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1	Introduction
In last meeting in Spokane, USA, RAN4 discussed beam failure detection requirements for both FR1 and FR2. Good progress was made but there are still some open details and alignment aspects, which needs further discussion. In this paper look at the detailed RAN1 assumptions related to CSI-RS link quality measurements and L1 indication, and the current RAN4 requirements related to beam failure detection. 
Based on the analysis, we provide draft text proposals to align the RAN4 requirements.
2	Discussion
Initially we look at the outcome from the discussion in Spokane related to the evaluation period for link quality measurements and the relaxation factor N. This is followed by a general analysis of the procedure regarding UE link recovery procedures, as described in 38.213 section 6, and the CSI-RS reception procedure and CSI-RS for L1-RSRP computation as defined in 38.214.
2.1	Current Baseline
The current text covering the UE requirements for link quality measurements and when relaxation is allowed, was rather hastily decided in Spokane meeting and with the option of returning if needed. 
The requirements are as follows. The first condition is:
N=1:
1. the CSI-RS for BFD is QCL-TypeD with SSB for L1-RSRP beam reporting, and 
2. the CSI-RS for BFD and SSB for L1-RSRP beam reporting are TDM’d, and 
3. the CSI-RS for BFD is not in a resource set configured with repetition ON. 

This basically addresses when the CSI-RS used for link quality measurements is in a resource set with Repetition Off (bullet 3). In this case the UE is not performing beam refinement (i.e. UE RX spatial filter is not changing) and performs link quality measurements (based on set q0) and possibly L1-RSRP measurements which do not require change in the UE RX spatial filter (as Repetition is Off). 

Only measurement restriction is in this case coming from observations 9 – 12 (see discussion below). For this case we see that bullet 2) is not defined clearly enough as the RAN1 set different requirements based on observations 10 – 12 below.

And the second condition is:

N=1:
1. the CSI-RS for BFD is QCL-TypeD with CSI-RS for L1-RSRP beam reporting with repetition parameter ON, and
2. the CSI-RS for BFD and CSI-RS for L1-RSRP beam reporting are TDM’d, and
3. the CSI-RS for BFD is not in a resource set configured with repetition ON. 

Similarly, as for the first condition, this case addresses when the CSI-RS used for link quality measurements is in a resource set with Repetition is Off. But additionally, the UE supposed to measure another CSI-RS resource set with Repetition On. As such this seems unclear what UE behaviour is expected, but we assume that Repetition On is followed and UE relaxation would be needed. 2nd bullet seems contradictive with RAN1 defined requirements (as also in condition 1). 

Based on this, the current requirements are not accurate and would need to be updated. In the next sections we look at how this could be done based on the current RAN1 procedures.

2.2	Radio Link Quality Set q0
38.213 states that the UE shall assess the radio link quality of the according to the set q0. The set q0 can be either specifically configured by the network or the set q0 can be implicitly derived by the UE. 
For the implicit set q0, UE only includes CSI-RS resource configuration indexes with same values as the RS indexes in the RS sets indicated by TCI-state for respective CORESETs that the UE uses for monitoring PDCCH and, if there are two RS indexes in a TCI state, the set q0 includes RS indexes with QCL-TypeD configuration for the corresponding TCI states. 
[bookmark: _Hlk1162817]UE always have a set q0.
UE only assesses the radio link quality according to the set q0.
As just described, if the q0 is implicitly derived, the set q0 will contain RS which is QCL Type-D with the CORESET that the UE uses for monitoring. If q0 is configured by the network, it is up to network to ensure that the UE can measure the RS in q0.
For the set q0, the UE is only required to assess the radio link quality according to periodic CSI-RS resource configurations or SS/PBCH blocks that are quasi co-located with it, as described 38.214.
UE is only required to assess the radio link quality according to periodic CSI-RS resource configurations or SS/PBCH blocks that are quasi co-located.
Based on this the UE shall assess the radio link quality based on RS in q0 only. The QCL assumption on UE side means that UE can always receive the RS used for link quality assessment and there is no relaxation allowed in the basic link quality measurements procedure.
[bookmark: _Hlk1163063]No relaxation is needed in the basic link quality measurements procedure.
However, there are some restriction when UE is configured to measure RS which may lead to restrictions in the UE capability to perform link quality measurements continuously. E.g. when the UE is configured to perform beam refinement and CSI-RS is configured in same symbols as an SSB. Additionally, restrictions may be imposed when UE is required to measure CSI-RS for beam refinement.

2.3	Minimum requirements for link quality measurements
Based on above analysis of the agreed RAN1 requirements for link recovery procedure (38.213) and CSI-RS reception procedure and the CSI-RS for L1-RSRP computation, summarized in above observations, it is concluded:
UE is only required to assess the radio link quality according to periodic CSI-RS resource configurations or SS/PBCH blocks in set q0, that are quasi co-located. If the q0 is implicitly derived, the set q0 will contain RS which is QCL Type-D with the CORESET that the UE uses for monitoring. If q0 is configured by the network, it is up to network to ensure that the UE can measure the RS in q0.
[bookmark: _Hlk1162963]No relaxation is needed in the basic link quality measurements procedure.
However, if the UE is requested to measure L1-RSRP based on CSI-RS resource set  which are not in set q0 and Repetition is On, this may impact the UE link quality measurements.
[bookmark: _Hlk1162880]If UE is requested to measure a CSI-RS resource set with Repetition is On UE link quality measurements may be impacted.
If UE is not requested to measure any CSI-RS resource set with Repetition is Off the UE link quality measurements is not impacted.

2.4	CSI-RS Reception Procedure
In 38.214 it is described how the UE assumptions related to CSI-RS reception are. These depend on whether the parameter Repetition is On or Off. This parameter is used to indicate whether an active CSI-RS resource set can be used for beam refinement or not. Basically, the UE is defined with one or more CSI-RS resource set(s) which it measures accordingly.
2.3.1	Repetition On
If the CSI-RS resource set is configured with Repetition On, the UE assumes that the CSI-RS resources within the NZP-CSI-RS-ResourceSet are transmitted with the same downlink spatial domain transmission filter by the gNB. I.e. the UE can perform beam refinement measurements (e.g. measure L1-RSRP with different RX spatial filters), during which it is not required to receive in all DL opportunities. However, the UE is required to monitor configured CORESET.
[bookmark: _Hlk1163019]When Repetition is On the UE is allowed to perform beam refinement.
When UE is allowed to perform beam refinement, it is not required to monitor  DL only based on active TCI-state.
Beam refinement may impact the link quality measurements.
2.3.2	Repetition Off
If the CSI-RS resource set is configured with Repetition Off, the UE shall not assume that the CSI-RS resources within the NZP-CSI-RS-ResourceSet are transmitted with the same downlink spatial domain transmission filter by the gNB. I.e. the UE is not assumed performing beam refinement and is expected to receive in DL according to active TCI-state. 
In this case if the UE is configured with a CSI-RS resource and a search space set associated with a CORESET in the same OFDM symbol(s), the UE may assume that the CSI-RS and a PDCCH DM-RS transmitted in all the search space sets associated with CORESET are quasi co-located with 'QCL-TypeD'. UE is not restricted in DL reception.
When Repetition is Off the UE is not expected to perform beam refinement impacting the scheduling.
When UE is not performing beam refinement it is required to monitor all DL.
Beam measurements (L1-RSRP) is not impacting the link quality measurements.

2.5	CSI-RS for L1-RSRP Computation
The 38.214 states that if the UE is configured with the CSI-RS resource in the same OFDM symbol(s) as an SS/PBCH block, the UE assumes that the CSI-RS and the SS/PBCH block are quasi co-located with 'QCL-TypeD' if 'QCL-TypeD' is applicable. Furthermore, the UE shall not expect to be configured with the CSI-RS in PRBs that overlap with those of the SS/PBCH block, and the UE shall expect that the same subcarrier spacing is used for both the CSI-RS and the SS/PBCH block.
Based on this we observe following UE requirements and conditions related to L1-RSRP computation:
If the CSI-RS resource for L1-RSRP is configured in same OFDM symbol as the SSB the UE can assume QCL Type-D.
UE is not required receive CSI-RS for L1-RSRP in PRBs that overlap with an SSB.
UE is not restricted in receiving CSI-RS for L1-RSRP in same OFDM symbol as SSB if the CSI-RS for L1-RSRP is not overlapping with the SSB PRB.
The UE is not required to receive CSI-RS for L1-RSRP if the CSI-RS SCS is not the same as the SSB SCS, if the CSI-RS is configured in same OFDM symbol as the SSB.

The impact on the UE ability to perform link quality measurements happens if the CSI-RS resource is configured in same OFDM symbol as the SSB where the UE can assume QCL Type-D. From these observations following restrictions apply for CSI-RS for L1-RSRP, based on observations 9 - 11:
If Repetition is Off there are some exception where the UE is not required receive CSI-RS in PRBs that overlap with an SSB, but the UE is not restricted in receiving CSI-RS in same OFDM symbol as SSB if the CSI-RS is not overlapping with the SSB PRB.
Additionally, from observation 12, the UE is not required to receive CSI-RS if the CSI-RS SCS is not the same as the SSB SCS, if CSI-RS is configured in same OFDM symbol as the SSB. 
These conditions – which relates CSI-RS for L1-RSRP - are now captured in the general section 8.5.1 of 38.133:
‘UE is not expected to perform beam failure detection measurements if the SCS of the CSI-RS used for beam failure detection and the SCS of the SSB used for beam failure detection are different, and the CSI-RS and SSB are FDM-ed in the same OFDM symbol’
However, these conditions do not fully observation 9 – 11. We propose following update to the text:
[bookmark: _Hlk1078054]‘The UE is not required to receive CSI-RS for beam failure detection in the PRBs that overlap with an SSB but is required to receive CSI-RS for beam failure detection in PRBs not overlapping with an SSB. However, if the CSI-RS and SSB are in the same OFDM symbol the UE is not required to perform beam failure detection if the SCS of the CSI-RS used for beam failure detection and the SCS of the SSB are different.’
A similar text would be needed in the section related to beam candidate detection:
 ‘The UE is not required to receive CSI-RS for beam candidate detection in the PRBs that overlap with an SSB but is required to receive CSI-RS for beam candidate detection in PRBs not overlapping with an SSB. However, if the CSI-RS and SSB are in the same OFDM symbol the UE is not required to perform beam candidate detection if the SCS of the CSI-RS used for beam candidate detection and the SCS of the SSB are different.’
In [1] we provide a CR capturing this TP as well as a number of additional clarifications.

2.6	UE minimum requirements for Link quality measurements
From above it is seen that the link quality measurement procedure, as designed by RAN1, is based on that UE only measures link quality from resources in set q0. Link quality measurement procedure is based on this principle.
UE may also be configured to measure L1-RSRP. Measurements of L1-RSRP may impact the link quality measurements if Repetition is On. From the observations 5 - 12 and based on the defined CSI-RS reception procedure and the defined CSI-RS for L1-RSRP computation, one aspect is whether UE is required to measure a CSI-RS resource set with Repetition On or Off.
If Repetition is On UE is assumed to perform beam refinement (i.e. may change its RX spatial filter) and UE cannot be expected to measure RS for link quality measurements if they cannot be received simultaneously with the CSI-RS resources in the CSI-RS resource set with Repetition On. In order to have simple generic requirements, this could be considered to be baseline case. I.e. in this case link quality measurement relaxation is allowed.
If Repetition is Off UE shall measure the CSI-RS according to the CSI-RS procedure and is not to perform beam refinement impacting the system e.g. scheduling. UE measures the CSI-RS resources in the CSI-RS resource set without beam sweeping using the RX spatial filter as used for control and data reception. I.e. in this case link quality measurements are not impacted.
For the Repetition Off, there are however a number of cases where the UE is not required to be able to measure. These are captured in the Text Proposal in section 2.5.
We see two different approaches how to define the UE minimum requirements for link quality measurements:
1) Define the link quality measurements requirements accounting the impact from other CSI-RS measurement procedures
2) Define the link quality measurements requirements separately.
The first proposal is what RAN4 has been discussing lately and it seems to become rather complex. Second proposal is simpler and would define the link quality measurement requirements by only looking at the link recovery procedure. RAN4 could then in later releases improve this if seen necessary.

Next is how to define the allowed relaxation according to 1 or 2. 
Define the link quality measurements requirements accounting the impact from other CSI-RS measurement procedures: As the main decisive factor on whether relaxation in link quality measurements is allowed or not is whether the Repetition parameter is On or Off, this should be forming the base of the requirement. I.e. if the UE is configured to perform CSI-RS reception and is required to measure CSI-RS for L1-RSRP computation with:
· Repetition Off:
· UE is required to measure link quality measurements with N=1, with the following exceptions:
· UE is not required to measure CSI-RS link quality measurements on a CSI-RS resource if the CSI-RS resource and a search space set associated with a CORESET in the same OFDM symbol(s) and the CSI-RS and DM-RS of PDCCH are not QCL type-D, or
· UE is not required to measure CSI-RS link quality measurements on a CSI-RS resource if the UE is configured with a CSI-RS in PRBs overlap those of the CORESET in the OFDM symbols occupied by the search space set(s)
· Repetition On:
· UE is required to measure link quality measurements with N=8.
Define the link quality measurements requirements separately:
· [bookmark: _Hlk1080792]UE is required to measure link quality measurements with N=1, with the following exceptions:
· UE is not required to measure CSI-RS link quality measurements on a CSI-RS resource if the CSI-RS resource and a search space set associated with a CORESET in the same OFDM symbol(s) and the CSI-RS and DM-RS of PDCCH are not QCL type-D, or
· UE is not required to measure CSI-RS link quality measurements on a CSI-RS resource if the UE is configured with a CSI-RS in PRBs overlap those of the CORESET in the OFDM symbols occupied by the search space set(s)
· otherwise N=8.
Define the link quality measurements requirements separately.
For SSB based the same approach as discussed for CSI-RS could apply. However, RAN4 still need to conclude whether RAN1 status of the SSB based BFD applicability.
In [2] we have provided a CR capturing a text proposal for clarifying these UE requirements.

3	Conclusion
In this paper took a detailed look at the RAN1 assumptions related to CSI-RS link quality measurements and L1 indication, and the current RAN4 requirements related to beam failure detection. 
1. UE always have a set q0.
1. UE only assesses the radio link quality according to the set q0.
1. UE is only required to assess the radio link quality according to periodic CSI-RS resource configurations or SS/PBCH blocks that are quasi co-located.
1. No relaxation is needed in the basic link quality measurements procedure.
1. No relaxation is needed in the basic link quality measurements procedure.
1. If UE is requested to measure a CSI-RS resource set with Repetition is On UE link quality measurements may be impacted.
1. If UE is not requested to measure any CSI-RS resource set with Repetition is Off the UE link quality measurements is not impacted.

When Repetition is On the UE is allowed to perform beam refinement.
When UE is allowed to perform beam refinement, it is not required to monitor  DL only based on active TCI-state.
Beam refinement may impact the link quality measurements.
When Repetition is Off the UE is not expected to perform beam refinement impacting the scheduling.
When UE is not performing beam refinement it is required to monitor all DL.
Beam measurements (L1-RSRP) is not impacting the link quality measurements.
If the CSI-RS resource for L1-RSRP is configured in same OFDM symbol as the SSB the UE can assume QCL Type-D.
UE is not required receive CSI-RS for L1-RSRP in PRBs that overlap with an SSB.
UE is not restricted in receiving CSI-RS for L1-RSRP in same OFDM symbol as SSB if the CSI-RS for L1-RSRP is not overlapping with the SSB PRB.
The UE is not required to receive CSI-RS for L1-RSRP if the CSI-RS SCS is not the same as the SSB SCS, if the CSI-RS is configured in same OFDM symbol as the SSB.

Define the link quality measurements requirements separately.
Based on the analysis, we provide draft text proposals to align the RAN4 requirements in [1, 2].
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