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1. Introduction
In RAN1#80bis meeting [1], the followings were agreed for PRACH frequency hopping.
Agreement:
· Confirm the Working assumption from RAN1#80: 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 the detail design on PRACH frequency hopping for Rel-13 low complexity UEs.
2. Discussion

PRACH frequency hopping can be configured to be supported only when there are multiple PRACH frequency resources for Rel-13 low complexity MTC UEs in coverage enhanced mode, which means that multiple PRACH frequency resources shall not be configured only for supporting PRACH frequency hopping. Therefore, only the following three cases can provide multiple PRACH frequency resources and PRACH frequency hopping can be only configured for these three cases.
· Case 1: When the PRACH subframe sets configured for Rel-13 low complexity UEs with different repetition levels are the same and at least two PRACH frequency resources are configured in each PRACH subframes, PRACH transmissions with each repetition level can hop among these PRACH frequency resources.
· Case 2: When the PRACH subframe sets configured for Rel-13 low complexity UEs with different repetition levels are not the same and at least two PRACH frequency resources are configured for a certain PRACH repetition level, PRACH transmissions with the repetition level can hop among the PRACH frequency resources configured for the repetition level. 
· Case 3: When TDD UL/DL configuration 5 is used and at least two PRACH frequency resources are defined in one subframe according the PRACH configuration index, PRACH transmissions with a certain repetition level corresponding to above configuration can hop among these PRACH frequency resources.
Frequency hopping pattern among multiple PRACH frequency resources shall be defined with a hopping subframe interval and hopping order among multiple PRACH frequency resources. To avoid the collision between different Rel-13 low complexity UEs on the same PRACH frequency resource, the frequency hopping pattern shall be defined in system level with a common starting subframe and different starting PRACH frequency resources. 
Assuming that there are two PRACH frequency resources can be used for frequency hopping, two frequency hopping patterns with respective PRACH frequency resource 1 and PRACH frequency resource 2 as the starting resource, and with a common starting subframe such as subframe #0 in radio frame #0 shall be predefined, as shown in Figure 1. If the two PRACH frequency resources are offered in Case 1, Rel-13 low complexity UE with different repetition levels can select a certain frequency hopping pattern according to its PRACH frequency resource configured in its PRACH resource set, and decide the real PRACH frequency resource used in each subframe in the repetition period based on the selected frequency hopping pattern and the number of subframe, as shown in Figure 2. If the two PRACH frequency resources are offered in Case 2 or Case 3, Rel-13 low complexity UE with a certain repetition level corresponding to two PRACH frequency resources can select a certain frequency hopping pattern according to its PRACH frequency resource selected from the multiple PRACH frequency resources configured in its PRACH resource set, and decide the real PRACH frequency resource used in each subframe in the repetition period based on the selected frequency hopping pattern and the number of subframe, as shown in Figure 3. It should be noted that different repetition levels may be configured with the same multiple PRACH frequency resources if TDM/CDM can distinguish the different repetition levels, hence, the same frequency hopping shall be used for these repetition levels within the respective subframe sets.

[image: image1.emf]0123456789 0123456789 0123456789

……

0123456789

Radio frame 0

Radio frame 1 Radio frame j Radio frame j+1

……

……

PRACH frequency resource 1

PRACH frequency resource 2

PRACH frequency 

hopping pattern1

PRACH frequency resource 1

PRACH frequency resource 2 PRACH frequency resource 2

PRACH frequency resource 1

PRACH frequency 

hopping pattern2

……

PRACH frequency resource 2

PRACH frequency resource 1

PRACH frequency resource 2

PRACH frequency resource 1 PRACH frequency resource 1

PRACH frequency resource 2


Figure 1: PRACH frequency hopping patterns
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Figure 2: PRACH frequency hopping for Case 1
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Figure 3: PRACH frequency hopping for Case 2 or 3
Based on the analysis above, we have the following proposals:
Proposal 1: Multiple PRACH frequency resources shall not be configured only for supporting PRACH frequency hopping.
Proposal 2: Frequency hopping patterns with different starting frequency resources shall be defined with a system level hopping subframe interval and hopping order among multiple PRACH frequency resources.

Proposal 3: One frequency hopping pattern shall be selected by Rel-13 low complexity UE in enhanced coverage according to its PRACH frequency resource configured in its PRACH resource set.
3. Conclusion
In this contribution, we discuss the frequency hopping design for PRACH repetition with the following proposals: 
Proposal 1: Multiple PRACH frequency resources shall not be configured only for supporting PRACH frequency hopping.
Proposal 2: Frequency hopping patterns with different starting frequency resources shall be defined with a system level hopping subframe interval and hopping order among multiple PRACH frequency resources.

Proposal 3: One frequency hopping pattern shall be selected by Rel-13 low complexity UE in enhanced coverage according to its PRACH frequency resource configured in its PRACH resource set.
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