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[bookmark: _Ref129681832]In the LS R4-2003371 (R2-2002381) [1], RAN2 asked RAN1/RAN4 several questions on dormant BWP configuration and related operation.  Q3 regarding not supporting CSI reporting and SRS transmission is particularly relevant to ongoing RAN4 RRM requirements discussion.  
In April RAN4#94e-Bis meeting, RAN4 agreed a WF in R4-2005329 [2] in which companies are encouraged to provide analyses on this issue: 
For the incoming LS R4-2003371, particularly on Q3, interested companies are encouraged to provide analyses on:
	Whether there is an impact on transition between dormancy and non-dormancy by not supporting Aperiodic CSI reporting for dormancy SCell
	Whether there is an impact on transition between dormancy and non-dormancy by not supporting SRS transmissions for dormancy SCell
		Including potential impact to UL TA, UL PC, and UL beam management

This contribution presents impact analysis and lists key issues when UL transmissions are not supported in dormant BWP and highlight the importance of having an option of having configurable P-SRS in dormancy.

Discussion - Impact of stopping SRS in dormancy
As is commonly understood that SCell dormancy is a power saving feature under CA activated state. The intention of SCell dormancy is to further save power without triggering the legacy deactivated state transition which introduces more states transition delay. Therefore, the strict latency and quality performance requirements under activated state of RRC CONNECTED shall be met at the transition from dormancy back to non-dormancy. Otherwise, the purpose of having SCell dormancy is defeated and there is no advantage and need of SCell dormancy over the deactivated state. 

Observation 1: SCell dormancy is conducted in activated state, which shall meet the strict latency requirement of the activated state of the RRC CONNECTED.

In activated state, the UE maintaining transmission of SRS in a SCell is a Rel-15 legacy function. Stopping SRS transmission in the activated state for dormancy is to make change on an existing Rel-15 function. There is a strong concern on the impact to the latency and quality performance due to this change. Stopping the SRS transmission in dormancy has negative impact in several aspects:

Architectural considerations
To correctly analyze the impact of the RAN2 conclusion, it is important to investigate two different scenarios as shown here:
Table 1 Two key scenarios
	
	Defining characteristics
	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.



In Scenario 2 (with shared RF/PA) it is easier to deal with 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. The architectural aspects need to be included when studying the impact of stopping UL transmissions in dormant BWP configuration scenarios.
For inter-band cases when bands are 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-co-located TRPs are usually in different TAGs. Thus, we loosely associate different RF/PAs with different bands/TRPs/TAGs.
Observation 2: Analysis should distinguish different scenarios of UE RF architectures.

CSI issues
In TDD systems, SRS is a vital part of the DL CSI acquisition mechanism. SRS provide with the network full MIMO channel information which is critical to achieving good DL throughput performance. 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. 
The importance of having UE measurement in dormant SCell to maintain full synchronization, to allow quick transmission, and to maintain PDSCH performance was highlighted in previous RAN4 discussions. It is useful when the network schedules the UE to switch from dormancy to non-dormancy.
More importantly, without any UL transmission during dormancy, the UL TA, UL closed-loop power control, and PHR reporting are lost.  During the transition from dormancy to non-dormancy, it takes the SCell a few UL/DL transmissions to re-establish them with high accuracy, during which the full MIMO CSI acquisition may not function well, causing degradation of DL/UL spectrum efficiency and throughput performance. 
SRS also serves the similar purpose in UL CSI.  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. Due to inaccurate UL CSI (as well as 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, there is a significant impact to DL/UL CSI necessary for efficient network and UE operations, degrading DL/UL throughput performance. This issue, however, does not exist if SRS transmissions are maintained in dormancy.
Observation 3: Impact 1 - Stopping UL transmissions causes lack of DL/UL CSI necessary for efficient network/UE MIMO operations, degrading DL/UL throughput performance.

TA issues 
TA maintenance relies on UL SRS transmissions from at least one of the serving cells in the TA group (TAG). However, in the scenarios where the TA tracking and estimation rely on SRS of the dormancy SCell, stopping SRS in dormancy will introduce significant delay during the dormancy to non-dormancy transition for TA recovery. In this case, the TA recovery has to be conducted via RACH at the dormancy to non-dormancy transition and the state transition time is significantly increased. In this case, the dormancy state lost its latency advantage over the deactivated state. 

The WF in R4-2005329 [2] also invited analysis on the differences in conditions and parameter or system configurations that would allow faster BWP switching between dormancy and non-dormancy or even maintaining Rel-15 baseline value relies on the interruptions. 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. The worst-case switching delay requirements need to be checked and necessary conditions for reusing Rel-15 baseline. In order for RAN4 to progress, the assumptions behind Rel-15 baseline should be maintained.  

Observation 4: Issue 2 - The out-of-dormancy transition latency is significantly prolonged by stopped UL transmissions and hence lost TA.  RAN4 need to check if Rel-15 baseline assumptions still hold.

Power saving issues
One of the justification used to stop all UL transmissions was power saving. However, as we analyze this argument further, we find this argument is flawed. 
· For Scenario 1 where RF/PA are non-shared, it may be able to completely turn off UE PA during dormancy to save power. However, as analyzed before, there can be significant issues in DL/UL CSI, UL TA, UL beam management, and out-of-dormancy latency. 
· For Scenario 2 where the PA is shared by dormant and non-dormant cells, the UE cannot turn off the PA, and there is no power saving benefit. 
· 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. 

Observation 5: Issue 3 - 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.

BFR and UL beam management issue
In the scenario that the dormant SCell does not share RF/PA with a non-dormant serving cell and UL/DL beam correspondence does not hold, the UL beam management of the dormant SCell cannot be based on the DL beam management, and also cannot be based on UL beam management of a non-dormant cell sharing the same RF. Therefore, in this scenario without SRS of the dormant SCell, UL beam management of the dormant SCell cannot be maintained.
Observation 6: Issue 4 - With stopped SRS in dormancy, UL beam management cannot be maintained in the scenario of non-shared RF/PA and no UL/DL beam correspondence.

UL PC 
Without UL transmission configured for a dormant BWP, 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, without UL transmission configured for a dormant BWP, actual or virtual PHR reporting also becomes impossible, negatively affecting the UL transmission performance.
Observation 7: Issue 5 - Without UL transmission configured for a dormant BWP, closed-loop PC and PHR reporting are infeasible, negatively affecting UL transmission performance after leaving dormancy.

RAN1 agreement and potential solution
In April RAN1#100b-e meeting, RAN1 sent a reply LS to RAN2 [3], regarding to RAN2 question on stopping SRS in SCell dormancy, RAN1 responded as following:

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?

RAN1 could not reach a consensus on the support of A-CSI measurement in dormant BWP (with report triggered by another cell e.g. PCell) or SP/A-SRS transmission in dormant BWP. RAN1 sees no issue with supporting at least long periodicity P-SRS (e.g. >100ms).


In the LS to RAN2 [3], the latest RAN1 position is positive on supporting at least long periodicity P-SRS in dormancy. The RAN1 position suggests the need of further discussion on the SRS decision.
In RAN4 previous discussions, the importance of having UE measurement in dormant SCell to maintain full synchronization, to allow quick transmission, and to maintain PDSCH performance was highlighted in previous discussions.
Also, with all the issues highlighted above, having some network configurable solution such as maintaining a long periodicity P-SRS in dormancy can be a good solution which would alleviate all the issues. For delay sensitive UE or application, or in certain coverage area (e.g. MIMO coverage area), the network can configure the UE to maintain SRS in dormant SCell, otherwise stopping SRS in dormancy can be configured.  

Proposal 1: Regarding Q3 in the LS from RAN2, RAN4 recommends maintaining some UL transmissions for a dormant BWP:
· SRS
· FFS AP CSI reporting

Conclusion
This contribution provides some analysis and lists key issues when UL transmissions are not supported in dormant BWP.
Observation 1: SCell dormancy is conducted in activated state, which shall meet the strict latency requirement of the activated state of the RRC CONNECTED.

Observation 2: Analysis should distinguish different scenarios of UE RF architectures.
Observation 3: Impact 1 - Stopping UL transmissions causes lack of DL/UL CSI necessary for efficient network/UE MIMO operations, degrading DL/UL throughput performance.
Observation 4: Issue 2 - The out-of-dormancy transition latency is significantly prolonged by stopped UL transmissions and hence lost TA.  RAN4 need to check if Rel-15 baseline assumptions still hold.

Observation 5: Issue 3 - 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 6: Issue 4 - With stopped SRS in dormancy, UL beam management cannot be maintained in the scenario of non-shared RF/PA and no UL/DL beam correspondence.
Observation 7: Issue 5 - Without UL transmission configured for a dormant BWP, closed-loop PC and PHR reporting are infeasible, negatively affecting UL transmission performance after leaving dormancy.
Proposal 1: Regarding Q3 in the LS from RAN2, RAN4 recommends maintaining some UL transmissions for a dormant BWP:
· SRS
· FFS AP CSI reporting
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