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1. Introduction

Slot-based frequency hopping may be used on the uplink for frequency diverse transmission. This contribution provides an overview of some desired properties for uplink frequency hopping, and reviews the merits and demerits of several resource allocation options.
2. Desired Properties of Uplink Frequency Hopping
Some desired properties include:
· Good diversity performance

· Low signaling overhead

· Supports a wide range of numbers of VRBs

· Interacts well with a mix of frequency hopping and channel dependent scheduled users

· Preserves the DFT-S-OFDM single carrier uplink
· Randomization of Intercell Interference

Further, diversity should be available for both non-persistent and semi-persistent scheduling, though not necessarily with the same mechanism. 

It may not be possible to achieve all desired properties.

3. Candidates 
Five candidate schemes for hopping configuration are discussed.
Scheme 1: Explicit Signaling

Both the first hop and second hop are explicitly signaled. Without restriction of hopping locations, this scheme provides the best diversity and interaction with channel dependent scheduling. Any number of VRBs may be supported, and the DFT-S-OFDM single carrier property preserved. The drawback is the cost of the explicit signaling. This option is appropriate for non-persistent and the initial transmission of semi-persistent only.
Scheme 2: Explicit 1st slot, Random Hopping 2nd Slot.

The first hop is explicitly signaled, the second hop is determined by a frequency hopping pattern or known mapping. This option has lower uplink grant overhead, but incurs a number of restrictions on the frequency hopping patterns that could affect performance. A primary restriction is that when more than one VRB is assigned, the VRBs must hop together to preserve the DFT-S-OFDM single carrier property. Since there may be many different assigned bandwidths multiplexed together, some sort of hierarchical hopping pattern may be required. An additional concern with this option is that entire bandwidth may be consumed with hopping users even though less than the entire bandwidth is occupied. One way to overcome this is to semi-statically divide the band into hopping and non-hopping regions, where the explicit assignment and random hop only occur in the hopping region. This option is appropriate for non-persistent and the initial transmission of semi-persistent only.
Scheme 3: Explicit 1st slot, known Offset Second Slot

The first hop is explicitly signaled and the second hop is determined via a fixed offset (in RBs). No hopping patterns need be determined. The offset may be a fixed (e.g., 3 or 6 RB) or variable (e.g., floor(NRB/2)) amount. More than one VRB are handled fairly well, except for the primary restriction that multiple VRB allocations are not allowed to wrap around the band (violation of DFT-S-OFDM). One solution is to require allocations that, if wrap around occurs, fully wrap around. Placing single VRB allocations near the edges of the band is one way to accomplish this. As with random hopping, the entire bandwidth may be consumed with hopping users even though less than the entire bandwidth is occupied. One way to overcome this is to semi-statically divide the band into hopping and non-hopping regions. Another is to allow some users to have positive offset and others to have negative offsets, promoting full usage of hopping resources by hopping users. (For single VRB allocations this is analogous to pairing.) This option is appropriate for non-persistent and the initial transmission of semi-persistent only.

A drawback of this approach (and scheme 3a, below) is that it does not readily allow for frequency semi-selective scheduling, where the hop provides a sounding benefit for the next UL grant.[1]
Scheme 3a: Explicit 1st slot, second slot offset by ½ of system bandwidth
Here the offset is positive from the first RB in the first slot if in the top half of the band, and negative from the last RB of the first slot otherwise. Wrap-around issues are avoided, assuming allocations are no more than ½ the system bandwidth and do not span the middle of the band. This is reasonable given larger allocations may simply use non-hopping transmission. With careful scheduling, hopping users can be naturally kept in the same portion of bandwidth. Good diversity is provided. It may be difficult to provide intercell interference randomization unless different offsets are available in different cells. Note: A mirror allocation (symmetric around center) is also possible, but offers less diversity to RBs in the center of the band.
Scheme 4 Explicit 1st slot, signaled offset second slot
This option bridges the gap between explicit signaling and a known offset, by providing several offset choices. Wrap-around issues may be avoided as in 3a (though with the likelihood of blocking more channel dependent users) or positive/negative offsets may be specified. More randomization of the second slot may occur, and the hop will provide more sounding benefits. As an example, consider 2 bits, with 00=no hopping, 01=+3, 10=-3, 11=+6. Of course, values related to the system bandwidth may be used. Such an example would require 1 additional bit in [2]. This option is appropriate for non-persistent and the initial transmission of semi-persistent only.
Scheme 5 Explicit/Random 1st and 2nd slot

Similar to scheme 2, except random 1st slot for retransmissions. The explicit 1st slot on 1st transmission could also be a frequency hopping pattern index. This scheme has the same difficulties as scheme 2, namely the difficulty in having to create hierarchical patterns for multi-VRB allocations, and the need to divide the bandwidth semi-statically into hopping and non-hopping regions. Hopping patterns may need to be generated for each hopping bandwidth size. This option is appropriate for both non-persistent and semi-persistent, assuming changing the used resources via hopping is considered consistent with non-adaptive synchronous HARQ.
4. Conclusion

Every scheme has its benefits and drawbacks. To avoid complex hopping pattern creation while still having low (or no) overhead, a known offset second slot (scheme 3a) or signaled offset second slot (scheme 4) may be preferred.
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