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1 Introduction
One objective of DC/CA enhancement WI is the efficient and low latency serving cell configuration/activation/setup.

RP-181469 [1]:

Efficient and low latency serving cell configuration/activation/setup: Minimizing signaling overhead and latency needed for initial cell setup, additional cell setup and additional cell activation for data transmission. [RAN2, RAN1, RAN4, RAN3]

o
This objective applies to MR-DC, NR-NR DC and CA

o
The objective should consider enhancements when starting from IDLE, INACTIVE mode and CONNECTED mode

In the contribution, we discuss the necessity of suspension of SCG, which is useful especially for FR1+FR2 DC.
2 Discussion  
2.1 Intention of introducing SCG suspension
In MRDC, SCG is introduced to achieve high throughput by fully utilizing dual connectivity capacities. However, it is possible that the dual connectivity is only needed for a short period at least in following scenarios:
· Bursty traffics: High data transmission rate may be needed for a short period. Most of the time, the low data transmission rate is required when MCG can sufficiently handle it. 
· UE overheating: In case of UE overheating, the data transmission may have to be paused in SN but the UE is still required to monitor PDCCH. 
· Special traffic type (e.g. VoIP): For some special traffics (e.g. VoIP), it is more suitable to send it via MN in EN-DC, considering power saving purpose.
In all above 3 scenarios, although data traffics are paused in SCG, the UE is still required to monitor PDCCH in PSCell / SCell of SCG, it will cause high power consumption especially in mmW deployment (i.e. FR1+FR2 DC). 
Observation 1: In cases of bursty traffic, UE overheating and special traffic type (e.g. VoIP) under MRDC operations, data traffics may be paused in SCG, but the UE is still required to monitor PDCCH in PSCell / SCell of SCG, it will cause high power consumption especially in mmW deployment (i.e. FR1+FR2 DC). 
We think FR1+FR2 DC is an important scenario worth studying. Therefore, the above power consumption issue in keeping SN being active should be considered. 
Proposal 1: At least for FR1+FR2 DC, power consumption issue in keeping SN being active when active data transmissions are paused in SN should be studied in RAN2. 
One solution to address the issue is to release SCG when the data transmissions are paused in SN, and then add SN back when the high data throughput is required. However, according to RAN4 requirements [4], a long latency will be caused in PSCell addition procedure in EN-DC:

==============================Copy from TS 36.133 [4] =================================

Upon receiving NR PSCell addition in subframe n, the UE shall be capable to transmit PRACH preamble towards NR PSCell no later than in subframe n + Tconfig PSCell:

Where:

Tconfig_PSCell = TRRC_delay + Tprocessing + Tsearch + T∆ + TPSCell_ DU + 2 ms
TRRC_delay is the RRC procedure delay as specified in [2].

Tprocessing is the SW processing time needed by UE, including RF warm up period. Tprocessing = 20 ms if NR PSCell is in FR1, Tprocessing = 40 ms if NR PSCell is in FR2.

Tsearch is the time for AGC settling and PSS/SSS detection.

-
For NR PSCell in FR1: if the target cell is known, then Tsearch = 0 ms. If the target cell is an unknown intra-frequency cell and signal quality is sufficient for successful cell detection on the first attempt, then Tsearch = SMTC periodicity + 5 ms. If the target cell is an unknown inter-frequency cell and signal quality is sufficient for successful cell detection on the first attempt, then Tsearch = [TBD*SMTC periodicity + 5] ms;

-
For NR PSCell in FR2: if the target cell is an unknown intra-frequency cell and signal quality is sufficient for successful cell detection on the first attempt, then Tsearch = [N1*SMTC periodicity + 5] ms. If the target cell is an unkown inter-frequency cell and signal quality is sufficient for successful cell detection on the first attempt, then Tsearch = [N1*TBD* SMTC periodicity + 5] ms, else Tsearch = [TBD* SMTC periodicity + 5] ms.

T∆ is time for fine time tracking and acquiring full timing information of the target cell. T∆ = 1 SMTC periodicity ms.

TPSCell_ DU is the delay uncertainty in acquiring the first available PRACH occasion in the NR PSCell. TPSCell_ DU is up to x*10 +10 ms. x is defined in the table 6.3.3.2-2 of [42].

===============================================================================

As we see, even if PSCell is known in FR1, the latency may be as long as 79ms, including:

· TRRC_delay is 19ms 

· Assume processing latency for RRCReconfiguration with SCG establishment is 16ms

· Assume processing latency for RRCReconfigurationComplete is 3ms
· Tprocessing is 20ms with assumption that PSCell is known in FR1
· Tsearch is 0ms with assumption that PSCell is known in FR1
· T∆ = 20ms with assumption that 1 SMTC periodicity is 20ms

· TPSCell_ DU =20ms with assumption that x=1
Observation 2: According to RAN4 requirement on PSCell addition in EN-DC, at least 79ms latency is required to add NR PSCell back even if PSCell is known in FR1.
The above latency is based on the assumption that measurement results of SCG are available. So, actual latency should be longer than it because of the latency of RRC configuration of measurement and UE performing RRM. Even for the 79ms activation latency, RRC configuration latency and corresponding SW processing also contribute a lot. Therefore, when no data traffic is expected to be sent in SCG for a short duration, releasing SCG is wasteful and incurs long latency caused by RRC reconfiguration. 

Observation 3: When no data traffic is expected to be sent in SCG for a short duration, releasing SCG is wasteful and incurs long latency caused by RRC reconfiguration. 
2.2 Mechanism of SCG suspension

Based on above discussion, we think it is necessary to introduce a mechanism that gNB can indicate UE to suspend SCG transmissions when no data traffic is expected to be sent in SCG so that UE keeps the SCG configuration but does not use it for power saving purpose. The detail of signalling to suspend SCG is FFS (DCI/MAC-CE/RRC).
Proposal 2: MN can indicate the UE to suspend its SCG / SN for a while and reactivate it quickly. The detail of signaling to suspend SCG is FFS (DCI/MAC-CE/RRC). 

When SCG is suspended, a power saving scheme is needed to be introduced to keep SCG configuration but pause active data transmissions. As we know, dormant state was introduced in LTE euCA for the same purpose [3], and ‘dormancy’ behaviour was also under discussion in NR DCCA with LS to RAN1/RAN4 [7]. We think it is straight forward to reuse ‘dormancy’ behaviour when SCG is suspended, i.e. When SCG is suspended, the UE will put its SCG in dormancy (i.e. the SCG configuration is stored in the UE but the UE doesn’t monitor PDCCH of PSCell/SCell of SCG), for power saving purpose. In addition, to make ‘dormancy’ work for a whole SCG, one spec impact is that PSCell of SCG in MRDC is never deactivated, i.e. it is always active when SN is not released, according to TS 36.300 [8]. To avoid this limitation, we need the PSCell of SCG to work in dormancy in case of SCG suspension. 
Observation 4: In MR-DC, PSCell in SCG is never deactivated, i.e. it is always active when SN is not released.
Proposal 3: When SCG is suspended, the UE will put its SCG including PSCell in dormancy (i.e. the SCG configuration is stored in the UE but the UE doesn’t monitor PDCCH of PSCell/SCell of SCG), for power saving purpose. 
During SCG suspension, although no active data transmissions are on-going in SCG, the radio condition of SCG may change, especially in FR2 deployments. Thus, it is important that the SCG configuration and CFRA resource for PSCell can be updated in case of SCG suspension. Similar to dormant state / dormancy, it is necessary that the UE can still be configured to perform RRM and CSI measurements for suspended SCG. Meanwhile, thank to that the link of MN is always active when SCG is suspended, the UE can report the measurement results of SCG to MN, to avoid the loss of reporting measurement results to SN working in FR2.     
Proposal 4: During SCG suspension, the UE can be configured to perform RRM and CSI measurements for SCG, and report measurement results of SCG to MN, in order to update SCG configuration and CFRA resource for PSCell. 
During SCG suspension, it is likely that the radio condition of SCG may be blocked. In this case, SCG may not be able to perform data transmission even if it is reactivated, thus it is not required to still maintain SCG for the UE. Therefore, we think the UE is still required to perform RLM for PSCell, to be able to declare S-RLF in case of SCG suspension, so that MN can release SCG upon reception of S-RLF indication.       

Proposal 5: During SCG suspension, the UE is still required to perform RLM for PSCell, to be able to declare S-RLF. 
Finally, during SCG suspension, we think the UE behavior on UL activity can reuse these specified in dormant SCell: 

· TA timer is stopped. 
· PUCCH / SRS resources are released.
· The UE can’t trigger RACH in PSCell. 

Proposal 6: During SCG suspension, TA timer is stopped, and there is no PUCCH, SRS and RACH transmission in PSCell.
3 Summary
In this contribution, we discuss the necessity of suspension of SCG, which is useful especially for FR1 + FR2 DC. Specifically, we propose: 

Observation 1: In cases of bursty traffic, UE overheating and special traffic type (e.g. VoIP) under MRDC operations, data traffics may be paused in SCG, but the UE is still required to monitor PDCCH in PSCell / SCell of SCG, it will cause high power consumption especially in mmW deployment (i.e. FR1+FR2 DC). 
Observation 2: According to RAN4 requirements on PSCell addition in EN-DC, at least 79ms latency is required to add NR PSCell back even if PSCell is known in FR1.

Observation 3: When no data traffic is expected to be sent in SCG for a short duration, releasing SCG is wasteful and incurs long latency caused by RRC reconfiguration. 
Observation 4: In MR-DC, PSCell in SCG is never deactivated, i.e. it is always active when SN is not released.
Proposal 1: At least for FR1+FR2 DC, power consumption issue in keeping SN being active when active data transmissions are paused in SN should be studied in RAN2. 
Proposal 2: MN can indicate the UE to suspend its SCG / SN for a while and reactivate it quickly. The detail of signaling to suspend SCG is FFS (DCI/MAC-CE/RRC). 

Proposal 3: When SCG is suspended, the UE will put its SCG including PSCell in dormancy (i.e. the SCG configuration is stored in the UE but the UE doesn’t monitor PDCCH of PSCell/SCell of SCG), for power saving purpose. 
Proposal 4: During SCG suspension, the UE can be configured to perform RRM for SCG, and report measurement results of SCG to MN, in order to update SCG configuration and CFRA resource for PSCell. 

Proposal 5: During SCG suspension, the UE is still required to perform RLM for PSCell, to be able to declare S-RLF. 
Proposal 6: During SCG suspension, TA timer is stopped, and there is no PUCCH, SRS and RACH transmission in PSCell.
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