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Abstract of the contribution: This paper proposes a conclusion for key issue 1.
1.
Discussion
1.1
Overview

The objective of key issue 1 in TR 23.700-25 is to study monitoring and reporting for timing synchronization status in 5GS. More specifically the following aspects have been analyzed:
-
How to report 5GS network timing synchronization status (such as divergence from UTC and 5GS network timing source degradation) to UEs (e.g. application running in the UE), devices attached to the UE (i.e. that receive time information from 5GS) and 3rd party applications (AFs).

-
Study if additional information needs to be provided to UEs and AFs to inform about 5GS network timing synchronization status.
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The driving use case for key issue 1 is depicted in Figure 1. The key idea is to enhance time synchronization resilience for a timing information consumer by using 5GS as another time source, e.g., in addition to GNSS time or time over fibre.


Figure 1: Enhance time synchronization resilience by using 5GS as another time source.
Typical examples for the use of multiple time sources are financial institutions as they have an obligation to record accurate time stamps for financial transactions and power grid sub-stations for which it is vital to remain in phase with the rest of the power grid.

The following sections discuss the controversial topics for key issue 1. Based on this, the paper proposes a way forward.

1.2
Scenarios

In the previous releases, different mechanisms have been specified to provide timing information to UEs and devices attached to UEs. For key issue 1 the following scenarios are in scope:

-
Scenario 1:
UEs and devices attached to the UE receive 5GS time through PTP or gPTP

-
Scenario 2: 
UEs and devices attached to the UE receive 5GS time through access stratum signaling (SIB or dedicated RRC)

1.3
Enabling the timing service consumer to select the best clock
1.3.1
Overview

The key challenge for the use case in Figure 1 is for the timing information consumer to determine the best amongst the available timing sources, e.g., to avoid timing information from clocks with degrading accuracy if a more accurate clock is available.
If 5GS is one of those time sources, then this implies that 5GS needs to provide sufficient information to enable the device attached to the UE to compare the 5GS clock quality against the quality of other available clock sources.

Conclusion 1: 5GS needs to provide sufficient information to the UE to enable the timing information consumer to compare the 5GS clock quality against the quality of other available clocks.
1.3.2
5GS clock quality information available at the UE - gap analysis

1.3.2.1
Scenario 1 (“UEs/devices attached to the UE receive 5GS time through (g)PTP”)
In Scenario 1 the PTP or gPTP protocol (collectively referred to as PTP hereafter) is used to provide timing information to the UE and devices attached to the UE. 

PTP uses the Best Master Clock Algorithm (BMCA) to select the best clock in the network, see also IEEE 1588-2019 [1] clause 9.3. BMCA uses clock quality information including clock class, clock accuracy and other information to select the best clock in the network (referred to as the grandmaster clock). Clock quality information for BMCA is regularly distributed by grandmaster-capable clocks in PTP Announce messages as described in IEEE 1588-2019 [1] clause 13.5.

Observation 1: UEs and devices attached to the UE that receive 5GS time through PTP or gPTP already receive clock quality information in PTP Announce messages. This information is sufficient to select the best clock for (g)PTP-based time synchronization.

Conclusion 2: For scenario 1 (“UEs and devices attached to the UE receive 5GS time through PTP or gPTP”) clock quality information, which is sufficient to select the best clock, is already provided to the UE.
To enable timing service consumers to compare the quality of the 5GS clock with other clocks requires that the clock quality information provided to the UE and devices attached to the UE reflects the actual quality of the 5GS clock.

To ensure this, all solutions targeting key issue 1 propose a similar approach: TSCTSF continuously gathers information about the timing synchronization status of RAN and UPF/NW-TT. (Note that different mechanisms to enable TSCTSF to get this information have been proposed, which will be evaluated in section 1.4). Based on this, TSCTSF uses existing PMIC/UMIC signalling and Rel-17 PMIC/UMIC information to signal the clock quality information to be included in PTP Announce messages to DS-TT and NW-TT.

DS-TT (if supported) and NW-TT generate PTP Announce messages, if 5GS is acting as a (g)PTP grandmaster clock. As per Rel-17 specifications, TSCTSF controls the (g)PTP stack in DS-TT and NW-TT using PMIC and UMIC signalling. For this reason, all solutions propose that TSCTSF uses existing PMIC/UMIC signalling and Rel-17 PMIC/UMIC information to signal the clock quality information to be included in PTP Announce messages to DS-TT and NW-TT.
Conclusion 3: TSCTSF continuously gathers information about the timing synchronization status of RAN and UPF/NW-TT. Based on this, TSCTSF uses existing PMIC/UMIC signalling and Rel-17 PMIC/UMIC information to signal the clock quality information to be included in PTP Announce messages to DS-TT and NW-TT.
1.3.2.2
Scenario 2 (“UEs/devices attached to the UE receive 5GS time through access stratum signalling (SIB or dedicated RRC)”
In scenario 2, the UE receives 5GS time through access stratum signaling. Table 1 lists the supplementary information about the 5GS clock that can already be provided to the UE using RRC (SIB or dedicated RRC messages) as per TS 38.331 [2] clause 6.3.2.
	timeInfoType

If timeInfoType is not included, the time indicates the GPS time and the origin of the time field is 00:00:00 on Gregorian calendar date 6 January, 1980 (start of GPS time). If timeInfoType is set to localClock, the origin of the time is unspecified.

	Uncertainty

This field indicates the uncertainty of the reference time information provided by the time field. The uncertainty is 25ns multiplied by this field. If this field is absent, the uncertainty is unspecified.


Table 1: Supplementary clock information that can already be provided to the UE using SIB/dedicated RRC

As can be seen in Table 1, only very limited information can be currently provided to the UE using RRC: whether the provided time is based on GPS time and the uncertainty of the time information.

Other relevant clock quality information that is for example available in PTP Announce messages is missing in RRC, e.g., information about (UTC) traceability, clock synchronization state and the frequency stability of the oscillator of a given clock (referred to as PTP Variance) and which is used in the BMCA algorithm to select the best clock. 

Observation 2: Rel-17 RRC provides only a very limited amount of supplementary information about the 5GS clock quality to the UE. Other relevant clock quality information such as (UTC) traceability, clock synchronization state and the frequency stability are missing. 

Observation 2 suggests that the information available in RRC today is insufficient to enable a device attached to the UE to compare the 5GS clock quality against other clocks (e.g., PTP based clocks). 

Conclusion 4: For scenario 2 (“UEs and devices attached to the UE receive 5GS time through access stratum signaling“), clock quality information available in RRC today is insufficient to enable a device attached to the UE to compare the 5GS clock quality against other clocks (e.g., PTP based clocks).

Therefore, this paper proposes to extend RRC to enable the RAN to provide the UE with additional clock quality information to enable the UE/devices attached to the UE to compare the quality of the 5GS clock against other, available clocks. The mechanisms to provide such information to the UE are discussed in the following section.

Which additional information should be provided to the UE, e.g., whether additional information about (UTC) traceability, clock synchronization state and the frequency stability are sufficient to enable the UE/devices attached to the UE to compare the quality of the 5GS clock against other, available clocks, should be determined based on feedback from ITU-T Study Group 15. Therefore, this paper proposes to send an LS to ITU-T Study Group 15 to ask for feedback on this aspect.
Conclusion 5: For scenario 2 (“UEs and devices attached to the UE receive 5GS time through access stratum signaling “), RRC shall be extended to enable the RAN to provide the UE with additional clock quality information to enable the UE/devices attached to the UE to compare the quality of the 5GS clock against other available clocks.
Conclusion 6 :Send an LS to ITU-T Study Group 15  to ask for feedback whether for scenario 2 additional information such as (UTC) traceability, clock synchronization state and the frequency stability are sufficient to enable the UE/devices attached to the UE to compare the quality of the 5GS clock against other available clocks.
1.3.3
How to provide additional 5GS clock quality information to the UE

Different solutions have been proposed how to provide additional 5GS clock quality information to the UE:
-
Option 1: Provide additional clock quality information to the UE in SIB (for UEs in Idle state) or using dedicated RRC (for UEs in Connected state). 

-
Option 2: Broadcast a flag in SIB to indicate to the UEs that a network timing synchronization report is available at the network. Based on this, UE to enter Connected state to retrieve the timing synchronization report (via RRC or NAS).
The drawback of Option 2 is that it requires all UEs that are interested in the RAN timing status to enter Connected state to receive information about the timing status. This is quite inefficient, especially for UEs which are receiving timing information in Idle state, e.g., UEs that receive 5GS time through access stratum signalling. Also, if multiple UEs are receiving 5GS time in an area, it could lead to signalling congestion if all UEs in an area subject to RAN time status degradation were to enter Connected mode at the same or similar time.
The drawback of Option 1 is that additional information needs to be broadcast in SIB. This can however be alleviated by choosing an appropriate frequency for the respective SIB.
In comparison, the drawbacks of Option 1 seem acceptable in contrast to the drawbacks of Option 2.

Conclusion 7: NG-RAN to inform UEs that receive 5GS time through access stratum signalling about the RAN time synchronization status by providing additional clock quality information in SIB (for UEs in Idle state) or using dedicated RRC (for UEs in Connected state).

1.4
RAN timing status reporting to TSCTSF

RAN timing status information is needed at TSCTSF to enable TSCTSF
-
to update DS-TT and NW-TT with respect to clock quality information to be included in PTP Announce messages based on also the RAN timing status (see also section 1.3);
-
to inform AF about the status of time synchronization requests (see section 1.5);
-
to disable and re-enable time synchronization for UEs depending on RAN (and UPF) time synchronization status, i.e., depending upon whether the requested time synchronization accuracy can or cannot be met.

Two approaches have been proposed for TSCTSF to retrieve the RAN timing synchronization:
-
Option 1: TSCTSF to retrieve RAN timing synchronization status collectively for all RAN nodes from OAM;
-
Option 2: TSCTSF to subscribe for RAN timing synchronization status at all AMFs that serve UEs for which time synchronization is activated, and based on this, AMFs to subscribe for RAN timing synchronization status with all RAN nodes serving those UEs).
The UEs for which time synchronization is activated can be located in different parts of the network. This means for an increasing number of UEs (located in different part of the network) that receive time information from 5GS, the TSCTSF would need to subscribe for RAN timing synchronization status at more and more AMFs and in turn the AMFs would need to subscribe for RAN timing synchronization status at more and more RAN nodes. 

In summary, TSCTSF eventually needs to acquire a network-wide view of the time synchronization status of the entire RAN.

Observation 3: TSCTSF needs a network-wide view of the time synchronization status of the RAN.
It is important to highlight that OAM already maintains a network-wide view of RAN status information. Furthermore, it is essential to note that 5GC network functions (specifically NWDAF) already access OAM services to collect data. 
Observation 4: OAM already maintains a network-wide view of RAN status information. 5GC network functions (e.g., NWDAF) already access OAM services to collect data.
Option 1 builds on top of this and proposes that TSCTSF retrieves RAN timing synchronization status from OAM.

Option 2 instead proposes to introduce yet another mechanism (via AMFs and the NGAP interface) to retrieve status information from (potentially) all RAN nodes to eventually build a network-wide view of the RAN status for time synchronization. 
It is not very efficient to relay per-node status information for all RAN nodes via AMFs. More importantly, the need to introduce yet another mechanism to collect RAN status information is not obvious given that the OAM system has been designed to perform that task and already supports collection of RAN status information.

Observation 5: It is not obvious why there is a need to introduce yet another mechanism to collect RAN status information as proposed by Option 2 because the OAM system is already collecting status information from all RAN nodes and could easily be extended to also collect and provide timing status information for all RAN nodes.
Conclusion 8: Given that the OAM system is already collecting status information from all RAN nodes and could easily be extended to also collect and provide timing status information for all RAN nodes and given that 5GC network functions (e.g., NWDAF) already access OAM services to collect data, this paper proposes to build on top of that and let TSCTSF retrieve RAN timing synchronization status from OAM.
1.5
Informing AF about status of time synchronization request
Two options have been proposed to provide time synchronization status information to the AF:
-
Option 1: Inform AF whether its request for time synchronization can be fulfilled or not (e.g., in case of 5GS timing degradation/recovery)

-
Option 2: Detailed report about network timing status on network node level, including synchronization performance, primary source events, detailed information about lock states (e.g., number of satellites tracked), SyncE ports, etc.

The least common denominator of option 1 and option 2 is the need to inform an AF if a time synchronization request can be fulfilled or not, e.g., in case of 5GS time synchronization degradation. 

Observation 6: It is needed for TSCTSF to inform AF in case a time synchronization request cannot be fulfilled, e.g., due to 5GS time synchronization degradation.
The remaining question is if an indication to the AF that a time synchronization request cannot be fulfilled is sufficient or if additional information needs to be provided to an AF (e.g. as proposed by Option 2). 

To answer this question, it is important to understand typical time synchronization scenarios and compare those with the underlying assumptions of Option 2. 
A financial institution or a power grid company strongly depend on accurate timing information. Therefore, we can assume such timing information consumers to agree on service levels for the time synchronization service with the mobile operator before hand (e.g., as part of a contract on use of the timing service). This is because the 5GS timing service will not be a viable option unless an MNO offers the service with a high availability rate.

Based on the SLA, the timing service consumer can therefore assume the timing service to typically be available and to provide the agreed accuracy. As with any SLA, there can be scenarios where the timing service is not available due to an error case. Informing the timing service consumer’s AF about this is important, but this can be addressed by a simple indication as described by observation 6.
Option 2 instead implicitly assumes a bank or power grid operator to not have an SLA but that such timing service consumers would dynamically discover whether the mobile network that its UE is registerd to, happens to support time synchronization with a certain accuracy. Given the paramount importance of timing information for these businesses, it is unrealistic that a bank or power grid operator would rely on dynamic discovery to determine whether it can use 5GS as a timing source or not.
Conclusion 9: Timing information is of paramount importance for typical timing service consumers such banks or power grid operators. Therefore, it is unrealistic to assume that a bank or power grid operator would rely on dynamic discovery whether it can use 5GS as a timing source or not. Instead, such timing information consumers can be assumed to agree on service levels for the time synchronization service with the mobile operator before-hand. Therefore, it is sufficient to inform the AF in case a time synchronization request cannot be fulfilled, e.g., due to 5GS time synchronization degradation; no additional information needs to be provided to the AF.

2.
Conclusion

This paper has made the following conclusions:

-
Conclusion 1: 5GS needs to provide sufficient information to the UE to enable the timing information consumer to compare the 5GS clock quality against the quality of other available clocks.

-
Conclusion 2: For scenario 1 (“UEs and devices attached to the UE receive 5GS time through PTP or gPTP”) clock quality information, which is sufficient to select the best clock, is already provided to the UE.

-
Conclusion 3: TSCTSF continuously gathers information about the timing synchronization status of RAN and UPF/NW-TT. Based on this, TSCTSF uses existing PMIC/UMIC signalling and Rel-17 PMIC/UMIC information to signal the clock quality information to be included in PTP Announce messages to DS-TT and NW-TT.

-
Conclusion 4: For scenario 2 (“UEs and devices attached to the UE receive 5GS time through access stratum signaling“), clock quality information available in RRC today is insufficient to enable a device attached to the UE to compare the 5GS clock quality against other clocks (e.g., PTP based clocks).

-
Conclusion 5: For scenario 2 (“UEs and devices attached to the UE receive 5GS time through access stratum signaling “), RRC shall be extended to enable the RAN to provide the UE with additional clock quality information to enable the UE/devices attached to the UE to compare the quality of the 5GS clock against other available clocks.

-
Conclusion 6 :Send an LS to ITU-T Study Group 15  to ask for feedback whether for scenario 2 additional information such as (UTC) traceability, clock synchronization state and the frequency stability are sufficient to enable the UE/devices attached to the UE to compare the quality of the 5GS clock against other available clocks.
-
Conclusion 7: NG-RAN to inform UEs that receive 5GS time through access stratum signalling about the RAN time synchronization status by providing additional clock quality information in SIB (for UEs in Idle state) or using dedicated RRC (for UEs in Connected state).

-
Conclusion 8: Given that the OAM system is already collecting status information from all RAN nodes and could easily be extended to also collect and provide timing status information for all RAN nodes and given that 5GC network functions (e.g., NWDAF) already access OAM services to collect data, this paper proposes to build on top of that and let TSCTSF retrieve RAN timing synchronization status from OAM.

-
Conclusion 9: Timing information is of paramount importance for typical timing service consumers such banks or power grid operators. Therefore, it is unrealistic to assume that a bank or power grid operator would rely on dynamic discovery whether it can use 5GS as a timing source or not. Instead, such timing information consumers can be assumed to agree on service levels for the time synchronization service with the mobile operator before-hand. Therefore, it is sufficient to inform the AF in case a time synchronization request cannot be fulfilled, e.g., due to 5GS time synchronization degradation; no additional information needs to be provided to the AF.
These conclusions are in line with Solution 1 as documented in TR 23.700-25 with the following additional clarifications:
-
TSCTSF receives RAN time synchronization status information from OAM;
-
For the scenario of UEs and devices attached to the UE receiving 5GS time through access stratum signalling, the clock quality information to be reported to UEs in SIB or dedicated RRC should to enable the UE to compare the quality of the 5GS clock against other, available clocks. The details of which additional information to be provided to the UE will be determined based on feedback from ITU-T.
Therefore, this paper proposes to select Solution 1 with the clarifications listed above as the way forward.
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4.
Text proposal
This paper proposes to agree the following way forward, which is based on the principles of Solution 1 as documented in clause 6.1 in TR 23.700-25 with the additional clarifications summarized in clause 2.

>>>>BEGINNING OF CHANGES<<<<
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Conclusions

8.X
Conclusion for KI #1: 5GS network timing synchronization status and reporting

The following bullet points summarize the principles for the way forward:

-
Informing UEs that receive 5GS time through access stratum signalling about RAN timing synchronization status:

-
NG-RAN detects network timing synchronization degradation or failure based on implementation-specific means.

-
NG-RAN informs UEs that receive 5GS time through access stratum signalling about the RAN time synchronization status by providing additional clock quality information in SIB (for UEs in Idle state) or using dedicated RRC (for UEs in Connected state). 

-
The clock quality information should to enable the UE to compare the quality of the 5GS clock against other, available clocks. The details of which additional information to be provided to the UE will be determined based on feedback from ITU-T.

-
Reporting of RAN timing status to TSCTSF

-
TSCTSF receives RAN time synchronization status information from OAM

-
UPF timing status reporting to TSCTSF

-
If UPF/NW-TT is involved in providing time information to DS-TT, TSCTSF subscribes for receiving time synchronization status from UPF (i.e. the status of the synchronization of the UPF with the transport network timing):

-
Determining UEs impacted by RAN time synchronization status degradation or improvement:

-
TSCTSF subscribes to receive location information (RAN node granularity) from AMF for UEs that AF requested time synchronization for.

-
TSCTSF requests UEs for which an AF requested time synchronization to perform a Registration Update if the UE is in CM-IDLE and detects a change in the RAN time synchronization status information (see below) for the current cell or when re-selecting to a different cell. This ensures that the CN is made aware of the location of a UE in case the RAN time synchronization status changes while a UE that has been configured to receive time information in CM-IDLE.

-
Determining UEs impacted by UPF time synchronization status degradation or improvement (only for the case when UPF/NW-TT is involved in providing time information to DS-TT):

-
If TSCTSF receives time synchronization status information for NG-RAN nodes from OAM indicating time synchronization status degradation or improvement, then TSCTSF determines the UEs served by those NG-RAN nodes based on location information received from AMF.

-
If TSCTSF receives time synchronization status information from UPF indicating time synchronization status degradation or improvement, then the TSCTSF determines the UEs for which the UPF/NW-TT or the DS-TT co-located with those UEs is configured to send (g)PTP messages.

-
Informing AFs about network timing synchronization status degradation or improvement:

-
If TSCTSF has determined UEs impacted by RAN or UPF time synchronization status degradation or improvement then TSCTSF informs the AF about the network timing synchronization status for those UEs as follows:

-
For UEs impacted by RAN time synchronization status degradation or improvement for which the AF has requested 5G access stratum time distribution, TSCTSF determines if the Time synchronization error budget provided by the AF can be met given the change of clock accuracy for the RAN node serving the UE:

-
If the sum of the clock accuracy of the RAN node serving a UE and the Uu time synchronization error budget previously calculated for the UE (see clause 5.27.1.9 of TS 23.501 [2]) exceeds the Time synchronization error budget provided by the AF, then the TSCTSF informs the AF that the time synchronization request cannot be fulfilled for the impacted UE.

-
Otherwise, the TSCTSF informs the AF that the time synchronization request can be fulfilled again for the impacted UE.

-
For UEs for which the AF has requested (g)PTP based time distribution and which are impacted by RAN and/or UPF time synchronization status degradation or improvement, TSCTSF determines if the Time synchronization error budget provided by the AF can be met given the change of clock accuracy for the RAN node serving the UE and/or the clock accuracy reported by the UPF:
-
If the sum of:

-
the clock accuracy of the RAN node serving a UE;


the Uu time synchronization error budget previously calculated for the UE (see clause 5.27.1.9 of TS 23.501 [2]); and

-
(in case NW-TT is configured to act as Grandmaster on behalf of the UE/DS-TT) the clock accuracy reported by the UPF;

-
exceeds the Time synchronization error budget provided by the AF, the TSCTSF informs the AF that the time synchronization request cannot be fulfilled for the impacted UE by indicating the PTP port state as Inactive for the related DS-TT PTP port.

-
Otherwise, the TSCTSF informs the AF that the time synchronization request can be fulfilled again for the impacted UE by indicating the PTP port state as Active for the related DS-TT PTP port.

-
Reflecting RAN and UPF time synchronization status degradation and improvement in Announce messages sent by DS-TT and NW-TT:

-
If TSCTSF has determined that UEs that are part of a PTP instance are impacted by RAN or UPF time synchronization status degradation or improvement for which the Time synchronization error budget provided by the AF can still be met (see above), then TSCTSF may update the clockQuality information sent in Announce messages (see IEEE 1588 [8] clause 7.6.2) for the PTP instance. For example, TSCTSF may change the clockQuality information to reflect that the clock has entered holdover state or to reflect a change in clock accuracy.

-
If a DS-TT is configured to send Announce messages for the related PTP port, then TSCTSF changes the clockQuality information for the related PTP port using PMIC.

-
If NW-TT is configured to send Announce messages on behalf of the DS-TT, then TSCTSF changes the clockQuality information for the related PTP port using UMIC.

-
The handling of Announce messages follow existing procedures as described in TS 23.501 [2].

NOTE 1:
ClockQuality information included in Announce message needs to be the same for all PTP ports of the same PTP instance. Therefore TSCTSF needs to configure the same clockQuality information for all UEs that are part of the same PTP instance even if only some UEs are impacted. For example, if one UE that is part of a PTP instance is served by a RAN node that lost synchronization to a primary reference time source (e.g. GNSS) and enters holdover mode, then the clockClass attribute needs to be changed for all UEs that are part of that PTP instance. Alternatively, disabling the impacted UE PTP port would preserve the other UEs' status.

NOTE 2:
Time synchronization status information provided to the UE using RRC is assumed to be used by the UE, e.g. for applications running on the UE or to provide time information to devices attached to the UE using implementation specific means. Time synchronization status information provided to UE/DS-TT by 5GC in (g)PTP (e.g. clock class, clock accuracy) is assumed to be consumed by devices attached to the UE to which UE/DS-TT forwards the (g)PTP frames/packets.

-
Deactivation and re-activation of (g)PTP based time synchronization due to RAN or UPF time synchronization status degradation and improvement:

-
If TSCTSF has determined UEs impacted by RAN or UPF time synchronization status degradation (see above) for which the AF has requested (g)PTP based time distribution and for which the Time synchronization error budget provided by the AF cannot be met (see above) then TSCTSF temporarily removes the UE/DS-TT from the PTP instance:

-
If the DS-TT is configured to send Sync, Follow_Up and Announce messages for the related PTP instance, then TSCTSF deactivates the Grandmaster functionality in the DS-TT using PMIC (see also clause K.2.2.4 of TS 23.501 [2]) and removes the DS-TT from the PTP instance (see also clause K.2.2.1 of TS 23.501 [2]).

-
If NW-TT is configured to send Sync, Follow_Up and Announce messages on behalf of the DS-TT, then TSCTSF deactivates the Grandmaster functionality on behalf of the DS-TT in NW-TT using UMIC (see also clause K.2.2.4 of TS 23.501 [2]) and removes the DS-TT from the PTP instance (see also clause K.2.2.1 of TS 23.501 [2]).

-
If TSCTSF has determined UEs impacted by RAN or UPF time synchronization status improvement for which the AF has requested (g)PTP based time distribution and for which the Time synchronization error budget provided by the AF can be met again (see above) then TSCTSF adds the DS-TT PTP port to the PTP instance again and also re-activates the Grandmaster functionality.
>>>>END OF CHANGES<<<<
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