[bookmark: _GoBack]3GPP TSG RAN WG1 Meeting #92bis	R1-1804926
Sanya, China, April 16th – 20th, 2018 


Agenda item:	6.2.7.3
Source: 	Qualcomm Incorporated
Title: 	Improvement of PHY measurements
Document for:	Discussion
Introduction
RAN1 and RAN4 have been discussing the NSSS-based RRM measurement in the presence of NSSS transmit diversity [1-4], but were not able to reach consensus on the desirable solution yet.

In this paper, we provide further analysis on the main open issue of the impact of NSSS transmit diversity to NSSS-based RRM measurement and discuss a possible way-forward.
Discussion
NSSS can be beamformed using multiple antennas in order to provide a diversity gain for the improved cell acquisition performance. In the current NB-IoT design, UE can assume NSSS is transmitted using the same beamforming scheme within a single NSSS subframe, but UE cannot assume that NSSS is transmitted on the same antenna port as any of the other downlink reference signals, and also the UE cannot assume that the transmissions of NSSS in a given subframe use the same antenna port(s) or beamforming as the NSSS transmitted in any other subframe. Such unpredictability of NSSS beamforming has led to a few concerns in RAN4 and RAN1. First, since the way NSSS is beamformed across different cells are not regulated, UE’s NSSS-based RSRP measurement from different cells may be biased from one to another in an unknown way by the beamforming employed by individual cells [1]. Second, since the beamforming is blindly applied, a certain beamforming pattern may lead to overly pessimistic measurement when the NSSS transmitted from different transmit antennas are destructively combined at the UE receive antenna [2,3]. Observing these potential issues, RAN4 has revised its agreement on the feasibility of NSSS-based measurement only when NSSS transmit diversity is not present, and agreed to further investigate the issue of the NSSS transmit diversity [4].
Most of the discussion on the NSSS transmit diversity was focus on the latter aspect, and with also assuming the beamforming pattern of . However, in our view, such pessimistic measurement that may be seen in a static channel could be easily averaged out in any practical channel in the course of UE’s L1 filtering and time-varying fading. Furthermore, depending on the specific beamforming eNB uses, such destructive combining may not even exist at all. For example, when eNB employs a different beamforming pattern of {[1 0], [0 1]}, it can provide the same diversity gain as , and UE’s RSRP measurement in a particular NSSS subframe would solely reflect the actual path loss from one of the transmit antenna from the eNB without any destructive combining.
Observation 1. Pessimistic RSRP measurement from destructive combining of NSSS transmitted from different transmit antenna observed in AWGN channel may easily be averaged out in any practical channel condition via L1 filtering and time-varying fading.
Observation 2. UE would not experience the pessimistic RSRP measurement from NSSS subframe at all even in a static channel when eNB chooses a transmit antenna selection as NSSS transmit diversity scheme, {[1 0], [0 1]}. 
There has been some proposal to specify the way eNB switches the NSSS beamforming pattern [2], such as the same pattern repeating every 2 or 4 NSSS subframes, and inform the UE of such pattern to mitigate the occasional pessimistic measurement. However, without further regulating the specific way NSSS is beamformed by eNB, such proposal implies a more complicated and power inefficient UE operation to measure multiple consecutive NSSS subframes with different beamforming at every measurement occasion in order to average out the effect of the NSSS beamforming applied by eNB. 
Observation 3. Without further specifying the actual NSSS transmit diversity scheme, defining a deterministic NSSS transmit diversity pattern and informing such pattern to UE cannot resolve the RSRP variation from NSSS transmit diversity unless UE is required to perform a more complicated/power-inefficient operation to measure multiple consecutive NSSS subframes at every measurement occasion to average out the effect of the NSSS beamforming.
Table 1 shows the measured channel from NRS-based or NSSS-based measurement and the corresponding minimum measurement duration that UE may need to stay awake to perform such measurement. It can be clearly seen that scheme D that employs the antenna selection diversity for NSSS can completely eliminate the concern about the possible pessimistic RSRP measurement without requiring undesirably complicated and power inefficient UE measurement operation to average out eNB’s NSSS beamforming while achieving the same diversity gain as the beamforming schemes used by Scheme C. 
Observation 4. Transmit antenna selection as NSSS transmit diversity scheme can eliminate the concerns for the possible pessimistic RSRP measurement without requiring complicated and power inefficient UE measurement operation while achieving the same diversity gain as other beamforming scheme.
Table 1. Measured channel and minimum measurement duration of different RSRP measurement scheme for a static 2Tx channel with channel coefficient of  and . 
	Measurement scheme and measurement resource
	Beamforming
	Measured channel from one measurement occasion
	Minimum duration for one measurement occasion
	Possible Pessimistic  RSRP measurement in one measurement occasion

	NRS-based
	Singe NRS subframe and single port
	N/A
	
	1ms
	No

	
	Single NRS subframe and two ports
	N/A
	
	1ms
	No

	NSSS-based
	Scheme A
	Singe NSSS subframe 
	Disabled
	
	1ms
	No

	
	Scheme B
	Singe NSSS subframe

	[+1 ±1]/sqrt(2)
	  or   Note 1, Note 4
	1ms
	Yes

	
	Scheme C
	Two consecutive NSSS subframe pair

	[+1 ±1]/sqrt(2)
	  Note 2

	20ms Note 3
	No

	
	Scheme D
	Single NSSS subframe

	[1 0] or [0 1]
	 or  Note 1
	1ms
	No

	Note 1: Depends on which NSSS subframe (even or odd) UE measures.
Note 2: Assuming channel remains unchanged between the adjacent NSSS subframes.   
Note 3: Averaging measurement across different beamforming scheme requires measuring two adjacent NSSS subframes 
Note 4: Depending on magnitude and phase of  and , the measured channel may over-estimate the path loss when destructively combined.



To this end, we propose RAN1 to determine one of the following options as wayforward for NSSS-based RRM measurement. We are in preference of option 1 since it can completely remove the beamforming aspect in the RRM measurement while option 2 needs to rely on channel averaging over longer duration to achieve the same.
Proposal 1. RAN1 to choose NSSS transmission scheme between option 1 and option 2 as a working assumption for NSSS-based RRM measurement and inform RAN4 accordingly.

· Option 1
· eNB only uses transmit antenna selection for the NSSS transmit diversity when NSSS is allowed to be used for RRM measurement.
· NSSS may be transmitted using k-th transmit antenna at every k-th NSSS subframe.
· Option 2
· No additional requirement on NSSS transmit diversity imposed to eNB
· Accuracy requirement and test for NSSS-based RRM measurement is defined under the condition that NSSS is always transmitted from single antenna port without any beamforming.

For both options, it should be left up to UE implementation which NSSS subframes to measure for its RRM measurement and UE should not be required to measure more than one consecutive NSSS subframes at any measurement occasion.


Proposal 2. It should be up to UE implementation which NSSS subframes to measure for its RRM measurement and UE should not be required to measure more than one consecutive NSSS subframes at any measurement occasion.

Conclusion
In this paper, we provided further analysis on the main open issue of the impact of NSSS transmit diversity to NSSS-based RRM measurement and discussed a possible way-forward. Observations and proposals in this paper is summarized as follows:

Observation 1. Pessimistic RSRP measurement from destructive combining of NSSS transmitted from different transmit antenna observed in AWGN channel may easily be averaged out in any practical channel condition via L1 filtering and time-varying fading.
Observation 2. UE would not experience the pessimistic RSRP measurement from NSSS subframe at all even in a static channel when eNB chooses a transmit antenna selection as NSSS transmit diversity scheme, {[1 0], [0 1]}. 
Observation 3. Without further specifying the actual NSSS transmit diversity scheme, defining a deterministic NSSS transmit diversity pattern and informing such pattern to UE cannot resolve the RSRP variation from NSSS transmit diversity unless UE is required to perform a more complicated/power-inefficient operation to measure multiple consecutive NSSS subframes at every measurement occasion to average out the effect of the NSSS beamforming.
Observation 4. Transmit antenna selection as NSSS transmit diversity scheme can eliminate the concerns for the possible pessimistic RSRP measurement without requiring complicated and power inefficient UE measurement operation while achieving the same diversity gain as other beamforming scheme.
Proposal 1. RAN1 to choose NSSS transmission scheme between option 1 and option 2 as a working assumption for NSSS-based RRM measurement and inform RAN4 accordingly.

· Option 1
· eNB only uses transmit antenna selection for the NSSS transmit diversity when NSSS is allowed to be used for RRM measurement.
· NSSS may be transmitted using k-th transmit antenna at every k-th NSSS subframe.
· Option 2
· No additional requirement on NSSS transmit diversity imposed to eNB
· Accuracy requirement and test for NSSS-based RRM measurement is defined under the condition that NSSS is always transmitted from single antenna port without any beamforming.

Proposal 2. It should be up to UE implementation which NSSS subframes to measure for its RRM measurement and UE should not be required to measure more than one consecutive NSSS subframes at any measurement occasion.
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