3GPP TSG-RAN WG4 Meeting #79 AH	R4-79AH-0072
Hong Kong, China, 28 - 30 June, 2016
[bookmark: _GoBack]
Source:	Nokia
Title:	Discussion on NB-IoT frequency offset
Agenda item:	2.1
Document for:	Discussion

1	Introduction
Last RAN4 meeting has reached agreements [1] on the requirements of the NB-IoT UE Tx frequency offset.  It was agreed that the UE Tx frequency offset shall be  <=0.2ppm for carrier <=1GHz and <=0.1ppm for carrier >1GHz.  This agreement indicates that the worst UE frequency offset will be 200Hz for carrier less than 2GHz.
The UE frequency offset has been considered to evaluate BS demodulation as well.  The NPRACH simulation assumptions include the 200Hz frequency offset [2].  It is expected that frequency offset will impact BS demodulation performance significantly.
This paper reviews some considerations on the UE Tx frequency offset and some techniques to mitigate the impact of large frequency offset.  Further study on these techniques shall be considered in RAN4 for BS demodulation specification.

2	Discussion of BS performance impact of uplink frequency offset
Uplink frequency offset will usually impact eNB demodulation performance.  For legacy LTE, 270Hz frequency offset is introduced to specify PRACH performance.  However, the impact of frequency offset for LTE uplink is usually small given that the uplink Tx bandwidth is wide.  The 270Hz frequency offset of PRACH only contributes 0.25% of PRACH signal bandwidth of 1.08MHz.
For NB-IoT, the frequency offset is quite different because of the single-tone transmission.  The impact of frequency offset is more significant for NB-IoT than that of legacy LTE.  For example, the 200Hz frequency offset will be accountable for 5.3% of Tx signal bandwidth for 3.75kHz single tone NB-IoT.
Based on the frequency offset model discussed in [3][4], the frequency offset can be very high, especially for long repetition.  From the model in [3]: 
Proposal 2: The UE frequency drift can be modeled as a linear function for BS demodulation performance requirements in the form of 
 (
Where  is the ideal frequency,  is the frequency error,  = ±0.1ppm for f > 1GHz, and ±0.2ppm for f  1GHz.   ppm/ms.
With 256ms transmission, the frequency offset can be as high as 251Hz for carrier frequency 1GHz.
In order to accommodate uplink NPRACH and NPUSCH transmission, DL gap is introduced for NB-IoT uplink.  The gap is defined as 32ms every 256ms [1].  For long repetition uplink transmission, NB-IoT UE has its opportunity to adjust its Tx frequency during the DL gap.  No uplink Tx is allowed during the 32ms DL gap; thus the uplink performance of efficiency and latency is sacrificed to ensure reasonable uplink frequency offset.
Another possibility to minimize the gap impact is to use some assistant information from eNB.  Usually eNB receiver shall estimate uplink frequency and timing based on either NPRACH preamble or DMRS of NPUSCH.  These timing and frequency offset information are usually applied in the receiver algorithm to ensure good demodulation performance.  The timing information from PRACH estimation is feedback to UE as the timing advance information.  Based on the PRACH procedure, UE shall adjust its TX timing.  If eNB could be able to feedback the estimated frequency offset information based on either PRACH procedure or other procedures, the NB-IoT UE can compensate its TX frequency based on the eNB assistant information. 
There are multiple advantages to use eNB assisted frequency offset information, as
1. NB-IoT UE can use the information to minimize its Tx frequency offset for both NPUSCH/NPRACH channel.  This would be very helpful for low cost NB-IoT UE when digital controlled crystal oscillators (DCXOs) are used.
2. Improved demod performance for NPUSCH/NPRACH is expected because of lower uplink frequency offset.
3. Improved coverage performance when long repetition is applied for NB-IoT robust coverage and extreme coverage due to reduced frequency offset.
4. Longer than 256ms continuous UL transmission repetitions should be possible due to the frequency offset correction before the start of UL transmission repetitions.
5. UL transmission gap can be reduced from 40ms. 
Based on these benefits, further study on the uplink frequency offset can be considered in RAN4.  We shall also consider the impact of eNB assisted frequency offset information on BS demodulation performance.

3	Conclusions
A review on NB-IoT uplink frequency offset is provided in this paper.  Potential solutions on reduction of uplink frequency impact are discussed.  eNB assisted feedback of UE specific frequency offset is discussed with observation of these benefits:
1. NB-IoT UE can use the information to minimize its Tx frequency offset for both NPUSCH/NPRACH channel.  This would be very helpful for low cost NB-IoT UE when digital controlled crystal oscillators (DCXOs) are used.
2. Improved demod performance for NPUSCH/NPRACH is expected because of lower uplink frequency offset.
3. Improved coverage performance when long repetition is applied for NB-IoT robust coverage and extreme coverage due to reduced frequency offset.
4. Longer than 256ms continuous UL transmission repetitions should be possible due to the frequency offset correction before the start of UL transmission repetitions.
5. UL transmission gap can be reduced from 40ms. 
Based on these benefits, we propose to further study the feasibility of using eNB-assisted frequency offset information for NB-IoT uplink.  The impact of eNB assisted frequency offset information on BS demodulation performance shall be considered in RAN4 as well.
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