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Introduction
In last meeting RAN4 agreed a WF in [1] in which the Connected mode requirements under HST were captured. One aspect to discuss further are the RRM requirements related cell detection (cell identification delay), measurement evaluation and the 1.5x scaling factor applicability. In this paper we give further input on the topic.

Discussion
In the last meeting RAN4 discussed the Connected mode UE requirements related Cell Identification, measurement period and applicability of the 1.5x scaling factor when Connected mode DRX is in use and the UE is in HST conditions. While no clear agreements were reached in last meeting a number of options were listed.
In this paper we provide updated simulation results based on SMTC of 40ms, using different DRX cycles (same as in our previous paper [3] ) and using L1 filter of either 3 or 5 samples. Cell identification delays have been kept at max (600 ms, 5 samples x DRX cycle (x 1.5 or 1)) throughout the simulations.
In the next sections we initially discuss the new simulation results related to the ongoing discussion. Secondly, we iterate our view on how to define the UE requirements for the HST scenario based on the results and last meeting discussion.
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Figure 1 Pathgain + antenna gain + beam gain without slow fading between two sites

Simulation results
In these fully dynamic system simulations, we have mostly used the same parameter sets as in [3]. The results are now based on SMTC of 40ms, enabling/disabling 1.5x scaling for DRX cycles 80-320 ms and using 3 or 5 samples L1 filter. Cell identification delays are set to max (600 ms, 5 samples x DRX cycle (x 1.5 or 1)). Similar conclusions are observed from these new simulations as in [3] based on handover, ping-pong, RLF + HOF and time-of-outage rates.
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Figure 2 Simulation results showing handover per UE per second ratio.
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Figure 3 Simulation results showing the ping pong handover rate.
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Figure 4 Simulation results showing the radio link and handover failure percentage.
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[bookmark: _Ref32569832]Figure 5 Simulation results showing the time-of-outage for the full range of simulation parameters
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[bookmark: _Ref32568656]Figure 6 Simulation results showing the time-of-outage for intermediate cases


Table 1: Calculations of time-of-outage improvements from removing 1.5x scaling and tightening requirements based on simulations results shown in Figure 6 
	
	Removing 1.5x scaling
(set 5 samples)
	5 samples -> 3 samples
(set 1.5x scaling)
	Combined effect

	DRX cycle 80 ms
	18.7%
	16.7%
	30.4%

	DRX cycle 160 ms
	47.8%
	24.0%
	62.3%

	DRX cycle 320 ms
	34.5%
	15.4%
	45.6%



From the results we observe:
[bookmark: _Hlk37401823]Applying existing cell identification delays and with L1 filter of 3 samples and no 1.5x scaling factor can enable HST mobility without significant negative system impact even for high load cases (some impact is seen in fully loaded scenario).

Cell Identification and measurement period
Concerning cell identification in DRX, what is left open is the applicability of the 1.5x scaling factor and whether it should be removed unconditionally when in DRX and in HST scenario (one option) or whether it should be removed only under certain conditions (another option).
From the simulation results provided in last meeting in [3] and this meeting, it is clear that not applying the 1.5x scaling factor has significant positive impact on the system performance by enabling reduced UE time-of-outage time. Our new simulation results where the SMTC periodicity has been increased to 40ms support these same conclusion as in [3] where SMTC periodicity of 20ms was used. From the results we observe that for SMTC periodicity of 40ms without DRX, no mobility problems are observed. This is also what we would expect in FR1 with measurement periodicity of 40ms (DRX, 0). We can also observe that if we apply 80ms DRX, and thereby also 80ms measurement periodicity, mobility still works in a robust manner. This is of course assuming a measurement delay of 3 samples for the L1 filter, while the cell detection delay is as currently defined but without the 1.5x scaling factor.
[bookmark: _Hlk37401835]Robust mobility can be ensured in HST conditions with SMTC periodicity of 40ms with DRX of 160ms, assuming L1 filter of 3 samples and no 1.5x scaling factor applied for cell detection and measurement period.
This observation is assuming that the UE samples once per DRX cycle as is the current assumption in RAN4. However, with 320ms DRX cycle, even with 3 sample L1 filter and no 1.5x scaling applied, the mobility cannot be guaranteed in HST conditions, and a significant failure rate starts to be observed.
Significant system performance impact starts to be observed in HST conditions when DRX cycle of 320ms is in use, even when using L1 filter of 3 samples and not applying 1.5x scaling factor.
Based on the simulation results here and in [4] and the observations, we observe that to ensure robust mobility without breaking the UE connection to the network under HST conditions with DRX in use (for UE power saving), the 1.5x scaling factor should not be applied. This applies for both cell detection and measurement period requirements.
To ensure UE connection with the network with robust mobility under HST conditions with DRX in use (for UE power saving), the 1.5x scaling factor should not be applied.
As shown the mobility is not reliable at 320ms DRX cycle when the network load increases (assuming UE measures once per DRX cycle). This we observe even when assuming a 3 sample L1 filter and no 1.5x scaling factor applied. As such we observe that it does not seem realistic to assume robust mobility in HST conditions if DRX of 320ms or larger is in use (assuming UE samples once per DRX cycle).
It does not seem realistic to assume robust mobility in HST conditions if DRX of 320ms or larger is in use (assuming UE samples once per DRX cycle).
Based on the simulations and observation we conclude that when using DRX in HST conditions it is possible to use up to DRX cycle of 160ms, while ensuring robust mobility, assuming L1 filter of 3 samples and no 1.5x scaling factor for neither cell detection nor measurement period.
Robust mobility with DRX cycle of 160ms can be ensured, assuming L1 filter of 3 samples and no 1.5x scaling factor for neither cell detection nor measurement period.
Hence, RAN4 could define UE requirements for HST conditions for DRX cycles up to and including 160ms DRX cycle. Such requirements should be based on the assumption that the 1.5x scaling factor is not applied and assuming L1 filter of 3 samples. 
RAN4 defines UE requirements for HST conditions for DRX cycles up to and including 160ms DRX cycle.
HST requirements assume that the 1.5x scaling factor is not applied.
HST requirements assume L1 filter of 3 samples.
This proposal is based on the condition that the SMTC periodicity is at least the same or shorter than the configured DRX cycle (allowing UE to measure at least once per DRX cycle). 
Hence, RAN4 should discuss how to capture that UE cell detection and measurement requirements under HST conditions only apply for DRX cycles up to 160ms and assuming L1 filter of 3 samples with no 1.5x scaling factor. One way to capture this could be as illustrated in following tables.
Table 9.2.5.1-x1: Time period for PSS/SSS detection, (Frequency range FR1) for a UE configured with [HSTflag]
	DRX cycle
	TPSS/SSS_sync_intra

	No DRX
	max( 600ms, ceil( 5 x Kp) x SMTC period )Note 1 x CSSFintra

	DRX cycle≤ 160ms
	max( 600ms, ceil(5 x Kp) x max(SMTC period,DRX cycle)) x CSSFintra

	NOTE 1:	If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified



Table 9.2.5.2-x2: Measurement period for intrafrequency measurements without gaps (Frequency FR1) for a UE configured with [HSTflag]
	DRX cycle
	T SSB_measurement_period_intra  

	No DRX
	max(200ms, ceil( 3 x Kp) x SMTC period)Note 1 x CSSFintra

	DRX cycle≤ 160ms
	max(200ms, ceil(3 x Kp) x max(SMTC period,DRX cycle)) x CSSFintra

	NOTE 1:	If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified



In the last RAN4 meeting some concerns were raised regarding the UE performance under HST conditions if assuming only using 3 measurement samples. It was discussed that some UEs may in some cases need more than 3 samples to ensure same performance as with 5 samples. In such case, if the SMTC periodicity would be ‘too long’ this could have negative impact on the UE power consumption – if the UE would have to wake up measure during sleep period. And it was proposed to limit the SMTC periodicity in HST conditions to 40ms or less.
Considering the UE power consumption is of course an important factor. Additionally, it is important to have a system in which the performance is maintained under the defined conditions – like HST. From this perspective the overall system delay, e.g. enabling functional HO procedures, under HST conditions needs to be considered such that they do not increase to a point where the system no longer operates in a reliable manner.
Accounting both the system performance and delay aspect, and the UE performance and power consumption, it seems reasonable to set an SMTC periodicity of 40ms as an upper limit in HST conditions provided this leads to an assumption that UE measurement period delay is based on 3 samples (as illustrated in table 9.2.5.2-x2 above). If the UE would need additional measurement samples these can of course be taken based on UE implementation.
In HST conditions the SMTC periodicity should be no longer than 40ms (SMTC≤40ms).
Such limitation on the UE requirements (and network deployment) would need to be captured at least in the RAN4 specification and likely also in the RAN2 specifications. RAN4 specification could capture this condition by adding a note in the requirements tables applicable under HST conditions. Example:
Table 9.2.5.2-x2: Measurement period for intrafrequency measurements without gaps (Frequency FR1) for a UE configured with [HSTflag]
	DRX cycle
	T SSB_measurement_period_intra  

	No DRX
	max(200ms, ceil( 3 x Kp) x SMTC period)Note 1, Note 2 x CSSFintra

	DRX cycle≤ 160ms
	max(200ms, ceil(3 x Kp) x max(SMTC period, DRX cycle) Note 2) x CSSFintra

	NOTE 1:	If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified
Note 2:	Requirements are applicable for SMTC periodicity of 40ms or less.



However, we also think this limitation on the SMTC periodicity configuration should be informed to RAN2 who can then capture it in the 38.331 if they see a need. In [5] we have provided a draft LS to RAN2.
In [4] we have provided a Text Proposal capturing our proposals into 38.133. It should be observed that SCell requirements have not been considered.
Assuming this limitation on the network side in HST deployments for allowing additional UE measurements while considering the UE power consumption, the UE measurement accuracy for HST will remain unchanged compared to non-HST case. I.e. it will be based on 5 samples.
UE measurement accuracy for HST will remain unchanged compared to non-HST case.
This is further discussed along with link simulation results in our paper [6].

Conclusion
Based on an extensive simulation results performed in a dynamic system simulator we observe:
1. Applying existing cell identification delays and with L1 filter of 3 samples and no 1.5x scaling factor can enable HST mobility without significant negative system impact even for high load cases (some impact is seen in fully loaded scenario).
Robust mobility can be ensured in HST conditions with SMTC periodicity of 40ms with DRX of 160ms, assuming L1 filter of 3 samples and no 1.5x scaling factor applied for cell detection and measurement period.
Significant system performance impact starts to be observed in HST conditions when DRX cycle of 320ms is in use, even when using L1 filter of 3 samples and not applying 1.5x scaling factor.
To ensure UE connection with the network with robust mobility under HST conditions with DRX in use (for UE power saving), the 1.5x scaling factor should not be applied.
It does not seem realistic to assume robust mobility in HST conditions if DRX of 320ms or larger is in use (assuming UE samples once per DRX cycle).
Robust mobility with DRX cycle of 160ms can be ensured, assuming L1 filter of 3 samples and no 1.5x scaling factor for neither cell detection nor measurement period.
And we propose following for HST RRM requirements:
1. RAN4 defines UE requirements for HST conditions for DRX cycles up to and including 160ms DRX cycle.
HST requirements assume that the 1.5x scaling factor is not applied.
HST requirements assume L1 filter of 3 samples.
In HST conditions the SMTC periodicity should be no longer than 40ms (SMTC≤40ms).
UE measurement accuracy for HST will remain unchanged compared to non-HST case.
In [4] we have provided a Text Proposal capturing these proposals into 38.133.
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