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1. Introduction

In RAN1#46bis meeting, the necessity of frequency hopping in E-UTRA uplink transmission is discussed [1]-[4], and intra-TTI and inter-TTI frequency hopping based on localized FDMA was agreed on. In this paper, we discuss the problems to be solved for frequency hopping in E-UTRA uplink and suggest some approaches for frequency hopping.
2. Approaches for uplink frequency hopping
For uplink transmission in E-UTRA, we assume synchronous retransmission and single carrier transmission. Based on that assumption, there are several problems to be solved to introduce intra/inter-TTI frequency hopping in E-UTRA uplink. In figure 1, boxes with a same colour indicate initial transmission or retransmissions for a same data packet.
1. There could be collision between retransmissions of non-hopping packets and hopping packets (Figure 1(a)).

2. There could be collision between non-hopping packets and intra-TTI hopping packets (Figure 1(b)).

3. It is difficult finding out general hopping pattern applicable to various transmission bandwidths keeping single carrier transmission at the same time (Figure 1(c)).
To resolve those problems, we suggest basic approaches for frequency hopping in E-UTRA uplink.
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(a) Collision between retransmissions                                      (b) Collision between slots
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(c) Breaking single carrier characteristics

Figure 1   Potential problems in uplink frequency hopping 
Suggestion 1. Defining frequency hopping subbands with a period same with the HARQ retransmission period

To avoid the collision between retransmissions of non-hopping packets and hopping packets, it is simple approach to define frequency hopping band within a system band. When a HARQ retransmission period consists of L TTIs, network may configure any of those TTIs to include frequency hopping (FH) band, then the FH band should appear every L TTIs periodically. Furthermore, multiple subbands rather than single band can be defined to construct FH band for flexible multiplexing of FH band and non-FH band, which enables interference randomization or coordination between neighbour cells and increases frequency diversity gain. Uplink frequency resource can be divided by M subbands and uplink time resource can be divided by L HARQ retransmission groups, then any of those M(L combinations can be configured to be used for FH transmission. Figure 2 illustrates the concept.
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Figure 2  FH-subband configuration example, M=4, L=4
Suggestion 2. Two alternative approaches for frequency hopping within frequency hopping band

An uplink transmission can hop over the FH subbands as described above. As an actual hopping method, we suggest two alternatives, one is frequency hopping between FH subbands and the other is frequency hopping following binary tree structure.
· Alternative 1. Frequency hopping between FH subbands

In this approach, relative position within a FH subband of a packet is fixed, but the subband for actual transmission changes every 0.5ms slot by a predefined rule. In this approach, transmission bandwidth of a frequency hopping packet cannot exceed single subband. Figure 3 shows examples with FH subbands consecutive in frequency domain. However, configuring non-consecutive subbands as FH subbands is also possible for more diversity gain and interference management. 
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Figure 3  Illustration of subband hopping
· Alternative 2. Frequency hopping with binary tree structure

In this approach, RBs (or RB groups) in FH subbands are assigned ‘virtual index’ following binary tree structure as shown in figure 4, where 2 FH subbands are assumed and 1 subband consists of 4 RB. If we call circular points in figure 4 as ‘nodes’, RB assignment to a UE in a slot should fill up all the branches from a node. That is, Node B scheduler can assign a UE 1, 2, 4, 8, … RBs which branch out from an arbitrary node. Then, after a UE transmits a packet over assigned RBs in a slot, it recalculates the available RBs for it in next hop by increasing the virtual indexes of the assigned RBs by 1 or any constant value. 
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Figure 4  Illustration of binary tree structure

Figure 5(a) below shows an example of RB hopping when a UE is assigned an RB with virtual index ‘000’ for initial transmission, and figure 5(b) shows an example when a UE is assigned two RBs with virtual index ‘000’ and ‘100’, where virtual indexes for assigned RBs are increased by 1 every hop.
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(a) 1 RB assigned
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(a) 2 RBs assigned

Figure 5  Examples of RB assignment and hopping

In this way, simple hopping without breaking single carrier transmission is possible. In addition, RB assignment to a UE can exceed a subband if all the FH subbands are consecutive in frequency domain. Apparently, concept of subband is not necessary with binary tree structure if a frequency hopping band consists of consecutive subcarriers. However, configuring non-consecutive subbands as FH subbands is also possible for more diversity gain and interference management. Figure 5 shows examples with FH subbands consecutive in frequency domain. 
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Figure 5  Illustration of frequency hopping with binary tree
Suggestion 3. Management of frequency hopping
Frequency hopping can be managed by following manner

· Interference between neighbour cells

Frequency hopping could be applied to cell boundary UEs since channel sounding over large bandwidth for helping frequency-selective scheduling may be difficult for those UEs. Therefore, frequency hopping traffics can cause larger interference than other traffics. Inter-cell interference between frequency hopping traffics can be randomized by different hopping order between neighbour cells. This can be done by different subband hopping order in case of subband hopping method and by different increase step of virtual index in case of binary tree structure. Furthermore, different FH subbands can be used for neighbour cells for interference coordination whatever interference coordination strategy is used.
· Single carrier transmission of non-hopping traffics

If non-consecutive subbands are used for frequency hopping, bandwidth of non-hopping traffics will be limited. However, a network operator has choice between more efficient frequency hopping and larger bandwidth allocation by different subband configurations.
· Selection between frequency hopping and non-hopping

In the suggested approaches, no explicit signaling for frequency hopping is necessary. If a UE is assigned FH subbands in a TTI, it automatically applies frequency hopping transmission. Node B scheduler may assign a UE FH subbands not only because of the UE traffic’s characteristics but also to utilize the remaining band resource over FH subbands. The same rule can be applied to ‘persistent’ scheduled traffics also.
3. Conclusion
In this contribution, we suggested general approaches for frequency hopping transmission in E-UTRA uplink. We hope this could be an initiation of discussion on how to specify the frequency hopping in E-UTRA.
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