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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In the last 3GPP RAN WG e-meeting, RAN2 sent an LS to RAN1 (also cc’ed RAN4) on dormant BWP configuration and related operation (R1-2001514, R2-2002381). In the LS, RAN2 provides a list of issues for RAN1 to check, including dormant BWP SRS/CSI issue, beam management issues, and several dormant/non-dormant BWP configuration issues. In this contribution, we discuss the RAN2 LS and provide our replies to the questions/issues.
A very brief introduction of dormancy follows. An SCell dormancy for a UE is defined as the state where the UE does not monitor PDCCH of an activated SCell, while maintaining other functionalities such as CSI measurements/reporting on the SCell. The dormancy of the SCell is achieved via BWP switching mechanism, i.e., a dormant BWP is configured to a SCell, and if the UE switches to that dormant BWP, the SCell enters dormancy, and if the UE switches to a non-dormant BWP, the SCell leaves dormancy. So in that sense, dormant BWP and dormant SCell are 1-1 corresponding to each other.
As we will see, the key findings of this contribution are:
With all UL transmission stopped on a dormant BWP:
· DL full MIMO CSI and UL CSI become unavailable, 
· UL TA, UL PC, and UL beam management may be impacted,
· Network decisions on when/whether to leave dormancy and on UL/DL scheduling after leaving dormancy are negatively affected,
· DL/UL throughput performance degradation after leaving dormancy arises, and
· Power saving benefit is questionable.
To address the issues, we propose that
Regarding Q3 in the LS from RAN2, RAN1 recommends allowing some UL transmissions to be configurable for a dormant BWP:
· SRS
· FFS AP CSI reporting
Issues/questions in RAN2 LS
The issues provided in the RAN2 LS (R1-2001514, R2-2002381) are roughly categorized as follows: 1) UL behaviour issue, specifically dormant BWP SRS/CSI issue, as in Q3; 2) beam management issues, specifically BFR issues, as in Q2 and Q6; 3) issues related to several types of configured BWPs, as in Q4, Q5, and Q7; and 4) TCI configuration issue, as in Q1. These issues are discussed below in this section.
UL behaviour issue (Q3)
	Supporting of AP CSI trigger and reporting for dormant BWP is discussed in RAN2, RAN2 concluded that the AP CSI is not supported due to UE power saving concern.
For supporting of (periodic, semi-persistent, aperiodic) SRS transmission, RAN2 concluded that SRS transmission is not supported in case the DL BWP is switched to dormant BWP. 
Q 3: Are there any issues due to RAN2 agreements on CSI reporting and SRS transmission, i.e. not support aperiodic CSI reporting for dormant BWP and not support SRS transmission on dormant BWP?


Analysis:
The RAN2 conclusion is problematic from a physical layer point of view. An overview of the potential problems is described here, and more detailed analysis can be found in Section 3.
The LS seems to indicate the conclusion of stopped UL transmissions on a dormant BWP is “due to UE power saving concern”. This is not fully aligned with the WI objective of “Minimizing signalling overhead and latency”. SRS is part of the mechanism for DL/UL CSI maintenance, and thus stopping SRS is contradicting with existing agreements of maintaining CSI. See further analysis of the WI objective and existing agreements in Sec. 3.1. Nonetheless, the LS has significant impact to RAN1/physical layer specifications. For example, UE sounding procedure is a physical layer procedure, SRS is a physical layer signal, beam failure recovery originates from L1, etc., and without SRS, the network loses the ability of acquiring DL full MIMO CSI / UL CSI (Sec. 3.4), fine-tuning TA (Sec. 3.5), managing UL beams (Sec. 3.8), or adjusting UL PC (Sec. 3.9) at the moment it needs to. Unfortunately, there has been little discussion in RAN1 regarding the UL behavior of a dormant SCell. The reason for no discussion in RAN1 is that, it is widely assumed that the dormancy affects only the DL and not UL; therefore, none of the UL related issues, such as UL CSI, TA, UL beam management, UL PC, etc., were discussed. See detailed information on existing RAN1 discussions in Sec. 3.2.
Ideally, it may take a couple of meetings or longer to completely understand the consequences and reach agreements on the UL behavior of a dormant SCell. Given the time limitation for completing this release, however, RAN1 should strive to agree on a design with small/limited L1 impact (as opposed to significant L1 impact) and consider allowing some UL transmissions to be configurable for a dormant BWP. At least SRS should be among the configurable UL transmissions for its significant role in DL/UL CSI, TA, UL beam management, and UL PC. In addition, it seems transmitting AP CSI report on another serving cell may not have power saving benefit, and hence AP CSI reporting via a dormant BWP may also be considered.
From the physical layer perspective, there are two main scenarios to be considered, depending on whether the dormant SCell shares RF/PA with a non-dormant serving cell or not:
· Scenario 1, in which the dormant SCell has a separate RF/PA with any non-dormant serving cell, power saving is possible when the RF/PA is completely turned off, however TA maintenance,  UL beam management, low-latency transition, and UL PC,  become challenging. With issues in UL TA and PC, sounding performance after leaving dormancy is impaired, causing degradation of DL full MIMO CSI acquisition capability and therefore DL throughput performance.
· Scenario 2, in which the dormant SCell shares RF/PA with a non-dormant serving cell, can easily maintain its TA and perform UL beam management, but the shared RF may prevent significant power saving being achieved as the UE cannot turn off the RF/PA. 
The scenario-based analysis clearly shows that there is a flaw with the argument used by proponents of stopping all UL transmissions for UE power saving concern. Existing mechanisms, e.g., SCell deactivation, WUS, DRX, are more suitable for UE power saving purposes. More discussions on scenarios can be found in Sec. 3.3, and issues related to power saving are studied in Sec. 3.7.
Moreover, the stopping of all UL transmissions may have considerable impact on out-of-dormancy transition time. Various aspects related to how a dormant SCell operates rely on the underlying hardware/PA/RF, some of which belong to the domains of RAN4. More critically, the design according to the RAN2 LS may significantly prolong the transition latency at least for some cases. Exactly by how much requires RAN4 input. There is a possibility that for those cases with prolonged out-of-dormancy transition latency, the latency becomes comparable to the SCell activation transition latency, rendering the dormancy mechanism less advantageous than the SCell activation/deactivation mechanism. Thus, we believe RAN4 involvement in making the decision of stopping all UL transmissions is necessary, which has not been done. An initial analysis on transition latency can be found in Sec. 3.6.
In companion contributions submitted to RAN2 [3] and RAN4 [4], we also provide discussions from the aspects of RAN2/4 related to this issue. 
To summarize, we have the following observation:
Observation 1: There are problems with the conclusions related to Q3:
· This may have significant RAN1 impact that are not discussed in RAN1; 
· RAN1 may have time to only agree on a design with small L1 impact;
· With all UL transmission stopped on a dormant BWP:
· DL full MIMO CSI and UL CSI become unavailable
· UL TA, UL PC, and UL beam management may be impacted for Scenario 1 where the dormant SCell does not share RF/PA with a non-dormant SCell, which further impact DL/UL throughput performance after leaving dormancy
· Power saving cannot be achieved for Scenario 2 where the dormant SCell shares RF/PA with a non-dormant SCell
· This may also need RAN4 input, especially related to out-of-dormancy transition latency.
Reply:
RAN1 recommends allowing some UL transmissions to be configurable for a dormant BWP:
· SRS
· FFS AP CSI reporting
BFR issues (Q2, Q6)
	RAN2 agreed the beam management for SCell is supported if the dormant BWP is active BWP for the SCell.
In R16 eMIMO WI, the BFR is supported on SCell. RAN2 agreed that the BFR is also supported for dormant SCell and BFR procedure follow the R16 SCell BFR procedure, then radioLinkMonitoringConfig IE and new IE beamFailureRecoverySCellConfig for SCell BFR are also configured in DL dormant BWP configuration for beam failure detection purpose.
Q 2: Are there any issues due to RAN2 agreements for BFR, i.e. BFR is supported and BFR procedure follow R16 SCell BFR procedure for dormant BWP, then radioLinkMonitoringConfig IE and new IE beamFailureRecoverySCellConfig for SCell BFR are configured in DL dormant BWP configuration for beam failure detection purpose?


Analysis:
It seems the LS is mainly focused on the DL beam management. For UL beam management, either UL/DL beam correspondence is assumed, or an implementation-based approach is used. In this section we analyze the DL beam management, and we discuss UL beam management in Section 3.8. 
When the UL transmissions of a dormant SCell are completely turned off, it operates like a SCell with downlink only, for which the SCell BFR procedure is specified in RAN1. In this case, once a beam failure is detected and new beam identification is performed, UE needs to send the beam failure recovery request and the following agreement describes its transmission:
Agreement
For SCell with downlink only, UE reports failed CC index(es) and new beam information (if present) by PUSCH or PUCCH.
As long as there is active UL from any other CC available to transmit the beam failure recovery request, we see no issue to support dormant SCell BFR. Since at least the PCell UL is always active, the Rel-16 BFR procedure works.
Reply:
There are no issues to follow R16 SCell BFR procedure for dormant BWP for BFR request purpose.

	The RS for BFD can be configured by failureDetectionResourcesToAddModList (BWP-Downlink  BWP-DownlinkDedicated  radioLinkMonitoringConfig) explicitly (explicit configuration) or can be based on the activated TCI-State for PDCCH if BFD-RS is not configured (implicitly configuration). For dormant BWP, RAN2 agreed that the UE will not monitor the PDCCH, and it can be achieved by absence of PDCCH-Config IE. However, it means that the UE can’t obtain TCI-State ID list included in PDCCH-Config IE, and thereby NW may not be able to change the activated TCI-State of PDCCH in dormant BWP via MAC-CE. So RAN2 wonder how to configure the BFD-RS for dormant BWP implicitly.
[bookmark: _Hlk34376550]Q6:RAN2 respectfully ask RAN1 is it feasible to support the implicit configuration of the beam failure detection RS for dormant BWP?


Analysis:
Beam failure detection (BFD) RS can be configured in an implicit manner. RAN1 has reached the following agreement:
Agreement
When SCell BFD RS is configured in an implicit manner, BFD RS can be transmitted in active BWP of either current CC or another CC
It implies that if within the same band there is another non-dormant serving cell on which the PDCCH-Config IE is configured, the BFD RS for the dormant SCell can be (implicitly) configured, and the BFR procedure can work. Otherwise it is not feasible to support the implicit configuration of the BFD RS for dormant SCells.
Reply:
· It is feasible to support the implicit configuration of the beam failure detection RS for the dormant SCell if there is a non-dormant serving cell within the same band with PDCCH-Config IE configured.
· It is NOT feasible to support the implicit configuration of the beam failure detection RS for the dormant SCell if there is not a non-dormant serving cell within the same band with PDCCH-Config IE configured.
Issues related to several types of configured BWPs (Q4, Q5, Q7)
	RAN2 understand RAN1 agreed that RRC configures two non-dormant BWPs which are used when leaving dormant BWP, i.e. First-non-dormant-BWP-ID-for-DCI-inside-active-time and first-non-dormant-BWP-ID-for-DCI-outside-active-time. RAN2 will take the RAN1 agreements into account, but from RAN2 perspective, it is not clear whether the BWP for these two cases are configured separately or not. RAN2 wonder what the scenario for is to define the two first on-dormant BWPs which may be configured to be different.
Q4: RAN2 wonder what the scenario for is to define the two first non-dormant BWPs which may be configured to be different?


Analysis:
RAN1 considers dormancy support inside active time (which is via UE-specific DCI format 0_1/1_1 on PCell) and dormancy support outside active time (which is via WUS mechanism and group-common DCI format 2_6) are different UE capabilities. A UE may support one but not the other. Therefore, two first non-dormant BWPs may be configured for flexibility. If the UE supports both capabilities, these two first non-dormant BWPs may be configured to be the same or different.
Reply:
Dormancy support inside active time (which is via UE-specific DCI format 0_1/1_1 on PCell) and dormancy support outside active time (which is via WUS mechanism and group-common DCI format 2_6) are different UE capabilities. A UE may support one but not the other.

	If these two first non-dormant BWPs are configured to be different, RAN2 raised one question:  it is not clear whether UE may receive both these 2 dormancy indications associated to different first non-dormant BWPs. For example, after UE receives WUS DCI, the network doesn’t know whether the UE mis-detected the DCI and this can impact if the first non-dormant BWPs are different and the network sends another non-WUS DCI indicating transition to different BWP. RAN2 wonders whether this scenario may happen.
Q5: If these two first non-dormant BWPs are configured to be different, is it possible that the NW and UE may be out of sync in terms of which BWP the UE is using in non-dormancy if the UE has transitioned out of dormancy earlier?


Analysis:
There were discussions that WUS DCI may be repeated in time, which may reduce the likelihood of misdetection of the out-of-dormancy transition command in the WUS DCI. Regardless, there is always a small probability that a DCI is mis-detected and the network needs to rely on its implementation to identify and correct the error. Note that even if there is only one first non-dormant BWP configured to the SCell, it is still possible that the network and the UE are out of sync in terms of whether the SCell is in dormancy or not.
Reply:
The network and UE may be out of sync in terms of which BWP the UE is using. Network implementation can detect this and correct the issue.

	To configure the default BWP in RRC signalling, the defaultDownlinkBWP-Id is associated with one BWP Id in RRC signalling. RAN2 discussed whether the default BWP can be same as dormant BWP but could not conclude due to diverse opinions. Thus, RAN2 would like to ask RAN1.
Q7:RAN2 respectfully ask RAN1 to decide whether the default BWP can be same as dormant BWP?


Analysis:
RAN1 had discussion on whether the default BWP can be same as dormant BWP, and decided this should be allowed in standards, and the network can determine how to configure the default BWP via network implementation. The related RAN1 agreement is the following and no other restriction is agreed:
Agreements:
1. If the default BWP is not the dormant BWP, BWP inactivity timer is not used for transitioning from dormant BWP to another BWP
Reply:
The default BWP can be same as dormant BWP.
TCI configuration issue
	The common understanding is that there is no requirement to receive the PDSCH in dormant BWP. It seems that both pdsch-ConfigCommon IE and pdsch-Config IE cannot be configured for the dormant BWP. However, tci-StatesToAddModListat in PDSCH-Config configures at most 128 TCI states which are used to configure the TCI state for PDSCH, PDCCH and CSI-RS. The common understanding is that the CSI-RS will be transmitted in DL dormant BWP, so it seems that at least tci-StatesToAddModListat in PDSCH-Config can be configured.
Q 1: Are there any issues due to RAN2 agreements on TCI state configuration, i.e. tci-StatesToAddModListat in PDSCH-Config is configured for dormant BWP?


Analysis:
[bookmark: _Hlk36715226]It is unclear what “tci-StatesToAddModListat” refers to since it cannot be found in the specs. We assume it is a typo for “tci-StatesToAddModList”. Furthermore, it is unclear why the LS states “It seems that both pdsch-ConfigCommon IE and pdsch-Config IE cannot be configured for the dormant BWP”. If these IEs cannot be configured according to some agreement, then the field tci-StatesToAddModList cannot be configured as this field is within pdsch-Config IE. Assume there is no such an agreement to prevent pdsch-Config IE from being configured, we see no problem with tci-StatesToAddModList being configured within pdsch-Config IE for a dormant BWP.
Reply:
RAN1 sees no issue with tci-StatesToAddModList being configured within pdsch-Config IE for a dormant BWP.
More detailed discussion on UL behavior in dormancy
Several aspects of the UL behavior of a dormant BWP deserve further discussion. It is understood that due to no monitoring of PDCCH on a dormant SCell, all self-scheduling based UL transmissions, including PUSCH, PUCCH for HARQ, same-carrier A-CSI, and same-carrier A-SRS, cannot be supported already. However, to ensure an efficient and low-latency “dormancy to non-dormancy transition”, maintaining CSI measurements/reporting is critical, and all UL transmissions relevant to maintaining CSI and not affected by no PDCCH monitoring should still be kept. The network should be allowed to keep them by proper configuration rather than being forbidden to support them in standard specifications. For example, if a CSI request or SRS request is received on a non-dormant cell to trigger A-CSI reporting or A-SRS on a dormant SCell, this should still be supported as it does not interfere with the non-monitoring of PDCCH. For another example, if P-CSI reporting or P-SRS is configured for a dormant SCell, the UE should still be able to transmit the P-CSI report or P-SRS even if the UE does not monitor PDCCH of the dormant SCell, since these periodic transmissions do not rely on PDCCH monitoring.
In below subsections, we provide more detailed discussion on various aspects of UL behavior in dormancy. First, in Sec. 3.1, we clarify the WI objective and existing RAN1/2 agreements, showing Q3 of the LS is not aligned with the WI objectives and agreements. Then in Sec. 3.2, we give an overview of the potential RAN1 impact and point out RAN1 discussion is lacking. To facilitate the analysis, two key scenarios are defined in Sec. 3.3. In Sec. 3.4 to Sec. 3.9, several key issues are discussed, including DL/UL CSI issues, TA issues, latency issues, power saving issues, UL beam management issues, and UL PC issues. Finally, we conclude by proposing to allow some UL transmissions to be configurable for a dormant BWP.
WI objective clarification 
To facilitate agreement, it is instrumental to revisit the objective for Rel-16 DC-CA enhancements and past RAN1/2 agreements:
· Efficient and low latency serving cell configuration/activation/setup: Minimizing signalling overhead and latency needed for initial cell setup, additional cell setup and additional cell activation for data transmission. [RAN2, RAN1, RAN4, RAN3]
· This objective applies to MR-DC, NR-NR DC and CA
· The objective should consider enhancements when starting from IDLE, INACTIVE mode and CONNECTED mode

Agreements:
· From RAN1 perspective, L1 based mechanism for transitioning between ‘dormancy-like’ and ‘non dormancy-like’ behavior on activated Scells can be supported
· [bookmark: _Hlk36759985]‘dormancy-like’ => sparse/no PDCCH monitoring on activated Scell while maintaining CSI measurements/reporting 
Agreements from RAN2 #107bis
· Based on RAN1/RAN4 reply LS, introduce ‘dormancy’ behaviour for NR SCell, i.e. the UE stops monitoring PDCCH on SCell but continue performing CSI measurements, AGC and beam management, if configured. 
This work item (Rel-16 MR-DC/CA) is about “Minimizing signalling overhead and latency”. Though saving power can be a factor for consideration, what is more important for this work item should be to ensure “dormancy to non-dormancy transition” to be more efficient and of low latency. It seems questionable that stopping UL transmission during dormancy is within the scope of this WI, unless the proponents can justify how stopping UL transmission can help “Minimizing signalling overhead and latency”. To ensure an efficient and low-latency “dormancy to non-dormancy transition”, it is necessary to maintain CSI measurements/reporting, and hence UL transmissions on the SCell configured during non-dormancy should still be maintained except for those directly affected by no monitoring of PDCCH during dormancy. Additionally, SRS is a vital part of the mechanism for DL/UL CSI maintenance (especially for TDD), and thus stopping SRS directly contradicts existing agreements of maintaining CSI. Therefore, the discussion of stopping all UL transmissions seems to be out of scope of the WI, conflicting with the WI objective of “Minimizing signalling overhead and latency”, and conflicting with past agreements to maintain CSI measurement and reporting. 
Observation 2: Stopping all UL transmissions for power saving seems to be out of the scope of the WI and even conflict with the objective of “Minimizing signalling overhead and latency”.
Relevant to RAN1 and RAN1 discussions
It is a common understanding, at least arguably in RAN1, that some UL transmissions on a SCell cannot be supported by UE if the SCell is in dormancy, i.e., not monitoring PDCCH on that SCell, including PUSCH/PRACH/PUCCH/SRS transmissions associated with self-carrier scheduling, but other UL transmissions can still be supported. However, it seems RAN2 has a different understanding, i.e., all UL transmissions should be stopped, which would have RAN1 impact. For example, UE sounding procedure is a physical layer procedure, SRS is a physical layer signal, beam failure recovery originates from L1, etc., and without SRS, the network loses the ability of maintaining DL/UL CSI or TA or managing beams at the moment it needs to. The LS has significant impact to RAN1/physical layer specifications. However, RAN1 had little technical discussion in these aspects. The existing RAN1 discussions are summarized below.
The latest RAN1 discussions on SCell dormancy were summarized in R1-1913549 “Summary#4 of efficient and low latency serving cell configuration/activation/setup” during RAN1#99. However, stopping UL transmissions was not discussed in most of the contributions. In fact, in the feature lead summary, UL behavior of a dormant SCell is only described as follows:
R1-1911972	Discussion on low latency Scell activation	ZTE
Proposal 4: UE interprets the one bit dormancy switching signalling as below.
If UE is in dormant BWP and the signalling indicates UE to switch to a non-dormant BWP, UE switches to the firstActiveDownlinkBWP/ firstActiveUplinkBWP;
If UE is in non-dormant BWP and the signalling indicates UE to switch to a non-dormant BWP, UE keeps in the current BWP.
Proposal 5: Support a dedicated bit for the differentiation between Case 1 and Case 2
For uplink, DCI format 0_1 with UL-SCH indicator of "0" and CSI request of all zero(s) indicates Case 2 for UE;
For downlink, an additional one-bit filed is introduced in DCI format 1_1 for differentiation between Case 1 and Case 2.
R1-1912101 Efficient and low latency SCell operations MediaTek Inc.
Proposal 1: NW indicates the BWP ID per SCell for dormancy behavior through an optional RRC IE, ex. Scell-bwp-id-with-dormancy. For a BWP with dormancy behavior, UE expects the following:
For a BWP with dormancy behavior, periodic CSI measurement and report is configured to maintain downlink channel quality. 
Though the IE bwp-id under CSI-ResourceConfig
For a BWP with dormancy behavior, periodic SRS resource is configured to maintain uplink channel quality 
Through the IE srs-Config under BWP-UplinkDedicated
R1-1912497	On SCell Activation and Dormant SCells	Samsung
Proposal 3: A UE can separately configured DL/UL BWPs on SCells for operation with dormancy and for operation with non-dormancy.
R1-1912786	Reduced latency Scell management for NR CA	Ericsson
Proposal 4: When transition to dormant BWP is indicated for an Scell, UE stops transmitting periodic SRS on the Scell. No separate UL dormant BWP configuration is introduced.
Furthermore, there was no online discussion and agreement on UL behavior during dormancy in RAN1#99 and RAN1#100-e. Clearly, stopping all UL transmissions during dormancy is a new behavior to RAN1 and its potential RAN1 impact has not been studied. Ideally, it may take a couple of meetings or longer to completely understand the consequences and reach agreements. Given the time limitation for completing this release, RAN1 should strive to agree on a design with small/limited L1 impact (as opposed to significant L1 impact) and consider allowing some UL transmissions to be configured for a dormant BWP. 
Observation 3: RAN1 had little discussion on stopping UL transmissions during dormancy and has time to only agree on a design with small L1 impact.
Scenarios
To correctly analyze the impact of the RAN2 conclusion, it is vital to investigate two different scenarios as shown here:
Table 1 Two key scenarios
	
	Defining characteristic
	Examples 

	Scenario 1 (non-shared RF/PA)
	The dormant SCell does not share RF/PA with a non-dormant serving cell
	1. PCell on band 1 has a PA, SCell on band 2 has another PA. The SCell is in dormancy. PCell is in TAG 1, and the SCell is in TAG 2.
2. PCell and SCell 1 on band 1 has a PA, SCell 2 and SCell 3 on band 2 has another PA. Both SCell 2 and SCell 3 are in dormancy. PCell and SCell 1 are in TAG 1, and SCell 2 and SCell 3 are in TAG 2.

	Scenario 2 (shared RF/PA)
	The dormant SCell(s) share(s) RF/PA with a non-dormant serving cell
	1. PCell and SCell share PA. The SCell is in dormancy. They are in the same TAG.
2. PCell and SCell 1 on band 1 has a PA, SCell 2 and SCell 3 on band 2 has another PA. SCell 2 is in dormancy and SCell 3 is not in dormancy. PCell and SCell 1 are in TAG 1, and SCell 2 and SCell 3 are in TAG 2.



As we will see, Scenario 2 is easy to deal with in aspects such as the maintaining TA and beam management for the dormant SCell, though the shared RF/PA may prevent significant power saving being achieved via turning off the RF/PA. On the other hand, for Scenario 1 with separate RF/PA, power saving is possible for a dormant SCell but aspects such as maintaining its TA and performing beam management become more challenging. It seems the proponents for stopping UL transmissions may not have clearly studied these scenarios. In below discussions, we will analyze the scenarios separately whenever applicable.
While we do not want to dive into hardware design related details, we point out usually on bands far from each other in frequency domain, different RF/PAs are used, whereas for intra-band or bands close to each other, they may share the RF/PA. Furthermore, for UL TA, CCs with different PAs are usually in different TAGs as the different PAs often do not have the same timing, and CCs with non-col-located TRPs are usually in different TAGs. Thus we loosely associate different RF/PAs with different bands/TRPs/TAGs.
Observation 4: Analysis not based on distinguishing different scenarios of UE RF architectures may be problematic.
CSI issues
In TDD systems, SRS is a vital part of the DL CSI acquisition mechanism. SRS can provide with the network full MIMO channel information which is critical to achieving good DL throughput performance and unavailable from CSI feedback. Stopping UL transmissions leads to the lack of full MIMO channel information about the SCell at the network side and cannot be remedied via CSI feedback. Though there is no PDSCH to the UE on a dormant SCell, the network still needs the full MIMO channel information to make a good decision on when/whether to instruct the dormant SCell to transition out of dormancy and receive PDSCH in a MIMO transmission scheme. 
What is probably more detrimental is that, without any UL transmission during dormancy, the UL TA, UL closed-loop power control, and PHR reporting are lost (see below subsections for analysis), and after leaving dormancy it takes the SCell a few rounds of UL/DL transmissions to re-establish them with high accuracy, before which the SRS critical to full MIMO CSI acquisition does not function well, causing degradation of DL/UL spectrum efficiency and throughput performance. The degradation of DL/UL spectrum efficiency can also yield lower power efficiency.
On the other hand, if SRS is allowed during dormancy and the network observes favorable CSI based on SRS for a dormant SCell, as soon as data arrives, the network can immediately transition the SCell out of dormancy, utilize the SCell to deliver data with highly efficient MIMO schemes, and transition the SCell back to dormancy. The resulting agility and efficiency may lead to more power saving to the UE than the case not allowing SRS. 
Additionally, we’d like to point out UL CSI is a category of CSI, and therefore, UL CSI should be maintained, which is via SRS. Note that for both Scenario 1 and Scenario 2, SRS on another (non-dormant) serving cell does not provide sufficient UL channel information about the dormant SCell due to frequency selectivity. Especially for Scenario 1, the network can have little information about UL CSI of the dormant SCell. Such lack of UL CSI may cause the network not able to make a good decision on when/whether to instruct the dormant SCell to transition out of dormancy, and after the SCell leaves dormancy and transmits UL signals, due to inaccurate UL CSI (as well TA and UL power control, or even UL beam), the UE may have to use more power to perform the UL transmissions.
The above analysis shows that, with stopped UL transmissions during dormancy, after leaving dormancy, there is a transient period during the SRS does not yet have accurate beam/TA/PC, and hence the network does not have accurate DL/UL CSI for MIMO. For example, a SRS transmission with inaccurate TA and power is received at the gNB after dormancy ends, and the gNB obtains DL MIMO beamforming from a MIMO channel matrix derived from the SRS, but the beamforming may point to an unfavorable direction, leading to low SINR to the served UE and high interference to other UEs. The resultant low SINR may cause the transmission to fail and retransmission is needed, yielding even worse user experience. The gNB, if aware of the inaccuracy in CSI, may choose to adopt a conservative transmission scheme (e.g., low MCS, low rank) or even postpone the transmission until the CSI accuracy improves, but in any case the gNB/UE operate with low efficiency during the transient. This issue, however, does not exist if SRS transmissions are maintained in dormancy.
Observation 5: Stopping UL transmissions causes lack/inaccuracy of DL/UL CSI necessary for efficient network/UE operations, degrading DL/UL throughput performance.
TA issues 
The UL TA issue needs to be discussed. If the TA is lost during the dormancy, the “dormancy to non-dormancy transition” then has to perform a random access procedure to re-acquire the TA, which will make the transition lengthy and even comparable with SCell activation latency. The TA maintenance cannot be done via PRACH during SCell dormancy as the UE cannot receive PDCCH order on the dormant SCell. To maintain TA on a dormant SCell, the options may be:
· Disallowing UL transmission on the dormant SCell and relying on UL transmissions from at least one of the non-dormant cells in the same TAG. That implies in the TAG, at least one cell has to be in non-dormancy, i.e., Scenario 2, and as usually the cells in the TAG share the same RF/PA, the RF/PA cannot be completely turned off and hence this option cannot lead to power saving.
· For Scenario 1, the only option is to allow certain L1 UL transmissions on the dormant SCell, including SRS transmissions. This is the existing mechanism and should still be supported. Note that TA command for the dormant SCell can still be conveyed to the UE on another serving cell via MAC CE. 
Observation 6: TA may get lost in dormancy if the dormant SCell is in a TAG different from all non-dormant cells (i.e., Scenario 1, the dormant SCell does not share RF/PA with a non-dormant SCell).
Latency issues
The design according to the RAN2 LS may significantly prolong the interruption at least in some cases. Exactly by how much requires RAN4 input. There is a possibility that for those cases with prolonged interruption, the out-of-dormancy transition latency becomes comparable to the SCell activation transition latency, rendering the dormancy mechanism inferior to activation/deactivation mechanism. We propose to send an LS to RAN4 to find out the transition latency. Note that the latency requirements are already part of the objective of RAN4 work, as demonstrated in the following RAN4 conclusion:
1. Discuss the UE interruption requirements for a dormancy SCell.
0. FFS: interruption due to Switching between SCell dormancy and non-dormancy 
0. FFS: interruption due to CSI and RRM measurement when UE is in SCell dormancy
RAN1 also concluded that the latency will be decided by RAN4:
Conclusion:
1. From RAN1 perspective, 
0. Application delay for transitions between dormant BWP and non-dormant BWP will be specified by RAN4.
0. Until further RAN4 input is received, current DCI based BWP switching time that is supported by the UE is assumed as the application delay. 
Note that in general RAN4 requirements are minimal requirements, determined not based on good/favourable scenarios but on unfavourable scenarios (e.g., Scenario 1 for latency requirements).
Nevertheless, we provide some initial analysis on the out-of-dormancy latency. A few cases, including SCell activation, are considered below for the typical 15 kHz SCS setting. Note that the SCell activation latency could range from about 10 ms to a few tens of milliseconds, depending on if the SCell is known to the UE or not and other configurations. Here we should focus our comparison on configurations leading to a short activation latency, i.e., comparing the out-of-dormancy latency versus the activation latency that is already achievable with existing standards via proper configuration. Therefore, we assume a known SCell and a smtc2 configured as 5 ms (smtc2 is always strictly smaller than smtc1). The random access procedure for TA command includes: 1) UE receiving PDCCH order on the SCell, 2) UE waiting for the RACH occasion, 3) UE transmitting preamble, 4) UE receiving RAR and applying the TA command. Most of the values below can be found in TS 38.133/213/214.
Table 2 Estimated transition latency (unit: millisecond)
	
	DCI
	Activation command
	RF tuning
	AGC setting
	CQI report
	Random access for TA command
	Margin
	Sum

	Scenario 1, no RACH; or Scenario 2
	1
	-
	1
	1
	2
	-
	1
	6

	Scenario 1 + RACH
	1
	-
	1
	1
	2
	4~9
	1
	10~15

	Activation, no RACH
	0
	1
	3

	1~5 (smtc2=5)
	2
	-
	2
	9~13

	Activation + RACH
	0
	1
	3

	1~5 (smtc2=5)
	2
	4~9
	2
	13~22



As seen from the table, the out-of-dormancy transition latency is significantly prolonged by the random access procedure due to the lost TA if UL transmissions are stopped; in fact, with the random access procedure to re-acquire TA when leaving dormancy, the latency doubles that without the random access procedure. This make the dormancy mechanism unfavorable compared to SCell activation.
[bookmark: _GoBack]In addition, as pointed out in Sec. 3.4, immediately after the UE re-acquires TA, to provide accurate full MIMO CSI to the network, the UE needs to perform a sounding with the new TA. If, moreover, the SRS PC is found inaccurate, a TPC command is also needed. These may require one or even two rounds of sounding, and likely further delay high-efficient DL/UL transmissions by another 2 ~ 5 ms. In other words, for the row in above table with “Scenario 1 + RACH”, the high-efficient transmissions can only start after about 12~20 ms, 2 to 3 times longer than the row with “Scenario 1, no RACH; or Scenario 2”. This highlights the important of maintaining full MIMO CSI during dormancy via sounding. Note that transient period with extra rounds of sounding to ensure high-efficient transmissions may not be included in RAN4 latency requirements but it is quite relevant to RAN1 performance.
Observation 7: The out-of-dormancy transition latency is significantly prolonged by stopped UL transmissions and hence lost TA. RAN4 input is needed.
Power saving issues
We also point out the justification used to stop all UL transmissions by the proponents is power saving. However, as we analyze this argument further, we find this argument is flawed. 
1. Some companies want to completely turn off UE PA during dormancy to save power. However, as analyzed before, this is only feasible for Scenario 1, and by doing so there can be significant issues in DL/UL CSI, UL TA, UL beam management, and out-of-dormancy latency. For Scenario 2, the PA is shared by dormant and non-dormant cells, and the UE cannot turn off the PA, and there is no power saving benefit. 
1. Delivering dormant SCell (say, Cell 1) DL CSI report via another cell (say, Cell 0) may not have much power saving benefit. The power consumption is dominated by UL transmission power. Shifting the transmission of the same CSI report from Cell 1 to Cell 0 does not necessarily reduce UL transmission power. The proponents using the power saving argument should provide careful analysis to justify their argument, which is lacking. 
Finally, we point out that if power saving is the main concern, there are already several mechanisms in the standards, such as SCell deactivation, WUS, DRX, etc., which do not have stringent requirements on latency and can be used to achieve good power saving performance.
Observation 8: Power saving cannot be achieved for Scenario 2 where the dormant SCell shares RF/PA with a non-dormant SCell. For Scenario 1 where the dormant SCell does not share RF/PA with a non-dormant SCell, power saving is possible at the price of degraded DL/UL CSI, TA, UL beam management, and out-of-dormancy latency.
UL beam management issue
Some BFR issues have been discussed in Section 2. Moreover, we’d like to discuss UL beam management issue here. To this goal, we need to differentiate the scenarios. When the UL transmissions of a dormant SCell are completely turned off, we have the following scenarios and analysis:
Table 3 Scenarios and analysis for UL beam management
	
	With UL/DL beam correspondence
	Without UL/DL beam correspondence

	Scenario 1 (non-shared RF/PA)
	Scenario 1a:
UL beam management of the dormant SCell can be based on DL beam management of the same cell
	Scenario 1b:
UL beam management of the dormant SCell cannot be supported

	Scenario 2 (shared RF/PA)
	Scenario 2a:
UL beam management of the dormant SCell can be based on DL beam management of the same cell and/or UL beam management of a non-dormant cell sharing the same RF
	Scenario 2b:
UL beam management of the dormant SCell can be based on UL beam management of a non-dormant cell sharing the same RF



Clearly, Scenario 1b has UL beam management issue if the UL signals are all stopped for a dormant SCell. The associated additional latency for re-establish the UL beam may need to be accounted for in RAN4 latency requirements.
Observation 9: With stopped UL transmission during dormancy, UL beam management issue exists if the dormant SCell does not share RF/PA with a non-dormant serving cell and UL/DL beam correspondence does not hold.
UL PC 
Without UL transmission configured, closed-loop UL PC becomes impossible on a dormant SCell. After the SCell leaves dormancy, it needs to re-establish the closed-loop UL PC, which takes time and before it settles, the UL transmission performance may be negatively impacted. Note that if SRS is allowed in dormancy, TPC command for the dormant SCell can still be transmitted to the UE via DCI format 2_3 even though the UE is not monitoring PDCCH on the dormant SCell. In addition, actual or virtual PHR reporting also becomes impossible, negatively affecting the UL transmission performance.
Observation 10: Without UL transmission configured for a dormant BWP, closed-loop PC and PHR reporting are infeasible, negatively affecting UL transmission performance after leaving dormancy.

As stated before, not all issues can be resolved in the limited amount of time. To avoid these issues, at least some UL transmissions should be allowed to be configurable by the network. The following is proposed:
[bookmark: _Ref129681832]Proposal 1: Regarding Q3 in the LS from RAN2, RAN1 recommends allowing some UL transmissions to be configurable for a dormant BWP:
· SRS
· FFS AP CSI reporting
Conclusion
In this contribution, we discussed RAN2 LS on dormant BWP and related operation, especially regarding RAN2’s conclusions on stopping UL transmissions when a SCell is in dormancy. We have the following observations:
Observation 1: There are problems with the conclusions related to Q3:
· This may have significant RAN1 impact that are not discussed in RAN1; 
· RAN1 may have time to only agree on a design with small L1 impact;
· [bookmark: _Hlk37329219]With all UL transmission stopped on a dormant BWP:
· DL full MIMO CSI and UL CSI become unavailable
· UL TA, UL PC, and UL beam management may be impacted for Scenario 1 where the dormant SCell does not share RF/PA with a non-dormant SCell, which further impact DL/UL throughput performance after leaving dormancy
· Power saving cannot be achieved for Scenario 2 where the dormant SCell shares RF/PA with a non-dormant SCell
· This may also need RAN4 input, especially related to out-of-dormancy transition latency.
Observation 2: Stopping all UL transmissions for power saving seems to be out of the scope of the WI and even conflict with the objective of “Minimizing signalling overhead and latency”.
Observation 3: RAN1 had little discussion on stopping UL transmissions during dormancy and has time to only agree on a design with small L1 impact.
Observation 4: Analysis not based on distinguishing different scenarios of UE RF architectures may be problematic.
Observation 5: Stopping UL transmissions causes lack/inaccuracy of DL/UL CSI necessary for efficient network/UE operations, degrading DL/UL throughput performance.
Observation 6: TA may get lost in dormancy if the dormant SCell is in a TAG different from all non-dormant cells (i.e., Scenario 1, the dormant SCell does not share RF/PA with a non-dormant SCell).
Observation 7: The out-of-dormancy transition latency is significantly prolonged by stopped UL transmissions and hence lost TA. RAN4 input is needed.
Observation 8: Power saving cannot be achieved for Scenario 2 where the dormant SCell shares RF/PA with a non-dormant SCell. For Scenario 1 where the dormant SCell does not share RF/PA with a non-dormant SCell, power saving is possible at the price of degraded DL/UL CSI, TA, UL beam management, and out-of-dormancy latency.
Observation 9: With stopped UL transmission during dormancy, UL beam management issue exists if the dormant SCell does not share RF/PA with a non-dormant serving cell and UL/DL beam correspondence does not hold.
Observation 10: Without UL transmission configured for a dormant BWP, closed-loop PC and PHR reporting are infeasible, negatively affecting UL transmission performance after leaving dormancy.

The following is proposed:
Proposal 1: Regarding Q3 in the LS from RAN2, RAN1 recommends allowing some UL transmissions to be configurable for a dormant BWP:
· SRS
· FFS AP CSI reporting
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Appendix: Draft LS response

RAN1 would like to thank RAN2 for the LS on signalling of sidelink RSRP and CSI between UEs (R1-1911698).
Q 1: Are there any issues due to RAN2 agreements on TCI state configuration, i.e. tci-StatesToAddModListat in PDSCH-Config is configured for dormant BWP?
A1: RAN1 sees no issue with tci-StatesToAddModList being configured within pdsch-Config IE for a dormant BWP.
Q 2: Are there any issues due to RAN2 agreements for BFR, i.e. BFR is supported and BFR procedure follow R16 SCell BFR procedure for dormant BWP, then radioLinkMonitoringConfig IE and new IE beamFailureRecoverySCellConfig for SCell BFR are configured in DL dormant BWP configuration for beam failure detection purpose?
A2: There are no issues to follow R16 SCell BFR procedure for dormant BWP for BFR request purpose.
Q 3: Are there any issues due to RAN2 agreements on CSI reporting and SRS transmission, i.e. not support aperiodic CSI reporting for dormant BWP and not support SRS transmission on dormant BWP?
A3: RAN1 recommends allowing some UL transmissions to be configurable for a dormant BWP:
· SRS
· FFS AP CSI reporting
Q4: RAN2 wonder what the scenario for is to define the two first non-dormant BWPs which may be configured to be different?
A4: Dormancy support inside active time (which is via UE-specific DCI format 0_1/1_1 on PCell) and dormancy support outside active time (which is via WUS mechanism and group-common DCI format 2_6) are different UE capabilities. A UE may support one but not the other.
Q5: If these two first non-dormant BWPs are configured to be different, is it possible that the NW and UE may be out of sync in terms of which BWP the UE is using in non-dormancy if the UE has transitioned out of dormancy earlier?
A5: The network and UE may be out of sync in terms of which BWP the UE is using. Network implementation can detect this and correct the issue.
Q6:RAN2 respectfully ask RAN1 is it feasible to support the implicit configuration of the beam failure detection RS for dormant BWP?
A6: 
· It is feasible to support the implicit configuration of the beam failure detection RS for the dormant SCell if there is a non-dormant serving cell within the same band with PDCCH-Config IE configured.
· It is NOT feasible to support the implicit configuration of the beam failure detection RS for the dormant SCell if there is not a non-dormant serving cell within the same band with PDCCH-Config IE configured.
Q7:RAN2 respectfully ask RAN1 to decide whether the default BWP can be same as dormant BWP?
A7: The default BWP can be same as dormant BWP.



