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Introduction
[bookmark: _Ref178064866]Improving the latency needed for Scell activation and data transmission is one of the objectives for the MR-DC WI [1]. 
[image: ]
In this document we propose some approaches for achieving this objective.
Discussion
Scell activation/deactivation in NR Rel15
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Figure 1 – Scell activation for NR Rel15

Above figure illustrates Scell activation/deactivation related procedures specified for Rel15 NR (relevant spec text is shown in Annex A). As shown in the figure, except for CSI reporting, the UE is allowed to start performing other ‘activation related actions’ (e.g. PDCCH monitoring for Scell, PUCCH/SRS transmission on the Scell) within a specified range of slots. i.e., after the minimum required activation delay (specified in 38.213) and before the maximum allowed activation delay (specified in 38.133). CSI reporting for the Scell starts (and stops) with a fixed slot offset after receiving the activation (deactivation) command.

Below we show minimum required activation delay and maximum allowed activation delay for some example conditions 
· Minimum required activation delay is k1+3ms+1 slots as specified in 38.213 sub clause 4.3. Assuming 30kHz numerology for Pcell, and k1=4, this would be 5.5ms. 
· Maximum allowed activation delay depends on conditions described in 38.133 sub clause 8.3.2 and the value varies based on UE measurement configuration, operating frequency range and other aspects. 
· Assuming T_HARQ in 38.133 has similar meaning as k1 in 38.213, and assuming ‘known Scell’ with Scell measurement cycle equal to or smaller than [160ms], and T_csi_reporting=4slots
· For FR1 and 30kHz SCS, 
· If SMTC periodicity is 5ms, the delay cannot be larger than (T_HARQ= 4slots) + (T_act_time = 5ms+5ms) + (T_csi_report = 4slots) = 14ms;
· If SMTC periodicity is 20ms, the delay cannot be larger than (T_HARQ= 4slots) + (T_act_time = 5ms+20ms) + (T_csi_report = 4slots) = 29ms.
· For FR2, assuming this is the first Scell being activated in that FR2 band, 
· If SMTC periodicity is 5ms, the delay is 4slots+5ms+X*5ms+4slots= 6ms+X*5ms; 
· If SMTC periodicity is 20ms, the delay is 4slots+5ms+X*20ms+4slots = 6ms+X*20ms
· X>1 is TBD in current Rel15 specs.
For other conditions, e.g. Scell is not ‘known’ and longer SMTC periodicities, the maximum allowed activation delay is much longer than the values in the above example.
Faster Scell management for Rel16

Since the Rel15 CA activation command is sent in a MAC CE, the minimum required activation delay is ~5ms for a typical case. This is quite slower compared to other NR procedures. Also, the long maximum allowed activation delays in RAN4 specs are an area of concern for CA operation (this concern existed for LTE CA operation as well). Due to such long delays, it is risky for the NW to frequently deactivate the Scell since bringing the UE back to Scell activated state can take anywhere from a minimum of ~5ms to a maximum allowed value of tens or hundreds of milliseconds depending on the specific scenario and UE implementation. 

To speed up the activation process, our preference is to revise (tighten) the requirements for maximum allowed Scell activation delay in RAN4 specs. However, this is difficult as the requirements were set (and are still being set for some cases) after extensive discussions in RAN4. 

Below we discuss some other alternatives for reducing the latency associated with Scell management.

Alternative 1

Alternative 1:  Use L1 based activation signaling in place of the existing MAC CE based approach. 

With this alternative the cell indices of the Scells to be activated are embedded in the DCI of a PDCCH ‘L1 activation command’. If the UE is configured to monitor PDCCH for the ‘L1 activation command’ (i.e., configured monitor a specific DCI format and/or RNTI specified for this purpose), the UE would activate Scells based on this command. If the UE is not configured with such additional PDCCH monitoring, the UE would expect Rel15 MAC CE based activation commands from the NW and would activate the Scells based on legacy approach. 

There are a couple of variants possible with this alternative. 

Alternative 1-1: if the ‘L1 activation command’ for an Scell is received by a UE in slot n, the UE starts CSI reporting for the Scell from slot n+1. The UE may also start PDCCH monitoring for the Scell (and other ‘activation related actions’ described in the MAC spec) from slot n+1. 
Alternative 1-2: if the ‘L1 activation command’ for an Scell is received by the UE in slot n, the UE sends an ACK corresponding to the ‘L1 activation command’ in slot n+k1, and then starts CSI reporting for the Scell from slot n+k1+1. The UE may also start PDCCH monitoring for the Scell (and other ‘activation related actions’ described in the MAC spec) from slot n+k1+1.
While alternative 1-1 is the fastest, the risk with this option is if the UE misses the ‘L1 activation command’ PDCCH, network and UE will be misaligned about which Scells are activated. CSI reports for multiple cells are typically sent together, and this would result in incorrect payload size for CSI. Therefore, the operation of not just the Scell that is being activated but also other cells is impacted.

With alternative 1-2, since all the ‘activation related actions’ are only initiated after an ACK transmission by the UE, the risk of NW/UE misalignment due to missed PDCCH is mitigated and the robustness of this approach is similar to existing Rel15 MAC CE based approach. This approach however delays the ‘activation related actions’ by k1 slots (so slower than alternative 1-1), but compared to Rel15 MAC CE based approach, it is still faster. Considering the example in previous section (i.e., assuming 30kHz numerology for Pcell, and k1=4), with alternative 1-2, if ‘L1 activation command’ is received in slot n, the UE can report CSI in slot n+5 and may also start PDCCH monitoring for the Scell from slot n+5 (i.e., 2.5ms delay at 30kHz numerology). This reduces the minimum required activation delay by >50% when compared to Rel15 approach (which needs an extra 3ms for MAC CE processing, i.e., 2.5ms+3ms = 5.5ms delay). 
Alternative 2

Alternative 2:  Use MAC CE based activation signaling as specified in Rel15, but also control certain ‘activation related actions’ using additional L1 signaling. 

Figure 2 below illustrates this alternative. With this option, UE actions in response to MAC CE based activation/deactivation commands would remain same as Rel15. However, some of the ‘activation related actions’ can be additionally handled via L1 signaling, i.e., PDCCH monitoring for the Scell, PUCCH and SRS transmissions by the UE on the Scell can turned on/off by the additional L1 signaling when the Scell is activated.  However, CSI reporting for the Scell can only be controlled by MAC CE based signaling.

The additional L1 command to turn on/off PDCCH monitoring and PUCCH/SRS transmission on the Scell can be simply specified as a PDCCH command with new RNTI or DCI format specifically used for this purpose, e.g., by using DCI format 0-0 with 1bit per configured Scell indicating L1 on/off for that Scell.
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Figure 2 – Additional L1 based on/off for NR Rel16 Scell management

When compared with existing MAC CE based signaling, or with alternatives 1-1,1-2 discussed above, this option provides a middle path for fast control of most Scell related actions without requiring extensive changes to existing activation/deactivation related framework and performance requirements. 

If alternative 2 is supported, UE should be able to respond to the L1 commands much faster (e.g. next slot from when the command is received) when compared to the response time required for activation/deactivation MAC CEs. This enables the network to control Scell procedures more aggressively by sending frequent L1 on/off commands while continuing to use the MAC CE based activation/deactivation mechanism relatively infrequently. 

From UE perspective, power savings can be achieved with this alternative when compared to the Rel15 approach. Even though UE power consumption reduction per slot via L1 on/off may be smaller than the reduction obtained by completely deactivating the Scell, since the NW may only rarely deactivate the Scell(s) with legacy approach, overall power consumption will be smaller with this option.

For LTE, a ‘dormant state’ was introduced for Scells as part of Rel15 eCA WI. In our view, alternative 2 discussed above provides better performance from a signaling and latency reduction perspective when compared to the LTE approach where not only a new MAC CE (Hibernation command) and other MAC changes are needed for transitioning the UE into and out of the ‘dormant state’,  but also the time needed for the UE for these state transitions will be higher than the L1 on/off based signaling approach.

Conclusions
In this document, we discuss some approaches for improving the latency needed for Scell activation and data transmission and propose the following
Proposal

· Consider the following approaches for reduced latency Scell management for NR-NR CA
· Approach 1
· Use L1 based activation signaling in place of the existing MAC CE based activation/deactivation used for Rel15.
· Approach 2 
· Use MAC CE based activation signaling as specified in Rel15 without any changes for activating/deactivating Scells, 
· In addition to the MAC CE based signaling, use additional L1 based on/off signaling for fast control of PDCCH monitoring and PUCCH/SRS transmission on activated Scells.  

While both approaches need further study, our initial view is Approach 2 is better than Approach 1.
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Annex A – Rel15 spec excerpts

TS 38.133
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TS 38.213
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8.3.2  SCell Activation Delay Requirement for Deactivated SCell

‘The requirements in this section shall apply for the UE configured with one downlink SCell in SCG ia EN-DC, or in
standalone NR carrier aggregation 2d when one SCellis being activated,

‘The delay within which the UE shall be able to activate the deactivated SCell depends upon the specified conditions.

Upon receiving SCell activation command in slot 7, the UE shall be capable to ransmit valid CSI report 2nd apply
ing [Tazg

Tostpapnse].where:
Tring s the timing between DL data transmission and ackaowledgement as specified in [7].

3GPP.

Release 15 55 3GPP TS 38.133 V15.4.0 (2018-12)

Tacavion s is the SCell activation delay. If the SCell is known and belongs to FR1, Tavaion e i
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- InFRI, in case of intra-band SCell activation, Tsyrc st is the longer SMTC periodicity between active -~
serving cells and SCell being activated provided the cell specific reference signals from the active serving
cells and the SCells being activated of released are available in the same slot; in case of inter-band SCell

activation, Tsac_asxis the SMTC pericdicity of SCell being activated.
- InFR2, Tsame auex s the longer SMTC periodicity between active serving cells and SCell being activated

provided that i Rel-15 only support FRY intra-band CA.
- T s is bounded to iz valve of 10ms.
T su SMTC pesodicity of SCel being sctivated =0 e rini
TSt pin i the delay iluding wncetsnty in soqurin the fsst sxaisble doenlnk CS] efezence sesource.

UE processing fime for CS1 seporting 2nd uncertainty in acquiring the first available CSI reporting resources s
specified in [2]
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SCell in FR1 is known if it has been meeting the following conditions:

- During the period equal to max([5] measCycleSCell, [5] DRX cycles) for FR1 before the reception of the SCell
activation command:

- the UE has sent a valid measurement report for the SCell being activated and

- the SSB measured remains detectable according to the cell identification conditions specified in section 9.2
2nd 93

- the SSB measured during the period equal to max([5] measCycleSCel, [5] DRX cycles) also remains detectable
during the SCell activation delay according to the cell identification conditions specified in section 9.2 and 9.3

Otherwise SCell in FR1 is unknowa.

Ifthe UE has been provided with higher layer in TS 38,331 [2] signaling of smic2 prior to the activation command,
‘Taarc scn follows smic. or smic2 according to the physical cell ID of the target cell being activated. Tsare wax follows.
micl or smic2 according to the physical cell IDs of the target cells being activated and the active serving cells

In addition to CSI reporting defined above, UE shall also apply other actions related to the activation command.
specified in [2] for an SCell at the first opportunities for the corresponding actions once the SCell s activated.

‘The interruption on PSCell or any activated SCell in SCGfor EN-DC mode specified in section 8.2 shall not oceur
‘before slot +1+{Tizang] and not occur after slot n+1+[Trarg ~3ms

‘The interruption on PCell or any activated SCell in MCG for
‘occu before slot 1r+1+{Tizarg] and not occur afer slot a+1= Trizg ~3ms =

3GPP.

Release 15 56 3GPP TS 38.133 V15.4.0 (2018-12)

Starting from the slot specified in section 4.3 of [3] timing for secondary Cell activation/deactivation) and vatil the UE.
has completed the SCell activation, the UE shall report out of range if the UE has available uptink resources to report
CQI for the SCell

8.3.3  SCell Deactivation Delay Requirement for Activated SCell

‘The requirements in this section shall apply for the UE configured with one dowalink SCell in SCG ia EN-DC, or in
standalone NR carrier aggregation.

Upon receiving SCell deactivation command or upon expiry of the sCellDeactivationTimer in slot n, the UE shall
‘accomplish the deactivation actions for the SCell being deactivated no later than in slot n+[Trg

The interruption on PSCell or any activated SCell in S
‘before slot +1+{Tizang] and not occur after slot n+ 1+ Trirg =3ms].

The interruption on PCell or any activated SCell in MCG for NR standalone mode specified in section 8.2 shall not
‘occu before slot 1r+1+{Tizarg] and not occur after slot a+1+ Triag ~3ms].
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4.3 Timing for secondary cell activation / deactivation

When a UE receives an activation command [11, TS 38.321] in a PDSCH for a secondary cell in slot 7, the UE applies
the corresponding actions in [11, TS 38.321] no later than the minimum requirement defined in [10, TS 38.133] and no
earlier than slot 72+ , except for the following:

- the actions related to CSI reporting on a serving cell that is active in slot -+

- the actions related to the sCellDeactivationTimer associated with the secondary cell [11, TS 38.321] that the UE
applies in slot 7+

- the actions related to CSI reporting on a serving cell which is not active in slot 72+ that the UE applies in the
carliest slot after 71+k in which the serving cell is active.

The value of k is K, +3-N22™™* 1 where k; is a number of slots for a PUCCH transmission with HARQ-ACK.
information for the PDSCH reception and is indicated by the PDSCH-to-HARQ-timing-indicator field in the DCT
format scheduling the PDSCH reception as described in Subclause 9.2.3 and NZ:*™* is a number of slots per
subframe for the SCS configuration # of the PUCCH transmission.

If a UE receives a deactivation command [11, TS 38.321] for a secondary cell or the sCellDeactivationTimer associated
with the secondary cell expires in slot 7, the UE applies the corresponding actions in [11, TS 38.321] no later than the
minimum requirement defined in [10, TS 38.133], except for the actions related to CSI reporting on a serving cell which
is active which the UE applies in slot 7-+k
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3. Efficient and low latency serving cell configuration/activation/setup: Minimizing signalting overhead and

Iatency needed for initial cell setup, additional cell sefup and additional cell activation for data transmission.
[RAN2, RANI, RAN4, RAN3]
o This abjective applies to MR-DC, NR-NR DC and CA

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