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Introduction
[bookmark: _Ref178064866]Reduced latency Scell management was discussed in RAN1#96bis [1],[2] and an LS was sent to RAN4 [3] requesting RAN4 input on feasibility of reducing maximum allowed activation delay requirements.
In [4] we proposed some approaches for faster SCell management. One approach is to improve the Scell activation latency by moving to L1 based activation/deactivation signalling. Another approach is to retain the existing MAC CE based Scell activation/deactivation framework but provide additional L1 based signalling to control PDCCH monitoring on activated Scells.
In this document we further discuss details. 
Discussion
L1 mechanisms for fast Scell management
Here we discuss the case when the UE is not configured with cross-carrier scheduling (i.e., UE is not configured with CIF).
To start transmitting a data burst on an Scell, 
a) UE should be monitoring PDCCH on the Scell using which PDSCH carrying the data burst can be scheduled
b) CSI needed for efficient scheduling of the data burst on the SCell should be available to the network
NR provides multiple approaches for CSI reporting for Scells (as shown in the Table from 38.214 in Annex A). For the UE to measure and report valid CSI for an Scell, the Scell needs to be activated. If the Scell is activated, the UE also monitors PDCCH on that Scell using which PDSCH carrying the data burst can be scheduled.
Ideally, if the Scell activation delay is small (e.g. a few slots), the Scell can be quickly activated at the onset of data burst arrival, the data burst is then scheduled and the Scell is then deactivated to provide UE power saving.
However, if the Scell activation delay is not small and due to long activation 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 maximum allowed RAN4 values of tens or hundreds of milliseconds depending on the specific scenario and UE implementation (as discussed in [4]). 
One approach to retain the ability to quickly schedule data bursts while still providing UE power saving is to keep the Scell activated (so that CSI measurement on the Scell and reporting for the Scell is still possible) but adapt the PDCCH monitoring on the activated Scell using an additional L1 mechanism. Some L1 mechanisms related to this approach were discussed in RAN1#96bis [2].

One possible L1 mechanism is to use a dedicated DCI format to control PDCCH monitoring on/off for Scells. As discussed in [4], this can be done by having a bitmap in the DCI indicating the PDCCH on/off status for each of the configured SCell(s) for the UE. Since up to 16 DL CCs can be configured for NR, this would need up to 15 bits in the DCI (one per Scell). For the case when an Scell is configured with multiple BWPs, PDCCH monitoring is turned off/restarted on the current active BWP of that Scell. 

Figure 1 below illustrates this approach. Unlike L1 based Scell activation/deactivation, the L1 on/off signaling does not impact CSI reporting. Given this, if PDCCH monitoring on/off is indicated for an Scell it is less essential to wait till reception of an ACK from the UE (i.e., in response to the L1 on/off command) before starting/stopping PDCCH monitoring on that Scell. 
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Figure 1 – Additional L1 based on/off for NR Rel16 Scell management


Another L1 mechanism is to configure each Scell with a ‘dormant BWP’ that has no PDCCH monitoring candidates and to turn off PDCCH monitoring on the Scell, switch the UE to the dormant BWP of that Scell. This was discussed e.g. in [5][6]. Rel15 supports fast BWP switching via DCI formats used for scheduling PDSCH/PUSCH. However, the Rel15 mechanism cannot be used for switching the UE from dormant BWP to ‘regular BWP’ (i.e., BWP with PDCCH monitoring used for transmitting data bursts to the UE) as there will be no PDCCH for the UE to monitor on the dormant BWP. Given this, the dormant BWP approach would need some additional mechanism compared to Rel15 (i.e., to switch from dormant BWP to regular BWP). The explicit approach to support this would be to use a dedicated DCI format (e.g. sent on Pcell) to switch the UE from dormant BWP to ‘regular BWP’ on the Scells. Again, this can be done by a bitmap with 1 bit per configured Scell. 0 would mean UE switches to ‘dormant BWP’ for the Scell and ‘1’ would mean UE either continues operating on existing regular BWP if operating on regular BWP, or if operating on dormant BWP, switch to previous active regular BWP. In [5],[6], an implicit  approach was also discussed where BWP switch on Pcell from ‘regular’ to ‘power savings’ BWP is linked to BWP switch on all Scells from ‘regular’ to ‘dormant BWP’. 

From a CSI measurement/reporting perspective, Rel15 NR already provides enough flexibility to adapt the CSI reporting for activated Scells. For aperiodic CSI reporting, gNB can trigger an aperiodic CSI report for an activated Scell from the Pcell with the desired reporting configuration (e.g. frequent/infrequent) and this can be used regardless of whether PDCCH is monitored on Scell or not. For semi-persistent CSI reporting, Rel15 signaling allows activation/deactivation of SP-CSI reporting on SCells via MAC CE based mechanism. Periodic CSI reporting on activated Scells is RRC configured and there is no need for fast adaptation of this reporting type as SP-CSI reporting can be used for such situations.

In our view, the approach of using dedicated DCI to control PDCCH monitoring on/off for Scells provides the desired benefits for fast Scell management. For Scells configured with multiple BWPs, the ‘dormant BWP’ approach is also applicable. However, this approach also requires a dedicated DCI to switch the UE from ‘dormant’ to ‘regular’ BWPSs on the Scells. The implicit approach of linking BWP switch between different cells is not flexible enough as Scells cannot be managed independently. From CSI reporting perspective, as discussed above, NR Rel15 signaling already provides enough adaptability and the additional benefit provided by the ‘dormant BWP’ mechanism for this aspect is unclear. 

Considering the above, we propose the following

Proposal

· Support dedicated DCI format using which PDCCH monitoring on activated SCell(s) can be turned on/off
· 1 bit per Scell is used in the DCI
· 0 indicates PDCCH monitoring is stopped on the corresponding activated Scell, 
· 1 indicates continue/restart PDCCH monitoring on the corresponding activated Scell
· When UE is configured with multiple BWPs for the Scell, PDCCH monitoring is stopped/restarted on current active BWP at the time when the DCI format is received.

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

· Support dedicated DCI format using which PDCCH monitoring on activated SCell(s) can be turned on/off
· 1 bit per Scell is used in the DCI
· 0 indicates PDCCH monitoring is stopped on the corresponding activated Scell, 
· 1 indicates continue/restart PDCCH monitoring on the corresponding activated Scell
· When UE is configured with multiple BWPs for the Scell, PDCCH monitoring is stopped/restarted on current active BWP at the time when the DCI format is received.
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Annex A – Rel15 spec excerpts

TS 38.214
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TS 38.321
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- CSlI-ReportConfig

The IE CSI-ReportConfig is used to configure a periodic or semi-persistent report seat on PUCCH on the cell in which the CSI-ReportConflg is included, of to configure a semi-
persistent or aperiodic report sent on PUSCH triggered by DCI received on the cell in which the CSI-ReportConflg is included (in this case, the cell on which the report is sent is
determined by the received DCI). See TS 38.214 [19), clause 5.2.1.

CSl-ReportConfig information element

CSI-ReportConfig : SEQUENCE {
reportConfigld CSI-ReportConfigld,
resourcesForChannelMeasurenent CSI-ResourceConfigld,
csi-Di-ResourcesForInterference CSI-ResourceConfigld OPTIONAL, Veed R
nzp-CSI-RS-ResourcesForInterference  CSI-ResourceConfigld OPTIONAL, Veed R
reportConfigType CHOICE {
periodic SEQUENCE {
reportSlotConfig CSI-ReportPeriodicityAndOffset,
pucch-CSI-Resourcelist SEQUENCE (SIZE (1..maxNrofBAPs)) OF BUCCH-CSI-Resource
1.
semi PersistentOnPUCCH SEQUENCE {
reportSlotConfig CSI-ReportPeriodicityAndOffset,
pucch-CSI-Resourcelist SEQUENCE (SIZE (1..maxNrofBAPs)) OF BUCCH-CSI-Resource
1.
semi PersistentOnPUSCH SEQUENCE {
reportSlotConfig ENMERATED {s15, s110, s120, s140, s180, s1160, 51320},
reportSlotoffseclist SEQUENCE (SIZE (1.. maxNrofUL-Allocations)) OF INTEGER(0..32),
PpOalpha PO-PUSCH-RlphaSetId
1.
aperiodic SEQUENCE {
reportSlotOffseclist SEQUENCE (SIZE (1..maxNrofUL-Allocations)) OF INTEGER(0..32)
1
)
reportQuantity CHOICE {
none NULL,
eri-RI-PMI-CQT NULL,
eri-RI-i1 NULL,

ot BTos 1T .
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CSk-ReportConfig field descriptions

codebookConfig
Codebook configuration for Type-1 or Type-2 including codebook subset restriction.

cqi-Formatindicator
Indicates whether the UE shall report a single (wideband) or multiple (subband) CQI. (see TS 38.214 [19], clause 5.2.1.4)

cqi-Table
Which CQl table to use for CQI calculation (see TS 38 214 [19), clause 5.22.1)

csi-IM-ResourcesForinterference
CS IM resources for interference measurement. csi-ResourceConfigid of a CSI-ResourceConfig included in the configuration of the serving cell indicated with the field "carrier”

above. The CS/-ResourceConfig indicated here contains only CSI-IM resources. The bwp-Id in that CS/-ResourceConfig is the same value as the bwp-id in the CSI-
ResourceConfig indicated by resourcesForChannelMeasurement.

csi-ReportingBand
Indicates a contiguous or non-contiguous subset of subbands in the bandwidth part which CSI shall be reported for. Each bit in the bit-string represents one subband. The

right-most bit in the bit string represents the lowest subband in the BWP. The choice determines the number of subbands (subbands3 for 3 subbands, subbands4 for 4
subbands. and so on) (see TS 38 214 [19] clause 5.2 1.4). This field is absent if there are less than 24 PRBs (no sub band) and present otherwise. the number of sub bands
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[5.18.6  Activation/Deactivation of Semi-persistent CSI reporting on PUCCH

The network may activate and deactivate the configured Semi-persistent CSI reporting on PUCCH of a Serving Cell by
sending the SP CSI reporting on PUCCH Activation/Deactivation MAC CE described in subclause 6.1.3.16. The
configured Semi-persistent CSI reporting on PUCCH i initially deactivated upon configuration and after a handover.

The MAC entity shall:
1> if the MAC entity receives an SP CSI reporting on PUCCH Activation/Deactivation MAC CE on a Serving Cell:

2> indicate to lower layers the information regarding the SP CSI reporting on PUCCH Activation/Deactivation
MACCE.
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b.1.3.12 SP CSI-RS/CSI-IM Resource Set Activation/Deactivation MAC CE

The SP CSI-RS/CSI-IM Resource Set Activation/Deactivation MAC CE is identified by 2 MAC subheader with LCID
as specified in Table 6.2.1-1. It has a variable size and consists of the following fields:

A/D: This field indicates whether to activate or deactivate indicated SP CSI-RS and CSI-IM resource set(s). The
field is set to 1 to indicate activation, otherwise it indicates deactivation;

Serving Cell ID: This field indicates the identity of the Serving Cell for which the MAC CE applies. The length
of the field is 5 bis;

BWP ID: This field indicates a DL BWP for which the MAC CE applies as the codepoint of the DCI bandwidth
part indicator field as specified in TS 38.212 [9]. The length of the BWP ID field is 2 bits;

SP CSI-RS resource set ID: This field contains an index of NZP-CSI-RS-ResourceSet containing Semi Persistent
NZP CSI-RS resources, as specified in TS 38.331 [5], indicating the Semi Persistent NZP CSI-RS resource set,
which shall be activated or deactivated. The length of the field is 6 bits;

IM: This field indicates the presence of the octet containing SP CSI-IM resource set ID field. If the IM field is
set to 1, the octet containing SP CSI-IM resource set ID field is present. If IM field is set to 0, the octet
containing SP CSI-IM resource set ID field is not present;

SP CSI-IM resource set ID: This field contains an index of CSI-IM-ResourceSet containing Semi Persistent CSI-
M resources, as specified in TS 38.331 [5], indicating the Semi Persistent CSI-IM resource set, which shall be
activated or deactivated. The length of the field is 6 bits;

TCI State ID;: This field contains TCI-Stateld, as specified in TS 38.331 [5], of a TCI State, which is used as
QCL source for the resource within the Semi Persistent NZP CSI-RS resource set indicated by SP CSI-RS
resource set ID field. TCI State IDo indicates TCI State for the first resource within the set, TCI State ID; for the
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second one and so on. The length of the field is 7 bits. If the A/D field is set to 0, the octets containing TCI State

ID field(s) are not present;

R: Reserved bit, set to 0.

—— I
AID Serving Cell ID BWP ID
R SP CSI-RS resource setID
R SP CSI-IM resource setID
R TCI State IDg
R TCI State IDy

OctN+4

Figure 6.1.3.12-1: SP CSI-RS/CSI-IM Resource Set Activation/Deactivation MAC CE
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Table 5.2.1.4-1: Triggering/Activation of CSI Reporting for the possible CSI-RS Configurations.

CSI-RS Configuration

Periodic CSI Reporting

Semi-Persistent CSI
Reporting

Aperiodic CSI Reporting

Periodic CSIRS No dynamic For reporting on PUCCH, | Triggered by DCI,
triggering/activation the UE receives an additionaly, activation

activation command [10, | command [10, TS 38.321]
TS 38.321]; for reporting | possible as defined in
on PUSCH, the UE Subclause 5.2.15.1
receives triggering on DCI

Semi-Persistent CSIFRS | Not Supported For reporting on PUCCH, | Triggered by DCI,
the UE receives an additionaly, activation
activation command [10, | command [10, TS 38.321]
TS 38.321]; for reporting | possible as defined in
on PUSCH, the UE Subclause 5.2.15.1
receives triggering on DCI

Aperiodic CSIRS Not Supported Not Supported Triggered by DCT,

additionally, activation
command [10, TS 38.321]
possible as defined in
Subclause 52.1.5.1





