3GPP TSG RAN WG1 Meeting #85
R1-164290
Nanjing, China 23rd - 27th May 2016
Source: 
SONY
Title:
UL Transmission Gap Duration
Agenda item:
6.1.6
Document for:
Discussion and decision

1. Introduction

In order to allow for HD-FDD operation of NB-IoT UEs to maintain frequency synchronisation with the network, in the RAN1 AdHoc2 in Sophia Antipolis, it was agreed to insert transmission gaps during long UL transmissions, as follows [1]:

•       Introduce uplink transmission gaps for long uplink (i.e. NB-PUSCH/NB-PRACH) transmissions. 
–      During uplink transmission gaps, the UE may switch to the DL and performs time/frequency synchronization
–      Uplink transmission gap is defined by a period X and a gap length Y.  
•       A minimum period Xmin is defined in the specifications
•       FFS whether other periods X > Xmin are defined
•       Y > 0
•       All uplink transmissions of duration greater than or equal to X msec applies transmission gap with gap length Y and periodicity X until the uplinkNB-PUSCH transmission completes
–      The values of the period X and gap length Y are:  
•       Alt-1: Defined in the specifications

This document considers the transmission gap duration, Y aspects related to UL transmission gaps. 
2. Discussion
During the UL transmission gap, the UE is expected to switch to the DL frequency, estimate and compensate the frequency error, and switch back to the UL frequency and continue the transmission. It is expected that the frequency error estimation dominates the total uplink transmission gap. The required duration of the transmission gap, Y, could be estimated based on either the time to perform initial synchronisation (based on the NB-PSS / NB-SSS signals and receiver synchronisation algorithms), or the time required for the UE frequency tracking algorithms (based on reference signals) to obtain adequate frequency tracking.

In [3], it has been agreed that the frequency error for NB-IoT should be specified as same as LTE for all coverage modes. Thus, it is expected that at the end of the transmission period, X, the UE’s frequency error is up to ±0.1ppm. At such a frequency error, the frequency tracking algorithm is capable of correcting the frequency tracking error and it is not necessary to perform initial synchronisation during the transmission gaps. 

Observation 1: the UE frequency tracking algorithm can correct for frequency tracking error during the transmission gaps.
Hence we estimate the transmission gap duration, Y, based on the time required by the frequency tracking algorithm. This estimate is based on a UE implementation that makes use of the maximum number of known signals for the purposes of frequency tracking: NB-RS, NB-PSS, NB-SSS and NB-PBCH.    
2.1 . Resource Mapping in NB-IoT

The mapping of NB-PBCH, NB-PSS and NB-SSS to subframes is shown in Figure 1 below. NB-PBCH is always located in subframe 0 in each radio frame. NB-PSS is always located in subframe 5 and NB-SSS is located in subframe 9 [2]. Note that the NB-SSS periodicity is 20ms. In this illustration, the NB-SSS is located in each odd radio frame.
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Figure 1: NB-PBCH, NB-PSS, and NB-SSS sub-frame mapping.

The resource element mapping of NB-RS, NB-PBCH, NB-PSS, and NB-SSS in a sub-frame is shown in Figure 2. Note that the NB-RS are not allocated in the NB-PSS and NB-SSS subframes.
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Figure 2: NB-PBCH, NB-PSS, and NB-SSS resource element mapping
2.2 . Frequency Tracking

When the UE performs frequency offset estimation and correction (e.g. in connected mode), it is assumed that the UE has performed the initial synchronization stage and successfully decoded NB-PBCH. A UE can regenerate the NB-PSS, NB-SSS, and NB-PBCH and re-use these signals for frequency tracking purposes. This brings advantage that the transmitted NB-PSS, NB-SSS, and NB-PBCH can be used as reference symbols to assist frequency offset estimation. If the regenerated symbols (NB-PSS, NB-SSS, and NB-PBCH) are denoted as 
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and the received symbols are denoted as 
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 then the least square estimate of the channel is formed as 
[image: image5.wmf]{

}

{

}

(

)

{

}

t

f

t

f

t

f

LS

Y

X

H

,

1

,

,

ˆ

-

=

. The frequency offset estimation can be based on the correlation of the channel estimate in OFDM symbol l, with the channel estimate at the same sub-carrier in OFDM symbol n + l. The distance of NB-RS from the same antenna port is 7 OFDM symbols. In this estimate, we consider frequency offset estimation based on OFDM symbols at a distance equal to 7. Thus, the correlation outputs obtained from NB-PBCH, NB-PSS, NB-SSS, and NB-RS can be jointly combined. If the OFDM symbols distance equals to 7 then the number of resource element pairs that can be used for frequency estimation in each NB-PBCH, NB-PSS, NB-SSS sub-frame is 44 pairs. To improve the estimation, the accumulation of correlation outputs across subframes can be performed.

In our previous study [5], we have investigated the performance of frequency tracking for the eMTC case. The performance evaluation was based on the theoretical mean square error (MSE) of frequency estimation in an AWGN channel and no imperfections were assumed. The details of the MSE derivation can be found in [6]. Here, we use the same approach for the NB-IoT case. We consider an eNB system configuration that has 2 Tx antennas and a UE with 1 Rx antenna. The evaluation result in terms of RMS frequency error versus SNR is shown in Figure 3.
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Figure 3: Frequency offset estimation performance using NB-PBCH, NB-PSS, NB-SSS across subframes
It can be observed that the joint usage of NB-PBCH, NB-PSS, NB-SSS, and NB-RS can significantly improve the frequency offset estimation performance. Furthermore, performing frequency offset estimation with a measurement gap length of 60 subframes (i.e. 60ms) can yield an RMS frequency estimation error of around 40 Hz (which is approximately 0.05 ppm at an 800MHz carrier frequency) at the SNR operating point of a DL-power-boosted in-band NB-IoT carrier. The usage of higher operating frequency can result in even smaller number of frequency error in ppm unit (e.g. 0.02 ppm for 2 GHz carrier frequency). Note that this result is obtained by using the correlation outputs of the OFDM symbols at a distance only equal to 7. The usage of other OFDM symbols distance combinations and/or other receiver algorithms can improve the estimation accuracy. These are implementation specific aspects which provide a trade-off between performance and complexity/computational load. We can consider 40 Hz (or 0.05 ppm as the worst case assumption) as the initial frequency error for the start of uplink transmission [7].
Observation 2: NB-RS number of resources are very limited and not always available in every subframe. The usage of only NB-RS can significantly extend the measurement gap duration.

Observation 3: Frequency offset estimation is significantly improved by using NB-PBCH, NB-PSS and NB-SSS in addition to NB-RS.

Proposal 1: The UL transmission gap duration is [60] ms. 
3. Conclusion 
In this contribution we discussed the uplink gap duration for NB-IoT and made the following observations and proposal:

Observation 1: the UE frequency tracking algorithm can correct for frequency tracking error during the transmission gaps.

Observation 2: NB-RS number of resources are very limited and not always available in every subframe. The usage of NB-RS only can significantly extend the measurement gap duration.
Observation 3: Frequency offset estimation is significantly improved by using NB-PBCH, NB-PSS and NB-SSS in addition to NB-RS.

Proposal 1: The UL transmission gap duration is [60] ms. 
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