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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In the latest RAN Plenary meeting #99-e, they were unable to reach a consensus on the solutions for FG 6-1a support and requested RAN4 to investigate whether further clarification or complementary specifications are required in CSI-RS based solution [1]. 
This paper discusses the specification impacts of CSI-RS based option and provides our views.
2. Discussion

A fundamental motivation of BWP is UE power saving while still allowing flexibility to fully utilize the entire available RF channel. From this perspective, CSI-RS within the active BWP is ideal from a BWP perspective.  For this case, the CSI-RS can be located within any active BWP and full flexibility is preserved. 
FG 6-1 is mandatory feature w/o capability signalling while FG 6-1a is optional capability with field name “bwp-WithoutRestriction “and parent IE “BandNR” [2] and thus they can be signalled independently per supported RF band. While FG 6-1a capability provides additional flexibility, many UEs in the field do not support this additional capability. The additional requirement of FG 6-1a is the ability to track of reference signals outside of the active BWP for BM/RLM/BFD as well as time-freq. tracking.  
	Index
	Feature group
	Components

	6-1
	Basic BWP operation with restriction
	1) 1 UE-specific RRC configured DL BWP per carrier
2) 1 UE-specific RRC configured UL BWP per carrier
3) RRC reconfiguration of any parameters related to BWP
4) BW of a UE-specific RRC configured BWP includes BW of CORESET#0 (if CORESET#0 is present) and SSB for PCell/PSCell (if configured) and 
BW of the UE-specific RRC configured BWP includes SSB for SCell if there is SSB on SCell

	6-1a
	BWP operation without restriction on BW of BWP(s)
	BW of UE-specific RRC configured BWP may not include BW of the CORESET#0 (if CORESET#0 is present) and SSB for PCell/PSCell (if configured) and 
BW of the UE-specific RRC configured BWP may not include SSB for SCell


BM/RLM/BFD based on CSI-RS within active BWP
Related UE capability
As pointed out in RAN meeting summary, FG 6-1a with CSI-RS based RLM/BM/BFD can work today without issue, and FG1-7 (CSI-RS based RLM) and FG 2-24 (SSB/CSI-RS for beam measurement) are mandatory with capability signalling as shown in Table 1. 

· For FG 2-24, some components allow zero values in field format point of view. However, there has been clarifications on the allowed valued for FR1 and FR2 and only non-zero values would be selected for component-1, component-2. For component 2, there is no mandate to report non-zero values for FR2 and UE report non-zero values to support FG 6-1a. The component-3 in FG 2-24 is on the max number of CSI-RS 2Tx resources and zero values is allowed. However, gNB can still have an option using SSB/CSI-RS 1Tx resource for beam measurement purpose.

· For FG 2-31, there is no issue since component-1 of Max # of CSI-RS over all CCs for BFD is non-zero value if BFR supported for FR1

· One more capability to check for CSI-RS based operation is CSI-RS for time-freq. tracking i.e TRS. From the capability point of view, it is defined as mandatory, and no further discussion is needed in UE capability point of view.

Observation 1: There is UE capability issue in CSI-RS based BM operation for FR 2 to support FG 6-1a. The UE supporting FG 6-1a needs to report non-zero value on component 2 in FG 2-24 for FR2.
Proposal 1: Report to RAN Plenary that UEs supporting FG 6-1a with CSI-RS based operation need to report FG 2-24 capability with non-zero values for the component 2 for FR2 operation.

Table 1. Feature group related with FG 6-1a [2]
	Index
	Feature group
	Components
	Field name in TS 38.331
	Mandatory / Optional

	1-7
	CSI-RS based RLM
	CSI-RS based RLM
	csi-RS-RLM
	Mandatory with capability signalling

	2-24
	SSB/CSI-RS for beam measurement
	1) The max number of SSB/CSI-RS (1Tx) resources (sum of aperiodic/periodic/semi-persistent) across all CCs configured to measure L1-RSRP within a slot shall not exceed MB_1

2) The max number of CSI-RS resources (sum of aperiodic/periodic/semi-persistent) across all CCs configured to measure L1-RSRP shall not exceed MC_1

3) The max number of CSI-RS (2Tx) resources (sum of aperiodic/periodic/semi-persistent) across all CCs to measure L1-RSRP within a slot shall not exceed MB_2

4) Supported density of CSI-RS

5) The max number of aperiodic CSI-RS resources across all CCs configured to measure L1-RSRP shall not exceed MD_1
	beamManagementSSB-CSI-RS {
1. maxNumberSSB-CSI-RS-ResourceOneTx
2. maxNumberCSI-RS-Resource
3. maxNumberCSI-RS-ResourceTwoTx
4. supportedCSI-RS-Density
5. maxNumberAperiodicCSI-RS-Resource
}
	Mandatory with capability signalling

Component-1, candidate value set for MB_1 is {0, 8, 16, 32, 64}
On FR2, UE is mandated to signal MB_1 >=8
On FR1, MB_1 >=8 is supported mandatory with capability signalling.

Component-2, candidate value set for MC_1 is {0, 4, 8, 16, 32, 64}
For FR1, UE is mandated to report at least 8.

Component-3, candidate value set for MB_2 is {0, 4, 8, 16, 32, 64}

Component-4: candidate value set:
{"not supported", "1 only", "3 only", "both 1 and 3"}
On FR2, UE is mandated to signal either "3 only" or "both 1 and 3"
On FR1, either "3 only" or "both 1 and 3" is mandatory with UE capability signalling.

Component-5, candidate value set for MD_2 is {0, 1, 4, 8, 16, 32, 64}
For both FR1 and FR2, UE is mandated to report at least 4

	2-31
	Beam failure recovery
	1) Maximal number of CSI-RS resources across all CCs for UE to monitor PDCCH quality
2) Maximal number of different SSBs across all CCs for UE to monitor PDCCH quality
3) Maximal number of different CSI-RS and/or SSB resources across all CCs for new beam identifications.
	1. maxNumberCSI-RS-BFD
2. maxNumberSSB-BFD
3. maxNumberCSI-RS-SSB-CBD
	Mandatory with capability signalling for FR2
Optional with capability signalling for FR1

Component-1 candidate value set: {from 1 to 16}
Component-2 candidate: {from 1 to 16}
Component-3:
Candidate value set is: {from 1 to 128}
UE is mandated to support at least 32 for FR2

	2-50
	Basic TRS
	1) Support of TRS (mandatory)
2) All the periodicity are supported.
3) Support TRS bandwidth configuration as both "BWP" and "min(52, BWP)"
	
	Mandatory without capability signalling

	2-51
	TRS (CSI-RS for tracking)
	1) TRS burst length (X),
2) Max # of TRS resource sets (per CC) UE is able to track simultaneously
3) Max # of TRS resource sets configured to UE per CC
4) Max # of TRS resource sets configured to UE across CCs
	csi-RS-ForTracking {
1. maxBurstLength
2. maxSimultaneousResourceSetsPerCC
3. maxConfiguredResourceSetsPerCC
4. maxConfiguredResourceSetsAllCC
}
	Mandatory with capability signalling
Component-1:
candidate values {1, "both 1 and 2"}. UE is mandated to report "both 1 and 2"

Component-2: Candidate value set: {1 to 8}

Component-3: Candidate value set: {1 to 64}
UE is mandated to report at least 8 for FR1 and 16 for FR2.

Component-4: Candidate value set: {1 to 256}
UE is mandated to report at least 16 for FR1 and 32 for FR2.



  The agreement on the UE capability feature group is captured in TR [2] as well as normative UE capability specifications [3] and the corresponding UE capability IEs in RRC specifications [4]. For example, BeamManagementSSB-CSI-RS related UE capability in [3] and the corresponding RRC IE in [4] are described as belows, respectively.
	Definitions for parameters
	Per
	M
	FDD
TDD
DIFF
	FR1-FR2
DIFF

	beamManagementSSB-CSI-RS

Defines support of SS/PBCH and CSI-RS based RSRP measurements. The capability comprises signalling of
- maxNumberSSB-CSI-RS-ResourceOneTx indicates maximum total numberof configured one port NZP CSI-RS resources and SS/PBCH blocks that are supported by the UE to measure L1-RSRP as specified in TS 38.215 within a slot and across all serving cells (see NOTE). On FR2, it is mandatory to report >=8; On FR1, it is mandatory with capability signalling to report >=8.

- maxNumberCSI-RS-Resource indicates maximum total number ofconfigured NZP-CSI-RS resources that are supported by the UE to measureL1-RSRP as specified in TS 38.215 [13] across all serving cells (see NOTE).It is mandated to report at least n8 for FR1.

- maxNumberCSI-RS-ResourceTwoTx indicates maximum total number of two ports NZP CSI-RS resources that are supported by the UE to measure L1- RSRP as specified in TS 38.215 [13] within a slot and across all serving cells (see NOTE)

- supportedCSI-RS-Density indicates density of one RE per PRB for one port NZP CSI-RS resource for RSRP reporting, if supported. On FR2, it is mandatory to report either "three" or "oneAndThree"; On FR1, it is mandatory with capability signalling to report either "three" or "oneAndThree".

- maxNumberAperiodicCSI-RS-Resource indicates maximum number of configured aperiodic CSI-RS resources across all serving cells (see NOTE). For FR1 and FR2, the UE is mandated to report at least n4.

NOTE: If the UE sets a value other than n0 in an FR1 band, it shall set that same value in all FR1 bands. If the UE sets a value other than n0 in an FR2 band, it shall set that same value in all FR2 bands. The UE supports a
total number of resources equal to the maximum of the FR1 and FR2 value, but no more than the FR1 value across all FR1 serving cells and
no more than the FR2 value across all FR2 serving cells.
	Band 
	Yes 
	N/A 
	FD



	BeamManagementSSB-CSI-RS ::=         SEQUENCE       { 
 maxNumberSSB-CSI-RS-ResourceOneTx              ENUMERATED          {n0, n8, n16, n32, n64}, 
 maxNumberCSI-RS-Resource                                 ENUMERATED          {n0, n4, n8, n16, n32, n64}, 
 maxNumberCSI-RS-ResourceTwoTx                      ENUMERATED          {n0, n4, n8, n16, n32, n64}, 
 supportedCSI-RS-Density                                        ENUMERATED          {one, three, oneAndThree}                                         OPTIONAL, 
 maxNumberAperiodicCSI-RS-Resource                  ENUMERATED          {n0, n1, n4, n8, n16, n32, n64} 
}



Related RAN4 RRM requirements
Considering the situation that CSI-RS for tracking (TRS) is the only RS within active BWP for timing tracking under FG 6-1a setting, RAN4 should consider whether there is a need to define the conditions for TRS in terms of BW and periodicity to meet similar level of timing error requirements, which is based on the SSB within initial BWP. 

	Feature 
	Related Requirements in TS 38.133 [5]

	BM
	9.5.4.1 SSB based L1-RSRP Reporting
9.5.4.2 CSI-RS based L1-RSRP Reporting
9.5.5.1 Measurement restriction for SSB based L1-RSRP
9.5.5.2 Measurement restriction for CSI-RS based L1-RSRP

	RLM
	8.1.2 Requirements for SSB based radio link monitoring
8.1.3 Requirements for CSI-RS based radio link monitoring

	BFD
	8.5.2 Requirements for SSB based beam failure detection
8.5.3 Requirements for CSI-RS based beam failure detection
8.5.5 Requirements for SSB based candidate beam detection
8.5.6 Requirements for CSI-RS based candidate beam detection

	UE transmit timing
	7.1.2 (UE transmit timing) Requirements
 . Meet Te requirements under the condition that at least one SSB available during the last 160 ms
 . Gradual timing adjustment of (Tq, Tp)



Proposal 2: RAN4 to discuss the necessity of “Introduction of timing tracking requirements based on CSI-RS (TRS) signals within BWP” for FG 6-1a support with CSI-RS based solution.
Option 1) Do not define timing requirement and leave it as UE implementation issue.
Option 2) Introduce the following two timing tracking requirement based on CSI-RS (TRS) signals which is the counter part of SSB based requirements. The BW and periodicity of CSI-RS (TRS) is to be investigated to satisfy the same requirements based on SSB. The BW equal to the size of BWP and 160 ms periodicity would be a starting point for this discussion.
	1) Initial transmit timing error Te in Sec. 7.1.2 
     2) Gradual timing adjustment of (Tq, Tp) in Sec. 7.1.2.1
3. Conclusion

Observation 1: There is UE capability issue in CSI-RS based BM operation for FR 2 to support FG 6-1a. The UE supporting FG 6-1a needs to report non-zero value on component 2 in FG 2-24 for FR2.
Proposal 1: Report to RAN Plenary that UEs supporting FG 6-1a with CSI-RS based operation need to report FG 2-24 capability with non-zero values for the component 2 for FR2 operation.
Proposal 2: RAN4 to discuss the necessity of “Introduction of timing tracking requirements based on CSI-RS (TRS) signals within BWP” for FG 6-1a support with CSI-RS based solution.
Option 1) Do not define timing requirement and leave it as UE implementation issue.
Option 2) Introduce the following two timing tracking requirement based on CSI-RS (TRS) signals which is the counter part of SSB based requirements. The BW and periodicity of CSI-RS (TRS) is to be investigated to satisfy the same requirements based on SSB. The BW equal to the size of BWP and 160 ms periodicity would be a starting point for this discussion.
	1) Initial transmit timing error requirement (Te) in Sec. 7.1.2 TS 38.133
     2) Gradual timing adjustment requirement (Tq, Tp) in Sec. 7.1.2.1 TS 38.133
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