from Table 1, with up to one hop per resource. Horizontal time span covers many subframes.
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Figure 2: Example frequency hopping resource usage with MTC PRACH also hopping with other MTC PRACH. Horizontal time span covers many subframes.
Management of the time and code domains for CE levels is separate from frequency hopping, so we do not discuss it further here. An example operation using these principles is shown in Figure 1; of course other arrangements are possible, including some hopping between (in this example) M-PRACH2 and non-MTC PUSCH.

Proposal 1:
Frequency hopping for MTC PRACH is supported at least at the same subframe boundaries as frequency hopping for MTC PUSCH.
Proposal 2:
The MTC PRACH frequency hopping resource configuration is cell-specific and common with any cell-specific MTC PUSCH frequency hopping resource configuration that is introduced.

In smaller system bandwidths (5, 3, and 1.4 MHz), the same rules as discussed for 10 MHz can apply at least in the 3 and 5 MHz cases following commonality. Considering that there is more limited opportunity for FH, and smaller coverage performance benefit, there is no reason to further optimize MTC PRACH FH for these bandwidths.

2.2 TDD-specific considerations
TDD allows frequency multiplexing of PRACH opportunities within a subframe if the required number of opportunities cannot be non-overlapping in the time domain. Considering the case of a 10 MHz system bandwidth in Section 2.1, it may be very challenging to find sufficient resource to achieve this in bandwidths up to 10 MHz when separating different coverage levels in frequency and also supporting non-MTC PRACH, etc. Previous agreements allow coverage levels also to be separated in time and/or code, so it appears necessary to define that when multiple PRACH frequency regions are defined for CE, they can constitute at least some of the multiple PRACH opportunities in TDD. That is, the same CE level can exist in multiple PRACH frequency regions in TDD.
Proposal 3:
When multiple PRACH resource regions are defined for coverage enhancement in TDD, these can constitute at least some of the multiple PRACH opportunities for a CE level according to DRA.
2.3 Retuning

The bandwidth reduction questions that are being considered by RAN4 [1], [2], may have some impact on the design of FH for PRACH. Especially retuning and variable Tx/Rx separation will need to be considered if a narrowband RF is preferred. With a narrowband RF, there will need to be a guard period for each hop of PRACH/PUSCH, (see case ‘c’ in [3]), although adopting Proposal 1 helps to reduce the total number of guard periods in a UE’s transmissions, and thus the overall latency of an UL transmission. If there is a need for a non ~0ms guard period, the scheduler must also handle any cases where MTC PRACH (or MTC PUSCH) could hop with non-MTC PUSCH resources to match the UL HARQ timeline. If there is ~0 ms retuning time, then no special handling should be needed, if support for such hopping is introduced.
With either implementation option, there could also be some interference from UEs which transmit a hopping PRACH before they have timing advance (provided in RAR), since PRACH from these UEs could be transmitted in resources that are used for PUSCH transmission by connected-mode UEs before the resources have been vacated by the UE sending PRACH, as shown in Figure 3.
Proposal 4:
Request RAN4 feedback on potential PRACH-PUSCH interference for MTC PRACH frequency hopping.
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Figure 3: UE without timing advance hops PRACH late.
3 Conclusion
In this paper, we have discussed some of the issues that need to be considered if PRACH frequency hopping is to successfully coexist with PUSCH frequency hopping, and other aspects of Rel-13 low-complexity MTC design. We propose some design rules as follows:

Proposal 1:
Frequency hopping for MTC PRACH is supported at least at the same subframe boundaries as MTC PUSCH.
Proposal 2:
The MTC PRACH frequency hopping resource configuration is cell-specific and common with any cell-specific MTC PUSCH frequency hopping resource configuration that is introduced.

Proposal 3:
When multiple PRACH resource regions are defined for coverage enhancement in TDD, these can constitute at least some of the multiple PRACH opportunities for a CE level according to DRA.

Proposal 4:
Request RAN4 feedback on potential PRACH-PUSCH interference for MTC PRACH frequency hopping.
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