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Following the RAN2#100, RAN4 has received an LS [1] from RAN2 on further extension of SFTD reporting. 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
[…]

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.
[…]
Actions:	
RAN2 respectfully requests RAN4 provide information on whether the gap patterns for NR measurements can also be applied for SSTD measurements of NR cells when EN-DC is not configured.


The first bullet in the RAN2 agreement was covered already during RAN4#85 as it had been requested in one earlier LS [2] from RAN2, and the corresponding measurement requirement has been introduced in 3GPP TS 36.133.
The second bullet in the RAN2 agreement – SFTD measurement of NR neighbor cell when no NR PSCell is configured – is new, and needs to be addressed by RAN4. Particularly, since UEs are to support asynchronous EN-DC, i.e., where the frame timing of the LTE PCell differs from that of the NR neighbor cells, the LTE PCell may lack knowledge about the timing relation between PCell and the NR cells on each respective frequency layer. Such knowledge is needed in order to configure a suitable measurement gap pattern and SMTC, for allowing the UE to conduct cell detection and related measurements. The situation becomes the well-known dilemma about who came first - the chicken or the egg. In order to configure NR inter-RAT measurements, which would allow the UE to detect the cell, the LTE PCell already would have to know the timing relation to the NR neighbor cell(s), as well as the SSB periodicity in use.
RAN2 particularly asks whether the gap patterns for NR measurements can also be applied for SFTD measurements of neighbor NR cells. The short answer would be affirmative provided that the NR cell already has been detected, but would not solve the situation where the LTE PCell does not know the timing relation to the cells on the NR carrier(s).
In this contribution we propose an NR inter-RAT SFTD measurement for EN-DC capable UEs that is based on an autonomous UE procedure for detecting and reporting SFTD for the strongest cell on a NR carrier.
Background
The use case described by one operator during RAN4#85 (see also e.g. [3]) concerned the case when the LTE PCell does not have sufficient timing information, e.g. due to timing drift, for configuring properly aligned SMTC and measurement gaps for NR inter-RAT measurements. In this case, the LTE PCell would request a few UEs to report SFTD for an inter-RAT neighbor NR cell, and then use the information provided by those UEs when configuring SMTC and measurement gaps for all applicable UEs in the coverage area. The functionality would thus be sparsely used.
Observation 1: SFTD measurement of neighbor NR cell before NR PSCell is configured would be sparsely used. Information acquired by a few UEs will be used for configuring SMTC, measurement gaps, etc, for all UEs in the coverage area.
It shall be noted that it is only the SMTC timing that is uncertain. Other information such as SMTC periodicity and SMTC window length for the cells on the neighbor carrier is available to the LTE PCell.

In order to report SFTD for an inter-RAT neighbor NR cell, the UE will first have to detect the cell, and thereafter acquire the MIB. Since all NR cells on a frequency layer are synchronous, it would be sufficient to determine SFTD for the strongest of the detected cells in order to find the proper configuration of SMTC and measurement gaps.
Observation 2: Since NR cells in a frequency layer are synchronous, it is sufficient to determine SFTD for the strongest of the detected NR neighbor cells for the LTE PCell to be able to properly configure SMTC and measurement gaps for NR inter-RAT measurements.
For the UE to detect the NR inter-RAT neighbor cell, regardless of the timing relation to the LTE PCell, the UE has to search all possible timings of the SSB within the SMTC period at least once. One proposal discussed during RAN4#85 was that the UE would be given a long enough gap to search over the whole SMTC period length (see [3]). In the discussion that followed, one chipset vendor pointed out that the NR cell search is not dimensioned for continuous processing, but rather for processing of chunks of 3-5ms, and that the situation therefore more would resemble initial cell selection but without all the resources available, and on top of that, with strict requirements on cell detection time. Hence there is a concern that SFTD of inter-RAT NR neighbor cell might increase the UE hardware complexity.
Observation 3: NR cell search functionality might not be dimensioned for continuous processing, but for processing of up to 5ms chunks.

EN-DC capable devices are capable of being connected to an LTE PCell and an NR PSCell simultaneously. This means that the UE can receive on both carriers at the same time, hence when no NR PSCell has been configured, there are resources available for receiving on an NR carrier. This also means that the EN-DC capable UE can conduct the cell detection and MIB acquisition needed in order to report SFTD for an inter-RAT neighbor NR cell without the assistance of network-controlled measurement gaps.
Observation 4: An EN-DC capable UE which has not been configured with a PSCell can conduct SFTD measurements of a NR inter-RAT neighbor cell without the assistance of measurement gaps.
In case the UE has already been configured with NR inter-RAT measurements on other frequency layers, there is already utilization of the NR cell search functionality to take into account. Depending on the SMTC or the measurement gap pattern in use for measurements on other carriers, the UE may be blocked from determining SFTD, should the SSB fall within the period of time when the NR cell search resource is occupied, and it happens systematically, e.g. every 40ms whereas the UE is to determine SFTD on a NR carrier where SMTC period 160ms used.
Observation 5: NR cell search functionality might be systematically occupied by NR inter-RAT measurements.

Proposals
We propose that the SFTD measurement is extended over time in order to allow NR cell search processing of 5ms chunks rather than continuous processing of a whole SMTC period. In case there already are NR inter-RAT measurements configured, those may be conducted at a lower rate, i.e. be given an extended L1 measurement period, during the time the SFTD measurement is conducted. This would prevent that the SFTD-related cell detection over all possible SSB timings within the SMTC period systematically gets blocked.
Proposal 1: The SFTD measurement is extended over time to allow the UE to search the SMTC period chunk-by-chunk rather than continuously, to mitigate increase in UE hardware complexity.
Proposal 2: NR inter-RAT measurements shall be relaxed during the SFTD measurement, in order to prevent systematic blocking of possible SSB timings within the SMTC.
The EN-DC capable UE is capable of receiving the NR carrier without the use of measurement gaps. However, since the SFTD measurement is extended over time by the chunk-by-chunk processing, we propose that in order for the UE to save power, it shall be allowed to switch the NR radio receiver on and off each time a chunk is to be received. Concretely it means that interruptions in the LTE PCell communication due to radio reconfiguration shall be allowed. Since the interruption is just for handling transient effects, each such interruption shall be limited to one UL and one DL subframe, and all such interruptions shall be non-contiguous.
Proposal 3: The UE shall conduct the SFTD measurement without the assistance of network-controlled gaps, but shall be allowed to cause some interruption in the communication with the LTE cell, in order to enable it to turn the NR radio receiver on and off each time a chunk is received. The interruptions shall be limited to one DL and one UL subframe, and all such interruptions shall be non-contiguous.
As observed above, it is sufficient for the UE to report SFTD for the strongest detected NR inter-RAT neighbor cell, as all NR cells in a frequency layer are synchronized.
Proposal 4: The UE reports SFTD of the strongest detected NR inter-RAT neighbor cell on the frequency carrier pointed out in the SFTD measurement configuration.
The cell detection search time and the resulting number of interruptions, are highly influenced by the SMTC period used by cells on the NR carrier frequency on which the UE is to determine SFTD. With shorter SMTC period fewer chunks need to be processed than if always assuming maximum SMTC period of 160ms. Moreover, knowledge about the SMTC window length may be of use for the UE when attempting to decode the MIB. Since both SMTC periodicity and SMTC window length are readily available to the LTE PCell, those parameters shall be provided in the SFTD measurement configuration.
Proposal 5: The SFTD measurement configuration shall provide information on NR carrier frequency, SMTC periodicity, and SMTC window length.
We further propose that when MCG DRX is used, the same physical layer measurement periods shall be used as for non-DRX. The reporting delay may however be longer, since UL resources will be available at earliest during the DRX on time following completion of the SFTD acquisition. The reason is that the network may use DRX in order to reduce the impact of the SFTD measurement on the LTE PCell communication. See for instance how CGI reading of LTE neighbor cells was implemented for those UEs that were incapable of using autonomous gaps.
Proposal 6: The physical layer processing time shall not depend on whether MCG DRX is in use. The reporting delay may however be longer when MCG DRX is used depending on availability of UL resources.
The side conditions for which the NR inter-RAT SFTD measurement requirement shall apply, should reflect that the UE is searching for the strongest cell on the NR carrier. In a hexagon deployment model this would result in that SIR ≥ -3dB. Moreover, one may assume that the UE(s) providing information to the network are not at a cell edge, but rather in an area where SNR ≥ 0dB.
Proposal 7: The side condition for cell detection and MIB decoding associated with NR inter-RAT SFTD measurement shall be SINR ≥ -3dB.
Examples
Two examples are provided to illustrate a segmented cell search over all possible timings within a SMTC period. For both examples it is assumed that each NR cell search processes 5ms radio time (dark blue), has an additional 15ms postprocessing time (cyan), and further, that segments have to overlap each other by 0.3ms to avoid capturing only fragments of a SSB. SMTC periodicity in Figure 1 and 2 is 40 and 160ms, respectively. Black boxes represent a measurement gap sequence with MGRP 40ms, with an average utilization of 50% (relaxation of NR inter-RAT measurements), and each utilized measurement gap is assumed to occupy the NR cell search functionality for 20ms.
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Figure 1: Segmented search for covering all possible timings in a 40ms SMTC period once. (a) No gaps are configured; (b) Gaps with MGRP 40ms are configured, and utilized for other NR measurements 50% of the time. Times in ms.
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Figure 2: Segmented search for covering all possible timings in a 160ms SMTC period once. (a) No gaps are configured; (b) Gaps with MGRP 40ms are configured, and utilized for other NR measurements 50% of the time. Times in ms.

Summary and Conclusions
In this contribution we have looked into how NR inter-RAT SFTD measurements can be conducted in a segmented manner to avoid continuous NR cell search processing. We made the following observations:
Observation 1: SFTD measurement of neighbor NR cell before NR PSCell is configured would be sparsely used. Information acquired by a few UEs will be used for configuring SMTC, measurement gaps, etc, for all UEs in the coverage area.
Observation 2: Since NR cells in a frequency layer are synchronous, it is sufficient to determine SFTD for the strongest of the detected NR neighbor cells for the LTE PCell to be able to properly configure SMTC and measurement gaps for NR inter-RAT measurements.
Observation 3: NR cell search functionality might not be dimensioned for continuous processing, but for processing of up to 5ms chunks.
Observation 4: An EN-DC capable UE which has not been configured with a PSCell can conduct SFTD measurements of a NR inter-RAT neighbor cell without the assistance of measurement gaps.
Observation 5: NR cell search functionality might be systematically occupied by NR inter-RAT measurements.
Based on the observations, we make the following proposals:
Proposal 1: The SFTD measurement is extended over time to allow the UE to search the SMTC period chunk-by-chunk rather than continuously, to mitigate increase in UE hardware complexity.
Proposal 2: NR inter-RAT measurements shall be relaxed during the SFTD measurement, in order to prevent systematic blocking of possible SSB timings within the SMTC.
Proposal 3: The UE shall conduct the SFTD measurement without the assistance of network-controlled gaps, but shall be allowed to cause some interruption in the communication with the LTE cell, in order to enable it to turn the NR radio receiver on and off each time a chunk is received. The interruptions shall be limited to one DL and one UL subframe, and all such interruptions shall be non-contiguous.
Proposal 4: The UE reports SFTD of the strongest detected NR inter-RAT neighbor cell on the frequency carrier pointed out in the SFTD measurement configuration.
Proposal 5: The SFTD measurement configuration shall provide information on NR carrier frequency, SMTC periodicity, and SMTC window length.
Proposal 6: The physical layer processing time shall not depend on whether MCG DRX is in use. The reporting delay may however be longer when MCG DRX is used depending on availability of UL resources.
Proposal 7: The side condition for cell detection and MIB decoding associated with NR inter-RAT SFTD measurement shall be SINR ≥ -3dB.
A draft LS reply to RAN2 regarding the questions related to gaps (Proposal 3) and the required information in the SFTD measurement configuration (Proposal 5) is provided in [4].
The existing SFTD measurement definition which has been introduced by RAN1 is specified to NR PSCell only. With the latest agreement in RAN2, the definition needs to be broadened to cover also NR inter-RAT neighbor cell. A draft LS to RAN1 about an additional or broadened measurement definition for SFTD is provided in [5].
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