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Discussion and Decision
1 Introduction

In RAN1#87, the following agreements were made –

· PDSCH/PUSCH frequency hopping is supported for BL/CE UE operating 5 MHz maximum PDSCH/PUSCH channel bandwidth.

· Reuse Rel-13 frequency hopping RRC parameters.

· FFS how to handle center PRB in odd system bandwidths

· FFS whether wrap-around can occur

· 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.

· This does not preclude specifying a UE behavior for these cases.

· PDSCH/PUSCH frequency hopping can be dynamically enabled and disabled via DCI in CE Mode A.

In this contribution, we consider remaining issues with frequency hopping.

2 Frequency Hopping
In RAN1#84, it was agreed that PDSCH/PUSCH frequency hopping is supported for BL/CE UE operating 5 MHz maximum PDSCH/PUSCH channel bandwidth. In addition, non-BL UE can also be configured with 20 MHz maximum PDSCH channel bandwidth. One reason to support frequency hopping is to provide frequency diversity gain. For wideband UEs, this might not be needed as distributed resource allocation is supported. However, another key 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 UEs configured with 20 MHz maximum PDSCH channel bandwidth, then there could be collisions between UEs that are hopping but using different bandwidth (1.4, 5, and 20 MHz). Therefore, it is proposed to support frequency hopping also for UEs that are configured with 20 MHz PDSCH channel bandwidth. Also, as agreed in RAN1#87 for UEs configured with 5 MHz maximum PDSCH channel bandwidth, Rel-13 frequency hopping RRC parameters should be reused.
Proposal 1: Frequency hopping is supported for UEs configured with 20 MHz maximum PDSCH channel bandwidth. Reuse Rel-13 cell-specific frequency hopping parameters. 
In RAN1#87, it was agreed that the PUSCH allocation for UEs configured with 5 MHz PUSCH channel bandwidth can include at least certain PRBs that are not part of narrowbands. This includes the central PRB(s) in case of odd system bandwidth. However, it remains FFS whether PRBs at the band edges that do not belong to any narrowband can be scheduled. Assigning PRBs at the band edges that do not belong to any narrowband will make handling of frequency hopping difficult. In addition, those PRBs are generally reserved for the PUCCH and therefore unlikely to be used for PUSCH transmission. Therefore, it is proposed that PRBs at the band edges that do not belong to any narrowband cannot be scheduled when frequency hopping is enabled. Naturally, when frequency hopping is disabled, there is no need to restrict scheduling of the PRBs at the band edges as the resource allocation scheme in [2] can support this.
Proposal 2: For UEs configured with 5 MHz maximum PUSCH channel bandwidth, PRBs at the band edges that do not belong to any narrowband cannot be scheduled when frequency hopping is enabled. They can be scheduled when frequency hopping is disabled.
As agreed in RAN1#87, UEs that have been configured with 5 MHz PUSCH channel bandwidth can be allocated up to 25 PRBs. In addition, these PRBs do not need to be part of narrowbands defined in Rel-13. This includes at least the central PRB in case of odd system bandwidth. However, it is FFS whether PRBs at the band edges that do not belong to any narrowband can be scheduled. With respect to frequency hopping, when PRBs that do not belong to a narrowband is allocated, there is no corresponding PRBs based on Rel-13 frequency hopping definition. There are several potential ways to handle this –

1. Frequency hopping is not allowed when PRBs that do not belong to a narrowband is allocated. However, as PUSCH allocation is contiguous, this means that eNB will not be able to allocate PUSCH region that encompasses the center PRB and use frequency hopping. This will restrict implementation for other UEs as frequency hopping is a cell-specific feature.

2. Center PRB(s) that do not belong to a narrowband do not hop. In some cases, contiguous PUSCH allocation encompassing such PRB(s) will not be contiguous anymore after hopping. In this case, it would be up to eNB implementation to ensure that contiguous resource allocation is maintained when hopping occurs. This is like the agreement with respect to wrap-around – i.e. it is up to eNB implementation to ensure that frequency hopping error cases with PRBs not belonging to a narrowband do not occur.

3. Center PRB(s) that do not belong to a narrowband are not used (i.e. punctured out) when UE hops from first narrowband to second narrowband. For example, in the first transmission, the UE can use all PRBs that have been allocated. When it hops to the second narrowband, those PRB(s) that do not belong to a narrowband become invalid and the UE will puncture out the symbols that have been transmitted on those PRB(s). In this case, however, discontinuous allocation is possible in the second narrowband and the performance is affected due to puncturing.

From the above description, Alt. 1 is the most restrictive and therefore not attractive. Alt. 2 can work together with further eNB scheduling restriction. Alt. 3, on the other hand, can result in an error case with discontinuous allocation and requires puncturing by the UE. Therefore, it is proposed to support Alt. 2.

Proposal 3: When frequency hopping is enabled, center PRB(s) in odd system bandwidth that are not part of a narrowband do not hop. It is up to eNB implementation to ensure that non-contiguous transmission does not occur.
3 Conclusions

In this contribution, we consider frequency hopping and make the following proposals –

Proposal 1: Frequency hopping is supported for UEs configured with 20 MHz maximum PDSCH channel bandwidth. Reuse Rel-13 cell-specific frequency hopping parameters. 
Proposal 2: For UEs configured with 5 MHz maximum PUSCH channel bandwidth, PRBs at the band edges that do not belong to any narrowband cannot be scheduled when frequency hopping is enabled. They can be scheduled when frequency hopping is disabled.
Proposal 3: When frequency hopping is enabled, center PRB(s) in odd system bandwidth that are not part of a narrowband do not hop. It is up to eNB implementation to ensure that non-contiguous transmission does not occur.
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