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Discussion and Decision
1 Introduction

In RAN1#86bis, the following agreements were made –

· Rel-14 non-BL UE can support CE mode A in connected mode with a maximum PDSCH/PUSCH channel bandwidth of either 5 or 20 MHz.
· Rel-14 capability signaling is introduced to differentiate non-BL UEs with respect to maximum UE channel BW support in CE.
· Rel-14 non-BL UE may also support Rel-13 CE mode A and CE mode B.
· A Rel-14 non-BL UE supporting CE mode A operation with 20-MHz maximum PDSCH/PUSCH channel bandwidth also supports CE mode A operation with 5-MHz maximum channel bandwidth.

· Strive for commonality in the DCI design for the 5-MHz and 20-MHz cases without introducing unnecessary overhead for the 5-MHz case.

· FFS whether to support frequency hopping for PDSCH/PUSCH channel bandwidths >5 MHz
· The larger maximum UE channel BW for PDSCH is supported for both CE mode A and CE mode B.
· The larger maximum UE channel BW for PUSCH is not supported for CE mode B.
· For the 5-MHz BL UE,

· The maximum reception bandwidth is 25 PRBs.
· The maximum allocatable PDSCH channel bandwidth is [FFS between 24 or 25] PRBs.

· The maximum transmission bandwidth is 25 PRBs.
· The maximum allocatable PUSCH channel bandwidth is [FFS between 24 or 25] PRBs.
In this contribution, we consider support for frequency hopping in larger channel bandwidth.

2 Frequency Hopping
In Rel-13, cell specific frequency hopping is used. In the DL, hopping is between 2 or 4 narrowbands and the UE cycles through the narrowbands based on a predefined pattern. The first narrowband is given in the DCI, while the other narrowband(s) are determined using a single configurable offset. In the UL, a similar scheme is used except hopping is limited to between 2 narrowbands only.
In Rel-14, BL UE with a maximum PDSCH/PUSCH channel bandwidth of 5 MHz was introduced. In addition, non-BL UE can support CE mode with a maximum PDSCH/PUSCH channel bandwidth of 5 or 20 MHz. It is FFS whether to support frequency hopping for PDSCH/PUSCH channel bandwidths >5 MHz. One reason to support frequency hopping is to provide frequency diversity gain. For wideband UEs, this might not be needed if distributed resource allocation is supported. However, distributed resource allocation is only applicable to the downlink. Thus, the PUSCH could still benefit from frequency hopping. Another reason to support frequency hopping is to be backward compatible and support coexistence with Rel-13 UEs that are hopping. Because larger maximum UE channel BW is supported for both CE mode A and CE Mode B, UE can be allocated large bandwidth together with repetitions. This is more useful in the downlink as larger allocated bandwidth can improve data rate (by reducing the number of time-domain repetitions). If frequency hopping is not supported for Rel-14 UEs, then there could be collisions between Rel-13 UEs that are hopping with Rel-14 UEs that are not. Therefore, it is proposed to support frequency hopping for Rel-14 UEs in CE. To ensure coexistence with Rel-13 UE, the same cell-specific Rel-13 frequency hopping scheme should be supported.
Proposal 1: Frequency hopping is supported for Rel-14 UE. Reuse Rel-13 cell-specific frequency hopping scheme.
Figure 1 shows several possible examples of frequency hopping for larger bandwidth with different numbers of resource allocation and hopping offsets. Note that examples with wrap-around are not valid in case the system bandwidth is larger than the UE bandwidth. The idea is to follow the Rel-13 hopping scheme and maps corresponding PRBs in assigned narrowbands accordingly. For instance, in Figure 1(b), 8 PRBs are allocated in NB1 and NB2 with 6 PRBs in NB1 and 2 PRBs in NB2. With hopping, NB1 hops to NB4 and NB2 hops to NB1. The first 6 PRBs would then be mapped to NB4 while the remaining 2 PRBs will be mapped to NB1. This allows easy handling of PRB mapping when wrap-around occurs.
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Figure 1. Frequency hopping examples for larger bandwidth.
Note that all the examples shown in Figure 1 are valid for the PDSCH when the UE bandwidth is equal to or greater than the system bandwidth since continuous allocation is not required and wrap-around leading to fragmentation can be supported. However, for the PUSCH, continuous allocation is needed and therefore frequency hopping allocation with wrap-around is invalid. In this case, it is up to eNB implementation to ensure that this does not happen. If needed, UE behaviour may be defined in this error case. For example, UE could drop subframes with wrap-around.
Proposal 2: It is up to eNB implementation to ensure that frequency hopping error cases with wrap-around (e.g. for PUSCH or for PDSCH with UE bandwidth smaller than system bandwidth) do not occur.
Similar to in Rel-13, eNB should be able to dynamically enable/disable frequency hopping in CE Mode A. This can be used to minimize the issue with wrap-around for PUSCH. For instance, when cell-specific frequency hopping is enabled, the eNB can still allocate a large BW in the PUSCH but disable frequency hopping via DCI in case of wrap-around.
Proposal 3: Frequency hopping can be dynamically enabled and disabled via DCI in CE Mode A. 

3 Conclusions

In this contribution, we consider frequency hopping in larger channel bandwidth and make the following proposals –

Proposal 1: Frequency hopping is supported for Rel-14 UE. Reuse Rel-13 cell-specific frequency hopping scheme.

Proposal 2: It is up to eNB implementation to ensure that frequency hopping error cases with wrap-around (e.g. for PUSCH or for PDSCH with UE bandwidth smaller than system bandwidth) do not occur.
Proposal 3: Frequency hopping can be dynamically enabled and disabled via DCI in CE Mode A. 
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