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[bookmark: _Ref462817227]Introduction
In the email discussion [1] preceding the RAN2 #100 meeting, companies expressed their views on the usage of alternativeTimeToTrigger in NR. There was no clear conclusion from the email discussion as companies differed in their views. This was one of the open issues captured in 38.331, in 6.3.2:

Editor’s Note: FFS Whether alternative TTT is supported in Rel-15.
In this contribution, we express our views in detail regarding that FFS.
Discussion
alternativeTimeToTrigger in LTE
[bookmark: _Toc503177666]The concept of alternativeTimeToTrigger was introduced in release-12 for the HetNet mobility enhancements. The network may configure the UE with altTTT-CellsToAddModList in the measurement object which provides the list of cells for which the alternative TTT is applicable. The actual value of alternativeTimeToTrigger is provided in the reporting configuration. In an example use case of this feature, the UE is configured with the list of small cells which are more prone to handover related issues, and a smaller value of TTT is configured towards these cells with the help of alternativeTimeToTrigger. 
[bookmark: _Toc503177542][bookmark: _Toc503177595][bookmark: _Toc503177649][bookmark: _Toc503177661]The purpose of supporting alternativeTimeToTrigger in release-12 LTE was to make the UE sends measurement reports early enough in scenarios involving faster RSRP changes.
Need for alternativeTimeToTrigger in NR
[bookmark: _Toc503177667]Beamforming is one of the intrinsic features of NR and the RRM measurements will be performed on reference signals that might be sent in narrow beams. This will potentially lead to scenarios wherein the signal strength could drop quickly when the UE is moving out of the coverage of a beam. The RSRP values experienced by the UE will be as if the UE is moving away from a small cell when the cell quality drops quickly. Therefore, the enhancements introduced for HetNet type of scenarios in LTE could also be applicable for beam based macro-only NR deployments. Also, different levels of beamforming for different cells/frequencies may lead to the need to adjust them differently.
[bookmark: _Toc503177543][bookmark: _Toc503177596][bookmark: _Toc503177650][bookmark: _Toc503177662]Beamforming could result in faster changes in RSRP values when the UE is moving out of or into the coverage of a beam.  
[bookmark: _Toc503177544][bookmark: _Toc503177597][bookmark: _Toc503177651][bookmark: _Toc503177663]Enhancements like alternativeTimeToTrigger, that was introduced for HetNet scenarios in LTE, are applicable in NR as well.
[bookmark: _Toc503177668][bookmark: _Toc503177701]Include alternativeTimeToTrigger in NR.
[bookmark: _Toc503177545]In NR, there is an additional aspect of having multiple RSs to be used for RRM measurements (SS blocks and CSI-RSs). In RAN2#100 in Reno [1], it has been agreed that the network can configure different L3 filtering coefficients for CSI-RS based and SS block based cell quality derivation. The SS blocks and CSI-RSs can be beamformed in different ways, resulting in possibly different cell edge RSRP values. For example, the SS block based cell RSRP as measured by the UE could be varying much more smoothly compared to the CSI-RS based cell RSRP values for the same cell. In such a case, it is beneficial to use a smaller TTT value towards this cell when the UE is evaluating the reporting configuration based on CSI-RS (to reduce the risk of too late handover) and to use a larger TTT value towards this cell when the UE is evaluating the reporting configuration based on SS blocks (to reduce the risk of too many too early measurement reports). One method of achieving this is to use the TTT field in the reportingConfig differently for CSI-RS based reporting configurations compared to SS block based reporting configurations.
[bookmark: _Toc503177546][bookmark: _Toc503177598][bookmark: _Toc503177652][bookmark: _Toc503177664]Different TTT values might be relevant for CSI-RS based cell quality evaluation and SS block based cell quality evaluation, and this can be achieved by having different TTT values in reporting configurations related to CSI-RS in comparison with SS blocks.
[bookmark: _Toc503177547][bookmark: _Toc503177599]However, if a cell is included in the altTTT-CellsToAddModList field of the measurement object, the UE will be forced to use the value of alternativeTimeToTrigger for that cell as configured in the reportingConfig. Consider the example deployment as shown in Figure 1 below. The macro cell, NRmacro-A has other four macro cells and three micro cells as its intra-frequency neighbour cells. The intended TTT values (those values that are ideal from the reduction in number of measurement report point of view and number of too late measurement report arrival point of view) when the UE is in the NRmacro-A are listed in Table 1.
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[bookmark: _Ref503177011]Figure 1: An example deployment with macro and micro cells
[bookmark: _Toc503177548][bookmark: _Toc503177600]Based on the contents of the table, for the SSB based cell measurements related reporting configurations, the network can have two different reporting configurations. The first reporting configuration is for the SSB based cell measurements with a TTT value of 320 ms and the alternativeTimeToTrigger value of 160 ms. This will push for the inclusion of all micro cells in the altTTT-CellsToAddModList in the measurement object. The second reporting configuration is for the CSI-RS based cell measurements with a TTT value of 160 ms and the alternativeTimeToTrigger value of 40 ms. However, since NRmicro-A and NRmicro-B are already included in the altTTT-CellsToAddModList and hence they will be forced to use a TTT value of 40 ms whereas the intended TTT for these cells would have been 160 ms.


	[bookmark: _Toc503177549][bookmark: _Toc503177601]Cell-ID
	[bookmark: _Toc503177550][bookmark: _Toc503177602]Intended TTT (for SS block based)
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	[bookmark: _Toc503177552][bookmark: _Toc503177604]NRmacro-B
	[bookmark: _Toc503177553][bookmark: _Toc503177605]320 ms
	[bookmark: _Toc503177554][bookmark: _Toc503177606]160 ms

	[bookmark: _Toc503177555][bookmark: _Toc503177607]NRmacro-C
	[bookmark: _Toc503177556][bookmark: _Toc503177608]320 ms
	[bookmark: _Toc503177557][bookmark: _Toc503177609]160 ms

	[bookmark: _Toc503177558][bookmark: _Toc503177610]NRmacro-D
	[bookmark: _Toc503177559][bookmark: _Toc503177611]320 ms
	[bookmark: _Toc503177560][bookmark: _Toc503177612]160 ms

	[bookmark: _Toc503177561][bookmark: _Toc503177613]NRmacro-E
	[bookmark: _Toc503177562][bookmark: _Toc503177614]320 ms
	[bookmark: _Toc503177563][bookmark: _Toc503177615]160 ms

	[bookmark: _Toc503177564][bookmark: _Toc503177616]NRmicro-A
	[bookmark: _Toc503177565][bookmark: _Toc503177617]160 ms
	[bookmark: _Toc503177566][bookmark: _Toc503177618]160 ms

	[bookmark: _Toc503177567][bookmark: _Toc503177619]NRmicro-B
	[bookmark: _Toc503177568][bookmark: _Toc503177620]160 ms
	[bookmark: _Toc503177569][bookmark: _Toc503177621]160 ms

	[bookmark: _Toc503177570][bookmark: _Toc503177622]NRmicro-C
	[bookmark: _Toc503177571][bookmark: _Toc503177623]160 ms
	[bookmark: _Toc503177572][bookmark: _Toc503177624]40 ms

	[bookmark: _Toc503177573][bookmark: _Toc503177625]NRmicro-D
	[bookmark: _Toc503177574][bookmark: _Toc503177626]160 ms
	[bookmark: _Toc503177575][bookmark: _Toc503177627]40 ms


[bookmark: _Ref503174841][bookmark: _Ref503174819]Table 1: Ideal TTT values for the example deployment shown in Figure 1

[bookmark: _Toc503177576][bookmark: _Toc503177628][bookmark: _Toc503177653][bookmark: _Toc503177665]Having the same altTTT-CellsToAddModList to be applicable for SS Block based reportConfig and CSI-RS based reportConfig is restrictive.
[bookmark: _Toc503177577][bookmark: _Toc503177629][bookmark: _Toc503177654]One could resolve this issue by having multiple lists of altTTT-CellsToAddModList in the measObject so that in the reportConfig, one can refer to which list is applicable for the alternative TTT values as configured in this reportConfig.  One could also explore the possibility of having RS type specific alternative TTT cell lists. As these options need to be further looked at, RAN2 is requested to study as to how to provide multiple cell lists of alternative TTT.
[bookmark: _Toc503177669][bookmark: _Toc503177702]How to provide multiple lists of altTTT-CellsToAddModList is FFS.
Conclusion
[bookmark: _Toc485398802][bookmark: _Toc485417365][bookmark: _Hlk503177409]In this contribution, the following observations were captured:
Observation 1	The purpose of supporting alternativeTimeToTrigger in release-12 LTE was to make the UE send the measurement report early enough in scenarios involving faster RSRP changes.
Observation 2	Beamforming could result in faster changes in RSRP values when the UE is moving out of or into the coverage of a beam.
Observation 3	Enhancements like alternativeTimeToTrigger, that was introduced for HetNet scenarios in LTE, are applicable in NR as well.
Observation 4	Different TTT values might be relevant for CSI-RS based cell quality evaluation and SS block based cell quality evaluation, and this can be achieved by having different TTT values in reporting configurations related to CSI-RS in comparison with SS blocks.
Observation 5	Having the same altTTT-CellsToAddModList to be applicable for SS Block based reportConfig and CSI-RS based reportConfig is restrictive.

In this contribution, the following proposals were captured:
Proposal 1	Include alternativeTimeToTrigger in NR.
Proposal 2	How to provide multiple lists of altTTT-CellsToAddModList is FFS.
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