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1	Introduction
[bookmark: _Hlk506731523]In RAN4#85 meeting in Reno RAN4 continued the discussions related to feNB-IoT work. One outcome from the earlier discussions was that RAN4 will not work further on combining NRS and NSS measurements.  I.e. RAN4 will focus on NB-IoT measurement improvements based only on using the NSS signal for RRM measurements. One issue related to the NSSS transmission port diversity was discussed further in Reno. In this paper, we provide our view on this topic.
2	Discussion
We analyze the input from companies related to the transmit diversity of the NSSS signal [5, 6]. 
2.1	NSSS Transmit Diversity
In Reno [5] made following observations:
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.
As the mobile channel is rarely static but will always experience some changes, one need to account this when evaluating the severity of the NSSS transmission diversity. Additionally, it is also our understanding that when transmit diversity is applied, the NSSS signal will be transmitted from all ports simultaneously. I.e. one has to consider the probability of UE consistently measuring worst port during the measurement period.
Observation 1: Under realistic assumptions it is not likely that UE will consistently measure worst conditions during the full L1 measurement period.
Observation 2: AWGN channel is not a realistic channel in the field where fading channel will be experienced.
In [6] following proposals were made:
Proposal 1. The measured RSRP variation coming from NSSS transmit diversity scheme in the NSSS-based RRM measurement is mitigated by the network via proper mobility-related parameter selection.
Proposal 2. NSSS-based measurement accuracy requirement is defined/tested under the condition of no NSSS antenna port change across subframes.
It is expected, that there will be a mix of devices in the field. Some which will support RRM measurements based on NRS, and some which will support RRM measurements based on NSSS. As mobility in NB-IoT is based on UE reselection, a network mitigation would have to be such that both parameter settings applicable to UE’s using NRS and parameters applicable to UE’s using NSSS as base for measurements, will have to be present as these parameters are being broadcasted.
Observation 3: Network mitigation through parameter differentiation would lead to duplication of the broadcasted information.
If looking at observation 2 in [5] and proposal 2 of [6] one approach could be to define the measurement accuracy for NSSS based measurements based on the assumption of no NSSS transmission diversity. Test case could then be developed under more realistic assumption using a fading channel even if NSSS transmission port diversity is applied. 
One point to highlight is that basically, the UE can only see diversity in terms of the phase difference in the signals. However, what the UE can detect is that that the NSSS signal quality differs between different NSSS receptions – i.e. NSSS measurements. However, this will most likely always happen under normal fading channel conditions. I.e. the received signals may differ in quality. Whether such change is due to network using NSSS Tx diversity or normal channel conditions is not really known to the UE. One proposal was to signal the UE that transmit diversity is used. But it is not clear what the UE really could or should do with such information? 
Without assistance information from network the UE cannot start to filter the NSSS based measurement such that it only accounts the best results – what if network is not using diversity? With assistance signaling can UE differ which antenna ports used for transmitting the which NSSS signal and when, and how should this be used on UE side?
Related to the NSSS 36.211 states:
The same antenna port shall be used for all symbols of the narrowband secondary synchronization signal within a subframe.
UE shall not assume that the narrowband secondary synchronization signal is transmitted on the same antenna port as any of the downlink reference signals. The UE shall not assume that the transmissions of the narrowband secondary synchronization signal in a given subframe use the same antenna port, or ports, as the narrowband secondary synchronization signal in any other subframe.
I.e. the UE can assume the antenna port used for the NSSS transmission being the same over a subframe. But beyond that, the UE cannot assume anything. If network signals ‘something’ to UE – e.g. 2 TX diversity is in use, in order for the UE to make use of such information (i.e. only average samples from same port – while port information related to NSSS Tx diversity is not available), the UE would need to measure and average samples separately. E.g. if it somehow is indicated to the UE like what periodicity the Tx diversity is using e.g 10ms or 20ms, the UE would have to measure both options in order to be able to separately measure and average per Tx diversity. I.e. the UE measurement burden would increase. And there can be Tx diversity of up to 4 in use. Additionally, unless the Tx diversity permutation pattern is informed to the UE, the UE would need to detect this as well.
One alternative would be to inform UEs that NSSS transmission port diversity is applied on network side and it would then be necessary for the UE to account this when performing measurements. I.e. in a similar manner as for NRS based measurements, if UE reliably can detect presence of another antenna port, the UE may use this other antenna port in addition to the first antenna port to derive the NRSRP. Except that for NSSS it is not possible to refer to any port and there is no defined transmit diversity scheme for NSSS.

3	Conclusion
In this paper we have looked at the NSSS transmit diversity issue raised in earlier meeting, when UE is using NSSS as base for NRSRP measurements. Based on the discussion we observe:
Observation 1: Under realistic assumptions it is not likely that UE will consistently measure worst conditions during the full L1 measurement period.
Observation 2: AWGN channel is not a realistic channel in the field where fading channel will be experienced.
Observation 3: Network mitigation through parameter differentiation would lead to duplication of the broadcasted information.
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Annex
Simulation assumptions for feNB-IoT in-band deployment [1]
	Parameters
	Value
	Comments

	Measurement bandwidth
	1 resource blocks
	Both RSRP and RSRQ measured over 1 RB

	System bandwidth
	1 resource blocks
	

	L1 measurement period
	200ms, 400ms, 800 ms, 1600ms
	

	Measurement sampling rate
	1 sample/40ms
	Implementation dependent (NOTE 1)

	L3 filtering
	Disabled
	

	Antenna configuration
	2TX, 1RX
	Puncturing of NB-PSS and NB-SSS in in-band operation when colliding with 2TX CRS pattern
Diversity scheme should be indicated in the simulation.

	Power imbalance between NSSS and NRS
	-3dB, 0 dB, 3 dB
	Only applicable for measurement based on combination of NSSS and NRS

	Mobility
	Stationary UEs, 
	

	Channel model
	AWGN, ETU 1Hz, EPA 1Hz
	Models stationary device

	Measurement type
	Synchronization signals only based (NSSS),
Combination of NRS and synchronization signals (NSSS)
	Companies are encouraged to provide simulation results for measurements based on follows signals.


	CP length
	Normal
	

	Carrier frequency
	2 GHz
	

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

	Frequency error modelling
	+/-50 Hz
	With respect to reference cell

	NOTE 1: Companies are requested to provide the details of the measurement sampling rate for interpretation and comparison of the results
NOTE 2: Companies are requested to provide the details of the RS averaging techniques for interpretation and comparison of the results. 



The NB-SSS is transmitted from port 0.
