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Introduction
The new WI RP-230805[1] has been created in RAN99 following several rounds of discussion about resolutions of bandwidth part operation without restriction. Following approaches are identified to further analyze specification impacts.
	Excerpt from RP-230805[1]
· For Option A 
· Study and specify if any clarifications of the existing requirements are needed, e.g., applicability of requirements, conditions of gap configuration etc. (RAN4)
· For Option B-1-1
· Specify support of BM/RLM/BFD based on SSB outside the active BWP without interruptions (RAN4, RAN2, RAN1)
· For Option C 
· Specify support of BM/RLM/BFD based on NCD-SSB within active BWP for non-RedCap UEs (RAN4, RAN2, RAN1)
· For Option B-1-2 
· Specify support of BM/RLM/BFD based on SSB outside the active BWP with interruptions with the following conditions (RAN4, RAN2, RAN1):
· The UE shall be allowed to use B-1-2 only if there is no CSI-RS, no NCD SSB and no CD SSB configured for RLM/BM/BFD in the active BWP of the corresponding carrier(s) to be measured; and
· UE shall support option (C) NCD-SSB (subject to IoDT availability). 
The interruption related requirements will be decided and specified in RAN4.



The interpretations of the above options are depicted in [4], this discussion paper presents our observations on time and frequency tracking alternatives in case of option A.
RAN2 sent the LS [1] to ask questions regarding BM/RLM/BFD in the case of SSB outside active BWP. RAN4 discussed the questions and came up with several options. After the reply LS [2] capturing the options was submitted to RAN 97-e for decision, RAN then tasks RAN4 to continue further analysis of the options, thereafter having two rounds of discussion at RAN4 104-e and RAN4 104bis-e, RAN4 converged on the framework of high level analysis.
The WF [4] at RAN4 104bis-e are copied below for reference, where the options and the aspects highlighted, based on which the analysis will be done.
	<Agreement >:
No need to discuss solution for RLM/BFD/BM when CD-SSB is outside active BWP for Rel-17 in RAN4.
· Agreements
· RAN4 works on the below aspects/criteria for highest-level analysis on options for UE performing RLM/BFD/BM when CD-SSB is outside active BWP
· RRM requirements impact (Spec impact) / workload in RAN4
· Mobility performance impact
· Throughput impact (Data interruption)
· UE power consumption / UE complexity
<Agreement >:
Options from RP-221911 are further split as below for high-level analysis.
· Option A) Perform BM/RLM/BFD based on CSI-RS within active BWP
· Option B) Perform BM/RLM/BFD based on SSB outside active BWP
· Option B-1) UE’s capability not requiring additional measurement gap for BM/RLM/BFD
· Option B-1-1) Using larger BW covering SSB outside active BWP without interruptions
· Option B-1-2) Using larger BW covering SSB outside active BWP with interruptions
· Option B-1-3) Using a separate RF chain without interruptions
· Option B-1-4) Using a separate RF chain with interruptions
· Option B-2) BM/RLM/BFD on SSB outside BWP within measurement gaps
· Option B-2-1) Shared MG or NCSG for RLM/BFD/BM and L3 measurement
· Option B-2-2) Dedicated MG or NCSG for RLM/BFD/BM measurements
· Option C) NCD-SSB approach which would work with existing UE hardware architectures (FG6-1) and be compatible with existing RAN4 specifications for BM/RLM/BFD
<Agreement >:
<During GTW on 18th Oct., following agreements were reached.>
Agreement: 
· Framework wise option 3 is agreed to be used for Issue 1-1-3-1, Issue 1-1-3-2, Issue 1-1-3-3, Issue 1-1-3-4 as baseline to develop high-level analysis for options for BWP operation without restrictions in Rel-18 for the report to RAN plenary.
· Note: How the high-level analysis is structured/formulated in the reply LS can be further discussed.
· The contents in the current table in option 3 are for information; and further technical input is expected in the next meeting from company
……



Discussion
As we are aware, UE acquires the initial transmission timing based on SSB detection during cell searching procedures. The relevant RRM requirement for initial transmission timing is defined in 3GPP TS 38.133 [2] section 7.1.2. 
	Excerpt from TS 38.133 [2] section 7.1.2
The UE initial transmission timing error shall be less than or equal to Te where the timing error limit value Te is specified in Table 7.1.2-1. This requirement applies:
-	when it is the first transmission in a DRX cycle for PUCCH, PUSCH and SRS, or it is the PRACH transmission, or it is the msgA transmission, or it is the first transmission sent on the PSCell for activating the deactivated SCG without RACH.
-	when it is the transmission for PUSCH on CG resources for SDT in RRC_Inactive.
When the UL SCS is 120 kHz or smaller, the UE shall meet the Te requirement for an initial transmission provided that at least one SSB is available at the UE during the last 160 ms. When the UL SCS is 480 kHz the UE shall meet the Te requirement for an initial transmission provided that at least one SSB is available in the last 80 ms. When the UL SCS is 960 kHz the UE shall meet the Te requirement for an initial transmission provided that at least one SSB is available in the last 40 ms. The reference point for the UE initial transmit timing control requirement shall be the downlink timing of the reference cell minus [image: ]. The downlink timing is defined as the time when the first path (in time) of the corresponding downlink frame used by the UE to determine downlink timing  is received from the reference cell at the UE antenna. NTA for PRACH is defined as 0.



In that context, a few companies showed concerns on the timing requirements in case of Option A where SSB is outside the active BWP. At RAN4 106 meeting, it’s agreed the existing timing requirements apply for Option A and they are complete. The agreement is captured in RAN4 LS of [3]
	Excerpt from RAN4 LS [3]
If CSI-RS based RLM/BFD/BM requirements are complete for Option A
<Agreement>
· For the UE performing the BM/RLM/BFD based on CSI-RS within the active BWP (Option A), existing BM/RLM/BFD requirements defined in TS 38.133 is complete and no new or additional requirements are needed.

Whether timing requirements should be enhanced for the case when CD-SSB is outside active BWP
<Agreement>
· The existing UE transmission timing error requirements based on the SSB defined in clause 7.1 of TS 38.133 shall apply for the UE performing the BM/RLM/BFD based on CSI-RS within the active BWP (Option A), i.e., no additional timing requirements are needed.
FFS if any clarifications on the existing requirements is needed, e.g., applicability of requirements, conditions of gap configuration etc.



As far as option A is considered, besides the aforementioned initial timing requirements, we would like to make discussion on timing and frequency tracking alternatives when UE operates in a BWP without SSB. 
Timing and frequency tracking are crucial for OFDM system, due to there is mismatch between the oscillator frequency at the receiver and at the transmitter, which then translates to ISI and ICI interferences to impair the overall performance. Practically, the CFO and timing offset are estimated and corrected to some extent by using specific synchronization algorithms, which relies on the phase offsets observed on consecutive signals in both frequency domain and time domain. Hence one symbol CSI-RS or DMRS is not suitable for CFO estimation. While a cross-correlation between the received signal and pre-stored signal pattern is performed for fine timing recover, DMRS usually prone to precoding is not suitable to implement timing offset estimation.
The options captured in WF [4] each have pros and cons in terms of the aspects identified in WF [4] at RAN4 meeting104bis-e. It seems hard to find the option which favors all the aspects in all circumstances. In this discussion paper, we try to identify some typical scenarios with respect to BWP configurations to facilitate the analysis on power consumptions. Additionally, we focus on the following controversial issues raised in the RAN4 104bis-e email discussion summary [5] 
1. UE power consumption with respect to option B
2. Timing and frequency tracking issue with respect to option A
3. Mobility measurement requirements with respect to option C
Identify FG 6-1a applicable scenarios
5G NR exhibits the flexibility and power saving consideration to some extent by the scheme of BWPs. From gNB perspective, multiple BWPs could be configured to enable service differentiation, from UE perspective, multiple BWPs could be configured to adapt to variable traffic rates. Taking the BWP adaptation illustrated in figure 2-1 as an example (it’s scanned in TS 38.300 [6]), network may steer a voice session to operate on BWP3, whereas a video download session to operate on BWP1, and further command UE to operate on a relative narrower BWP2 when UE encounters lower data rate resulted from adverse channel condition or high load.
As depicted in the figure 2-1, given that only one SSB is available in the serving cell, and that BWP3 doesn’t overlap with BWP1 or BWP2, which is sort of like the practical cases following the logical of load balance function, it’s obvious that SSB could only be present in one or two BWPs, hence the other one or two BWPs are identified as those where FG 6-1a UE is applicable.


Figure 2-1 BWP adaptation example

UE power consumption
We focus on the B-1 without gap for power consumption analysis, which is the most controversial in terms of power consumption in the previous discussions.
Look into the scenarios mentioned in the section 2.1, in the case of a voice session operating in BWP3, considering the traffic pattern of voice presents bursts of short packet every 20ms, DRX/DTX mechanism could work well to save power. In spite of the excessive power consumption in RF caused by wider BW or vacant RF chain for a FG 6-1a UE applying the option B-1, it will show moderate power increment in total. However when it comes to a video download session operating on BWP2, the traffic pattern of video is prone to large amount of concurrent big packets, so it might not be the DTX/DRX case if traffic volume buildup due to lower data rate, consequently the excessive power consumption in RF would buildup in the time domain for a FG 6-1a UE applying the option B-1.
Observation 1: With regard to the option B-1, wider working bandwidth or vacant RF chain might show moderate increment on power consumption in the cases where DRX/DTX works well to save power in the time domain, however, it depends on appropriate traffic patterns, status of load and UE channel conditions.
Timing and frequency tracking requirements with respect to the option A	Comment by Yu Ding: 2.3节的表达逻辑没有看懂，而且内容和题目脱节严重。

对于CSI-RS 物理层协议要求配置QCL 源，如SSB, 或者另外一个周期CSI-RS。
标准上有这个要求，但是没有查到原因，从性能角度来看，我认为就是为了配置定时和频率跟踪的参考信号由于CSI-RS 测量的信号时域上密度不够，不足以支撑频率跟踪。

标题和正文确实不太吻合。改成， CSI-RS 配置需求。

上次会议SPRD, VIVO均提到定时，频率 tracking上的问题，MTK 认为没有必要，这次写出来澄清一下。因为这是该option 的一个约束条件。
OFDM is sensible to timing offset and carrier frequency offset which may be caused by oscillator inaccuracies, multi-path propagation channel and Doppler shift. For FG 6-1 UE, SSB could be applied to estimate the timing offset and frequency offset. For FG 6-1a, we looked into the physical layer specs and have some observations as below.
Excerption from TS 38.213 [7] Section 5
	If the UE is not provided RadioLinkMonitoringRS and the UE is provided for PDCCH receptions TCI states that include one or more of a CSI-RS
-	the UE uses for radio link monitoring the RS provided for the active TCI state for PDCCH reception if the active TCI state for PDCCH reception includes only one RS
-	if the active TCI state for PDCCH reception includes two RS, the UE expects that one RS is configured with qcl-Type set to 'typeD' [6, TS 38.214] and the UE uses the RS configured with qcl-Type set to 'typeD' for radio link monitoring; the UE does not expect both RS to be configured with qcl-Type set to 'typeD'
-	the UE is not required to use for radio link monitoring an aperiodic or semi-persistent RS
-	For [image: ], the UE selects the [image: ] RS provided for active TCI states for PDCCH receptions in CORESETs associated with the search space sets in an order from the shortest monitoring periodicity. If more than one CORESETs are associated with search space sets having same monitoring periodicity, the UE determines the order of the CORESET from the highest CORESET index as described in clause 10.1.



Observation 2: It’s required to configure a periodic CSI-RS for RLM/BM/BFD measurements.
Excerption from TS 38.331 [9] Section 6.3.2
	–	NZP-CSI-RS-Resource
The IE NZP-CSI-RS-Resource is used to configure Non-Zero-Power (NZP) CSI-RS transmitted in the cell where the IE is included, which the UE may be configured to measure on (see TS 38.214 [19], clause 5.2.2.3.1). A change of configuration between periodic, semi-persistent or aperiodic for an NZP-CSI-RS-Resource is not supported without a release and add.
NZP-CSI-RS-Resource information element
NZP-CSI-RS-Resource ::=             SEQUENCE {
    nzp-CSI-RS-ResourceId               NZP-CSI-RS-ResourceId,
    resourceMapping                     CSI-RS-ResourceMapping,
    powerControlOffset                  INTEGER (-8..15),
    powerControlOffsetSS                ENUMERATED{db-3, db0, db3, db6}                 OPTIONAL,   -- Need R
    scramblingID                        ScramblingId,
    periodicityAndOffset                CSI-ResourcePeriodicityAndOffset                OPTIONAL,   -- Cond PeriodicOrSemiPersistent
    qcl-InfoPeriodicCSI-RS              TCI-StateId                                     OPTIONAL,   -- Cond Periodic
    ...
}
	qcl-InfoPeriodicCSI-RS
For a target periodic CSI-RS, contains a reference to one TCI-State in TCI-States for providing the QCL source and QCL type. For periodic CSI-RS, the source can be SSB or another periodic-CSI-RS. Refers to the TCI-State or DLorJoint-TCIState which has this value for tci-StateId and is defined in tci-StatesToAddModList or in dl-orJoint-TCI-State-ToAddModList in the PDSCH-Config included in the BWP-Downlink corresponding to the serving cell and to the DL BWP to which the resource belongs to (see TS 38.214 [19], clause 5.2.2.3.1).






Excerption from TS 38.214 [8] Section 5.2.2.3
	[bookmark: _Toc11352128][bookmark: _Toc20318018][bookmark: _Toc27299916][bookmark: _Toc29673187][bookmark: _Toc29673328][bookmark: _Toc29674321][bookmark: _Toc36645551][bookmark: _Toc45810596][bookmark: _Toc106695641]5.2.2.3	Reference signal (CSI-RS) 
[bookmark: _Toc11352129][bookmark: _Toc20318019][bookmark: _Toc27299917][bookmark: _Toc29673188][bookmark: _Toc29673329][bookmark: _Toc29674322][bookmark: _Toc36645552][bookmark: _Toc45810597][bookmark: _Toc106695642]5.2.2.3.1	NZP CSI-RS
The UE can be configured with one or more NZP CSI-RS resource set configuration(s) as indicated by the higher layer parameters CSI-ResourceConfig, and NZP-CSI-RS-ResourceSet. Each NZP CSI-RS resource set consists of K≥1 NZP CSI-RS resource(s).
The following parameters for which the UE shall assume non-zero transmission power for CSI-RS resource are configured via the higher layer parameter NZP-CSI-RS-Resource, CSI-ResourceConfig and NZP-CSI-RS-ResourceSet for each CSI-RS resource configuration:
-	nzp-CSI-RS-ResourceId determines CSI-RS resource configuration identity.
-	periodicityAndOffset defines the CSI-RS periodicity and slot offset for periodic/semi-persistent CSI-RS. All the CSI-RS resources within one set are configured with the same periodicity, while the slot offset can be same or different for different CSI-RS resources.
-	…
-	qcl-InfoPeriodicCSI-RS contains a reference to a TCI-State indicating QCL source RS(s) and QCL type(s). If the TCI-State is configured with a reference to an RS configured with qcl-Type set to 'typeD' association, that RS may be an SS/PBCH block located in the same or different CC/DL BWP or a CSI-RS resource configured as periodic located in the same or different CC/DL BWP. The reference RS may additionally be an SS/PBCH block associated with a PCI different from the PCI of the serving cell.
[bookmark: _Hlk515969040]-	trs-Info in NZP-CSI-RS-ResourceSet is associated with a CSI-RS resource set and for which the UE can assume that the antenna port with the same port index of the configured NZP CSI-RS resources in the NZP-CSI-RS-ResourceSet is the same as described in Clause 5.1.6.1.1 and can be configured when reporting setting is not configured or when the higher layer parameter reportQuantity associated with all the reporting settings linked with the CSI-RS resource set is set to 'none'.



Observation 3：For a periodic CSI-RS, it’s required to configure QCL resource for the target CSI-RS, furthermore the QCL source could be SSB or another periodic-CSI-RS. 
Observation 4: FG 6-1a UE performs CSI-RS based RLM/BM/BFD, it should either access SSB or other periodic CSI-RS for QCL reference. 
Mobility measurement requirements with respect to the option C
Excerption from TS 38.300 [6]
	[bookmark: _Toc109154084]16.13.5	BWP operation
A RedCap UE monitors paging only in an initial BWP (default or RedCap specific) associated with CD-SSB and performs cell (re-)selection and measurements on the CD-SSB. If a RedCap-specific initial UL BWP is configured, RedCap UEs in RRC_IDLE and RRC_INACTIVE shall use only the RedCap-specific initial UL BWP to perform RACH.
A RedCap UE may be configured with multiple NCD-SSBs provided that each BWP is configured with at most one SSB. NCD-SSB may be configured for a RedCap UE in RRC_CONNECTED to perform RLM, BFD, and RRM measurements when the active BWP does not contain CD-SSB.



Excerption from TS 38.331 [9] Section 6.3.2
	[bookmark: _Toc60777179][bookmark: _Toc100930065]–	BWP-DownlinkDedicated
The IE BWP-DownlinkDedicated is used to configure the dedicated (UE specific) parameters of a downlink BWP.
BWP-DownlinkDedicated information element
-- ASN1START
-- TAG-BWP-DOWNLINKDEDICATED-START

BWP-DownlinkDedicated ::=           SEQUENCE {

………
     nonCellDefiningSSB-r17              NonCellDefiningSSB-r17                                            OPTIONAL,   -- Need R
    servingCellMO-r17                   MeasObjectId                                                  OPTIONAL -- Cond MeasObject-NCDSSB
    ]]
}



	nonCellDefiningSSB-r17
If configured, the RedCap UE operating in this BWP uses this SSB for the purposes for which it would otherwise have used the cell-defining SSB of the serving cell (e.g. obtaining sync, measurements, RLM). Furthermore, other parts of the BWP configuration that refer to an SSB (e.g. the "SSB" configured in the QCL-Info IE; the "ssb-Index" configured in the RadioLinkMonitoringRS; CFRA-SSB-Resource; PRACH-ResourceDedicatedBFR) refer implicitily to this NCD-SSB.
The NCD-SSB has the same values for the properties (e.g., ssb-PositionsInBurst, PCI, ssb-periodicity, ssb-PBCH-BlockPower) of the corresponding CD-SSB apart from the values of the properties configured in the NonCellDefiningSSB-r17 IE.



NCD-SSB is carried in BWP-DownlinkDedicated for a RedCap UE in RRC_CONNECTED to perform RLM, BFD, and RRM measurements when the active BWP does not contain CD-SSB.
Observation 51:  The availability of NCD-SSB might vary with number of RedCap UEs in the serving cell. It would only be shared with FG 6-1a UE occasionally. Furthermore the intra frequency measurement of FG 6-1a UE still rely on the CD-SSB for the same reasonOne symbol CSI-RS or DMTS .is not suitable for CFO estimation.	Comment by Yu Ding: 这个观察想表达什么？逻辑不通顺。

NCD-SSB 不是一个小区的参考信号，是面向REDCAP ue 的参考信号，假设小区中没有REDCAP UE， 这个吸信号就没有，不是一个always available 的参考，所以给FG 6-1a 做测量参考，是best effort 的行为。 而且同频测量基于SSB， 如果不是一个小区级别的SSB， 基本上不能依赖他做同频移动性测量。同频移动性测量是在一个时间窗内，把本小区和邻小区一起测试出来。
这个约束使得NCD-SSB测量方案也要增加GAP引入的数传中断。
Observation 2: Pre-coded DMRS is not suitable to implement timing offset estimation
Proposal 1: It’s proposed to take the above observations into account when making specification clarifications for the Option A. 
Proposal 2: It’s proposed to consider alternative T/F tracking signals other than MG based SSB for the Option A, such as TRS, for the sake of 
finer T/F tracking performance while avoiding frequent MG based SSB reading.
Conclusion
This discussion paper presents our observations on time and frequency tracking alternatives in case of option A.In this paper we discussed our views on options concluded in WF [4] at RAN4 meeting 104bis-e when SSB used for BM/RLM/BFD is outside active BWP. We made the following observations:
Observation 1: One symbol CSI-RS or DMTS is not suitable for CFO estimation.
Observation 2: Pre-coded DMRS is not suitable to implement timing offset estimation
Proposal 1: It’s proposed to take the above observations into account when making specification clarifications for the Option A.
Proposal 2: It’s proposed to consider alternative T/F tracking signals other than MG based SSB for the Option A, such as TRS, for the sake of finer T/F tracking performance while avoiding frequent MG based SSB reading. Observation 1: With regard to the option B-1, wider working bandwidth or vacant RF chain might show moderate increment on power consumption in the cases where DRX/DTX works well to save power in the time domain, however, it depends on appropriate traffic patterns, status of load and UE channel conditions.
Observation 2: It’s required to configure a periodic CSI-RS for RLM/BM/BFD measurements.
Observation 3：For a periodic CSI-RS, it’s required to configure QCL resource for the target CSI-RS, furthermore the QCL source could be SSB or another periodic-CSI-RS. 
Observation 4: FG 6-1a UE performs CSI-RS based RLM/BM/BFD, it should either access SSB or other periodic CSI-RS for QCL reference.
Observation 5: The availability of NCD-SSB might vary with number of RedCap UEs in the serving cell. It would only be shared with FG 6-1a UE occasionally. Furthermore the intra frequency measurement of FG 6-1a UE still rely on the CD-SSB for the same reason.
Proposal 1: It’s proposed to take the above observations into account in the high level analysis for the options for FG 6-1a when SSB used for BM/RLM/BFD is outside active BWP .
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