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Introduction
In LTE, frequency hopping has been supported for transmissions of different channels, more specifically for eMTC narrowband hopping. In similar fashion, NR should support frequency hopping at least for PUSCH transmission in Rel-15. So far RAN1 agreed the followings:
Agreements at RAN1#89:
· For DFT-s-OFDM based NR-PUSCH transmission, contiguous RB allocation with/without frequency hopping are supported
· At least intra-slot frequency hopping is supported for 14 symbol slot case
· FFS on detailed resource allocation
· FFS on detailed frequency hopping for PUSCH

Agreements at RAN1 AH#3:
· For grant-based DL or UL, transmissions where a TB spans multiple slots or mini-slots can be composed of repetitions of the TB
· The repetitions follow an RV sequence 
· FFS how the sequence is defined in specification
· FFS if there is one repetition of the TB per slot in the case of repetitions using mini-slots
· FFS for grant-based DL or UL transmissions, if a TB can span multiple slots without repetitions

In this contribution, we discuss the design of frequency hopping schemes tailored for uplink PUSCH transmission in NR (DFT-s-OFDM waveform) and provide some proposals at the end.

Requirements for Frequency hopping design 
It is well-known that frequency hopping provides service quality improvement through interference averaging and frequency diversity. Therefore, in order to deal with the persistent interference as well as reducing the amount of retransmissions or repetitions for grant based (GB) and grant free (GF) transmissions, frequency hopping should be considered for NR.
The following requirements are applicable to the NR system:
· No collision between hopping UEs in the same cell. 
· Different hopping patterns in neighbouring cells to reduce inter-cell interference.
· High degree of frequency diversity for one UE throughout hopping pattern for the subsequent retransmissions or repetitions.
· Preserve the single carrier property of the localised SC-FDMA
· Signalling overhead for informing UEs of a specific or common hopping sequence should be kept as small as possible.
· Frequency hopping should be designed for small sized packets intended to persistent scheduled UEs (e.g. VoIP service), grant free transmissions as well as high speed UEs. 
· It should be possible to enable or disable the frequency hopping for a given UE

Frequency hopping scheme 
We describe a frequency hopping scheme for NR which is similar to LTE eMTC narrowband hopping.





Let  be the total number of Resource Blocks (RBs) in a bandwidth part for a given subcarrier spacing. Let the bandwidth part be divided intonarrowbands as. In order to align the narrowbands with the resource block group (RBG) sizes, it may be desirable that  to be equal to the largest RBG size, i.e. . 
Similar to LTE eMTC, we propose that the PUSCH frequency hopping is only between two narrowbands where the DCI indicates the first narrowband (NB) and a number of contiguous PRB resources within the indicated narrowband. The second narrowband is determined from an offset starting the first narrowband where this offset is cell-specific and configurable. Other parameters that need to be specified include a small number of time-domain repetitions or multi-slot scheduling for example {1, 2, 4, 8, 16}, and frequency hopping intervals such as {1, 2, 4, 8} where 1 means that the frequency hopping pattern changes in every slot in time domain as shown on Figure 1 below. The frequency hopping pattern cycles through the first and second narrowbands respectively.
For NR, frequency hopping should be enabled or disabled by a flag in the DCI format or in case of grant free (GF) transmission all these parameters such as enabling, first narrowband, the offset, number of repetitions and hopping interval should be configured from higher layers.
[image: ]
                Figure 1. Frequency hopping pattern for four UEs in a cell (Interval = 1 slot/TTI).

Conclusions
This contribution outlines some requirements for the frequency hopping design for NR PUSCH transmission (DFT-s-OFDM waveform), and it also described a frequency hopping scheme similar to LTE eMTC FH scheme. 
We propose the frequency hopping scheme described as follows:
· 
Let  be the total number of Resource Blocks (RBs) in a bandwidth part for a given subcarrier spacing. 
· 


Let the bandwidth part be divided intonarrowbands as, where.
· The frequency hopping pattern cycles through two narrowbands (first and second) respectively.
· [bookmark: _GoBack]DCI indicates the first narrowband (NB) and a number of contiguous PRB resources within the indicated narrowband for hopping
· The second narrowband is determined from an offset starting the first narrowband where this offset is cell-specific and configurable.
· Multi-slot scheduling and or time-domain repetition is supported, e.g. {1, 2, 4, 8, 16}.
· Frequency hopping intervals of at least {1, 2, 4, 8} are supported.
· Frequency hopping should be enabled or disabled by a flag in the DCI format
· In case of grant free (GF) transmission, frequency hopping is configured and enabled by higher layers
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