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1. Introduction
In the last RAN4 meeting, some discussion were triggered in [1], but no consensus was reached on how to conduct UE Rx-Tx time difference measurement for NB-IoT case. Actually, on top of the narrowband, the HD-FDD may cause bigger impact on eCID positioning, including both measurement and reporting mechanism. In TS36.211 it was defined that type-B half-duplex FDD operation is supported for NB-IoT, but the legacy UE Rx-Tx time difference measurement requirements were derived from FD-FDD and TDD assumptions. So it would be better to firstly identify the potential issues by introducing HD-FDD for eCID positioning and then RAN4 can focus on seeking the solutions for those identified issues.

In this contributions, the possible impacts and issues of eCID positioning in NB-IoT are analysed, especially for UE Rx-Tx time difference measurement, and some proposals are drawn for the future work. 
2. Discussion on UE Rx-Tx time difference under HD-FDD
By adopting type B HD-FDD, it will introduce two main problems: (1) how to handle guard period of UL-to-DL or DL-to-UL switching for eCID, and (2) how to handle continuous DL or UL scheduling cases for eCID. Regarding first problem, eCID positioning in FDD mode will be impacted significantly, since UE cannot perform measurement on the same subframe for both Rx and Tx simultaneously which is quite different from legacy FDD eCID positioning measurement. In some sense, it looks like eCID in TDD which Rx and Tx cannot be conducted simultaneously, but actually it’s a different case from TDD. Although in TDD mode the Rx measurement and Tx recording is performed on different subframes, it can be guaranteed that the uplink and downlink subframe is available within each radio frame. But for HD-FDD in NB-IoT no one can guarantee that the uplink and downlink subframe will be available in each radio frame due to above problem (2).  Moreover, the guard period for type B HD-FDD is applied for both UL-to-DL and DL-to-UL, which is also different from TDD case. Thus, it seems we cannot just simply reuse legacy R9 TDD measurement mechanism for NB-IoT eCID positioning.
Observation 1: The measurement mechanism for eCID positioning in NB-IoT is different from that in legacy LTE TDD.
The measurement quantity definition of UE Rx-Tx time difference can be found in TS36.214 section 5.1.15, and duplicated as below,
	Definition
	The UE Rx – Tx time difference is defined as TUE-RX – TUE-TX
Where:

TUE-RX is the UE received timing of downlink radio frame #i from the serving cell, defined by the first detected path in time.

TUE-TX is the UE transmit timing of uplink radio frame #i.
The reference point for the UE Rx – Tx time difference measurement shall be the UE antenna connector.

	Applicable for
	RRC_CONNECTED intra-frequency


It was defined that the Rx-Tx time difference is derived from the measured Rx and Tx timing in radio frame #i, for both uplink and downlink. However in NB-IoT, radio frame #i cannot used for both uplink and downlink because of HD-FDD, and one more problem is if the eNB continuously scheduling lots of DL radio frames or  UL radio frames, there might be some difficult for UE to decide which one is the radio frame #i for measurement. Even though the measurement behaviour itself is implementation dependent of UE, we still need to clarify the definition of UE Rx-Tx measurement quantity for reporting to avoid the misunderstanding to network. 

Observation 2: The definition of UE Rx-Tx time difference in TS36.214 is unclear for NB-IoT case.
There are two types of eCID positioning: RRC based eCID and LPP based eCID. For RRC based eCID UE will report the measured Rx-Tx time difference to PCell, while for LPP based eCID UE will report to e-SMLC via LPP protocol. In TS36.331, the RRC signalling for eCID measurement reporting is specified as below,
MeasResultForECID-r9 ::=

SEQUENCE {


ue-RxTxTimeDiffResult-r9



INTEGER (0..4095),


currentSFN-r9






BIT STRING (SIZE (10))
}
Here, the ‘currentSFN’ indicates the current system frame number when receiving the UE Rx-Tx time difference measurement results from lower layer. Although Rx and Tx measurements may take place in different radio frame, UE can still have an identical SFN for reporting PHY measurement results to RRC layer based on implementation. However, in LPP based eCID, the situation becomes different. The LPP reporting signalling in TS36.355 is defined as below,
MeasuredResultsElement ::= SEQUENCE {


physCellId

INTEGER (0..503),


cellGlobalId
CellGlobalIdEUTRA-AndUTRA


OPTIONAL,


arfcnEUTRA 

ARFCN-ValueEUTRA,


systemFrameNumber






BIT STRING (SIZE (10))



OPTIONAL,

rsrp-Result

INTEGER (0..97)





OPTIONAL,


rsrq-Result

INTEGER (0..34)





OPTIONAL,


ue-RxTxTimeDiff
INTEGER (0..4095)




OPTIONAL,


...,


[[ arfcnEUTRA-v9a0

ARFCN-ValueEUTRA-v9a0 

OPTIONAL

-- Cond EARFCN-max 


]]

}
Here, ‘systemFrameNumber’ specifies the system frame number of the measured cell during which the measurements have been performed. The target device shall include this field if it was able to determine the SFN of the cell at the time of measurement. Since Rx and Tx timing measurement are performed in different SFN, the LPP based Rx-Tx reporting shall be further discussed, otherwise the existing SFN information may mislead eSMLC on the further manipulation of this measurement report. 

Observation 3: The current UE Rx-Tx time difference measurement report for LPP based eCID positioning may cause problem to eSMLC.
After introducing NB-IoT, there is at least one subframe guard period between available Rx and available Tx during eCID positioning. The eCID positioning measurement procedure can be illustrated in following diagram,
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Figure 1.  eCID positioning measurement example for NB-IoT
Actually, the guard period will not impact the final type1 Timing advance (TADV) estimation. Take figure 1 as an example, the UE Rx-Tx time will be (T2-T5)(negative value), and eNB Rx-Tx is (T6-T1)(positive value), TADV =(T6-T1)+(T2-T5); so TADV is a correct round trip time for eCID positioning. The reason is the guard period is included in the eNB Rx-Tx time difference as well, then after add UE Rx-Tx with eNB Rx-Tx, the guard period will be offset. Unfortunately, it might impact at UE side for RAN4 spec, since the guard period will prolong the Rx-Tx time different measurement result on UE. In TS36.133, we have reporting mapping table for UE Rx-Tx time difference measurement result, shown as below,
Table 9.1.9.2-1: EUTRAN FDD UE Rx - Tx time difference measurement report mapping

	Reported value
	Measured quantity value
	Unit

	RX-TX_TIME_DIFFERENCE_  FDD _0000
	TUE Rx-Tx ( 2
	Ts

	RX-TX_TIME_DIFFERENCE_  FDD _0001
	2 ( TUE Rx-Tx < 4
	Ts

	RX-TX_TIME_DIFFERENCE_ FDD_0002
	4 ( TUE Rx-Tx < 6
	Ts

	…
	…
	…

	RX-TX_TIME_DIFFERENCE_ FDD _2046
	4092 ( TUE Rx-Tx < 4094
	Ts

	RX-TX_TIME_DIFFERENCE_ FDD _2047
	4094 ( TUE Rx-Tx < 4096
	Ts

	RX-TX_TIME_DIFFERENCE_ FDD _2048
	4096 ( TUE Rx-Tx < 4104
	Ts

	RX-TX_TIME_DIFFERENCE_ FDD _2049
	4104 ( TUE Rx-Tx < 4112
	Ts

	…
	…
	…

	RX-TX_TIME_DIFFERENCE_ FDD _4093
	20456 ( TUE Rx-Tx < 20464
	Ts

	RX-TX_TIME_DIFFERENCE_ FDD _4094
	20464 ( TUE Rx-Tx < 20472
	Ts

	RX-TX_TIME_DIFFERENCE_ FDD _4095
	20472 ( TUE Rx-Tx
	Ts


After considering guard period, the values in this table might be changed, similar as what we did for TDD case in last RAN4 meeting (R4-166740).

Observation 4: The current FDD UE Rx-Tx time different measurement mapping table in TS36.133 cannot apply for NB-IoT eCID.

In order to define the requirement for UE Rx-Tx measurement, we have to set some preconditions to make sure UE can at least get some available UL/DL subframes for Rx-Tx measurement, since it is difficult to limit eNB scheduling behaviour on continuous DL/UL radio frame number. There could be two options: Option1: assume there is at least one UL or DL subframe within X radio subframe. Option2: use the longest repetition level for UL or DL of NB-IoT as a worst case to define the RAN4 requirement. But of course more discussion is needed on this issue.
Observation 5: The repetition level of DL or UL shall be assumed for UE Rx-Tx time difference requirement.

Based on the above observations, we collect all the potential issues for NB-IoT eCID, and two proposals are drawn as below,

Proposal 1: In this meeting all the issues of NB-IoT eCID positioning shall be identified and recorded in a wayforward.

Proposal 2: The solutions shall be discussed in next RAN4 meeting and then decide the necessity of spec revising or sending LS to other groups for assistance. 

3. Conclusions

In this contribution, we discuss the potential issues for NB-IoT eCID positioning, and based on the observations we encourage companies to provide solutions in next meeting.
Reference

[1] R4-165456, “eNB-IoT E-CID Positioning”, Nokia, RAN4 #80
8
3

