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Introduction
Remaining issues in Rel-15 NR RRM core requirements were discussed in RAN4#98-e, and the summary are captured in [1]. Based on [1] the following issues are to be further discussed:
· CSSF for inter-RAT NR measurement in EN-DC
· SCell activation
· SSB not in first active BWP 
· Condition for FR1 known SCell activation 
· SSB-less activation in FR1
-	Cell identification requirements on deactivated SCell
Besides above, we found a new issue in 
· SMTC configuration determination in DC
In this paper we will provide our views on the above open issues for Rel-15 NR RRM core requirements.
Discussion
CSSF for inter-RAT NR measurement in EN-DC 
The issue of CSSF calculation for inter-RAT measurement configured on NR serving carriers under EN-DC has been discussed since RAN4#96-e. 
According to 36.133 cl.8.17.4.1, inter-RAT measurement configured on an NR serving carrier shall meet NR intra-frequency measurement requirements. 
	TS 36.133 cl.8.17.4.1:	
When the E-UTRAN FDD-NR measurement object configured by E-UTRA PCell is on an NR serving frequency carrier, then the NR intra-frequency measurements requirements defined in clause 9.2 of TS 38.133 [50] shall apply.


It implies that in order to meet requirements UE shall perform inter-RAT measurement on NR serving carrier in the same way as the intra-frequency measurement configured by NR PSCell, i.e. the measurement should be performed
· without gap if SSB is fully contained in active BWP and not fully overlapped with MG
· with gap, otherwise
However, in current 38.133, inter-RAT measurement configured by LTE PCell on NR serving carriers has not been considered in the calculation for CSSF outside MG. In RAN4#98-e, the following agreements were reached and captured in the chairman notes.
	· Option 2a: Remove the inter-RAT MOs counted in CSSF outside MG from CSSF within MG, and further discuss allowing existing implementations not to meet the updated requirements.
· CSSF calculation
· CSSF outside MG
· to consider merging of intra-frequency MO configured by NR SN and inter-RAT MO configured by LTE MN on the same serving frequency that are measured without MG, based on [MO merging conditions in clause 9.1.3.2 of 38.133].
· CSSF within MG
· to consider merging of two MOs configured by LTE MN and NR SN on the same frequency that are measured within MG, based on [MO merging conditions in clause 9.1.3.2 of 38.133].
· Note: companies can further check the exact MO merging conditions
· Allow requirements relaxation for Rel-15 UEs to avoid compatibility issue
· Option 1: “longer delays for cell identification and measurement periods derived based on CSSFwithin_gap,i can be expected, if the UE is configured with inter-RAT MO on NR serving CC by E-UTRAN PCell in EN-DC mode”.


Based on above agreements, we suggest that 
Proposal 1: Update the calculation of CSSF outside MG to account for inter-RAT measurement configured by LTE PCell on NR serving carriers. Measurements configured by LTE PCell and NR PSCell on the same NR serving carrier are counted as one measurement if they satisfy MO merging condition, otherwise they are counted as two measurements. 
SCell activation
SSB not in first active BWP 
The issue in SCell activation where the SSB of SCell is not contained in the first active BWP has been discussed since RAN4#97-e.
As defined in 38.331, upon SCell activation, the active BWP of the SCell is the one with BWP ID firstActiveDownlinkBWP-Id. It is thus straightforward that the RF BW UE operates for the to-be-activated SCell is the first active BWP. This is also the target BW for AGC.
	firstActiveDownlinkBWP-Id
If configured for an SpCell, this field contains the ID of the DL BWP to be activated upon performing the RRC (re-)configuration. If the field is absent, the RRC (re-)configuration does not impose a BWP switch.
If configured for an SCell, this field contains the ID of the downlink bandwidth part to be used upon activation of an SCell. The initial bandwidth part is referred to by BWP-Id = 0.
Upon PCell change and PSCell addition/change, the network sets the firstActiveDownlinkBWP-Id and firstActiveUplinkBWP-Id to the same value.


On the other hand, the SCell activation are based on SSB reception, i.e. many of actions in activation like cell detection, AGC and synchronization are based on SSB. However, the SSB is not necessarily contained within the first active BWP.
If the SCell SSB is not contained within the first active BWP, UE may need to switch the RF between the first active BWP and the SSB, and as a result, there could be more interruptions than allowed by current requirement which allow only one interruption.
In RAN4#98-e, some companies mentioned that if UE supports ‘bwp-WithoutRestriction’ capability, it could keep a large RF BW to cover both SSB and first active BWP, and thus may not cause interruption for SCell activation in the concerned scenario. We agree that this is a possible implementation, however, RAN4 has not discussed in Rel-15 the UE behaviours for SCell activation with SSB not in the first active DL BWP, so it is more safe to apply no requirement in Rel-15. For Rel-16 or later release, we can discuss whether and how to define requirements for the concerned scenario considering both UEs capable and incapable of ‘bwp-WithoutRestriction’. This is also aligned with the tentative agreement in RAN4#98-e.
	Tentative agreements
· Rel-15 SCell activation requirements, except those for SSB-less SCell, apply provided that the SSB of the to-be-activated SCell is within the first active DL BWP of the SCell.
· Further discussion can take place for Rel-16+ whether any differentiation of requirements for UEs supporting “SSB outside BWP” is needed.


Proposal 2: Rel-15 SCell activation requirements, except those for SSB-less SCell, apply provided that the SSB of the to-be-activated SCell is within the first active DL BWP of the SCell.
Condition for FR1 known SCell activation 
FR1 SCell activation requirements for known SCell are depending on the SCell measurement cycle:
	If the SCell is known and belongs to FR1, Tactivation_time is:
-	TFirstSSB+ 5ms, if the SCell measurement cycle is equal to or smaller than 160ms.
-	TFirstSSB_MAX + Trs + 5ms, if the SCell measurement cycle is larger than 160ms.


Based on our understanding, the rationale behind this dependence is that if the SCell is measured recently (within the last 160ms), UE does not need to do AGC training for activation. This is reasonable, but the current wording of “SCell measurement cycle” is a bit unclear.
The most straightforward interpretation is that it means the configured parameter measCycleSCell. However, the actual L1 measurement interval for an deactivated SCell is not only determined by this parameter but may others as defined in clause 9.2, e.g. the DRX cycle and the number of SCells measured (which impacts the CSSF).
In RAN4#98-bis-e, similar issue was discussed for Rel-16 direct SCell activation, and it was agreed in [2] 
	· For branching of delay requirements, the following shall replace condition on measCycleSCell for known SCell in FR1:[Issue 1-1-1, 1-1-2]
· TFirstSSB+ 5ms, if the measurement period is at most [1280]ms,
· TFirstSSB_MAX + Trs + 5ms, if the measurement period is longer than [1280]ms.


We suggest to use the same approach for normal SCell activation. As to the exact value, we suggest to use 800ms, since 1280ms is the basic measurement period for inter-frequency measurement, while the basic value is 800ms for intra-frequency measurement. 
Proposal 3: For branching of delay requirements, the following shall replace condition on measCycleSCell for known SCell in FR1
· TFirstSSB+ 5ms, if the measurement period is at most [800]ms,
· TFirstSSB_MAX + Trs + 5ms, if the measurement period is longer than [800]ms
SSB-less activation in FR1
The issue of FR1 SSB-less SCell activation has been discussed since RAN4#96-e. The basic motivation is to follow the similar requirements as FR2 SSB-less SCell activation.
In RAN4#98-e, the following agreement on the conditions related to RTD and power difference was reached. In addition, during the email discussion, there seems to be a common understanding among companies on the conditions related to QCL configuration.

	Agreements
· Reception power difference with the contiguous active serving cell is smaller than or equal to 6dB
· RTD is smaller than or equal to 260ns


What was open in RAN4#98-e discussion is the condition related to whether ‘no SSB’ or ‘no SMTC’ or both should be used. Based on the email discussions, companies summarized the scenarios in Table 1.
Table 1: Requirements for scenarios with ‘no SSB’ and ‘no SMTC’ (from email discussion during RAN4#98-e)
	Case ID
	absoluteFrequencySSB configured or not in “DownlinkConfigCommon” for target Scell
	SMTC for target Scell configured or not
	UE support SSB-less Scell or not
	Comment

	1
	Yes
	Yes
	Regardless of yes or no
	Covered in current spec

	2
	Yes
	No
	Regardless of yes or no
	Covered in current spec (with by-default 5ms SSB periodicity)

	3
	No
	Yes
	Yes
	Error case, no requirement shall apply; or UE may ignore the SMTC config

	4
	No
	No
	Yes
	This is the one we were going to define for SSB-less activation requirement

	5
	No
	Yes
	No
	Beyond UE capability, no requirement shall apply

	6
	No
	No
	No
	Beyond UE capability, no requirement shall apply


Based on above, we think it is feasible to introduce FR1 SSB-less SCell activation requirements based on Case#4, i.e. ‘no SSB’ and ‘no SMTC’. Of course, it means the condition for SSB-less SCell activation is different between FR1 and FR2, i.e. for FR1 it is ‘no SSB’ and ‘no SMTC’, while for FR2 it is ‘no STMC’, but it is the only option considering the backward compatibility issue. We are open to further discuss if the conditions can be aligned in Rel-16 or later releases.
Proposal 4: If UE is not provided with SSB (absoluteFrequencySSB) nor SMTC configuration for the target SCell in FR1, Tactivation_time is 3 ms provided 
· The target SCell is contiguous to an active serving cell in the same band, and 
· The RTD between the target SCell and the contiguous active serving cell is <= CP/2, and 
· The difference of the reception power with the contiguous active serving cell is <= 6dB, and
· The RS(s) of SCell being activated is (are) QCL-TypeA with TRS(s) of the SCell being activated, and the TRS(s) is (are) further QCL-TypeC with SSB(s) of with the contiguous active serving cell.
SMTC configuration determination in DC
In the existing requirements of HO, PSCell addition/change and SCell activation, the requirements are derived by Trs, which is the SMTC periodicity of the target Cell. The SMTC could be provided together with the corresponding command (e.g. in ReconfigurationWithSync for HO). And if it is not explicitly provided, UE shall follow the SMTC in the measObjectNR having the same SSB frequency and SCS. Otherwise, UE may assume SSB transmission is 5 ms.
		Trs is the SMTC periodicity of the target NR cell if the UE has been provided with an SMTC configuration for the target cellin the handover command, otherwise Trs is the SMTC configured in the measObjectNR having the same SSB frequency and subcarrier spacing. If the UE is not provided SMTC configuration or measurement object on this frequency, the requirement in this clause is applied with Trs=5ms assuming the SSB transmission periodicity is 5ms. There is no requirement if the SSB transmission periodicity is not 5ms. If the UE has been provided with higher layer in TS 38.331 [2] signaling of smtc2 prior to the handover command, Trs follows smtc1 or smtc2 according to the physical cell ID of the target cell.


However, it is found that when UE is configured with DC, it is possible that MN and SN both configure MO on the same frequency and the SMTC configuration could be different provided that the measurement window of one SMTC should include the other one or vice-versa. 
	TS 38.331 5.5.2.1	

-	to ensure that, if a measurement object associated with the MCG has the same ssbFrequency as a measurement object associated with the SCG:
-	for that ssbFrequency, the measurement window according to the smtc1 configured by the MCG includes the measurement window according to the smtc1 configured by the SCG, or vice-versa, with an accuracy of the maximum receive timing difference specified in TS 38.133 [14].
-	if both measurement objects are used for RSSI measurements, bits in measurementSlots in both objects corresponding to the same slot are set to the same value. Also, the endSymbol is the same in both objects.
-	to ensure that, if a measurement object has the same ssbFrequency as a measurement object configured in TS 36.331 [10]:
-	for that ssbFrequency, the measurement window according to the smtc configured in TS 36.331 [10] includes the measurement window according to the smtc1 configured in TS 38.331, or vice-versa, with an accuracy of the maximum receive timing difference specified in TS 38.133 [14].



In this way, if UE is configured with DC and MN and SN configure MO on the same frequency with different SMTC configurations, if UE receives the HO command and the SMTC of the target Cell is not explicitly provided, UE shall follow the SMTC configured in the MO. However, according to RAN2 spec, it is possible that the periodicity of these two SMTC configuration is different. The overall delay could be shorter but there is rick that UE fails to find the SSB within the SMTC as the cooperation between MN and SN may not tight enough. To minimize the impact on Rel-15 UE, it is proposed to clarify that under such situations, UE is allowed to follow the SMTC with larger periodicity. 
Proposal 5: When SMTC configuration is not provided within the corresponding command (e.g. Handover, RRC release with redirection, SCell activation and PSCell addition/change), and MN and SN configure measObjectNR having same SSB frequency and subcarrier spacing with different SMTC configurations, the corresponding requirements are derived based on the SMTC with larger SMTC periodicity. 
[bookmark: _GoBack]Kp issue in deactivated SCell measurement requirement
In R15, the PSS/SSS detection, time index detection and measurement period requirements for intra-frequency without gap are specified as below. These requirements are applied for activated serving cells including PCell and activated SCells.
Table 9.2.5.1-1: Time period for PSS/SSS detection, (Frequency range FR1)
	DRX cycle
	TPSS/SSS_sync_intra

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

	DRX cycle≤ 320ms
	max( 600ms, ceil(M2 Note 2x 5 x Kp) x max(SMTC period,DRX cycle)) x CSSFintra

	DRX cycle>320ms
	ceil(5 x Kp) x 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 9.2.5.1-3: Time period for time index detection (FR1)
	DRX cycle
	TSSB_time_index_intra

	No DRX
	max(120ms, ceil( 3 x Kp ) x SMTC period)Note 1 x CSSFintra

	DRX cycle≤ 320ms
	max(120ms, ceil (M2 Note 2 x 3 x Kp) x max(SMTC period,DRX cycle)) x CSSFintra

	DRX cycle>320ms
	Ceil(3 x Kp) x 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 9.2.5.2-1: Measurement period for intra-frequency measurements without gaps(FR1)
	DRX cycle
	T SSB_measurement_period_intra  

	No DRX
	max(200ms, ceil( 5 x Kp) x SMTC period)Note 1 x CSSFintra

	DRX cycle≤ 320ms
	max(200ms, ceil(1.5x 5 x Kp) x max(SMTC period,DRX cycle)) x CSSFintra

	DRX cycle>320ms
	ceil( 5 x Kp ) x 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



The measurement requirements for deactivated SCell are specified as below,
Table 9.2.5.2-3: Measurement period for intra-frequency measurements without gaps (deactivated SCell) (FR1)
	DRX cycle
	T SSB_measurement_period_intra  

	No DRX
	5 x measCycleSCell x CSSFintra

	DRX cycle≤ 320ms
	5 x max(measCycleSCell, 1.5xDRX cycle) x CSSFintra

	DRX cycle> 320ms
	5 x max(measCycleSCell, DRX cycle) x CSSFintra



The following observations are observed:
1. For activated cells, Kp is scaled to consider the case SMTC and gap are partially overlapped. In order to save power, even with large DRX cycle Kp is scaled as well.
2. For deactivated SCell measurement requirement, no Kp is scaled in existing specification. Although UE performs measurements on deactivated SCell without gap, the SMTC occasion may be partially overlapped with gap as well. For the partial overlapping case, it is reasonable to scale Kp where Kp = 1/(1- (SMTC period /MGRP)).
One can argue that when measCycleSCell is larger or equal to 160ms, there is sufficient opportunity for measurement on deactivated SCell during measCycleSCell. Thus the necessity of adding Kp scaling factor is not clear. However it is a principle that the measurement on deactivated SCell can not be tighten than on activated cells. It is observed that in some cases, the measurement delay on deactivated SCell without scaling Kp is smaller than that of activated cells, which is contradictory with the principle. Therefore the Scaling factor Kp shall be added for deactivated SCell measurement requirements without gap. 
Proposal 6: Kp shall also apply for measurement requirements on deactivated SCell, where Kp = 1/(1- (SMTC period /MGRP)).
Conclusions
In this paper we provided our views on Rel-15 NR RRM core requirements.
Proposal 1: Update the calculation of CSSF outside MG to account for inter-RAT measurement configured by LTE PCell on NR serving carriers. Measurements configured by LTE PCell and NR PSCell on the same NR serving carrier are counted as one measurement if they satisfy MO merging condition, otherwise they are counted as two measurements. 
Proposal 2: Rel-15 SCell activation requirements, except those for SSB-less SCell, apply provided that the SSB of the to-be-activated SCell is within the first active DL BWP of the SCell.
Proposal 3: For branching of delay requirements, the following shall replace condition on measCycleSCell for known SCell in FR1
· TFirstSSB+ 5ms, if the measurement period is at most [800]ms,
· TFirstSSB_MAX + Trs + 5ms, if the measurement period is longer than [800]ms
Proposal 4: If UE is not provided with SSB (absoluteFrequencySSB) nor SMTC configuration for the target SCell in FR1, Tactivation_time is 3 ms provided 
· The target SCell is contiguous to an active serving cell in the same band, and 
· The RTD between the target SCell and the contiguous active serving cell is <= CP/2, and 
· The difference of the reception power with the contiguous active serving cell is <= 6dB, and
· The RS(s) of SCell being activated is (are) QCL-TypeA with TRS(s) of the SCell being activated, and the TRS(s) is (are) further QCL-TypeC with SSB(s) of with the contiguous active serving cell.
Proposal 5: When SMTC configuration is not provided within the corresponding command (e.g. Handover, RRC release with redirection, SCell activation and PSCell addition/change), and MN and SN configure measObjectNR having same SSB frequency and subcarrier spacing with different SMTC configurations, the corresponding requirements are derived based on the SMTC with larger SMTC periodicity. 
Proposal 6: Kp shall also apply for measurement requirements on deactivated SCell, where Kp = 1/(1- (SMTC period /MGRP)).
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