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Introduction
In this contribution we provide further details of the likely requirements for NR-U scenario B. Scenario B corresponds to Dual connectivity between licensed band LTE (PCell) and NR-U (PSCell), so it can be conceptually thought of as similar to EN-DC with an NR-U PSCell rather than an NR PSCell. In addition, our expectation is that there can be SCells both in the MCG (LTE) and the SCG (NR-U).  We do not expect that there are both NR and NR-U cells in the SGC; in other words, the SCG will correspond to NR-U PSCell/NR-U SCells. As with release 15 EN-DC operation, CA band combinations for LTE are considered somewhat independently from the NR-U band combination.
While band combinations for NR-U are a topic for discussion in RAN4 RF, it can be anticipated that there would be both intraband NR-U carrier aggregation on 5GHz and 6GHz unlicensed bands, and potentially also interband 5GHz+6GHz carrier aggregation for the SGC.
Discussion
Overview of DRS in NR-U
In this section, we provide a general overview of the NR-U DRS, as far as the design so far exists. As different aspects are under discussion in RAN1, the intention is not to go into detail where the details have not been decided, but nevertheless to present in RAN4 our understanding of the signals which will be measured in RRM measurement.
The general characteristics of the DRS are
· SSB(s) are allowed to shift within a 5 ms window, referred to as which we refer to as the DRS transmission window. Here we refer to transmission timing, however it should be clear that DRS will be observed by the UE fall within a 5ms window + propagation delays. 
· Similarly to licenced NR, SSB are transmitted periodically e.g. every 20ms. However, unlike licenced NR, a transmission may fail completely if the gNB is unable to access the channel due to LBT during the DRS transmission window
· UE determines cell timing from the detected SSB candidate position, where the SSB candidate positions within the DRS transmission window are indexed from 0,…,Y-1 (Y = 10 for 15 kHz SCS and Y = 20 for 30 kHz SCS)

The reason for allowing the DRS to shift within the DRS transmission window  is that the NR-U gNB may not be able to get channel access eg at the start of the 5ms window due to LBT failure. Giving flexibility in transmission time substantially improves the chances that a sync burst can be transmitted. One aspect to emphasise is that although Y=10 or Y=20, the maximum number of SSB in the SB is still 8, as for licenced NR operations. In other words there is more flexibility over the starting point of the sync burst, but the sync burst itself is not longer.
Since the UE needs to be able to determine frame timing from any candidate SSB that it detects, it follows that each  SSB somehow includes signals which encode the index, which we denote as t, of the SSB, where t=0…Y-1. Since there are 10 or 20 possible SSB positions, RAN1 is discussing how to extend from licenced NR where the PBCH DMRS is used to determine an index 0…7. Various schemes are under discussion including using a combination of PBCH DMRS and PBCH payload (as per licenced FR2 time index determination), extending the number of PBCH DMRS sequences to 20 and so on.
We will refer to t as the timing identifier of the SSB. However, there is now an additional step compared with licensed NR measurement, necessary to map from t to a beam index which we will denote as b, since beam 0  from a TX beam perspective is not always transmitted at the start of the DMTC. Being able to map from timing identifier to beam index is needed by the for various reasons including
· Determining which SSB can be used as a QCL reference source for PDCCH
· Determining which SSBs should be averaged together in L1 measurement filtering of feams
· Reporting of SSB measurement results with time index

In the majority of schemes under discussion, b is determined from t by a modulo relationship
b=t mod Q
The schemes can further be subdivided according to whether Q is signalled, or fixed. At any rate, the concept is that SSB with the same b value are considered to represent the same TX beam for QCL reference signal and L1 measurement purposes even if they are transmitted at a different time t.
This is illustrated in figure 1, for the case Q=4
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Figure 1: Example synchronisation bursts with Q=4
The figure illustrates 3 different options for transmitting an SB with 4 SSBs. In the first example, which we could consider as starting from the beginning of the DRS transmission window, the gNB is able to transmit the 4 SSBs in order. In the 2nd example, the gNB does not start transmission until SSB2, so the SSBs are transmitted in order with b=2,3,0,1. Finally, in the 3rd example, the SSB are transmitted starting on SSB5, which gives b=1,2,3,0. If we imagine that the UE is performing L3 filtering of beam 2then it can obtain a sample with b=2 from each received synchronisation burst and the SS-RSRP is then based on the filter inputs SSB2 from the first SSB, SSB2 from the second burst and SSB6 from the 3rd burst.

Requirements Lists
Next, we turn our attention to the individual requirements and discussions needed to support scenario B at high level. Due to the limited timescale for the work it would be desirable to leverage decisions made for EN-DC as much as possible, while accounting for new aspects of NR-U where needed. FS3 requirements from LTE should also be used as a guideline for how to develop requirements for NR-U considering that the basic operation is similar, ie there is a DRS occurring within a DMTC with “floating” reference symbols, and transmission of the DRS may be blocked by basestation LBT.
Proposal 1: It is proposed to develop requirements for scenario B based on the lists in table 1 and table 2.
	Requirements list
	Necessary requirements

	36.133 measurement capabilities
	Number of carriers, number of cells to monitor etc should reuse EN-DC decisions as much as possible

	36.133 E-UTRAN-NR-U interRAT measurements when NR-U SCG is not configured 
	Cell and SSB identification and measurement period, needs to account for the factor L or M which is the number of SSB not available during the requirement period.

	36.133 E-UTRAN-NR-U interRAT measurements when NR-U SCG is configured
	Cell and SSB identification and measurement period, needs to account for the factor L or M which is the number of SSB not available during the requirement period.

	36.133 E-UTRAN NR-U SFTD measurements
	Measure SFTD timing of NR U neighbour cell. Needs factor to account for SSB not available during the SFTD evaluation period.

	36.133 NR PSCell Addition and Release Delay for E-UTRA – NR-U Dual Connectivity
	Addition requirements needs factor to account for SSB not available during the addition period. DRS availability should not be necessary to consider in release requirements. 

	36.133 interruptions with NR-U dual connectivity
	Covers cases where MGC (LTE )is the victim of the interruption. Similar interruption scenarios as EN-DC. Non periodic interruption based on SSB eg at SCell addition and similar should only happen once regardless if the SSB is not available due to LBT.

	36.133 gap requirements
	Assume that only 6ms gap patterns for EN-DC will be applicable for scenario B; applicability needs to be updated

	36.133 reporting criteria
	Same as for EN-DC

	36.133 NR-U accuracy requirements
	Cover SFTD, SS-RSRP, SS-RSRQ, SS-SINR, RSSI, channel occupancy. May be covered in performance phase and refer to 38.133 where relevant


Table 1: NR-U scenario B requirements for 36.133

	Requirements list
	Comments

	NR-U Random access requirements
	Needed for PSCell; UE will also be subject to UL LBT and may have to defer PRACH preamble transmission. Procedure in RAN1 needs to be further studied by RAN4

	NR-U transmit timing
	UL timing is based on NR-U PSCell. Need to study further the implications of using an unlicenced cell as timing reference. Need to understand if there should be multiple TAGs within the NR-U PSCell and SCells.

	NR-U timer accuracy
	Reuse existing requirement

	NR-U timing advance
	Reuse existing requirement. Need to understand if there should be multiple TAGs within the NR-U PSCell and SCells.

	MTTD for scenario B
	If NR-U band combinations support 2UL

	MRTD for scenario B
	Reuse licenced MTTD

	RLM
	Needed for PSCell based on SSB and CSI-RS

	Interruptions for NR-U
	Covers cases where SGC (NR )is the victim of the interruption. Similar interruption scenarios as EN-DC. Non periodic interruption based on SSB eg at SCell addition and similar should only happen once regardless if the SSB is not available due to LBT.

	SCell activation and deactivation delay
	Activation requirements needs factor to account for SSB not available during the activation period. DRS availability should not be necessary to consider in deactivation requirements. 

	Link recovery for NR-U
	Needed for PSCell (CBD, BFD) CSI-RS and SSB based

	BWP switch delay
	May be related to wideband operation discussions

	Gap requirements for NR-U
	Assume that only MGL=6ms gap patterns for EN-DC will be applicable for scenario B; applicability needs to be updated

	CSSF requirements for NR-U
	Consider CSSF_within_gap and CSSF_outside_gap

	Measurement procedure intrafrequency NR-U
	Cell and SSB identification and measurement period, needs to account for the factor L or M which is the number of SSB not available during the requirement period.

	Measurement procedure interfrequency NR-U
	Cell and SSB identification and measurement period, needs to account for the factor L or M which is the number of SSB not available during the requirement period.

	L1 RSRP requirements for NR-U
	For CSI-RS and SSB based

	SS-RSRP accuracy
	May be specified in performance phase

	SS-RSRQ accuracy
	May be specified in performance phase

	SS-SINR accuracy
	May be specified in performance phase

	RSSI measurement
	Needed assuming similar approach as for LTE LAA; accuracy may be specified in performance phase

	Channel occupancy measurement
	Needed assuming similar approach as for LTE LAA; accuracy may be specified in performance phase


Table 2: NR-U scenario B requirements areas for 38.133
Many of the requirements will also be needed for other scenario A-E and it does not make sense to duplicate the NR-U specific requirements for each scenario. For example, measurement of an NR-U intrafrequency cell is typically the same procedure (with the same expected performance in terms of measurement period, identification delays etc) regardless of the NR-U scenario.
Since there are a large number of requirements to develop (and other scenarios should also be taken into account) it is proposed to divide the work efficiently between companies.
In addition, since not all requirements are applicable in all scenarios (e.g. idle reselection requirements cannot apply in this scenario B), we recommend that an NR-U applicability subsection is developed which shows how the different requirements apply in different NR-U scenarios
Proposal 2 : Requirements for NR-U are as much as possible generic rather than scenario specific.
Proposal 3 : Once the principles for requirements are agreed, the work to draft CRs based on table 2 is divided between multiple companies, with one company responsible for CRs in each area.
Proposal 4: Applicability rules are developed to indicate which requirements need to be met to support each NR-U scenario.

Conclusion
Proposal 1: It is proposed to develop requirements for scenario B based on the lists in table 1 and table 2.
	Requirements list
	Necessary requirements

	36.133 measurement capabilities
	Number of carriers, number of cells to monitor etc should reuse EN-DC decisions as much as possible

	36.133 E-UTRAN-NR-U interRAT measurements when NR-U SCG is not configured 
	Cell and SSB identification and measurement period, needs to account for the factor L or M which is the number of SSB not available during the requirement period.

	36.133 E-UTRAN-NR-U interRAT measurements when NR-U SCG is configured
	Cell and SSB identification and measurement period, needs to account for the factor L or M which is the number of SSB not available during the requirement period.

	36.133 E-UTRAN NR-U SFTD measurements
	Measure SFTD timing of NR U neighbour cell. Needs factor to account for SSB not available during the SFTD evaluation period.

	36.133 NR PSCell Addition and Release Delay for E-UTRA – NR-U Dual Connectivity
	Addition requirements needs factor to account for SSB not available during the addition period. DRS availability should not be necessary to consider in release requirements. 

	36.133 interruptions with NR-U dual connectivity
	Covers cases where MGC (LTE )is the victim of the interruption. Similar interruption scenarios as EN-DC. Non periodic interruption based on SSB eg at SCell addition and similar should only happen once regardless if the SSB is not available due to LBT.

	36.133 gap requirements
	Assume that only 6ms gap patterns for EN-DC will be applicable for scenario B; applicability needs to be updated

	36.133 reporting criteria
	Same as for EN-DC

	36.133 NR-U accuracy requirements
	Cover SFTD, SS-RSRP, SS-RSRQ, SS-SINR, RSSI, channel occupancy. May be covered in performance phase and refer to 38.133 where relevant


Table 1: NR-U scenario B requirements for 36.133

	Requirements list
	Comments

	NR-U Random access requirements
	Needed for PSCell; UE will also be subject to UL LBT and may have to defer PRACH preamble transmission. Procedure in RAN1 needs to be further studied by RAN4

	NR-U transmit timing
	UL timing is based on NR-U PSCell. Need to study further the implications of using an unlicenced cell as timing reference. Need to understand if there should be multiple TAGs within the NR-U PSCell and SCells.

	NR-U timer accuracy
	Reuse existing requirement

	NR-U timing advance
	Reuse existing requirement. Need to understand if there should be multiple TAGs within the NR-U PSCell and SCells.

	MTTD for scenario B
	If NR-U band combinations support 2UL

	MRTD for scenario B
	Reuse licenced MTTD

	RLM
	Needed for PSCell based on SSB and CSI-RS

	Interruptions for NR-U
	Covers cases where SGC (NR )is the victim of the interruption. Similar interruption scenarios as EN-DC. Non periodic interruption based on SSB eg at SCell addition and similar should only happen once regardless if the SSB is not available due to LBT.

	SCell activation and deactivation delay
	Activation requirements needs factor to account for SSB not available during the activation period. DRS availability should not be necessary to consider in deactivation requirements. 

	Link recovery for NR-U
	Needed for PSCell (CBD, BFD) CSI-RS and SSB based

	BWP switch delay
	May be related to wideband operation discussions

	Gap requirements for NR-U
	Assume that only MGL=6ms gap patterns for EN-DC will be applicable for scenario B; applicability needs to be updated

	CSSF requirements for NR-U
	Consider CSSF_within_gap and CSSF_outside_gap

	Measurement procedure intrafrequency NR-U
	Cell and SSB identification and measurement period, needs to account for the factor L or M which is the number of SSB not available during the requirement period.

	Measurement procedure interfrequency NR-U
	Cell and SSB identification and measurement period, needs to account for the factor L or M which is the number of SSB not available during the requirement period.

	L1 RSRP requirements for NR-U
	For CSI-RS and SSB based

	SS-RSRP accuracy
	May be specified in performance phase

	SS-RSRQ accuracy
	May be specified in performance phase

	SS-SINR accuracy
	May be specified in performance phase

	RSSI measurement
	Needed assuming similar approach as for LTE LAA; accuracy may be specified in performance phase

	Channel occupancy measurement
	Needed assuming similar approach as for LTE LAA; accuracy may be specified in performance phase


Table 2: NR-U scenario B requirements areas for 38.133
Proposal 2 : Requirements for NR-U are as much as possible generic rather than scenario specific.
Proposal 3 : Once the principles for requirements are agreed, the work to draft CRs based on table 2 is divided between multiple companies, with one company responsible for CRs in each area.
Proposal 4: Applicability rules are developed to indicate which requirements need to be met to support each NR-U scenario.
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