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1 	Introduction
In previous meetings, the measurement and monitoring on QCL-ed SSBs has been discussed. Given that in NR-U, the UE measurement complexity would increase if UE is required to measure multiple candidate SSB positions within a transmission window, the corresponding measurement capability needs to be further discussed.
2 Measurement and monitoring on QCL-ed SSBs 
[bookmark: Title][bookmark: DocumentFor]The concept of candidate SSB positions index (candidate SBI) has been introduced to identify the SSB positions within a transmission window for NR-U. The SSBs with the same value of mod(candidate SBI, Q) can be considered as QCL-ed and the SSB index can also be determined by mod(candidate SBI, Q), according to section 4.1 in TS 38.213 [1]. The corresponding text is attached for reference. 
 (
For operation with shared spectrum channel access, a UE assumes that SS/
PBCH blocks in a serving cell that are within a same 
discovery burst transmission window
 or across 
discovery burst
 transmission windows 
are quasi co-located with respect to average gain, QCL-TypeA, and QCL-TypeD properties, when applicable
 [6, TS 38.214], if a value of 
 is same among the SS/PBCH blocks
. 
 is an 
index of a DM-RS sequence transmitted in a PBCH of a corresponding SS/PBCH block, and 
 is
 either provided by 
ssbPositionQCL-Relationship-r16
 or, if 
ssbPositionQCL-Relationship-r16
 is not provided,
 
obtained from
 
a
 
MIB
 
provided by
 
a
 SS/PBCH block
 according to Table 4-1. 
ssbSubcarrierSpacingCommon
 indicates SCS of RMSI only for the case of "operation without shared spectrum".The UE assumes that within a discovery burst
 transmission window
, 
a number of transmitted SS/PBCH blocks on a serving cell is not larger than 
.
 
The UE can determine an SS/PBCH block index according to 
, or according to 
 where 
 is the candidate SS/PBCH block index
.
)

One illustration on SBI and candidate SBI are provided in Figure 1. Note that mod(candidate SBI, Q) is equal to mod(PBCH DMRS sequence index, Q), since the Q is 3 bits and PBCH DMRS sequence index carries the other 3 LSB bits of candidate SBI.
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Figure 1. Illustration on SBI and candidate SBI. Discovery burst transmission window of 5 ms and SCS of 30 kHz. 
[bookmark: _Ref36707866]Observation 1: For NR-U, SSB index is mod(candidate SBI, Q), where Q is up to 8. SSBs with different candidate SBI could have the same SBI. 
Three options are listed for monitoring on QCL-ed SSBs, as attached below for reference [2][3]. Note that those options can be applied not only for RLM but also for IDLE mode and CONNECTED mode measurements. 
 (
Option 1: UE is required to monitor at least one SSB from the set of SSBs that are QCLed with each other 
Option 2: 
UE is required to monitor all SSBs from the set of SSBs that are QCLed with each other
Option 3: 
UE is required to monitor all SSBs regardless of QCL assumptions
 
)
For option 1, UE is required to monitor number of QCL sets (i.e. # of beams) transmitted by a cells, while there are up to Q different QCL sets per cell, where Q is ranged from 1 to 8. Each QCL set may have multiple candidate SSB positions with different candidate SBI, yet UE is required to monitor at least one of them. In the other words, the number of QCL sets to be monitored is the same as the number of SSBs with different SBI to be monitored, and thus the Rel-15 UE measurement capability definition can be applied.
[bookmark: _Ref32239237]Observation 2: For option 1, UE is required to monitor one SSB/candidate SBI for one SBI, and the Rel-15 UE measurement capability can be directly applied.
For option 2, UE is required to monitor multiple candidate SBIs for a given SBI. For example, for a discovery burst transmission window of 5 ms at SCS of 30 kHz with Q=1, UE is required to monitor SSBs with 20 candidate SBIs per cell, which is much larger than the number of SBI that can be transmitted per cell (up to 8). As a result, new UE measurement capability on the number of candidate SBI is required. 
[bookmark: _Ref32239240]Observation 3: For option 2, UE may be required to monitor SSBs with up to 20 different candidate SBI per cell, which is much larger than the number of SBI per cell (i.e. up to 8). 
Figure 2 further illustrates an example of 5-ms discovery burst transmission window at SCS of 30 kHz. Assuming Q=2, it can observe that UE is required to monitor 10 different candidate SBI for one single SBI, and thus to cover 2 SBIs UE is required to monitor 20 different candidate SBI per cell. This already exceeds Rel-15 UE measurement capability, which is 14 SSB per FR1 intra-frequency layer.
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Figure 2. QCLed SSBs during a discovery burst transmission window of 5 ms. 

In addition, in Rel.15 FR1, UE is required to performing measurement for 14 and 7 SSBs with different SBI-PCI pairs on the intra-frequency and inter-frequency, respectively, as specified in 9.2.3.1 and 9.3.3.1 in TS 38.133, as attached below [4]. 
 (
9.2.3
Number of cells and number of SSB
9.2.3.1
Requirements for FR1
For each intra-frequency layer, during each layer 1 measurement period, the UE shall be capable of performing 
SS-RSRP, SS-RSRQ, and SS-SINR measurements for
 at least:
-
8 identified cells, and
-
14 SSBs with different SSB index and/or PCI
 on the intra-frequency layer, where the number of SSBs in the serving cell (except for the SCell) is not smaller than the number of configured RLM-RS SSB resources.
9.3.3
Number of cells and number of SSB
9.3.3.1
Requirements for FR1
For each inter-frequency layer, during each layer 1 measurement period, the UE shall be capable of performing 
SS-RSRP, SS-RSRQ, and SS-SINR measurements for
 at least: 
-
4 identified cells, and
-
7 SSBs with different SSB index and/or PCI
 on the inter-frequency layer.
)
[bookmark: _Ref32499230]
[bookmark: _GoBack]However, if UE is required to monitor 20 SSBs with different candidate SBI per cell, UE will be required to perform measurement on 8 x 20 = 160 SSBs with different candidate SBI – PCI pairs in total for 8 cells on one frequency, and UE measurement complexity will be increased too much. Therefore, the UE measurement capability expressed in terms of candidate SBI will be required.
[bookmark: _Ref36707877]Observation 4: If UE is required to monitor on all SSBs with different candidate SBI, the UE measurement complexity will be increased to 160 SSBs from 14 or 7 SSBs required in Rel.15.
[bookmark: _Ref32499233]Observation 5: If UE is required to monitor on all SSBs from a set of QCL-ed SSB, the Rel-15 UE measurement capability cannot be applied for NR-U.

Below is provided the draft proposal for NR-U UE capability on the number of candidate SBI for intra/inter-frequency layer with CCA, reusing the structure of R15 UE capability on the number of cells and SSBs: 
For each intra-frequency layer with CCA, during each layer 1 measurement period, the UE shall be capable of performing SS-RSRP, SS-RSRQ, and SS-SINR measurements for at least: 
· 8 identified cells, and 
· [14] SSBs with different candidate SSB index and/or PCI on the intra-frequency layer, where the number of candidate SSB index in the serving cell (except for the SCell) is not smaller than the number of candidate SSB index configured for RLM-RS SSB resources.

For each inter-frequency layer with CCA, during each layer 1 measurement period, the UE shall be capable of performing SS-RSRP, SS-RSRQ, and SS-SINR measurements for at least: 
· 4 identified cells, and 
· [7] SSBs with different candidate SSB index and/or PCI on the inter-frequency layer, where the number of candidate SSB index in the serving cell (except for the SCell) is not smaller than the number of candidate SSB index configured for RLM-RS SSB resources.

For option 3, UE has to monitor all SSBs with different candidate SBI of a cell. This implies a huge increase in UE complexity. Even in Rel-15, UE is not required to monitor all SSBs of a cell. Therefore, we do not think option 3 should be considered here.
[bookmark: _Ref32239242]Observation 6: For option 3, UE is required to monitor all SSBs with different candidate SBI of a cell. However, even in Rel-15, UE is not required to monitor all SSBs of a cell.
[bookmark: _Ref20919622]Based on the above discussion, option 1 is the most straightforward approach to resolve the concerns on UE measurement complexity, and the introduction of UE measurement capability expressed in terms of candidate SBI can be avoid. Thus, we propose that option 1 be applied to the requirements of RLM, IDLE mode measurement, and CONNECTED mode measurement. 
[bookmark: _Ref20904816][bookmark: _Ref20919626]Proposal 1: To adopt one of the following two options for NR-U UE measurement capability for intra/inter-frequency layer with CCA
· Option 1: UE is required to monitor at least one SSB from the set of SSBs that are QCLed with each other (Option 1).
· Option 2: UE measurement capability is expressed in terms of number of candidate SBIs, and the exact numbers are TBD.
3 Summary
In this paper, the measurement requirement on QCL-ed SSB and the corresponding UE capability requirements are provided. We have the following observations and proposals:
Observation 1: For NR-U, SSB index is mod(candidate SBI, Q), where Q is up to 8. SSBs with different candidate SBI could have the same SBI.
Observation 2: For option 1, UE is required to monitor one SSB/candidate SBI for one SBI, and the Rel-15 UE measurement capability can be directly applied.
Observation 3: For option 2, UE may be required to monitor SSBs with up to 20 different candidate SBI per cell, which is much larger than the number of SBI per cell (i.e. up to 8).  
Observation 4: If UE is required to monitor on all SSBs with different candidate SBI, the UE measurement complexity will be increased to 160 SSBs from 14 or 7 SSBs required in Rel.15.
Observation 5: If UE is required to monitor on all SSBs from a set of QCL-ed SSB, the Rel-15 UE measurement capability cannot be applied for NR-U.
Observation 6: For option 3, UE is required to monitor all SSBs with different candidate SBI of a cell.
Proposal 1: To adopt one of the following two options for NR-U UE measurement capability for intra/inter-frequency layer with CCA
· Option 1: UE is required to monitor at least one SSB from the set of SSBs that are QCLed with each other (Option 1).
· Option 2: UE measurement capability is expressed in terms of number of candidate SBIs, and the exact numbers are TBD.
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