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[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
Improvement of NB-IoT measurement accuracy by means of using NSSS as proxy for NRS when determining NRSRP has been discussed over the last few meeting cycles, in response to an LS from RAN1 [1]. One issue that has been identified during the work is that the flexibility in antenna ports used for transmission of NSSS may pose a problem for the UE, since different combinations of ports lead to different propagation paths and/or beamforming effects. In current specifications the UE has no idea of the transmission port pattern used by the eNodeB since such transmission schemes typically are proprietary, and may therefore end up measuring consistently on the worst beam or propagation path, and therefore underestimate the NRSRP. This was captured in a reply LS to RAN1 [2]:
RAN4 identified that the antenna port(s) used for the measurement may vary arbitrarily across subframes and across cells in NSSS, and is still studying the potential impact of such variation. Solutions that might have RAN1 impact are not excluded from further study.
In this contribution we investigate the issue further by means of simulations, based on which we propose that the UE shall be given information on how the NSSS transmit diversity configuration changes in order to avoid measuring consistently on the least favorable configuration.
Simulations
A set of simulations with parameters provided in Table 1 has been carried out. In a first subset a transmit diversity scheme with the same signal being transmitted from both TX ports has been used, and in a second subset, the sign of the second TX port has been randomized between different NSSS occasions.
The first subset of simulations models that the UE consistently is measuring on the same transmit diversity configuration throughout the L1 measurement period, and the second subset models that the UE is measuring on both transmit diversity configurations.
[bookmark: _Ref498502823]Table 1: Simulation parameters
	Parameters
	Value
	Comments

	L1 measurement period
	1600ms
	

	Measurement sampling rate
	1 sample/20ms
	Implementation dependent

	L3 filtering
	Disabled
	

	Donor cell antenna configuration
	2TX
	Puncturing of NPSS and NSSS in in-band operation when colliding with 2TX CRS pattern

	NB-IoT antenna configuration
	2TX-1RX
	

	Channel model
	AWGN, ETU 1Hz
	Models stationary device

	Measurement type
	Synchronization signal (NSSS)
	


	NSSS transmit diversity
	
	Equal sign on both TX ports

	
	
	Randomized sign on second TX port

	CP length
	Normal
	

	Carrier frequency
	2 GHz
	

	Es/Iot
	-15dB, -12.6dB, -6dB
	AWGN noise 

	Frequency error modelling
	+/-50 Hz
	With respect to reference cell
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[bookmark: _Ref498503902]Figure 1: NSSS received power estimates in AWGN propagation conditions for transmit diversity with (left) same sign on both TX ports, and (right) randomized sign of second TX port.
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[bookmark: _Ref498504095]Figure 2: NSSS received power estimates in ETU 1Hz propagation conditions for transmit diversity with (left) same sign on both TX ports, and (right) randomized sign of second TX port.

The simulation results for static one-tap channel (LOS) and ETU 1Hz channel between each TX port and the UE RX antenna are shown in Figure 1 and Figure 2, respectively, for static transmission scheme (left panels) and randomized sign of second TX port (right panels).
Discussion
The simulation results indicate that in case of a base station that transmits NSSS from more than one physical Tx port, a static one-tap propagation channel (AWGN), and a UE that consistently measures on the same transmit diversity configuration, the SSRP (NRSRP) often is significantly under-estimated (see Figure 1, left panel, 5th percentile). When the UE instead alternates between measuring on the different transmit diversity configurations, the situation is improved (see Figure 1, right panel). Comparing the latter with simulation results for transmission of NSSS from single physical Tx antenna port (see Appendix, Figure 4 left panel), the variability of the results is somewhat larger, about ±0.5dB, but otherwise similar to that for a single physical Tx antenna port.
For fading conditions there is no significant difference between the case where the base station transmits from two physical Tx ports and the UE consistently measures on the same transmit diversity configuration (Figure 2, left panel) and single physical Tx port case (Figure 4, right panel). For the scenario where the UE is measuring on both transmit diversity configurations (Figure 2, right panel), the result even improves over the result from the single Tx port case in that the variability reduces.
Observation 1:		Transmit diversity of NSSS may pose a problem for the UE’s measurement accuracy when the UE is in static propagation conditions, and only if the UE is consistently measuring on the same transmit diversity configuration throughout the L1 measurement period.
Observation 2:		Transmit diversity of NSSS seems not to have a negative impact on the measurement accuracy for UEs in fading conditions.
The results for AWGN can be explained as follows. The AWGN model is based on that the phase introduced by the radio channel is randomized within [0,2π] and then applied throughout the whole simulation (L1 period in this case). When transmitting the same information from two Tx ports, and receiving the information with one Rx antenna, the UE sees the linear combination of two replicas of the same signal but with randomized phases. The linear combination may be destructive or constructive. In the former case in the worst case the two signal paths may cancel each other completely, and in the latter case they may result in that twice the energy is received. Looking at the CDF of the power of , where α and β each are randomized within [0,2π], Figure 3, it is clear that the 5th percentile represents significant annihilation of the transmitted signals at the receiver. When instead alternating between measuring    and , the received signal will alternate between destructive and constructive combination of the transmitted signals. If measuring both transmit diversity configurations the same number of times during a L1 measurement period, the result will be similar to the single physical TX port case.
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[bookmark: _Ref498509308]Figure 3: CDF

For the fading scenario, here represented by ETU 1Hz, the relative phase between the two propagation paths changes throughout the L1 measurement period and therefore the received power comprises a mix of destructive and constructive combining of the transmitted signals.
Based on the discussion above, we propose that RAN4 informs RAN1 on that the UE needs information on how the NSSS transmit diversity configuration changes, in order to prevent it from measuring only on NSSS occasions using the same – and potentially least favorable – configuration.
Proposal 1: RAN4 shall inform RAN1 on that when NSSS transmit diversity is employed, the UE shall get information on how the transmit diversity configuration changes, in order to prevent the UE from consistently measuring on the least favorable configuration.
It shall be noted that since NSSS transmit diversity is open in the RAN1 specifications and donor cells (in-band and guard-band scenarios) may have more than two physical Tx ports, there may be more than two NSSS transmit diversity configurations in use. This needs to be taken into account when specifying the information to be conveyed to the UE. 
Conclusion
In this contribution we have analyzed the impact on NSSS transmit diversity on the measured NSSS received power. The following observations were made:
Observation 1:		Transmit diversity of NSSS may pose a problem for the UE’s measurement accuracy when the UE is in static propagation conditions, and only if the UE is consistently measuring on the same transmit diversity configuration throughout the L1 measurement period.
Observation 2:		Transmit diversity of NSSS seems not to have a negative impact on the measurement accuracy for UEs in fading conditions.
The following proposal was put forward:
Proposal 1: RAN4 shall inform RAN1 on that when NSSS transmit diversity is employed, the UE shall get information on how the transmit diversity configuration changes, in order to prevent the UE from consistently measuring on the least favorable configuration. 
A draft LS reply to RAN1 is provided in [4].
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[bookmark: _Ref498507671]Figure 4: Single Tx port simulation results from [3] for reference; (left) AWGN and (right) ETU 1Hz.
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