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1. Introduction

An LS on LTE measurement gap patterns for SSTD measurement from RAN2 was sent to RAN4[1] to inform the scenario that SFTD measurement before PSCell is configured. 
	1. Overall Description:

RAN2 has discussed the SSTD measurements for EN-DC and decided on the following:

Agreements

1:
The network can configure the NR SSTD measurement whenever a NR PSCell is configured

2: 
NR SSTD measurement reporting is extended for cells that are not yet configured in the case that no NR PSCell is configured
3:
Introduce one new capability indicator for SSTD measurement for EN-DC when PSCell is configured.

4
Introduce one new capability indicator for SSTD measurement for EN-DC when PSCell is not configured.

These agreements imply changes to the existing LTE SSTD measurement, which was only applied for configured PSCell, i.e. only used when LTE DC was configured. The reason for this was that for asynchronous EN-DC (i.e. EN-DC where MeNB and SgNB are not synchronized), the SSTD measurement is needed already before EN-DC configuration to ensure configurations depending on SFN can be configured properly.


This contribution provides the analysis on the SFTD measurements before PSCell is configured.

2. Discussion
2.1. Inter-RAT SFTD measurement scenarios
According to RAN2 agreements, NR SSTD measurement reporting is extended for cells that are not yet configured in the case that no NR PSCell is configured. In our understanding, the inter-RAT SFTD measurements have two scenarios.
Scenario 1: PCell has no sufficient timing information of the inter-RAT neighbor NR cells. In order to configure proper measurement gap to perform inter-RAT NR cell measurement, network can request a few UEs (or a UE) to report SFTD between PCell and the to-be-measured NR neighbor cells. The acquired timing information between the E-UTRA PCell and the measured NR neighbor cell can be used for all UEs in the same coverage since the propagation delay difference among UEs is only 30us. Thereafter based on the obtained coarse timing information, the inter-RAT NR cell measurements for other cells can be performed with proper measurement gap configurations.
In general this kind of inter-RAT SFTD measurements occurs at early roll-out of network phase or the large changes of timing difference due to timing drift. Moreover the inter-RAT SFTD measurements is the basis of the inter-RAT RSPR/RSRQ/RSSI measurements as the proper measurement gaps configuration shall be ensured.
Scenario 2: RSRP/RSRQ measurements results of the candidate PSCells were already obtained. Based on the RSRP/RSRQ results, the Network chooses one cell to be PSCell.  In order to acquire the accurate timing difference (e.g., 5Ts granularity) between the PCell and the PSCell (to be configured), the network can configure the SFTD measurement for the UE before EN-DC configuration. The intention of the SFTD measurement is to ensure configurations depending on SFN can be configured properly. (e.g., DRX configuration) in advance before EN-DC, and thereafter when the PSCell is configured, the SFN related configuration can be quickly valid.
2.2. Inter-RAT measurements at scenario 1
Last RAN4 meeting, There are two options are discussed and captured in [2]. One method of measurements is without support of measurement gaps [3].  The other method is reusing measurement gaps [4].
· Without gap method (Autonomous gap)
 For the first without gap method, some issues shall be carefully considered:
· UE architecture

Although UE has the capability of supporting EN-DC and the UE doesn’t enter EN-DC state, it is hard to guarantee that there is a RF chain available for SFTD measurement without gap. For example, multiple inter-band or intra-band non-continuous carriers are applied for the UE. The possible implementation is that all RF chains are used for carrier aggregation operation. 
Observation 1: It is hard to guarantee that there is a RF chain available for inter-RAT SFTD measurement without gap.

· Interruptions 

If there is no free RF chain for UE, and we still want to perform inter-RAT SFTD measurement without gap, then UE would use autonomous gap during the SMTC periodicity. Then each 5ms chunks of cell searching will introduce 5ms interruptions on the serving cells.
If there is free RF chain for UE to perform inter-RAT SFTD measurement, the interruptions on serving cells happen at the moment of NR receiver turning on and off when each time a chunk is received. Each interruption is 1ms (totally 2ms per SMTC periodicity). If the SMTC periodicity is 40ms or less, then the interruption ratio is 5% or more.
It shall be noted that autonomous gap is UE behavior and network has no idea when UE performs. Thus interruption means the network resource waste.  As we remember, for the CA deactivation measurement requirements, the maximum allowed interruption ratio is 0.5%. For inter-RAT SFTD measurement, the interruption impact shall be considered carefully.

Observation 2: Interruptions mean the network resource waste and the interruption impact shall be considered carefully.
·  Segment cell search

[3]  introduces segment cell searching. The reason is that NR cell search functionality is dimensioned for continuous processing. Then the question is when UE performs inter-RAT SFTD measurement. In our understanding as UE has no timing information of the candidate NR cells, UE needs to try every timing offset to meet the SMTC window. The examples in [3] don’t mention this. We’d like to see a completed solution.
· Using measurement gap method
As we know, the SFTD measurement results depend on the timing difference between E-UTRA PCell and NR PSCell from network side and the propagation delay difference from UE side. The maximum propagation delay difference between E-UTRA PCell and NR PSCell is 30us. So if one UE in the cell is able to report the SFTD measurement result between the E-UTRA PCell and NR PSCell (not configured yet), then the network can obtain the coarse timing relationship between the E-UTRA PCell and NR PSCell (not configured yet) since the propagation delay impact is only 30us.  And the obtained time information can be used for all UEs in the same coverage. Based on the observation, the following steps could be performed to perform SFTD measurement.
1. LTE network configures different GAP offsets to different UEs. The intention is to enable at least one UE could measure the SSB of the target cell (not configured PSCell) during the proper measurement gap duration. For example, if the SMTC period of the target Cell is 20ms, network could configure measurement gap with 40ms MRGP, 6ms MGL and offset= 0ms to UE0, offset= 1ms to UE1, offset= 2ms to UE2…., offset= 39ms to UE39. This is just an example, in reality the gap configuration shall consider other factors, e.g., DRX cycles. Here the purpose is to let at least one UE can report valid SFTD measurement result.
2. If ONE UE report SFTD to E-UTRA network, and network could obtain the coarse timing relationship between the E-UTRA PCell and NR PSCell (not configured yet).
3. Based on the knowledge acquired at step 2, LTE could reconfigure the appropriate measurement gap offsets to other UEs whose previous gap could not cover the SSB of the target cell.
The method was discussed during last meeting. One of the comments is that if there is only one UE in the cell coverage, the inter-RAT SFTD measurement would take a long time to perform. We don’t deny it. However for the autonomous gap method in [3] under the same scenario, UE still needs to try every time offset of SMTC window, so the same time is consumed for both methods.
In addition, the above procedure is just an implementation method. The specification impact is very small. No complicated and heavy workload is needed because only a common gap based measurement is applied as what we did for inter-frequency and other inter-RAT measurements.
Observation 3: The measurement gap based method is an implementation solution and has limited impact on the specification.

Proposal 1: Inter-RAT SFTD measurement is performed based on measurement gaps.
2.3. Inter-RAT measurements at scenario 2
Under scenario 2 RSRP/RSRQ measurements results of the candidate PSCells were already obtained. In other words, the candidate PSCell has been detected and network has made the decision which cell can be added. Then the network configures the SFTD measurement for the UE before EN-DC configuration to acquire the accurate timing difference (e.g., 5Ts granularity). We suggest that inter-RAT SFTD measurement could comprise the SMTC periodicity and the target PCID. 

Proposal 2: If the RSRP/RSRQ measurements results of the candidate PSCells were already obtained, the inter-RAT SFTD configuration shall includes:
-PCID

-SMTC periodicity
2.4. Definition of inter-RAT SFTD measurement

Last meeting [5] proposed a new issue. For inter-RAT SFTD measurement, UE measures the timing of PCell at the moment outside the measurement gap. However the UE obtains the timing information of the candidate PSCell during the measurement gap. That is to say the measurement between the PCell and the candidiate PSCell(s) is not at the same moment. Thus the compensation of the timing difference between the received signals from the LTE PCell and NR SCell shall be considered.
In RAN4 #85 meeting, the SFTD measurement definition when PSCell is already configured was agreed. The updated definition for SFTD is specified as below in order to capture the case that no NR PSCell is configured.
	Definition
	The observed SFN and frame timing difference (SFTD) between an E-UTRA PCell and an NR PSCell is defined as comprising the following two components;

-
SFN offset = (SFNPCell - SFNPSCell) mod 1024, where SFNPCell is the SFN of a E-UTRA PCell radio frame and SFNPSCell is the SFN of the NR PSCell radio frame of which the UE receives the start closest in time to the time when it receives the start of the PCell radio frame.
-
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, where TFrameBoundaryPCell is the time when the UE receives the start of a radio frame from the PCell, TFrameBoundaryPSCell is the time when the UE receives the start of the radio frame, from the PSCell, that is closest in time to the radio frame received from the PCell. The unit of (TFrameBoundaryPCell - TFrameBoundaryPSCell) is Ts. 
UE shall compensate for the time difference between the moment it received the SSB of PCell and the moment it received the SSB of the to-be-measured PSCell used for SFTD estimation.


	Applicable for
	RRC_CONNECTED intra-frequency,
RRC_CONNECTED inter-RAT


3. Conclusions

This contribution provides the further analysis on SFTD measurement for the case that no NR PSCell is configured. 
Observation 1: It is hard to guarantee that there is a RF chain available for inter-RAT SFTD measurement without gap.
Observation 2: Interruptions mean the network resource waste and the interruption impact shall be considered carefully.
Observation 3: The measurement gap based method is an implementation solution and has limited impact on the specification.

Proposal 1: Inter-RAT SFTD measurement is performed based on measurement gaps.
The updated SFTD definition is specified as below,

	Definition
	The observed SFN and frame timing difference (SFTD) between an E-UTRA PCell and an NR PSCell is defined as comprising the following two components;

-
SFN offset = (SFNPCell - SFNPSCell) mod 1024, where SFNPCell is the SFN of a E-UTRA PCell radio frame and SFNPSCell is the SFN of the NR PSCell radio frame of which the UE receives the start closest in time to the time when it receives the start of the PCell radio frame.
-
Frame boundary offset = [image: image2.wmf]ë
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, where TFrameBoundaryPCell is the time when the UE receives the start of a radio frame from the PCell, TFrameBoundaryPSCell is the time when the UE receives the start of the radio frame, from the PSCell, that is closest in time to the radio frame received from the PCell. The unit of (TFrameBoundaryPCell - TFrameBoundaryPSCell) is Ts. 
UE shall compensate for the time difference between the moment it received the SSB of PCell and the moment it received the SSB of the to-be-measured PSCell used for SFTD estimation.



	Applicable for
	RRC_CONNECTED intra-frequency,

RRC_CONNECTED inter-RAT


The accompany LS was provided in [R4-1802605].
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