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1. Introduction
In RAN#75 a new work item (WI) named Further NB-IoT enhancements [1] was introduced. The objectives of the WI include further latency and power consumption reductions, measurement accuracy improvements, reduced system acquisition time, NPRACH reliability and range enhancements among others. In RAN1 #89 the following was agreed for enhancements for measurements.

· At least NSSS is used additionally to NRS for in-band, guard-band, standalone.
· FFS details of related signaling
· Additional candidates can be NPSS, NPBCH, NPRS, PRS (in-band), CRS (in-band),  physical signal that can be efficiently decoded or detected prior to decoding NPDCCH/NPDSCH (if standardized) and the performance improvements should be evaluated until RAN1#89
· Among the additional candidates, companies are recommended to prioritise CRS (in-band)
· FFS if the existing signal(s)/channel(s) used additionally to NRS can be different in the serving cell to a neighbour cell
· FFS for RRC_connected mode where at least the NPDCCH could be helpful for narrowband measurement accuracy improvement
· FFS details of how UE is informed of differing EPRE between signals
· Simulation assumptions were also agreed in [2]

In this contribution, we provide our views on measurement accuracy improvements. 

2. Measurement accuracy improvement 
The absolute measurements from a cell have two types of components that impact accuracy. The first is a bias due to inaccuracies in calibration of the RF chain and the second is due to noise in the measurements. The inaccuracy due to the second component can be reduced by averaging over more pilots. However, increasing the averaging by increasing number of subframes comes with a power penalty. If measurement accuracy improvements are deemed to be necessary, it is desirable to enable this without increasing the number of subframes in which the UE is awake. Reuse of existing signals such as NPSS/NSSS/NPBCH/CRS are one possible approach to do this. Another option is to introduce new near-contiguous measurement subframes that are aligned across different cells (similar to PRS) and have UEs wake up during that time to do the measurements.  In the following sections, we discuss further details of these two approaches. 
3. Reusing existing signals NPSS/NSSS/NPBCH/CRS 
Since NPSS is same across all cells, reusing NPSS for measurements seems challenging. For NPBCH, since payload of NPBCH of neighbour cells could be different from serving cell, use of NPBCH is also challenging. However, use of NPBCH for serving cell could be feasible. We hence suggest to focus on using NSSS and CRS for measurements for serving / neighbour cells and allow use of NPBCH for serving cell. 
3.1. Reusing NSSS
Since the NSSS and NRS could be sent using different ports and TPR, the network could signal if the UE can combine the NSSS measurements with the NRS measurements. The signalling could be per cell or for all cells in the network. It may also additionally signal combining weights / TPR information so UE can combine the measurements from the NSSS and NRS.
3.2. Reusing CRS
For in-band NB-IoT deployment the network can already signal whether the CRS ports are same as the NRS ports for the serving cell which allows UE to combine the CRS and NRS for channel estimation. Similar signalling can be introduced for neighbour cells as well allowing UE to coherently combine CRS and NRS of neighbour cells for measurements. Again, the signalling could be common for all cells or could be cell specific. It may also be useful to allow combining of measurements from CRS and NRS even when they use different ports. Signalling may be introduced to indicate if it is okay to combine the CRS and NRS measurements. Like the NSSS case, network may also additionally signal combining weights / TPR information so UE can combine the measurements from CRS and NRS.
Proposal 1: Allow use of CRS in addition to NSSS which has already been agreed for serving cell and neighbour cell measurement purposes 
· Cell specific/ common signalling may be introduced for each of these signals to indicate if it is okay to combine measurements from these signals with measurements from NRS.
· Additional signalling of TPR or combining weights may also be introduced to allow more flexible combining of the measurements.
· For CRS, may communicate additional parameters such as ports being same / different than NRS even for neighbour cells.
Proposal 2: Allow use of NPBCH for serving cell measurement purposes.
4. New Measurement Subframes
One of the challenges of using NSSS is that it occurs only once every 20 subframes. If measurements need averaging over multiple subframes, UE must be awake for a long time. Additionally, since these subframes are spaced apart, coherent combining isn’t feasible even at low Doppler. As power consumption and battery life are key considerations for these devices, it may be beneficial to introduce a group of near-contiguous subframes where UE can do measurements periodically. These measurement subframes could be aligned across neighbour cells so UE can measure all cells in a short period. The design would be similar to OTDOA positioning based on PRS.  
Proposal 3: Introduce new measurement subframes. The measurement subframes occur in groups of near-contiguous subframes with certain periodicity.
· The measurement subframes are time aligned across different cells and carry cell specific signals.
5. Simulation Results
Simulation assumptions for narrowband measurement accuracy evaluation were agreed in [2] as follows

	Channel model 
	TU

	Doppler spread 
	1 Hz

	Antenna configuration
	1Tx for stand-alone, 2Tx for for in-band
1Rx

	Frequency error
	±50 Hz 

	NB-IoT carrier type
	Anchor carrier

	*NRS presence
	*Before a UE obtains operationModeInfo, refers to section 10.2.6 of TS 36.211

	Measurement bandwidth
	180kHz

	EPRE of different signals compared to EPRE of NRS
	[0,3,-3] dB for NSSS, NPSS, NPRS, PRS
for others, refers to section 16.2.2 of TS 36.213

	MCL
	164 dB

	**SNR of NRS
	Assuming 5 dB noise figure,
-4.6 dB for stand-alone, -12.6 dB for in-band
Assuming 9 dB noise figure,
-8.6 dB for stand-alone, -16.6 dB for in-band

	Measurement period
	400, 800 ms

	Others not addressed
	Report with the simulation results


*Informs the assumption of existing NRS based RRM measurement 
**The noise figure difference compared to rel-13 does not affect the 164 dB MCL of NB-IoT in Rel-13
[bookmark: _GoBack]In the figures below we show the mean and standard deviation of measurement error for AWGN and ETU channel. For the purposes of this analysis a simplistic model is assumed. For NRS, we use average of the descrambled pilots as channel estimate for the subframe and use and iir filter with coefficient of 0.1 to filter across the subframes. The average of the channel estimate power over the measurement time is used as the measurement value. Similar procedure is used for NSSS but no iir filtering is done. As can be seen the NSSS does have better performance than NRS. For fading channel we compare the measurement obtained with the approach above with genie channel knowledge based RSRP. It should be noted that some of these gains due to NSSS may reduce when considering sync networks as NSSS sequence could be correlated across cells.
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Figure 1: AWGN 1Tx, -5dB SNR, SSS and NRS have same power
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Figure 2: AWGN 1Tx, -5dB SNR, SSS 3dB weaker than NRS

[image: ][image: ]
Figure 3: ETU 1Hz, 1Tx, -5dB SNR, SSS and NRS have equal power

6. Summary
The proposals made in this contribution are summarized below.
Proposal 1: Allow use of CRS in addition to NSSS which has already been agreed for serving cell and neighbour cell measurement purposes
· Cell specific/ common signalling may be introduced for each of these signals to indicate if it is okay to combine measurements from these signals with measurements from NRS.
· Additional signalling of TPR or combining weights may also be introduced to allow more flexible combining of the measurements.
· For CRS, may communicate additional parameters such as ports being same / different than NRS even for neighbour cells.
Proposal 2: Allow use of NPBCH for serving cell measurement purposes.
Proposal 3: Introduce new measurement subframes. The measurement subframes occur in groups of near-contiguous subframes with certain periodicity.
· The measurement subframes are time aligned across different cells and carry cell specific signals.
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