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Discussion and Decision
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Introduction
In RAN#69 meeting, a new work item ‘Narrow Band Internet of Things, NB-IOT’ is approved [1]. Three deployment scenarios are supported:

NB-IOT should support 3 different modes of operation: 

1.
‘Stand-alone operation’ utilizing for example the spectrum currently being used by GERAN systems as a replacement of one or more GSM carriers

2.
‘Guard band operation’ utilizing the unused resource blocks within a LTE carrier’s guard-band 

3.
‘In-band operation’ utilizing resource blocks within a normal LTE carrier

In addition, NB-IoT UE would support 180 kHz RF bandwidth for both downlink and uplink. No frequency diversity gain can be obtained within 180 kHz. But when multiple NB-IoT carriers are available, frequency hopping can be considered in enhanced coverage. In this contribution, we consider frequency hopping for NB-IoT.
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Frequency hopping consideration for NB-IoT
In-band operation
For in-band operation, NB-IoT just occupies one of the PRB of the LTE carrier. Generally the LTE system could allocate more PRBs for NB-IoT operation to provide the additional capacity and reduce the latency as well. In both cases, frequency hopping can be applied to NB-IoT to get the frequency diversity gain.
Stand-alone operation
Similar as in-band operation, if multiple GSM carriers are refarmed for NB-IoT operation, the frequency hopping can be applied. If the frequency separation between the carriers is large enough, good frequency diversity gain can be achieved. In addition, interference randomization or interference coordination can also be achieved through frequency hopping.
Guard band operation
Basically for LTE system, it was defined in [2] that transmission bandwidth configuration is 90% of channel bandwidth, 10% bandwidth is the guard band, guard band in one side of channel bandwidth is 5% channel bandwidth. For 20MHz channel bandwidth, a total of 2MHz guard band is available, 1MHz guard band is on the upper channel bandwidth configuration, and another 1MHz guard band is on the lower channel bandwidth configuration. So even with smaller system bandwidth, e.g. 1.6MHz, the NB-IoT carriers can be separated with 1.08MHz, frequency diversity gain can be achieved with frequency hopping.
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Figure 1 Definition of Channel Bandwidth and Transmission Bandwidth Configuration [2]
For all NB-IoT three deployment scenarios, more carriers could be available in most cases. When UE is in the enhanced coverage, it was proved that repetition of transmission is an effective technique to improve the decoding performance, frequency hopping can be applied with the repetition of transmission as well.
Proposal 1: Frequency hopping can be applied to NB-IoT in in-band/guard-band/stand-alone operation.
As discussed above, frequency hopping can be applied to all three NB-IoT scenarios, but considering the achievable frequency diversity gain is depending on the LTE system bandwidth or refarming GSM frequency. Thus it is reasonable that the frequency hopping is configurable to leave the flexibility to operator.

For the channels with frequency hopping, as discussed in eMTC, except the synchronization channel and PBCH channel, frequency hopping can be configured separately for other channels and this is subject to the NB-IoT channel definition.  
Proposal 2: Frequency hopping can be configurable for each NB-IoT channel except for NB-PSS/NB-SSS and NB-PBCH.
Frequency hopping for NB-IoT can be determined using a hopping pattern, a hopping granularity and frequency locations. For simplicity, when frequency hopping is used, hopping can occur between two frequency locations. The frequency hopping granularity (i.e., Ych) could be the baseline for further study; some new Ych values could be included to adapt the NB-IoT repetition. For in-band operation, the retuning time for NB-IoT should be determined by RAN4 but retuning time of 2 symbols can be assumed as baseline.  
Proposal 3: Frequency hopping is cell-specific and given by a hopping pattern, a hopping granularity and frequency locations.
Figure 2 gives the performance of NB-PDSCH with frequency hopping for in-band operation. Frequency hopping is between two frequency locations within a 10MHz system bandwidth. The number of repetitions is 16 (i.e. 16ms TTI) and hopping granularity is 8 subframe to allow for good multi-subframe channel estimation. The hopping pattern is fixed and alternates between two frequency locations. From the figure, it is seen that there is a gain of approximately 1.5dB at the 10% BLER.
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Figure 2 Performance of NB-PDSCH with frequency hopping in-band operation
Having cell-specific frequency hopping means that, when frequency hopping is enabled, it can only occur at specific subframes. This provides coordinated hopping for all channels to avoid potential collision. As a result, it is proposed that when frequency hopping is enabled, frequency location changes based on SFN, subframe number and hopping granularity. For instance, frequency location can change only at (10*SFN + subframe number) mod Ych = 0 regardless of the starting subframe of UE transmission and reception.
Proposal 4: When frequency hopping is enabled, frequency location changes at a specific time based on SFN, subframe number and hopping granularity.
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 Conclusion

In this contribution, we consider frequency hopping for NB-IoT and make the following proposals –

Proposal 1: Frequency hopping can be applied to NB-IoT in in-band/guard-band/stand-alone operation.
Proposal 2: Frequency hopping can be configurable for each NB-IoT channel except for NB-PSS/NB-SSS and NB-PBCH.
Proposal 3: Frequency hopping is cell-specific and given by a hopping pattern, a hopping granularity and frequency locations.

Proposal 4: When frequency hopping is enabled, frequency location changes at a specific time based on SFN, subframe number and hopping granularity.
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