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1	Introduction
RAN2 has sent an LS R2-1706140 to RAN4 asking RAN4 to provide feedback on how the measurement capabilities should be defined for the case of LTE-NR DC, (EN-DC), with the following questions:
	Q1:		Will RAN4 specify UE requirements on;
a) the total number of measurable objects across LTE and NR? 
b) the total number of configurable measurement events across LTE and NR?

Q2:	if the answer to Q1-a) is Yes, and if both the MN and SN separately configure a measurement object on the same carrier frequency (e.g. the MN eNB RRC configures an inter-RAT NR measurement on a given carrier and the SN gNB RRC configures an intra-RAT NR measurements on the same - serving or non-serving - carrier frequency), should it be counted as 1 or 2 measured objects?

Q3:	Would the answer to Q2 be dependent on differences in configuration of the measurement object? 

Q4:	If MN and SN are to separately configure a measurement object on the same carrier frequency as in Q2, which parameters need to be configured with the same value (i.e., would need to be coordinated between the MN and SN) and which can be allowed to differ, in order to regard the two measurement object configurations from both MN and SN as one measurement object?
· For example, the parameters included in E-UTRA measurement object are listed in Annex.
· Any other parameters to be specified for NR, if any.

Q5:	In addition to Q1, will RAN4 specify additional UE requirements for which the UE requirement across inter-RATs is not the union of the one for each RAT (like the number of measurable carriers)?



In this contribution, we discuss how the term “measurement object” should be interpreted, since without understanding that the questions above may be ambiguous to RAN4.
2	Measurement object definition for NR 
2.1	Measurements object for NR
RAN2 has currently decided to mainly follow the LTE baseline with measurements, and retain the LTE principle of having a measurement identity that links a measurement object and a reporting configuration.
However, the total carrier bandwidth for NR is, at maximum, 400 MHz. Further, for frequencies below 6 GHz the minimum bandwidth is 5 MHz, and for frequencies above 6 GHz it is >50 MHz . Intermediate values are still under discussion. The bandwidth for SS-block (i.e. synchronization signals), which is also used for the RSRP measurements, has been agreed to be 12 PRBs, but PBCH requires 24 PRBs, and the identification of the SS-block will be done based on PBCH contents. Hence, this means that with 15 KHz sub-carrier spacing, SS-block requires 4.32 MHz, but with 240 kHz sub-carrier spacing, SS-block requires 69.12 MHz.
Observation 1: Minimum bandwidth for a single SS-block (PSS/SSS/PBCH) is 4.32 MHz, which fits within a 5 MHz carrier.
Observation 2: Maximum bandwidth for a single SS-block is 69.12 MHz, which requires e.g. 100 MHz carrier to fit.
Given that the SS-block width may vary, there is a dilemma: how should the measurement object be defined for NR measurements? Obviously, at least the SCS should be given, but e.g. for a 400 MHz carrier with 15 KHz SCS, ~92 SS-blocks can fit within the carrier bandwidth. Therefore, a single NR carrier may house several SS-blocks.
Observation 3: SCS is an important parameter to be given for an NR measurement object
Observation 4: A single NR carrier may host from 1...92 SS-blocks.
Hence, the question is: Can UE measure any SS-block within the NR carrier bandwidth as intra-frequency? The tdoc R2-1706836 hosts a longer discussion on this, but the question is also valid for measurement object definition: Should a single measurement object host a single SS-block (like in LTE) or multiple SS-blocks (as would seem possible for a NR carrier)? Either case would potentially require a different definition of a measurement object than in LTE, and it is not clear which would be the better choice: With a single SS-block, the measurements would work similarly as in LTE, but there could be a LOT of measurement objects, e.g. for a single 400 MHz carrier. With multiple SS-blocks, a single NR measurement object would be similar to LTE (i.e. indicating the total bandwidth for the data), but it’s not clear how UE would be able to measure all of the SS-blocks the object contains.
Observation 5: It is not clear whether a measurement object should consist of 1 or N (>1) SS-blocks.
Therefore, there is some doubt as to whether the earlier RAN2 decision on measurement identifier vs. measurement object vs. reporting configuration would still be valid, and whether RAN4 will fully comprehend the RAN2 questions in the LS in the context of the measurement object. Specifically, Q1 asked for “the total number of measurable objects across LTE and NR”, Q2-4 explicitly mention measurement objects, and Q5 requirements might relate to the exact definition of the measurement object. Therefore, it seems that RAN2 should attempt to make a decision on this if possible.
Proposal 1a: RAN2 to discuss how many SS-blocks may be configured to a single measurement object.
Proposal 1b: One measurement object always refers to exactly one SS-block and its corresponding PBCH.
2.2	Consistency of measurement objects
RAN2 concluded that the measurement objects (i.e. carriers that are targeted for measurements) need to be consistent across EUTRAN and NR – this seems to be simply to ensure UE is not required to do substantially different physical layer procedures for the measurements. However, since the definition of the measurement object being in question, it is also not clear what the “consistency” would mean in the end: Does it mean that both objects are configured
1) with exactly the same SS-block(s)?
2) with at least some of the same SS-blocks?
3) for the same NR carrier regardless of the SS-block configuration?
4) for the same NR carrier and SS-block configuration?
Further, it is not clear whether both LTE and NR might have exactly the same measurement objects (e.g. whitelists, blacklists), or whether the consistency should only be about the SS-blocks (i.e. physical measurement resources).
Proposal 2a: RAN2 to discuss the exact definition of “consistent” measurement objects.
Proposal 2b: Two measurement objects are consistent if they refer to the same SS-block and its corresponding PBCH.
Proposal 3: Measurement object consistency only refers to physical resources, i.e. center carrier frequency, synchronization signals and PBCH.
2.3	Measurement aspects in NR RRC
RAN2 should also attempt to progress the Stage-3 aspects of the measurements, i.e. consider how to fill the text in NR RRC section 5.5 that covers the measurement aspects. While, as indicated above, there are still several aspects open, the work should be sped up with at least some initial text.
Observation 6: RRC specification Stage-3 details for measurements should be started as soon as possible.
For this purpose, we have provided an initial TP for section 5.5.1 in Annex A to help the discussion and progress the work. The following principles were used when defining the TP:
· Use “SS-block downlink carrier frequency” for denoting the measurement object
· Only E-UTRA inter-RAT measurements are included, all mentions of other RATs are removed
· White/blacklists are assumed to apply for NR
· Message names are avoided to avoid clashes with naming (since that is still open)
· Quantity configuration simplified and added FFS about remaining details since measurement quantities are still open
· Simplifying the cumbersome terminology “frequency(ies)”
Proposal 4: Agree to TP provided in Annex A as the starting point for NR RRC section 5.5.1.
[bookmark: _GoBack]Note: The TP doesn’t consider the proposal in the email discussion [NR-AH2#13], and would need to be merged with the input from there.
3	Conclusions
We have discussed the meaning of measurement objects and observed the following:
Observation 1: Minimum bandwidth for a single SS-block (PSS/SSS/PBCH) is 4.32 MHz, which fits within a 5 MHz carrier.
Observation 2: Maximum bandwidth for a single SS-block is 69.12 MHz, which requires e.g. 100 MHz carrier to fit.
Observation 3: SCS is an important parameter to be given for an NR measurement object
Observation 4: A single NR carrier may host from 1...92 SS-blocks.
Observation 5: It is not clear whether a measurement object should consist of 1 or N(>1) SS-blocks.
Observation 6: RRC specification Stage-3 details for measurements should be started as soon as possible.
Based on these, we have proposed the following:
Proposal 1a: RAN2 to discuss how many SS-blocks may be configured to a single measurement object.
Proposal 1b: One measurement object always refers to exactly one SS-block and its corresponding PBCH.
Proposal 2a: RAN2 to discuss the exact definition of “consistent” measurement objects.
Proposal 2b: Two measurement objects are consistent if they refer to the same SS-block and its corresponding PBCH.
Proposal 3: Measurement object consistency only refers to physical resources, i.e. center carrier frequency, synchronization signals and PBCH.
Proposal 4: Agree to TP provided in Annex A as the starting point for NR RRC section 5.5.1.
Note: The TP doesn’t consider the proposal in the email discussion [NR-AH2#13], and would need to be merged with the input from there.



Annex A: TP to 38.331 on measurement details
<Proposed text>
5.5	Measurements
5.5.1	Introduction
The UE reports measurement information in accordance with the measurement configuration as provided by E-UTRAN. E-UTRAN provides the measurement configuration applicable for a UE in RRC_CONNECTED by means of dedicated signalling.
The UE can be requested to perform the following types of measurements:
-	Intra-frequency measurements: measurements at the SS-block downlink carrier frequency matching (any of) the serving cell(s).
-	Inter-frequency measurements: measurements at frequencies that have different SS-block carrier frequency from (any of) the serving cell(s).
-	Inter-RAT measurements of E-UTRA frequencies.
The measurement configuration includes the following parameters:
1.	Measurement objects: The objects on which the UE shall perform the measurements.
-	For intra-frequency and inter-frequency measurements a measurement object is a single NR carrier frequency of a single SS-block. NR can configure a list of cell specific offsets, a list of 'blacklisted' cells and a list of 'whitelisted' cells associated with this measurement object. Blacklisted cells are not considered in event evaluation or measurement reporting.
-	For inter-RAT   measurements a measurement object is a single E-UTRA carrier frequency. NR can configure a list of cell specific offsets, a list of 'blacklisted' cells and a list of 'whitelisted' cells associated with this carrier frequency. Blacklisted cells are not considered in event evaluation or measurement reporting. Whitelisted cells are the only cells that are considered in event evaluation or measurement reporting.
2.	Reporting configurations: A list of reporting configurations where each reporting configuration consists of the following:
-	Reporting criterion: The criterion that triggers the UE to send a measurement report. This can either be periodical or a single event description.
-	Reporting format: The quantities that the UE includes in the measurement report and associated information (e.g. number of cells to report).
3.	Measurement identities: A list of measurement identities where each measurement identity links one measurement object with one reporting configuration. By configuring multiple measurement identities it is possible to link more than one measurement object to the same reporting configuration, as well as to link more than one reporting configuration to the same measurement object. The measurement identity is used as a reference number in the measurement report.
4.	Quantity configurations: The quantity configuration defines the measurement quantities and associated filtering used for all event evaluation and related reporting of that measurement type.
FFS whether there is always one quantity configuration per RAT type and one filter per measurement quantity.
5.	Measurement gaps: Periods that the UE may use to perform measurements, i.e. no (UL, DL) transmissions are scheduled.
NR only configures a single measurement object for a given SS-block carrier frequency, i.e. it is not possible to configure two or more measurement objects for the same SS-block carrier frequency with different associated parameters, e.g. different offsets and/ or blacklists. NR may configure multiple instances of the same event e.g. by configuring two reporting configurations with different thresholds.
The UE maintains a single measurement object list, a single reporting configuration list, and a single measurement identities list. The measurement object list includes measurement objects, that are specified per RAT type, including at least intra-frequency object(s) and possibly inter-frequency object(s) and inter-RAT objects. Similarly, the reporting configuration list includes NR and inter-RAT reporting configurations. Any measurement object can be linked to any reporting configuration of the same RAT type. Some reporting configurations may not be linked to a measurement object. Likewise, some measurement objects may not be linked to a reporting configuration.
The measurement procedures distinguish the following types of cells for each measurement object:
1.	The serving cell(s) - these are the PCell and zero or more SCells (for a UE supporting CA).
2.	Listed cells - these are cells listed within the measurement object.
3.	Detected cells - these are cells that are not listed within the measurement objectbut are detected by the UE on the carrier frequency indicated by the measurement object.
For NR, the UE measures and reports on the serving cell(s), listed cells, and detected cells. For inter-RAT E-UTRA, the UE measures and reports on listed and detected cells 
Whenever the procedural specification, other than contained in sub-clause 5.5.2, refers to a field it concerns a field included in the VarMeasConfig unless explicitly stated otherwise i.e. only the measurement configuration procedure covers the direct UE action related to the received measConfig.
<end of proposed text>


Annex B: TP to against 36.331 on measurement details
<SHOWING CHANGES AGAINST LTE RRC>
5.5	Measurements
[bookmark: _Toc478015333]5.5.1	Introduction
The UE reports measurement information in accordance with the measurement configuration as provided by E-UTRAN. E-UTRAN provides the measurement configuration applicable for a UE in RRC_CONNECTED by means of dedicated signalling, i.e. using the RRCConnectionReconfiguration or RRCConnectionResume message.
The UE can be requested to perform the following types of measurements:
-	Intra-frequency measurements: measurements at the SS-block downlink carrier frequency(ies) matching (any of) the serving cell(s).
-	Inter-frequency measurements: measurements at frequencies that have different  from SS-block carrier frequency from (any of) the downlink carrier frequency(ies) of the serving cell(s).
-	Inter-RAT measurements of E-UTRA frequencies.
-	Inter-RAT measurements of GERAN frequencies.
-	Inter-RAT measurements of CDMA2000 HRPD or CDMA2000 1xRTT or WLAN frequencies.
-	CBR measurements.
The measurement configuration includes the following parameters:
1.	Measurement objects: The objects on which the UE shall perform the measurements.
-	For intra-frequency and inter-frequency measurements a measurement object is a single NR carrier frequency of a single SS-block. NR can configure a list of cell specific offsets, a list of 'blacklisted' cells and a list of 'whitelisted' cells associated with this measurement object. Blacklisted cells are not considered in event evaluation or measurement reporting.
-	For inter-RAT intra-frequency and  inter-frequency measurements a measurement object is a single E-UTRA carrier frequency. Associated with this carrier frequency, E-UTRANNR can configure a list of cell specific offsets, a list of 'blacklisted' cells and a list of 'whitelisted' cells associated with this carrier frequency. Blacklisted cells are not considered in event evaluation or measurement reporting. Whitelisted cells are the only cells that are considered in event evaluation or measurement reporting.
-	For inter-RAT UTRA measurements a measurement object is a set of cells on a single UTRA carrier frequency.
-	For inter-RAT GERAN measurements a measurement object is a set of GERAN carrier frequencies.
-	For inter-RAT CDMA2000 measurements a measurement object is a set of cells on a single (HRPD or 1xRTT) carrier frequency.
-	For inter-RAT WLAN measurements a measurement object is a set of WLAN identifiers and optionally a set of WLAN frequencies.
-	For CBR measurements a measurement object is a set of transmission resource pools for V2X sidelink communication.
NOTE 1:	Some measurements using the above mentioned measurement objects, only concern a single cell, e.g. measurements used to report neighbouring cell system information, PCell UE Rx-Tx time difference, or a pair of cells, e.g. SSTD measurements between the PCell and the PSCell.
2.	Reporting configurations: A list of reporting configurations where each reporting configuration consists of the following:
-	Reporting criterion: The criterion that triggers the UE to send a measurement report. This can either be periodical or a single event description.
-	Reporting format: The quantities that the UE includes in the measurement report and associated information (e.g. number of cells to report).
3.	Measurement identities: A list of measurement identities where each measurement identity links one measurement object with one reporting configuration. By configuring multiple measurement identities it is possible to link more than one measurement object to the same reporting configuration, as well as to link more than one reporting configuration to the same measurement object. The measurement identity is used as a reference number in the measurement report.
4.	Quantity configurations: One quantity configuration is configured per RAT type. The quantity configuration defines the measurement quantities and associated filtering used for all event evaluation and related reporting of that measurement type. One filter can be configured per measurement quantity.
FFS whether there is always one quantity configuration per RAT type and one filter per measurement quantity.
5.	Measurement gaps: Periods that the UE may use to perform measurements, i.e. no (UL, DL) transmissions are scheduled.
E-UTRANNR only configures a single measurement object for a given SS-block carrier frequency (except for WLAN and except for CBR measurements), i.e. it is not possible to configure two or more measurement objects for the same SS-block carrier frequency with different associated parameters, e.g. different offsets and/ or blacklists. E-UTRANNR may configure multiple instances of the same event e.g. by configuring two reporting configurations with different thresholds.
The UE maintains a single measurement object list, a single reporting configuration list, and a single measurement identities list. The measurement object list includes measurement objects, that are specified per RAT type, possibly including at least intra-frequency object(s) (i.e. the object(s) corresponding to the serving frequency(ies)), and possibly inter-frequency object(s) and inter-RAT objects. Similarly, the reporting configuration list includes E-UTRANR and inter-RAT reporting configurations. Any measurement object can be linked to any reporting configuration of the same RAT type. Some reporting configurations may not be linked to a measurement object. Likewise, some measurement objects may not be linked to a reporting configuration.
The measurement procedures distinguish the following types of cells for each measurement object:
1.	The serving cell(s) - these are the PCell and zero one or more SCells (, if configured for a UE supporting CA).
2.	Listed cells - these are cells listed within the measurement object(s) or, for inter-RAT WLAN, the WLANs matching the WLAN identifiers configured in the measurement object or the WLAN the UE is connected to.
3.	Detected cells - these are cells that are not listed within the measurement object(s) but are detected by the UE on the carrier frequency(ies) indicated by the measurement object(s) or, for inter-RAT WLAN, the WLANs not included in the MeasObjectWLAN but meeting the triggering requirements.
For E-UTRANR, the UE measures and reports on the serving cell(s), listed cells, and detected cells, transmission resource pools for V2X sidelink communication, and, for RSSI and channel occupancy measurements, the UE measures and reports on any reception on the indicated frequency. For inter-RAT E-UTRA, the UE measures and reports on listed and detected cells and optionally on cells that are within a range for which reporting is allowed by E-UTRAN. For inter-RAT GERAN, the UE measures and reports on detected cells. For inter-RAT CDMA2000, the UE measures and reports on listed cells. For inter-RAT WLAN, the UE measures and reports on listed cells.
NOTE 2:	For inter-RAT UTRA and CDMA2000, the UE measures and reports also on detected cells for the purpose of SON.
NOTE 3:	This specification is based on the assumption that typically CSG cells of home deployment type are not indicated within the neighbour list. Furthermore, the assumption is that for non-home deployments, the physical cell identity is unique within the area of a large macro cell (i.e. as for UTRAN).
Whenever the procedural specification, other than contained in sub-clause 5.5.2, refers to a field it concerns a field included in the VarMeasConfig unless explicitly stated otherwise i.e. only the measurement configuration procedure covers the direct UE action related to the received measConfig.
<END OF CHANGES AGAINST LTE RRC>

