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1. Introduction

In previous meetings, RAN4 has widely discussion on RRM measurement for NB-IoT. In last RAN4 #78bis meeting, a WF [1] was agreed, in which it was agreed that: 
· RSRP for NB-IoT shall be referred to as NRSRP (NarrowBand-RSRP)

· RSRQ for NB-IoT shall be referred to as NRSRQ (NarrowBand-RSRQ)

· RAN4 is to define NRSRP/NRSRQ measurement requirements based on NB-RS measurement for Rel-13 NB-IoT 

· Applicable requirements for RRC_IDLE and RRC_CONNECTED modes are to be defined

· UE is allowed to perform measurement using either NB-RS or NB-SSS or a combination of these signals for RRM measurement

· RAN4 is to discuss whether to specify different NRSRP/NRSRQ measurement accuracy and measurement period for each coverage mode

· RAN4 agreed that the minimum number of inter-frequency carriers that the NB-IoT UE shall be able to monitor is [2] (excluding serving carrier)

· It is FFS whether to specify minimum number of inter-frequency carriers to monitor per deployment mode(in-band/standalone/guard-band)

· RAN4 is to define inter-frequency measurement requirements treating all carriers as normal performance carriers as in Rel-11

· IncMon framework will not be used since number carriers is expected to be small
In this contribution, we will provide analysis on the open issues.
2. Discussion
2.1. Measurement quantity
In last RAN4 #78bis meeting, RAN4 agreed to define NRSRP/NRSRQ measurement requirement based on NB-RS. However, it was also agreed that UE shall not be prevented from using other DL signals, i.e. NB-SSS or combination of NB-RS and NB-SSS, for measurement in implementation. Therefore, an LS [2] to RAN1 was approved to ask the power relation between NB-RS and NB-SSS. Actually, RAN1 had wide email discussion on it after RAN4 Mexico meeting. After that, a reply LS [3] was approved to send to RAN4 eventually, in which we can find the RAN1 response as:
RAN1 has not defined any relationships between the transmit antennas and antenna port(s) used for NB-SSS and the antenna port(s) used for NB-RS transmission. RAN1 has not defined any quasi co-location assumption with respect to average gain between NB-SSS and NB-RS. Therefore from the RAN1 point of view, the UE cannot make the assumption that NB-RS and NB-SSS are always transmitted using the same transmit power per resource element in the same measured PRB in the same measured NB-IoT cell.

So, UE cannot make the assumption that NB-RS and NB-SSS are always transmitted using the same transmit power per resource element in the same measured PRB in the same measured NB-IoT cell. Therefore, we don’t think it’s safe to use NB-SSS for RRM measurement in addition to NB-RS. 
Observation 1: joint use of NB-RS and NB-SSS would be impossible for neighbour cell measurement
Even so, NB-RS and NB-SSS can still be used alone for RRM measurement. It was agreed that the requirement shall be derived based on NB-RS. But it’s harmless that NB-SSS can be used alone by UE implementation if the requirement still can be met. 
Observation 2: NB-SSS can be used alone for RRM measurement, provided UE can still meet the measurement requirement derived from NB-RS.
Another issue is about the definitions of NRSRP and NRSRQ. Firstly, RAN1 needs RAN4 input on these definitions to update their specification TS36.214. Secondly, clear definition can also be helpful for simulation. Considering next Nanjing meeting will be the last meeting for core part of this WI, it’s necessary for RAN4 to reach consensus on the definitions and send LS to RAN1 at this ad-hoc meeting.
Propose 1: RAN4 will discuss and try to make decision on the definitions of NRSRP and NRSRQ in RAN4 #78-NB-IoT meeting.
Propose 2: RAN4 should send LS to RAN1 with definitions of NRSRP and NRSRQ.

The framework of RSRP in TS36.214 could be reused of NRSRP. The change could be summarized as following:

· The term “cell-specific reference signals” shall be replaced by “NRS”
· NSSS shall be included
· Applicability for RRC_CONNECTED inter-frequency shall be removed since there is no measurement report and handover supported.

So the proposed NRSRP definition is:
	Definition
	Narrowband Reference signal received power (NRSRP), is defined as the linear average over the power contributions (in [W]) of the resource elements that carry NRS or NSSS within considered measurement frequency bandwidth.

For NRS based NRSRP determination the narrowband reference signals R0 according to TS 36.211 [3] shall be used. If the UE can reliably detect that R1 is available it may use R1 in addition to R0 to determine NRSRP. 

The reference point for the NRSRP shall be the antenna connector of the UE.

	Applicable for
	RRC_IDLE intra-frequency,
RRC_IDLE inter-frequency,
RRC_CONNECTED intra-frequency,


Also, the framework of RSRQ in TS36.214 could be reused of NRSRQ. The change could be summarized as following:

· The term “cell-specific reference signals” shall be replaced by “NRS”
· The term “RSRP” shall be replaced by “NRSRP”
· The term “RSSI” shall be replaced by “NRSSI”
· The applicability for RRC_CONNECTED shall be removed since no mobility in RRC_CONNECTED supported
· The applicability for RRC_IDLE inter-frequency since only ranking based cell reselection is supported according to RAN2 agreement (UE doesn’t have to perform RSRQ measurement for neighbour cell in current ranking based cell reselection procedure).

So the proposed NRSRQ definition is:
	Definition
	Narrowband Reference Signal Received Quality (NRSRQ) is defined as the ratio NRSRP/(E-UTRA carrier NRSSI). The measurements in the numerator and denominator shall be made over the same set of resource blocks.

E-UTRA Carrier Narrowband Received Signal Strength Indicator (NRSSI), comprises the linear average of the total received power (in [W]) observed only in certain OFDM symbols containing downlink signal used for NRSRP measurement, in the measurement bandwidth by the UE from all sources, including co-channel serving and non-serving cells, adjacent channel interference, thermal noise etc. 
The reference point for the RSRQ shall be the antenna connector of the UE.

	Applicable for
	RRC_IDLE intra-frequency,


2.2. Measurement requirement under different coverage
One open issue regarding measurement is whether to specify different NRSRP/NRSRQ measurement accuracy and measurement period for each coverage mode. Here we list the possible option in RAN4:
· Option 1: only define measurement requirement based on extreme coverage.
In this case, the measurement requirement would be derived based on the worst scenario. The accuracy would be poor and the measurement period would be very long. The consequence would be that the UE in normal coverage would have poor experience, e.g. long measurement period will lead to long period evaluation of neighbour cell, which will result in increase of cell reselection delay. Considering that most UE will stay in normal coverage, we think option 1 is not the best.
· Option 2: define two sets of requirement, i.e. one for normal coverage and the other for extreme coverage, respectively.
Another possible option is that we could reuse the methodology in eMTC. Considering most UE would stay in normal coverage most of the time, it’s reasonable to define corresponding requirement in normal coverage. Meanwhile, in order to ensure that UE could also work normally under extreme coverage, in eMTC we specified requirement under corresponding coverage, so called mode B requirement. 
Our preference is option 2 since it not only ensure UE measurement performance even under extreme coverage, but also guarantee the efficiency under normal coverage.
Proposal 3: RAN4 is to define different measurement requirements for extreme and normal coverage modes.
2.3. Minimum number of inter-frequency carriers UE shall monitor
It was agreed in last meeting that the minimum number of inter-frequency carriers that the NB-IoT UE shall be able to monitor is [2] (excluding serving carrier). On one hand, the mobility of NB-IoT UE is quite low. On the other hand, monitoring more carriers simultaneously means more power consumption and higher complexity. We think it’s reasonable to specify a small number for this requirement, e.g. 2 carriers excluding serving carrier.
One open issue left in [1] is that 

It is FFS whether to specify minimum number of inter-frequency carriers to monitor per deployment mode(in-band/standalone/guard-band)
In fact, it was RAN1 agreement that the deployment mode will be included in system information. However, UE won’t read the system information of neighbour cell until the UE decides to reselect to it. So UE has no idea on what operation mode of neighbour cell it’s measuring. Thus it would be meaningless to specify minimum number of inter-frequency carriers to monitor per deployment mode. Here we propose:
Proposal 4: RAN4 is not to specify minimum number of inter-frequency carriers to monitor per deployment mode(in-band/standalone/guard-band).
2.4. Measurement requirement for RRC_CONNECTED
Although the measurement report and mobility in RRC_CONNECTED state are not supported for Rel-13 NB-IoT, UE also need to perform RSRP measurement in RRC_CONNECTED state, e.g. UE need to perform uplink power control based on RSRP measurement result (path-loss estimation). Therefore it’s necessary to specify measurement requirement for NB-IoT UE in RRC_CONNECTED state. Measurement period shall be captured in the requirement. As measurement report and handover are agreed to not be supported, corresponding requirements are not needed.
Proposal 5: RAN4 is to specify NB-IoT measurement requirement for RRC_CONNECTED state.
3. Conclusions

In this contribution, we provide further discussion on NB-IoT RRM measurement. Based on the analysis, the following conclusions are made:
Observation 1: joint use of NB-RS and NB-SSS would be impossible for neighbour cell measurement

Observation 2: NB-SSS can be used alone for RRM measurement, provided UE can still meet the measurement requirement derived from NB-RS.
Propose 1: RAN4 will discuss and try to make decision on the definitions of NRSRP and NRSRQ in RAN4 #78-NB-IoT meeting.

Propose 2: RAN4 should send LS to RAN1 with definitions of NRSRP and NRSRQ.

Proposal 3: RAN4 is to define different measurement requirements for extreme and normal coverage modes.
Proposal 4: RAN4 is not to specify minimum number of inter-frequency carriers to monitor per deployment mode(in-band/standalone/guard-band).
Proposal 5: RAN4 is to specify NB-IoT measurement requirement for RRC_CONNECTED state.
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