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During RAN1#96bis meeting, one email discussion on potential LS to RAN4 and observation related to “dormancy-like behavior” have been approved [1]. During this email discussion, LS to RAN4 has been approved [2]. Regarding the observation related to “dormancy-like behavior”, several versions of observations are summarized in [3].
In this contribution, we present our further considerations on low latency SCell activation.
Discussion
Overlapping issues with power saving AI
During RAN1#96bis meeting, power saving AI has reached the following agreements. Regarding the last three bullets highlighted in yellow in this agreements, companies also discussed these issues a lot in AI 7.2.13.4 under MR-DC WI. Companies even propose similar/same proposals/observations in both MR-DC AI and power saving AI. In this sense, it is better to clarify where to discuss these issues in order to avoid duplicated discussion and effort.
From our perspective, since these issues have been discussed in power saving AI and even related agreements have been reached in power saving AI firstly, it is better to discuss them in power saving AI.
Proposal 1: Clarify where to discuss the overlapping issues between MR-DC AI and power saving AI.
	[bookmark: _GoBack]Agreements:
Potential DCI contents in DCI format(s), to be further investigated:
· Power saving technique associated with C-DRX–
· Essential for UE function for the C-DRX
· Wakeup – 
· UE is indicated to transition from outside Active Time to Active Time
· UE is indicated to stay at Active Time
· Go to sleep– 
· UE is indicated to transition from Active Time to outside Active Time.
· UE is indicated to stay outside Active Time
· FFS: The time of receiving the wakeup and go-to-sleep indication inside or outside Active Time.
· Cross-slot scheduling
· Triggering RS transmission
· CSI report
· Single vs. multi-cell operation
· BWP /SCell
· BWP & SCell together 
· BWP and SCell have separated fields
· MIMO layer adaptation/number of Anenna adaptation 
· May further depend on RAN4’s work
· Indication of CORESET/search space/candidate of subsequent PDCCH decoding
· PDCCH monitoring periodicity
· PDCCH skipping (skipping duration)- 
· PDCCH skipping – UE is indicated to skip number of the PDCCH monitoring occasions and stays in the Active Time



Timeline analysis on SCell activation
The timeline on SCell activation can be analysed from RAN1 perspective and RAN4 perspective, respectively.
· RAN4
Upon receiving SCell activation command in slot n, the UE shall be capable to transmit valid CSI report and apply actions related to the activation command for the SCell being activated no later than in slot n + [THARQ + Tactivation_time + TCSI_Reporting], where THARQ is the timing between DL data transmission and acknowledgement, i.e., as defined in RAN1. According to TS38.331, the potential values for can be {0-15} slots. For simplicity, we assume the typical value of is 0.5ms.
Tactivation_time is mainly for time-domain and frequency-domain synchronization, RF warm up and AGC adjustment. It largely depends on the frequency range, SCell measurement cycle and whether the SCell is known or unknown. According to TS38.133 and TS38.331, the smallest value for Tactivation_time is [TSMTC_SCell + 5ms] = 10ms when TSMTC_SCell is configured with the smallest value, i.e., 5ms.
TCSI_Reporting is the delay including uncertainty in acquiring the first available downlink CSI reference resource, UE processing time for CSI reporting and uncertainty in acquiring the first available CSI reporting resource. Assume that both periodic CSI-RS and CSI report are configured for a UE both with the smallest periodicity, i.e., 4ms. In this case, the average CSI measurement and reporting delay can be calculated as 0.5*[CSI-RS periodicity + CSI reporting periodicity] = 0.5*[4ms + 4ms] = 4ms.
The SCell activation delay is summarized in Table 1. From the delay summarization, we can see that Tactivation_time and TCSI_Reporting account for 96.5% of SCell activation delay.
Observation 1: The following delay accounts for a large portion of SCell activation delay.
· Tactivation_time: Delay for time-domain and frequency-domain synchronization, RF warm-up and AGC adjustment;
· TCSI_Reporting: Delay for CSI-RS measurement and CSI reporting.
[bookmark: _Ref4579212]Table 1. SCell activation delay summarization
	Delay
	Typical value
	Note

	THARQ
	0.5 ms
	Timing between DL data transmission and acknowledgement, i.e., as defined in RAN1.

	Tactivation_time
	10 ms
	Delay for time-domain and frequency-domain synchronization, RF warm up and AGC adjustment. 10ms is the minimum delay for this value.

	TCSI_Reporting
	4 ms
	Delay for CSI-RS measurement and CSI reporting.
Assume that the smallest periodicity of periodic CSI-RS and CSI reporting resource are configured, i.e., 4 ms. The average value is calculated as TCSI_Reporting = 0.5*[CSI-RS periodicity + CSI reporting periodicity].



· RAN1
From RAN1 perspective, RAN1 defines the earliest time when a UE can start activating the indicated SCell. According to TS38.213, when a UE receives an activation command in a PDSCH for a secondary cell in slot n, the UE applies the corresponding actions as defined in TS38.321 no later than the minimum requirement defined in TS38.133 and no earlier than slot n+k. The value k is  where  is a number of slots for a PUCCH transmission with HARQ-ACK information for the PDSCH reception and  is a number of slots per subframe.  is the L1 PDSCH processing delay.  (i.e., 3ms) contains the L2 processing delay and RF warm up delay. 
Since  (i.e., 3ms) mainly contains L2 processing delay and RF warm up delay, it’s not clear how much time delay is needed for L2 processing. However, according to Section 4.2 of TS38.213, the MAC CE processing delay of TA command has been agreed as 0.5ms. From this perspective, we assume that the L2 processing delay for SCell activation command is about 0.5ms. The L2 processing delay only contributes about 3.5% to the total SCell activation delay. 
Assume that L1 signalling is used to activate the SCell, then the L2 processing time, i.e., 0.5ms can be eliminated. However, the gain of adopting L1 signalling instead of MAC CE to activate SCell is marginal. Thus, there is no need to introduce new L1 signalling to activate SCell from deactivated state.
Observation 2: L2 processing delay only contributes about 3.5% to the total SCell activation delay. The gain of adopting L1 signalling instead of MAC CE to activate SCell is marginal.
Proposal 2: Do NOT introduce new L1 signalling to activate SCell from deactivated state.
Dormant SCell and dormant BWP
According to the preceding analysis on timeline of SCell activation, the following two delays contribute to most of the SCell activation delay. For simplicity, we call the first delay and second delay as sync delay and CSI delay in this contribution, respectively. If the sync delay and CSI delay can be reduced, then the SCell activation delay can be obviously reduced.
· Sync delay: delay for time-domain and frequency-domain synchronization, RF warm up and AGC adjustment.
· CSI delay: delay for CSI-RS measurement and CSI reporting contribute to most of SCell activation delay.
In LTE euCA, the dormant state is introduced for SCell. If the SCell is in dormant state, a UE doesn’t need to receive PDCCH and PDSCH in that SCell, while UE needs to measure CSI-RS and report CSI periodically in that SCell. That’s to say, for SCell in dormant state, UE’s RF basic function is opening and UE can quickly report its CSI to the network once it is activated.
Proposal 3: Introduce “dormant state” for SCell in NR Rel-16.
However, BWP is introduced in NR on top of the SCell configuration. Most of the configurations, e.g., PDCCH configuration, PDSCH configuration and CSI configuration are on top of BWP. To some extent, defining the dormant SCell in NR is more like to configure a dormant BWP of SCell.
For NR, it is possible using Rel-15 signalling to support activated SCells with sparse/no PDCCH monitoring on SCell and with CSI measurement/reporting. When cross-carrier scheduling is not configured, a dormant BWP can be configured by sparse PDCCH monitoring. When cross-carrier scheduling is configured, a dormant BWP can be configured with cross-carrier scheduling, thus no PDCCH monitoring is configured in SCell. 
Observation 3: Rel-15 can configure a BWP as a dormant BWP without any PDCCH monitoring by
· Configuring CSI-RS and CSI reporting resource;
· Configuring cross-carrier scheduling.
Current Rel-15 spec provides two methods for UE to activate from dormant BWP to active BWP, i.e., DCI-based BWP switching and RRC-based BWP switching. Compared with DCI-based BWP switching, the delay of RRC-based BWP switching is undesirable. Take Figure 1 as an example, SCell is configured with cross-carrier scheduling by PCell. UE needs to perform CSI-RS measurement and CSI reporting in dormant BWP. That means the UE keeps RF on and can report the CSI information to network quickly. When bursty traffic occurs, network can promptly transmit a DCI-based BWP switching signaling to UE, UE can finish BWP switching within 3 ms [3]. Besides, the sync delay and CSI delay can be greatly reduced since UE performs CSI-RS measurement and CSI reporting periodically. 
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[bookmark: _Ref4607049]Figure 1. Dormant BWP configuration
However, one SCell has to be configured as cross-carrier scheduling if network configures one dormant BWP without any PDCCH monitoring in it. If the number of SCell is larger, this is likely to result in control overload and high PDCCH blockage in PCell. One way to handle this issue is to configure the dormant BWP as cross-carrier scheduling by default and other BWPs can be configured as cross-carrier scheduling or self-scheduling following the cell configuration, i.e., following the configuration in CrossCarrierSchedulingConfig.
Proposal 4: Support dormant BWP in Rel-16 for fast SCell activation and enable cross-carrier scheduling by default for dormant BWP.
Another way to handle this issue is to configure BWP-level cross-carrier scheduling. Network can configure BWPs in the same SCell with different cross-carrier scheduling configurations. For example, as depicted in Figure 2, network configures dormant BWP as cross-carrier scheduling, configures BWP#2 as cross-carrier scheduling and configures BWP#3 as self-scheduling. In this way, network can better balance control overload between different Cells and reduce the PDCCH blockage.
Proposal 5: If dormant BWP is supported in Rel-16, support BWP-level cross-carrier scheduling configuration.
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[bookmark: _Ref4610278]Figure 2. BWP-level cross-carrier scheduling configuration
BWP switching DCI with A-CSI-RS trigger
During RAN#83, it has been agreed to make cross-carrier triggering A-CSI with different numerologies as a working agreement [4]. After switching from dormant BWP to active BWP, network is likely to trigger an A-CSI-RS including TRS for UE to get better time/frequency synchronization. The existing solution is to first trigger a BWP switching via a DCI. Then, network can trigger an A-CSI-RS in the new BWP via another DCI. However, the A-CSI-RS triggering delay could be pretty large especially for FR2 [5]. 
One option to further reduce this delay is to use BWP switching DCI to trigger A-CSI-RS. Combining BWP switching command and A-CSI-RS triggering command within one DCI can further reduce the A-CSI-RS trigger delay and can also decrease the signaling overhead. In Rel-15, the BWP switching DCI is not allowed to carry A-CSI-RS trigger since A-CSI-RS trigger is not allowed before the BWP becomes active. Cross-BWP triggering A-CSI is similar to cross-carrier triggering A-CSI. In this sense, not only the specification impact is very small, but also the standardization workload is minor.
Proposal 6: Rel-16 supports that BWP switching DCI carries A-CSI-RS trigger command.
In Rel-15, only DCI format 0_1 is allowed to trigger A-CSI/A-TRS since network needs to schedule some UL resource for uplink report. In this way, even if Rel-16 supports that BWP switching DCI carries A-TRS trigger command, A-TRS trigger can only be combined within UL BWP switching DCI, i.e., DCI format 0_1. However, for A-CSI/A-TRS whose reportQuantity is set to “none”, UE doesn’t need to report any feedback to network. For example, A-TRS, i.e., A-CSI configured with higher layer parameter trs-Info, UE is not required to report any feedback to network. We propose that DCI format 1_1 can also be used to trigger A-CSI/A-TRS when reportQuantity is set to “none”. This can further increase the network scheduling flexibility.
Proposal 7: Rel-16 supports that DCI format 1_1 carries BWP switching command and A-TRS trigger command simultaneously.
A-CSI-RS for TCI indication
Using A-CSI-RS indicated in TCI to update QCL source of PDSCH has been agreed in RAN1 and supported in Rel-15.  During SCell activation procedure from dormant BWP to active BWP, triggering of aperiodic CSI-RS can be sent along with the activation or switching command so that UE can measure aperiodic CSI-RS in advance for channel tracking or CSI feedback at the beginning of the activation window. In this case, network may indicate a TCI state for UE using A-CSI-RS as a QCL source for channel tracking. Unfortunately, the timing offset from aperiodic CSI-RS transmission to the instant when TCI indication using that aperiodic CSI-RS can be applied to PDSCH is not specified.  As UE needs some time to apply the QCL parameters derived from AP CSI-RS, it is very hard for gNB to make use of this feature if timing is not specified. A In this case, this delay differs a lot depending on UE implementation. This is likely to increase the SCell activation delay.
We propose to use the timing reported in FG 2-25 beam report timing, which should be sufficient for UE to apply the QCL parameters derived from AP CSI-RS.


Figure 3. Timing of A-CSI-RS as a QCL source for PDSCH
Proposal 8: If a TCI state for PDSCH indicates an aperiodic CSI-RS resource as a QCL source, UE is expected to apply the QCL parameter(s) derived from the AP CSI-RS transmitted before OFDM symbol n-S, where symbol n is the first symbol of the PDSCH.
· The value of S follows the value reported in FG 2-25
In addition, we can also consider a measurement window before the activation for PDSCH reception so that UEs can perform channel tracking or beam management or CSI feedback with aperiodic CSI-RS in advance.
Conclusion
To sum up, the following observations and proposals are present in this contribution.
Observation 1: The following delay accounts for a large portion of SCell activation delay.
· Tactivation_time: Delay for time-domain and frequency-domain synchronization, RF warm up and AGC adjustment;
· TCSI_Reporting: Delay for CSI-RS measurement and CSI reporting.
Observation 2: L2 processing delay only contributes about 3.5% to the total SCell activation delay. The gain of adopting L1 signalling instead of MAC CE to activate SCell is marginal.
Observation 3: Rel-15 can configure a BWP as a dormant BWP without any PDCCH monitoring by
· Configuring CSI-RS and CSI reporting resource;
· Configuring cross-carrier scheduling.

Proposal 1: Clarify where to discuss the overlapping issues between MR-DC AI and power saving AI.
Proposal 2: Do NOT introduce new L1 signalling to activate SCell.
Proposal 3: Introduce “dormant state” for SCell in NR Rel-16.
Proposal 4: Support dormant BWP in Rel-16 for fast SCell activation and enable cross-carrier scheduling by default for dormant BWP.
Proposal 5: If dormant BWP is supported in Rel-16, support BWP-level cross-carrier scheduling configuration.
Proposal 6: Rel-16 supports that BWP switching DCI carries A-CSI-RS trigger command.
Proposal 7: Rel-16 supports that DCI format 1_1 carries BWP switching command and A-TRS trigger command simultaneously.
Proposal 8: If a TCI state for PDSCH indicates an aperiodic CSI-RS resource as a QCL source, UE is expected to apply the QCL parameter(s) derived from the AP CSI-RS transmitted before OFDM symbol n-S, where symbol n is the first symbol of the PDSCH.
· The value of S follows the value reported in FG 2-25
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