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1	Introduction
Most of the RAN4 requirements are defined based on the number of unavailability of SMTC periods during the measurements. During the previous RAN4 meetings, there was a discussion on how to define an unavailable SMTC during the measurement period. 
From RAN4 94-e-bis, the following was agreed [1]: 
	RAN4-94e bis Agreement
· The set of SSBs that UE is required to monitor
· Define the following UE capabilities
· For RLM/BFD/CBD UE is required to monitor at least N1 candidate SSB positions from the set of SSBs that are QCLed with each other within the set of configured resources
· For intra and inter-frequency measurements UE is required to monitor at least N2 candidate SSB positions from the set of SSBs that are QCLed with each other within SMTC 
· FFS for the case Q is not provided to the UE
· FFS how to handle IDLE mode capabilities
· Candidate N1 and N2 values are [1, 2, …]
· FFS whether N1 = N2
· FFS whether to have different capabilities for FBE and LBE modes
· Send LS to RAN1 to ask for feedback on candidate values N1 and N2 taking into account impact on the overall system performance
· Further discuss other cases




In this document we discuss these open issues. 
[bookmark: _Hlk7682270]2	Discussion
One difference between NR and NR-U is the need to perform the listen-before-talk (LBT) procedure in unlicensed frequency bands, which can cause the transmission to be blocked in case the channel is already occupied, situation referred to as LBT failure in this document. In order to be robust to LBT failure when sending SS/PBCH block (SSB) in NR-U, RAN1 has agreed that there will be multiple opportunities for sending the SSB, within a Discovery Reference Signal (DRS) Transmission window.  Within this DRS Tx window, SSBs can be cycled to maximize the probability of sending the SSBs even under LBT failures.
In order to implement this, RAN1 has defined in addition to the already existing SSB index, the term “Candidate SS/PBCH block index”. An example of the relationship between SSB index and the candidate SS/PBCH block index, is shown in the figure below. RAN1 has also defined the parameter Q which represents the maximum number of SSBs to be cycled. Q=4 in the example in Fig. 1, while the number of SSB candidate positions in the example is equal to 10 (SCS = 15 kHz). From the figure, different SSB candidate position indexes can lead to the same SSB index. For example, SSB index 0, can be sent in the candidate SSB positions 0, 4 or 8, depending on the LBT result
[image: ]Figure 1 - Relationship between SSB index and Candidate SSB index


RAN1 has introduced a feature in NR-U to allow for multiple opportunities for sending the SSBs during a DRS transmission window. The purpose of this feature is to minimize the effects of LBT failures for sending SSBs, allowing for some flexibility for sending DRS.
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As mentioned above, the RAN1 design depends on the maximum number of SSBs to be cycled, which is known as Q. One of the open issues in the last meeting is a FFS for the case in which Q is not provided to the UE. RAN1 has sent a LS to RAN4 in the last RAN1 meeting, informing RAN4 of the following agreement[2]: 
Therefore, in our view, the FFS from last meeting can be closed, and the following is proposed. Agreement:
· For RRM measurement configuration from MeasObjectNR and SIB2/SIB4, network always provides a common Q value (ssb-PositionQCL-Common-r16) per frequency to UE. 
· For SCell addition, SCG addition, and reconfiguration with sync, the Q value of the cell to be added is always provided to UE via dedicated RRC signaling, i.e. ssb-PositionQCL-r16 in ServingCellConfigCommon. 


RAN1 sent an LS to RAN4 last meeting, in which it is clear that Q can be assumed to always be known at the UE.
RAN4 to assume that Q is always available at the UE.
2.2	N2 values for FBE
In the last RAN4 meeting it was also discussed whether to have different capabilities for FBE (frame based equipment) and LBE (load based equipment) mode. 
The RAN1 design is applicable only to LBE mode, in which the initiation of a transmission can occur at any point during the frame. For FBE, the following channel access mechanism is defined by ETSI [3] clause 4.2.7.3.1.4:
…
2) Immediately before starting transmissions on an Operating Channel at the start of a Fixed Frame Period, the Initiating Device shall perform a Clear Channel Assessment (CCA) check during a single Observation Slot. The Operating Channel shall be considered occupied if the energy level in the channel exceeds the ED Threshold Level (TL) given in point 6) below. If the Initiating Device finds the Operating Channel(s) to be clear, it may transmit immediately. See figure 2. If the Initiating Device finds an Operating Channel occupied, then there shall be no transmissions on that channel during the next Fixed Frame Period. 

The RAN1 design on beam cycling is applicable only to LBE, since it assumes that within the same frame the gNB might have different opportunities to get channel access. In FBE, only the first Q candidate SSB indexes are relevant. 
RAN4 to specify different requirements for LBE and FBE modes.
RAN4 not to specify N2 values for FBE mode. For FBE there is only one candidate position per Q.  
2.2	N2 values for LBE
In LBE, the gNB can be granted access to the channel in different occasions. In order to cope with this uncertainty, for example, in LTE-LAA, a DMTC window was introduced to allow for different occasions to transmit the DRS. In NR, the requirements are already defined in terms of an SMTC. The design introduced by RAN1 in NR-U is a way of accommodating NR specifics, such as the transmission of different SSBs, but it is no different from the mechanism already existing in LTE-LAA in its essence, which is to allow an uncertainty of the DRS transmissions due to LBT failure. 

In LTE-LAA, a DMTC window was introduced to allow for the uncertainty when sending the discovery reference signals (DRS). In NR, the measurement requirements are already defined in terms of a SMTC, and the mechanism introduced by RAN1 in NR-U is to allow for an uncertainty in the exact position that SSBs are sent, in a similar manner to what was done for the DRS in LTE-LAA.
Additionally, RAN1 has agreed on the following:  Agreement RAN1 96b:
The maximum DRS transmission window duration is 5 ms.
· The maximum number of candidate SSB positions within a DRS transmission window, Y, is selected as Y = 10 for 15 kHz SCS and Y = 20 for 30 kHz SCS.
· Note: The number of starting points for DRS transmissions with the 5 ms window that can use a Cat. 2 LBT is to be discussed further as part of channel access discussions.
· FFS: If the DRS transmission window is configurable, and if yes, how to configure and indicate the window, including the range of configurable values.

Agreement RAN1 99:
DRS transmission window duration can be configured as 0.5 1, 2, 3, 4, or 5 ms
If the DRS transmission window duration is not known, a UE may assume the DRS transmission window has a duration of 5 ms.

From a UE’s perspective, the number of transmitted SSBs within a DRS transmission window is not larger than Q.





The duration of the DRS transmission window is configurable by the gNB, from 0.5 to 5 ms.
To keep a long DRS transmission window when it is not necessary to do so, i.e. in low interference conditions, is inefficient for the gNB. In low interference conditions, the DRS transmission window will be shorter, so that the gNB can allocate the resources in a more efficient manner.
In high interference conditions, the DRS transmission window might be longer, but that is precisely the scenario for which the RAN1 enhancement was introduced.
The observations above are illustrated in Figure 2, which shows an example of the probability of monitoring a SSB within a window of size “N candidate positions” as a function of the LBT success probability for the first candidate position,  and the number of monitored candidate positions for SCS = 30 kHz and a 2 SSBs/slot transmission pattern. These results assume a geometrical distribution, in which the probability of monitoring a SSB within a window of size “N candidate positions” is given by:
,
[image: ]

Figure 2 - Probability of SSB index being within the monitored window as a function of the LBT success probability, and number of monitored candidate positions

In low spectrum loads, represented by the cases in which p is high (60% or 80%), there is no reason for the gNB to configure the UEs with a long DRS transmission window. In these two cases, the probability of a SSB being sent within the first 3 candidate positions, for example, is higher than 90%. Under high spectrum load, on the other hand (cases in which p is 40% or 20%), the probability of a SSB being sent within the first 3 candidate positions can be lower than 50%. Therefore, the gNB would configure a long DRS transmission window to maximize the probability of sending a SSB index within the DRS transmission window. It is important to highlight that the results assume that the LBT probability in each candidate position is uncorrelated. However, in real deployments, these probabilities are correlated. For example, the duration of a transmission in 5GHz spectrum can be up to 10 ms [11].
For LBE it is important to differentiate the following cases: 
1) Cell detection.
2) RRM measurements 
During cell detection measurements, the UE has not yet detected the cells. It cannot decide after one SMTC if the SSB has been transmitted or not. Additionally, the gNB has no control over which candidate position will be used for sending the SSB.  Therefore, the UE would have to search also the other candidate positions. 
The gNB has no control on the candidate position that will be used for transmission, since it depends on the channel access conditions. It is not possible to guarantee that the same SSB index will be always transmitted at the same candidate position.
During cell detection, the UE needs to measure all Q SSBs. UE needs to search all candidate positions. 
For cell identification, UE is required to monitor all candidate positions within the DRS transmission window.
RAN4 to wait for RAN1 feedback before agreeing on any value of N2 for intra and inter-frequency measurements. 

3 Conclusion
1.  RAN1 has introduced a feature in NR-U to allow for multiple opportunities for sending the SSBs during a DRS transmission window. The purpose of this feature is to minimize the effects of LBT failures for sending SSBs, allowing for some flexibility for sending DRS.
1. RAN1 sent an LS to RAN4 last meeting, in which it is clear that Q can be assumed to always be known at the UE.
1. RAN4 to assume that Q is always available at the UE.
The RAN1 design on beam cycling is applicable only to LBE, since it assumes that within the same frame the gNB might have different opportunities to get channel access. In FBE, only the first Q candidate SSB indexes are relevant. 
RAN4 to specify different requirements for LBE and FBE modes.
RAN4 not to specify N2 values for FBE mode. For FBE there is only one candidate position per Q.  
The duration of the DRS transmission window is configurable by the gNB, from 0.5 to 5 ms.
To keep a long DRS transmission window when it is not necessary to do so, i.e. in low interference conditions, is inefficient for the gNB. In low interference conditions, the DRS transmission window will be shorter, so that the gNB can allocate the resources in a more efficient manner.
In high interference conditions, the DRS transmission window might be longer, but that is precisely the scenario for which the RAN1 enhancement was introduced.
The gNB has no control on the candidate position that will be used for transmission, since it depends on the channel access conditions. It is not possible to guarantee that the same SSB index will be always transmitted at the same candidate position.
During cell detection, the UE needs to measure all Q SSBs. UE needs to search all candidate positions. 
For cell identification, UE is required to monitor all candidate positions within the DRS transmission window.
RAN4 to wait for RAN1 feedback before agreeing on any value of N2 for intra and inter-frequency measurements. 
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