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Efficient and low latency lower power serving cell operations have been discussed in Multi-RAT DC/CA enhancement WI and UE Power Saving WI. Regarding fast SCell activation, the following conclusion was achieved:
RAN1#98
Conclusion:
Study further the following two options and aim to conclude in RAN1#98bis:
· Option 1:
· NW can send activation command MAC CE and also independently use existing signalling to trigger aperiodic/semi-persistent CSI-RS when sending the activation command  
· Request RAN4 to consider specifying additional (tighter) maximum allowed activation delay requirements for following case
· UE receives activation command MAC CE for Scell activation and also aperiodic/semi-persistent CSI-RS for the Scell ’at the same time’ as the activation command 
· FFS: ’at the same time’, i.e., exact timing between activation command and RS trigger
· FFS: if separate requirement based on specific RS configuration
· Option 2 - Support enhancement for triggering a specific CSI measurement/reporting configuration during MAC-CE based Scell activation
· CSI measurement/reporting is based on Rel-15/16 RS(s)
· FFS RS will be A-TRS, SP CSI-RS, aperiodic CSI-RS, SP TRS, etc.
· FFS between following candidates for enhanced triggering
· Implicit (i.e., Scell activation command reception implies specific RS is triggered like in LTE)
· Separate MAC CE linked to activation MAC CE
· Enhanced activation command MAC CE
· Other candidates not precluded
Note: companies (especially those interested in option 2) should bring ‘full proposals’ covering all design aspects for the next meeting.
In addition, regarding L1 based mechanism for dormant activated SCells, the following have been agreed:
RAN1#98
Agreements:
· From RAN1 perspective, L1 based mechanism for transitioning between ‘dormancy-like’ and ‘non dormancy-like’ behavior on activated Scells can be supported
· ‘dormancy-like’ => sparse/no PDCCH monitoring on activated Scell while maintaining CSI measurements/reporting 
Email discussion outcome
For L1 based mechanism for transitioning between ‘dormancy-like’ and ‘non dormancy-like’ behavior on activated Scells, study further the candidates including the following and aim to conclude at RAN1#98bis
 
o   Option 1
a. Introduce dedicated DCI on Pcell (or cell x) for transitioning between ‘dormancy-like’ and ‘non dormancy-like’ behavior on activated Scell(s) (or Scell(s) other than cell x)
b. For case when Scell is configured with multiple BWPs
           i.      Alt1: DCI indicates the BWP to be used on the Scell (FFS 1 or 2 bits per Scell)
         ii.      Alt2: DCI indicates whether to monitor/not monitor PDCCH on current active BWP of the Scell (1 bit per Scell)
Note: It is also possible that the dedicated DCI is used to support both Alt. 1 and Alt. 2
c. For case when Scell is configured with 1 BWP
           i.      Alt1: DCI indicates whether to monitor/not monitor PDCCH on the Scell (1 bit per Scell)
         ii.      Alt2: DCI indicates switching between sparse PDCCH monitoring and frequent PDCCH monitoring (1bit per Scell)
d. DCI is applicable for case when UE is not configured with CIF (i.e., no cross-carrier scheduling)
           i.      FFS for cross-carrier scheduling case
e. DCI details
           i.      At least [15] DCI bits (i.e., 1 bit per Scell)
         ii.      Monitored along with other scheduling DCI
       iii.      No extra BDs for monitoring this DCI
i. Alt 1: DCI CRC scrambled with C-RNTI but some fields reserved in one of DCI 0-0/0-1/1-0/1-1, and other fields used for triggering the dormancy behavior
ii. Alt 2: DCI CRC scrambled by another RNTI (i.e., similar to SPS PDCCH release)
iii. Other alternatives not precluded (e.g. monitored in CSS with size similar to DCI 2-x)
f. Application delay
BWP switching delay is starting point
FFS: if RF switching is applied for inter-band CA, and impact on application delay
g. The dedicated DCI is not expected to be used for data scheduling
h. FFS: If ACK should be transmitted in response to receiving the DCI (e.g. like SPS release PDCCH)  
o    Option 2
a. Introduce new RRC signaling which allows to use the existing Bandwidth part indicator field in DCI of cell x/BWP timer expiration to indicate the BWP used for cell x and also cell(s) other than cell x
b. For case when UE is configured with 1 BWP on cell x or on cell(s) other than cell x
           i.      Alt1: Rel15 behaviour is applied (i.e., no CA enhancement for this case)
Note: other alternatives not precluded
c. For case when UE is configured with multiple BWPs on cell x or on cell(s) other than cell x
           i.      RRC signalling for case when UE is not configured with cross-carrier scheduling
1. Details FFS
         ii.      RRC signalling for case when UE is configured with cross-carrier scheduling
1. Details FFS
d. Grouping of multiple Scells/BWPs
           i.      Details FFS
e. Application delay
BWP switching delay is starting point
         ii.      FFS: if RF switching is applied for inter-band CA, and impact on application delay
       iii.      FFS For UE indicating Type 2 capability, whether Type 1 BWP switching delay is used for some BWP switch cases (e.g. for switching between BWPs that differ only in SS configuration) 
o    Option 3
a. Introduce new RRC signaling for per-BWP configuration of cross-carrier vs. self scheduling and use the CIF/BWP indicator fields for transitioning between ‘dormancy-like’ and ‘non dormancy-like’ behavior on activated Scells.
           i.      For case when UE not configured with cross-carrier scheduling/CIF
1. Alt1: Rel15 behaviour is applied (i.e., no CA enhancement for this case)
Note: Other alternatives not precluded
         ii.      For case when UE is configured with 1 BWP on scheduled cells other than Pcell
1. Alt1: Rel15 behaviour is applied (i.e., no CA enhancement for this case)
Note: Other alternatives not precluded
b. Application delay
BWP switching delay is starting point
         ii.      FFS: if RF switching is applied for inter-band CA, and impact on application delay
[bookmark: _Hlk21016754]o   Option 1a
a.        Introduce new RRC signalling to create a mapping of Scell/Scell group(s) to the indication field (x-bit) in the new DCI on Pcell (or cell x) for transitioning between ‘dormancy-like’ and ‘non dormancy-like’ behavior on groups of activated Scell(s) (or groups of Scell(s) other than cell x)
           i.      FFS details of RRC signaling to group the Scells
b.       For case when Scell is configured with multiple BWPs
           i.      Alt1: DCI indicates the BWP to be used on the group of Scell(s)
         ii.      Alt2: DCI indicates whether to monitor/not monitor PDCCH on current active BWP of the group of Scell(s)
Note: It is also possible that the dedicated DCI is used to support both Alt. 1 and Alt. 2
c.        For case when Scell is configured with one BWP
           i.      Alt1: DCI indicates whether to monitor/not monitor PDCCH on the group of Scells 
         ii.      Alt2: DCI indicates switching between sparse PDCCH monitoring and frequent PDCCH monitoring for the group of Scell(s)
d.       DCI is applicable for case when UE is not configured with CIF (i.e., no cross-carrier scheduling)
           i.            FFS for cross-carrier scheduling case
e.        DCI details FFS
f.        Application delay
BWP switching delay is starting point
FFS: if RF switching is applied for inter-band CA, and impact on application delay
g. FFS between below alternatives
                             i.            Alt1: The new DCI is dedicated DCI and is not expected to be used for data scheduling
                           ii.            Alt2: The new DCI is included along with scheduling DCI (i.e., enhanced field in scheduling DCI)
h.       FFS: If ACK should be transmitted in response to receiving the DCI (e.g. like SPS release PDCCH) 
o    Option 3a
a.        When UE is configured with cross-carrier scheduling, use CIF/BWP indicator fields for transitioning between ‘dormancy-like’ and ‘non dormancy-like’ behavior on activated Scells
b.       Use per serving cell configuration of cross-carrier vs. self scheduling as in Rel-15
           i.            For case when UE not configured with cross-carrier scheduling/CIF
1. Alt1: Rel15 behaviour is applied (i.e., no CA enhancement for this case)
Note: Other alternatives not precluded
         ii.            For case when UE is configured with 1 BWP on scheduled cells other than Pcell
2. Alt1: Rel15 behaviour is applied (i.e., no CA enhancement for this case)
Note: Other alternatives not precluded
c.        Application delay
BWP switching delay is starting point
FFS: if RF switching is applied for inter-band CA, and impact on application delay 
o    Option 3b
a.        Configure CIF to be present in DCI format in Pcell search-space even if cross-carrier scheduling is not configured
           i.            Details FFS
b.       Application delay
BWP switching delay is starting point
FFS: if RF switching is applied for inter-band CA, and impact on application delay 
Note 1: FFS: If any additional UE behavior is needed when UE is also configured for receiving PDCCH based power saving signal/channel outside active time
Note 2: “BWP” => UE specific RRC configured BWP
Note 3: ‘dormancy like behavior’ may also include CSI measurement/reporting relaxation for some cases
Note 4: It is not precluded to further combine and modify above options

In this contribution, the fast SCell activation and L1 dormancy for activated cell will be discussed.
Discussion on fast SCell activation
[bookmark: _Ref129681832]It is widely observed that NR Rel-15 SCell activation latency is generally in the range of tens to hundreds of milliseconds, which is even longer than LTE for many cases. It is thus desirable to reduce the SCell activation latency in Rel-16. The large latency in activating a SCell is primarily dominated by the time gap associated with the SSB measurement timing configuration (SMTC), which configures the UE to monitor and process SSB once every typically tens of milliseconds. Based on SSB, the UE can gain necessary information to set its AGC, acquire timing, and perform frequency synchronization. On the contrary, in LTE SCell activation, these operations are based on the always-on CRS and hence may be completed faster. To reduce the SCell activation latency, a key is to reduce or avoid the reliance on SSB for gaining necessary information about these operations during the SCell activation procedure. How much reduction of latency can be achieved depends on the scenarios and mechanisms applied. Therefore, the problem of fast SCell activation would require new enhancements from RAN1. Support from RAN4 will be important once RAN1 design is provided, but the enhancements should first be agreed in RAN1. For this reason, Option 2 (RAN1 provides enhancements) is preferred over Option 1 (RAN1 requests RAN4 to consider tighter delay requirements).
Proposal 1: Support Option 2 (RAN1 provides enhancements for RS, triggering, etc.) for fast SCell activation.
Regarding Option 2, to cover all design aspects, the following are considered: UE assumptions and related standards support, RS, and enhanced triggering. 
UE assumptions for fast SCell activation 
Proper UE assumptions on the common properties for multiple serving cells can lead to highly efficient SCell activation and should be considered for standardization. Based on network configuration and standard specification, the UE can assume some common properties across multiple serving cells, and thus a good amount of information about a to-be-activated SCell can already be derived by the UE but not yet fully utilized in Rel-15 mechanisms. One reason for multiple serving cells sharing some common properties in practice is that the cells may be co-located and are associated with the same hardware, such as the same set of antennas, same RF components, etc. This is especially so if the carriers of the cells are in the same band (e.g., intra-band CA) or in bands close to each other. 3GPP has already defined several types of quasi co-located (QCL) relationship between antenna ports of different signals so that a property derived from one signal can be extended to another signal. This concept can be utilized and generalized to effectively reduce SCell activation latency in applicable scenarios.
Two quasi co-located serving cells may share one or more of the following properties, and each property may be exploited by the UE to gain side information about the to-be-activated SCell to reduce the latency:
· Pathloss, coupling loss, or RSRP
If the carriers of two cells are close in frequency domain such as in intra-band CA, the pathloss values and shadow fading values, respectively, are essentially the same for the two cells. Moreover, if the same set of antennas are used, the antenna gains, and hence the coupling loss values and RSRP values, respectively, are also very close for the two cells. For cells whose carriers are not so close but not too far to be highly uncorrelated, the difference between the pathloss values may be a predictable value which may be derived by UE and/or gNB.
The side information of pathloss, coupling loss, or RSRP for the to-be-activated SCell can be useful to set the (initial) AGC, which can help speed up the activation.
· Frequency/timing offset
Likewise, frequency/timing information about the to-be-activated SCell may be inferred from another cell. Even if such information is not sufficient for fine tracking, it can still be useful for reducing the latency involved in achieving frequency/time tracking. For example, if the symbol boundaries for two cells are roughly aligned (or with a fixed offset), the UE can already set its FFT window for one based on the other, and further refinement based on additional RS can be done. 
Note that SCell without SSB already utilizes this mechanism, as specified in TS 38.213:
For a serving cell without transmission of SS/PBCH blocks, a UE acquires time and frequency synchronization with the serving cell based on receptions of SS/PBCH blocks on the PCell, or on the PSCell, of the cell group for the serving cell.
However, the UE cannot assume any common properties across serving cells without network assistance or standardized UE behavior. Then Rel-16 can consider to specify network signaling to the UE about the side information and the UE assumptions with the side information. There are some approaches (not mutually exclusive) to support this:
· Introduce new QCL types for pathloss, RSRP, and frequency/time synchronization across carriers
The existing QCL types can be generalized to define that new properties as listed above may be assumed by the UE if signalled by the network. The QCL relationship may be signalled based on reference to cell index, SSB, or RS. For example cell 1’s SSB may be configured as QCL with cell 2’s SSB. Since such a relationship is reciprocal between cell 1 and cell 2, it is not necessary to configure the reverse direction and it can be assumed by the UE. Note that cross-carrier QCL was discussed in RAN1; see [1] for a summary.
· Introduce cell sets sharing common properties
More generally, the above described common properties are shared among multiple cells, such as intra-band cells or cells in adjacent bands. Therefore, it may be useful to introduce cell sets with common properties. This may be done resembling TAGs, that is, the cells are configured into multiple TAGs, and the cells within the same TAG share the same TA.
· Introduce offset values 
Even if some properties are not the same between two cells, there may be a fixed offset between them and known to the network or can be derived by the UE. The network can signal the offset value to the UE. For example, if the symbol boundary of cell 1 is x ms ahead of that of cell 2, the x value can be signalled to the UE and the UE can apply it for acquiring rough timing. For another example, if the pathloss for cell 1 is y dB higher than that for cell 2, the y value can be signalled to the UE for estimating its initial AGC setting. Alternatively, the UE may derive the offset value, e.g., based on the separation of the cells.
Thus we have the following proposal:
Proposal 2: Support fast SCell activation via enhanced UE assumptions to reduce latency associated with estimating pathloss, coupling loss, RSRP, and/or frequency/timing offset on a to-be activated SCell
· By cross-carrier QCL assumptions
· By configuring cell sets with common properties
· By specifying cross-carrier offset values
RS for fast SCell activation 
Rel-15/16 RS may be reused to support fast SCell activation by providing UE with information that cannot be derived based on available UE assumptions. The following are considered:
· Periodic CSI-RS/TRS for a deactivated SCell
In essence, periodic CSI-RS/TRS (or likewise, SP CSI-RS/TRS) act like LTE CRS and thus can shorten the activation latency. The pros include that their occurrences are fully predictable, which can help reduce PDCCH monitoring and PDCCH overhead, and simplify UE design. The cons include that it is difficult to set the periodicity: if it is too long then the latency reduction is not significant, but if it is too short then the overhead and energy consumption are high.
· Aperiodic CSI-RS/TRS for a deactivated SCell
Aperiodic CSI-RS/TRS are more flexible and can be triggered right when the activation procedure starts. If one transmission is not enough, multiple aperiodic CSI-RS/TRS can be triggered (via one trigger if overhead reduction is considered). The energy consumption associated with receiving the aperiodic CSI-RS/TRS is lower than periodic CSI-RS/TRS, and especially so if the deactivation duration is long and the periodicity is short. The cons include additional PDCCH monitoring and overhead on another serving cell are needed. If many SCells are deactivated, PDCCH monitoring on those activated serving cells can become significant. However, there are ways to reduce triggering overhead, which will be discussed in the next subsection. 
Between CSI-RS and TRS, we note that CSI-RS is needed for CSI measurement, while TRS is for tracking. If tracking can be acquired via, e.g., QCL assumptions as described above, then only CSI-RS is needed, otherwise TRS and CSI-RS are needed.
· A combination of P/AP CSI-RS/TRS for a deactivated SCell
This provides the network with most flexibility/capability but the complexity may be high. 
Therefore, the aperiodic RS is preferred, and AP CSI-RS should always be supported whereas AP TRS should be supported if no UE assumption such as QCL or the like is available.
Proposal 3: Support fast SCell activation via AP CSI-RS, and additionally AP TRS if no UE assumption such as QCL or the like is available.
Triggering for fast SCell activation 
The current activation procedure uses L2 signaling. With aforementioned enhancements that significantly shorten the latency, it is meaningful to reduce the delay due to the L2 signaling. L1 signaling is hence preferred for its low latency. Note that the L1 activation does not mean a newly designed L1 signaling; rather, existing L1 signaling may be reused just as the reuse of existing aperiodic RS. This is because the activation procedure involves aperiodic CSI-RS/TRS resource trigger and/or aperiodic CSI reporting trigger. The network and UE can then use one or more of these triggers associated with a deactivated SCell as the activation command for the SCell. This not only reduces the delay due to L2 signaling and possibly multiple signaling to complete one activation, but also limits the control channel overhead. 
Note that in this case, there is no need to transmit the MAC signaling for activation. For many proposals proposing to keep using MAC signaling, the MAC signaling is also accompanied with a L1 signaling, which makes the MAC signaling unnecessary.
Proposal 4: Support fast SCell activation via existing L1 AP CSI-RS/TRS triggers.
Discussion on L1 dormancy behavior for activated SCells
There are many options proposed to support L1 dormancy behavior for activated SCells. Some options rely only on DCI (e.g., Option 1), whereas others rely on DCI+RRC (e.g., Options 2 and 3, Option 1a). Some options utilize/reuse BWP signaling and design (e.g., Options 2 and 3), whereas some others do not rely on BWP signaling or design (e.g., Options 1 and 1a). However, while reusing BWP signaling may be beneficial in some cases, a tight coupling between BWP operation and dormancy behavior is unnecessary and also too restrictive for further enhancements to support BWP and/or L1 dormancy in later releases. For example, in later releases, more active BWPs may be introduced for a serving cell, and it is not obvious whether Options 2 and 3 can be extended to the new cases due to the complicated coupling between BWP signaling/operations and L1 dormancy signaling/operations. Therefore, the design of BWP signaling/operations and L1 dormancy signaling/operations should be decoupled. Based on this considerations, Options 1 and 1a are preferred over other options.
Regarding Option 1 and Option 1a, further analysis is provided below.
· RRC configuration of SCells.
The key difference between Option 1 and Option 1a is that Option 1a includes a new RRC configuration to map the SCells, or SCell groups, to the DCI bits, i.e., there is not necessarily a one-to-one mapping between the SCells and DCI bits. This clearly has the benefit of reducing the DCI bit length and control channel overhead, which can be crucial to some networks due to the control channel limitations. The RRC configuration of the mapping needs to be updated only in case the configuration of the SCells and/or the mapping are changed. Thus, Option 1a is preferred.
· The DCI is to indicate BWP or PDCCH monitoring periodicity.
As discussed above, coupling BWP signalling and L1 dormancy DCI is not desired. Since BWP indication is already supported in Rel-15, the same mechanisms/signalling should be reused regardless if a L1 signalling for PDCCH monitoring exists or not. Thus, the L1 dormancy DCI should not indicate BWP. 
For the PDCCH monitoring periodicity, it needs to be considered the added benefits with respect to the existing mechanism of DRX which is configured by RRC and can be controlled via MAC signalling. Introducing another mechanism that increases the granularity of the time interval over which PDCCH is monitored by a L1 signaling that switches between different periodicities is not necessary. The standards can adopt instead a much simpler mechanism to signal whether to monitor PDCCH or not.
· Application delay.
For the application delay, the BWP switching delay is considered as a starting point. Also it would be important to analyse if RF switching is needed, and if the answer is yes, then the application delay could be up to the sum of BWP switching delay plus RF switching delay. Though for some designs the two types of delays may have some overlap and hence the total delay is less than the sum of the two, but to make the standards less dependent on UE implementations, the sum can be considered. 
The BWP switching delay is specified in clause 8.6.2 of TS 38.133:
Depending on UE capability bwp-SwitchingDelay [2], UE shall finish BWP switch within the time duration TBWPswitchDelay defined in Table 8.6.2-1.
Table 8.6.2-1: BWP switch delay
	[image: ]
	NR Slot length (ms)
	BWP switch delay TBWPswitchDelay (slots)

	
	
	Type 1Note 1
	Type 2Note 1

	0
	1
	1
	3

	1
	0.5
	2
	5

	2
	0.25
	3
	9

	3
	0.125
	6
	18

	Note 1:	Depends on UE capability.
Note 2:	If the BWP switch involves changing of SCS, the BWP switch delay is determined by the larger one between the SCS before BWP switch and the SCS after BWP switch.



The RF switching time is specified in TS 38.331 for SRS RF switching:
SRS-SwitchingTimeNR ::= SEQUENCE {
    switchingTimeDL         ENUMERATED {n0us, n30us, n100us, n140us, n200us, n300us, n500us, n900us}  OPTIONAL,
    switchingTimeUL         ENUMERATED {n0us, n30us, n100us, n140us, n200us, n300us, n500us, n900us}  OPTIONAL
}
Then some typical L1-dormancy application delay values can be obtained and UE can report one of the values as UE capability.
Proposal 5: Support dedicated DCI for SCells / SCell groups for L1 dormancy behavior for activated SCells
· DCI indicates whether to monitor or not the PDCCH of the SCells / SCell groups.
Proposal 6: The application delay is a UE reported value selected from a list of typical values obtained from the sums of BWP switching delays and RF switching times.
Conclusion
In this contribution, we studied fast SCell activation and L1 dormancy behavior for activated SCells. The following are proposed:
Proposal 1: Support Option 2 (RAN1 provides enhancements for RS, triggering, etc.) for fast SCell activation.
Proposal 2: Support fast SCell activation via enhanced UE assumptions to reduce latency associated with estimating pathloss, coupling loss, RSRP, and/or frequency/timing offset on a to-be activated SCell
· By cross-carrier QCL assumptions
· By configuring cell sets with common properties
· By specifying cross-carrier offset values
Proposal 3: Support fast SCell activation via AP CSI-RS, and additionally AP TRS if no UE assumption such as QCL or the like is available.
Proposal 4: Support fast SCell activation via existing L1 AP CSI-RS/TRS triggers.
Proposal 5: Support dedicated DCI for SCells / SCell groups for L1 dormancy behavior for activated SCells
· DCI indicates whether to monitor or not the PDCCH of the SCells / SCell groups.
Proposal 6: The application delay is a UE reported value selected from a list of typical values obtained from the sums of BWP switching delays and RF switching times.
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