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1. Introduction
In last RAN4 meeting, some issues were identified in eCID positioning for NB-IoT in [1]. Even though it was discussed in NB-IoT enhancement session, it is actually a common issue in HD-FDD systems, e.g. NB-IoT enhancement and FeMTC. HD-FDD makes uplink transmission and downlink reception cannot take place simultaneously(even in the identical system frame), which will probably impact the UE behaviour. 
In this contributions, based on the issues identified in last meeting, some possible solutions are provided. 
2. Discussion on UE Rx-Tx time difference in NB-IoT
eCID in NB-IoT is different from TDD case

Before going to the solutions, we would like to clarify that eCID in HD-FDD is quite different from TDD case and the TDD eCID mechanism cannot apply for the HD-FDD case. In order to clarify this point, some context from [1] is duplicated here:

	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: Mechanism for eCID in TDD systems cannot be used for HD-FDD case.
Possible solutions for eCID in NB-IoT
In [2], the possible issues on eCID in HD-FDD were summarized as below:

· Issue 1: The definition of UE Rx-Tx time difference in TS36.214 is unclear for NB-IoT case.
· Issue 2: The current UE Rx-Tx time difference measurement report for LPP based eCID positioning may cause problem to eSMLC.
· Issue 3: The current FDD UE Rx-Tx time different measurement mapping table in TS36.133 cannot apply for NB-IoT eCID.
· Issue 4: Which repetition level of DL or UL can be assumed for UE Rx-Tx time difference measurement requirement.
In last meeting non consensus was reached on the above issues, but some companies agree some of them, e.g.issue1. Thus, in order to narrow down the discussion and facilitate focusing on the key problem, here we start from the most basic definition, namely issue1. 
In RAN1, 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. 

Before looking into the detailed solutions, it is necessary to keep in mind that the all definitions and behaviour clarifications are used to avoid ambiguity among eNB, eSMLC and UE. Since eCID is actually an positioning approach using round trip time(RTT) between eNB and UE, the eNB Rx-Tx time difference will be utilized in the RTT calculation formula as well as UE Rx-Tx time difference, which is: RTT = eNB Rx-Tx + UE Rx-Tx = (t4-t1) –(t3-t1) as shown in following figure.
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Figure 1. Legacy RTT calculation illustration

In NB-IoT, since DL or UL may last long time(several frames), the RTT diagram might be little different from the figure1, but the generic calculation formula is still same, as shown in figure 2. RTT= eNB Rx-Tx + UE Rx-Tx = (t4-t1) –(t3-t1), where UE Rx-Tx is a negative value in this case.
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Figure 2. NB-IoT RTT calculation illustration

· Alternative 1
In RAN1, 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, and TUE-TX is the UE transmit timing of uplink radio frame #i. Since the UE Rx and Tx might not in the identical radio frame, so the straightforward way is to change the definition of these two timings associated with the actual radio frame id, that is:

	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 #j.

The reference point for the UE Rx – Tx time difference measurement shall be the UE antenna connector.

	Applicable for
	RRC_CONNECTED intra-frequency


Under this definition, the Rx timing and Tx timing are associated with DL actual radio frame #i and UL actual radio frame #j, where radio frame #i might be identical with radio frame #j, or might be different. 
Regarding eNB side, it also can also record the actual timing for Tx and Rx radio frame id, even these Tx and Rx radio frames are different from UE side. After UE and eNB complete the measurements, UE reports its Rx-Tx time difference associated with Tx radio subframe id and Rx radio subframe id to eNB or eSMLC while eNB reports its Rx-Tx time difference associated with Tx radio subframe id and Rx radio subframe id to eSMLC (because from RAN2 agreement only type 2 Tadv is supported in NB-IoT). 
In the above discussion, if #i and #j might be far away from each other in time domain, which will cause large signalling load to reflect the super big time difference value. Thus we prefer to use two adjacent radio frame for Tx and Rx timing reporting, and UE and eNB can normalize or offset to the adjacent radio frame by themselves. 

For example, if the frame at UE side is as below,
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Figure 3. UE side radio frame sequence for NB-IoT

The example mechanism of normalization is as in following table. i could be equivalent to 3 or other available value. 
Table 1. example for normalization Rx-Tx

	 
	Rx radio frame id
	Tx radio frame id
	Normalized Rx radio frame id
	Normalized Tx radio frame id

	UE
	# n+1
	# n+4
	# n+3
	# n+4

	eNB
	# n+5
	# n+3
	# n+i
	# n+i+1


So in this case, the definition of Rx-Tx shall be changed to,

	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 #j.

If uplink receiving and downlink transmitting are both available in frame #i for the UE, then i=j; otherwise j is the closest value to i. 

The reference point for the UE Rx – Tx time difference measurement shall be the UE antenna connector.

	Applicable for
	RRC_CONNECTED intra-frequency


· Alternative 2

If assumed that UE or eNB can normalize the Rx and Tx timing to the same radio frame, it is possible to keep the RAN1 definition unchanged. For example, UE Rx timing is t3 which is UE received timing of downlink radio frame #j and  UE Tx timing is t2 which is UE received timing of downlink radio frame #i, and the normalized Rx-Tx shall be t3-t2-(j-i)*10ms, and same approach applies at eNB side. However, in this UE Rx-Tx we shall also take into account the DL-UL or UL-DL switching time. The guard period defined in TS 36.211 is as below,
	For type B half-duplex FDD operation, guard periods, each referred to as a half-duplex guard subframe, are created by the UE by

-
not receiving a downlink subframe immediately preceding an uplink subframe from the same UE, and

-
not receiving a downlink subframe immediately following an uplink subframe from the same UE.


However the DL-UL or UL-DL switching time for actual Rx and Tx is not a whole subframe length, which can be illustrated in figure 4,
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Figure 4. DL-UL switching
From RTT calculation diagram, actually UE and eNB don’t need to be aware of this switching time at all. The reason was explained in [1]. 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 5.  eCID positioning measurement example for NB-IoT

Actually, the guard period will not impact the final RTT estimation. Take figure 5 as an example, the UE Rx-Tx time will be (T2-T5)(negative value), and eNB Rx-Tx is (T6-T1)(positive value), RTT =(T6-T1)+(T2-T5); so RTT 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. After considering guard period, the values in the UE/eNB Rx-Tx measurement report mapping table shall be changed. Accordingly, the signalling for Tadv from eNB to eSMLC also need to be extended in TS36.455.
Proposals to address this issue
Above are two of the candidates solutions for this issue, but it seems that network coordination without specification impact cannot address this issue. But the most important point here is how to define the UE/eNB Rx-Tx measurement metric in RAN1, and only after RAN1 decide whether the definition shall be changed or not then the other groups can start their works. So in order to progress this topic, two proposals are drawn as below,

Proposal 1: In this meeting RAN4 summarizes all the issues of NB-IoT eCID positioning and all possible candidate solutions for other groups’ reference in a wayforward.
Proposal 2: Send out a LS to RAN1 and cc RAN2, RAN3 to ask for assistance and attach the wayforward for their reference.
3. Conclusions

In this contributions, based on the issues identified in last meeting, some possible solutions are provided.
Proposal 1: In this meeting RAN4 summarizes all the issues of NB-IoT eCID positioning and all possible candidate solutions for other groups’ reference in a wayforward.

Proposal 2: Send out a LS to RAN1 and cc RAN2, RAN3 to ask for assistance and attach the wayforward for their reference.
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