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In the past few 3GPP RAN1 meetings, agreements and working assumptions on efficient activation/de-activation mechanism for SCells were achieved, a few of which are listed in the appendix. In this contribution, further discussions on these enhancements are provided. Specifically, this contribution is focused on the following key issues essential for efficient SCell activation and the completion of the Work Item:
· Which scenarios can be and will be supported;
· QCL relations related to the temporary RS;
· Necessary UE behavior to handle SSB or P TRS during activation;
· Enhancements necessary to reduce the CQI reporting latency; and
· Remaining details for temporary RS configuration and triggering 

Discussion
Scenario clarification
The following table provides a summary of RAN4 LS replies on the needed number of TRS bursts. All other cases not in the table are still TBD in RAN4 and should be deprioritized in RAN1 design.

Table 1 Summary of all cases with complete RAN4 inputs (the values are the numbers of 2-slot TRS bursts)
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Proposal 1: Prioritize the following cases with complete RAN4 inputs:
· Case 1: FR1 known SCell
· Case 1a: meas cycle ≤ 2400 ms
· Case 1b: meas cycle > 2400 ms
· Case 2: FR1 unknown SCell with an activated intra-band contiguous cell, ΔTxP ≤ 6 dB
· Case 2a: Ês/Iot ≥ -2dB
· Case 2b: Ês/Iot < -2dB
· Case 3: FR2 known SCell with an activated intra-band cell

QCL relations involving aperiodic TRS based temporary RS 
QCL on the same carrier
In the last meeting, extensive discussions on QCL relations involving aperiodic TRS based temporary RS were provided. In our view, this is the most critical technical component needed to complete this feature. Even if eventually the group decides that this component can largely rely on implementations and requires only very small specification support, it is still critical to align the essential technical understandings from different companies to prevent issues in future.
1) Legacy mechanisms
First of all, we think it is important to align the understandings of legacy mechanisms.
· Legacy QCL relations 
The key legacy QCL relations are summarized in below figure for FR1 (QCL Type D can be included for FR2; some less used QCL relations are not shown for brevity):
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[bookmark: _Hlk86406793]Figure 1 Illustration of key legacy QCL relations for FR1 (QCL Type D can be included for FR2)

· AP TRS QCL relation
An AP TRS is not a standalone RS, i.e., it relies on a P TRS. In particular, the AP TRS is QCLed to the P TRS. In TS 38.214, TRS is specified as “Periodic CSI-RS resource in one set and aperiodic CSI-RS resources in a second set, with the aperiodic CSI-RS and periodic CSI-RS resource having the same bandwidth (with same RB location) and the aperiodic CSI-RS being configured with qcl-Type set to 'type-A' and 'typeD', where applicable, with the periodic CSI-RS resources.” Clearly, without an associated P TRS, AP TRS specification requirements of “in a second set”, “the same bandwidth”, “qcl-Type … with the periodic CSI-RS resoruces”, etc., cannot be met. That is, the existing standards does not allow AP TRS to be used without the associated P TRS. Furthermore, the RSs QCLed with TRS rely on both P TRS and AP TRS but not AP TRS alone as the current specs do not allow standalone AP TRS.
In other words, AP TRS cannot be used alone, as it has to be QCLed with a P TRS.

· QCL and timing order of signal / channel receptions 
QCL relations actually define the timing order of signal / channel receptions. That is, a QCL source signal has to be received before the associated QCL target signal / channel. Even if in some implementations, a UE may be capable of receiving a target signal / channel before receiving a source signal by smartly utilizing some side information, there is no performance guarantee for such a behavior, and in general a UE cannot do that. Therefore, in general, a UE has to receive the following signals / channels in the following timing orders:
		SSB, P/AP TRS, CSI-RS for CSI
		SSB, P/AP TRS, DMRS, PDCCH/PDSCH

· Legacy activation and QCL
A legacy SCell activation process and associated QCL relations are illustrated in the figure below. Some variations exist but they are all similar in the general process and QCL relations.
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Figure 2 Illustration of one legacy SCell activation process and associated QCL relations for FR1 (QCL Type D can be included for FR2)

From the figure, we can see that P TRS reception is a needed step for legacy SCell activation, since without P TRS, the CSI-RS for the first CQI report to complete the SCell activation would not have a QCL source signal. In the last meeting, some companies did not agree on this, but they could not identify any other QCL source signal for the CSI-RS based on existing standards specifications.

· Reusing legacy QCL mechanisms as much as possible 
Most companies support to reuse legacy QCL mechanisms as much as possible. If changes are identified as necessary, minimum spec changes should be strived for.

We have the following proposal regarding reusing legacy QCL mechanisms:
Proposal 2: Strive to reuse the following legacy QCL mechanisms as much as possible:
· P/AP TRS using SSB as QCL source, CSI-RS/DMRS using P/AP TRS as QCL source
· AP TRS using P TRS as QCL source
· In general, the QCL source signal has to be received before the QCL target signal/channel
· The above applies to legacy SCell activation, in particular, the CSI-RS for the first CQI report to complete the SCell activation is received after its QCL source P TRS.

2) Rel-17 mechanisms
There can be several ways to design the Rel-17 SCell activation and the QCL mechanism. For example, before the last meeting, some companies suggested to adopt the WA. However, we have pointed out that the WA is incomplete for the SCell activation: the WA falls short for specifying how the temporary RS is utilized downstream. This is illustrated in below figure, and a question mark is used to illustrate the disconnection between receiving the temporary RS and subsequent signals / channels.
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Figure 3 Illustration of QCL relations based on WA. Unclear how the temporary RS can be utilized downstream

Clearly, tracking information acquired from the temporary RS has to be utilized afterwards, otherwise, there is no point in receiving a temporary RS burst for time-frequency tracking (see Table 1 based on RAN4 inputs). For example, the CSI-RS for the first CQI report to complete the SCell activation needs to have a QCL source signal, and the temporary RS can be the QCL source. In addition, an important question is: for the first P TRS received after the temporary RS, can it utilize the temporary RS? This is also related to the question mark in the figure. If not, then the P TRS may rely only on SSB but not the temporary RS, which significantly limits the benefits of introducing the temporary RS. For example, the UE has to receive SSB after the temporary RS, and then receive P TRS, which causes extra delay. Or some companies may argue that the P TRS can rely on pre-deactivate SSB as shown by the dash-dotted line in the figure, but the time gap between them is quite long, and it seems unreasonable why the UE has to utilize a signal that far in the past but not the temporary RS that was just received.
Therefore, the group formulated the following proposal in the last meeting:
FL Proposal 4-1-rev2: FFS Study and conclude whether The tracking info obtained from the Temporary RS during SCell activation should be able to be used by a UE as QCL information to perform CSI reporting that completes the during SCell activation
· FFS: also as QCL information for DMRS and CSI-RS reception after SCell activation
· FFS: whether and how to specify the relations of the temporary RS with SSB / P TRS before activation and with P TRS / CSI-RS / DMRS after the temporary burst(s)

We see that these key study points are still quite vital to the completion of the feature, but given the time limit, the group should aim for the simplest mechanism that can address these points. In our view, the simplest mechanism is the following based on the email discussions, which essentially says that the temporary RS is nothing but a temporary burst of an already-configured TRS, and all the existing QCL behaviors can apply to the temporary burst:
Alternative Proposal: A temporary RS burst shares the same antenna port, antenna port index, OFDM symbol location in slot, PRB location, NZP CSI-RS resources configuration, trs-info configuration, BWP ID configuration, and QCL properties (Type D if applicable) as a P TRS (i.e., a periodic NZP CSI-RS resource set with trs-info) configured for the UE.
We can further simplify the alternative proposal without changing its essence:
Proposal 3: A temporary RS burst is a temporary burst of an already-configured TRS (i.e., a NZP CSI-RS resource set with trs-info) with the same QCL properties as the TRS. 
With this proposal, the QCL issue will be mostly closed. The UE behavior is unchanged from legacy and the spec impact is minimal. The WA is not needed as the TRS already has the SSB as the QCL source, and the temporary RS and TRS can share with each other the same QCL properties / tracking information, so the temporary RS and/or TRS can be the QCL source for downstream CSI-RS / DMRS.

QCL for intra-band carriers
For Cases 2a, 2b, and 3 in Table 2, an activated cell in the same band may be utilized in the activation procedure. This actually defines a cross-carrier QCL property. A RS sent by a cell may be configured/assumed to be QCLed with another RS sent by another cell. For example, the TRS on a to-be-activated SCell may be QCLed to the SSB on an activated serving cell, where the activated serving cell may be on a carrier that is intra-band and contiguous (adjacent) with the to-be-activated SCell for FR1, or intra-band with the to-be-activated SCell for FR2. 
To configure/assume cross-carrier QCL, association between the SSBs for the carriers may be considered. That is, SSB 1 in cell 1 is QCLed with SSB 2 in cell 2, or vice versa. The UE does not really need to utilize one SSB to receive the other SSB, but the QCL relation is to inform the UE that cross-carrier QCL can be assumed. With the SSBs associated with each other, the other signals QCLed to SSB can be assumed to have implied QCL relationships with the cross-carrier SSB.
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Figure 4 Example of bi-directional cross-carrier QCL (relationships shown by dashed lines may be assumed and not need to be configured)

Figure 4 shows an example. In the example, on each carrier, legacy QCL relationships are configures as usual, e.g., TRS 1 is QCLed with Type C to SSB 1, and TRS 2 is QCLed with Type C to SSB 2. When cell 1 and cell 2 are in a band with intra-band CA, or are on carriers with intra-band contiguous CA, or have shared PA, etc., SSB 1 and SSB 2 may be configured / assumed with cross-carrier QCL. Then during the SCell activation, TRS 1 of the to-be-activated cell 1 may be assumed to QCL with Type C/D to SSB 2 of the activated cell 2, and vice versa. 
The QCL between SSB 1 and SSB 2 should be interpreted as bi-directional, i.e., the source and target in the RS pair may be flipped. This may be defined as a new QCL type. For example, if cell 1’s SSB is 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.
Proposal 4: Support cross-carrier RS and cross-carrier properties (e.g., bi-directional cross-carrier QCL between SSBs) for efficient activation for cases relying on an activated intra-band cell, e.g., Case 2 and Case 3 according to RAN4 LS inputs.

Necessary UE behavior to handle SSB or P TRS during activation
During the new activation procedure based on temporary RS, it may just so occur that a P TRS burst and/or SSB is also sent according to the pre-configured periodicity/offset. In principle, the AGC/time tracking/frequency tracking functionalities can be done based on a temporary RS, a P TRS burst, and/or SSB, but the UE implementation may become too complicated as there can be many different combinations of how the temporary RS, P TRS, and SSB appear. In addition, the UE may follow the legacy activation procedure using the SSB or the new procedure using the temporary RS. A few examples are given as follows:
· Two temporary RS bursts are triggered with a gap of 2 slots between them, which meets the minimum gap requirement. But a P TRS burst or a SSB is sent in between. Should the UE receive and process the P TRS burst or SSB?
· When the UE needs two temporary RS bursts for the SCell activation but only one temporary RS burst is triggered, if a P TRS burst or a SSB is sent after the triggered temporary RS burst, should the UE receive and process the P TRS burst or SSB to complete the SCell activation? Would the transmission of the P TRS burst or SSB affect the activation performance requirement?
· When a P TRS burst is sent in the same slot and same REs as a temporary RS burst, is it viewed as a P TRS burst or a temporary RS burst? This may not be a problem if Proposal 3 is agreed, but otherwise the P TRS burst and the temporary RS burst are assigned with different QCL properties, which may cause issues.
Other examples also exist. It is needed to clearly define the UE behavior or at least the requirement of activation time in these cases. Some simple options are listed below:
· The UE may not expect to monitor or utilize any P TRS or SSB for activation. In this case, if P TRS or SSB is sent during the SCell activation, the UE can ignore it.
· The UE may replace a burst of the temporary RS with the P TRS or SSB if the burst of the temporary RS and the P TRS or SSB are sent in the same slot. In this case, the gNB may not need to send / indicate that burst of the temporary RS if it is on the same REs as the P TRS burst.
· The UE may utilize both the temporary RS and the P TRS or SSB for activation with the same requirement as in the case without P TRS and SSB. In this case, how the UE utilize the P TRS or SSB during the activation is up to the UE implementation, which may further speed up the activation, but the minimum performance requirement by RAN4 does not assume any reception or utilization of P TRS or SSB during fast SCell activation based on temporary RS.
Other solutions may also be possible, but a clear agreement/conclusion by RAN1 is needed. Our general preference is to minimize specification impact and allow more implementation flexibility for the network/UE.
Proposal 5: Discuss and decide on how to handle P TRS burst and/or SSB transmitted during the temporary RS based activation.

Candidate temporary RS other than TRS
Candidate temporary RS considerations for an unknown SCell
In addition to TRS which has been agreed as a temporary RS, the following candidate temporary RS may be considered for an unknown SCell.
· SSB for Case 2b (w/ activated intra-band contiguous cell, ΔTxP ≤ 6 dB, Ês/Iot < -2dB) and other unknown cell cases
A to-be-activated SCell may be known to the UE or unknown to the UE. If it is known, there is no need for cell search / cell detection. If the SCell is unknown, however, then the SSB may be triggered and transmitted as a temporary RS for cell search / cell detection. According to RAN4 reply, in some cases, the cell detection is not needed, but for other cases when the cell detection is needed, SSB can be used as in legacy procedures, and aperiodic SSB which is transmitted on demand can reduce the latency compared with periodic SSB. The potential latency reduction becomes more significant if the periodic SSB’s periodicity is longer. Thus, aperiodic SSB should be considered as temporary RS for unknown cells.
For the aperiodic triggering of SSB, due to the potential timing uncertainty, the precise timing of the RS based SSS/PSS may not be known to the UE in some cases. Hence, a search time window for the RS based on SSS/PSS may be configured or signalled to the UE for the case of activation of an unknown SCell.
Aperiodic SSB may also be used for AGC and/or time-frequency tracking, in addition to cell detection, though the aperiodic SSB for AGC/time-frequency tracking may be substituted by AP TRS burst(s).
Proposal 6: Support aperiodic triggering of SSB search time window for at least Case 2b (w/ activated intra-band contiguous cell, ΔTxP ≤ 6 dB, Ês/Iot < -2dB) according to RAN4 LS inputs.

CSI acquisition and aperiodic CSI-RS and CSI-IM as temporary RS
In addition to AP TRS which has been agreed as a temporary RS, aperiodic CSI-RS and CSI-IM for fast CSI acquisition (which is necessary for the completion of the activation procedure) can also be considered:
· Aperiodic CSI-RS for a to-be-activated SCell
CSI acquisition is a necessary component of SCell activation, and hence in LTE and NR it is always required that a valid CSI report is transmitted as part of the RAN4 SCell activation delay requirements. Reducing the CSI acquisition time can reduce the SCell activation delay. CSI acquisition may be done by DL CSI-RS (and CSI-IM resource; to be further discussed) and UE CSI reporting, or alternatively by UL SRS (to be further discussed). For DL based CSI acquisition, aperiodic CSI-RS and periodic/semi-persistent CSI-RS may be considered. However, periodic/semi-persistent CSI-RS can only be transmitted with predetermined periodicity and slot offset, which may not lead to activation delay reduction in general. On the other hand, aperiodic CSI-RS are more flexible and can be triggered right when the activation procedure starts. Therefore, aperiodic CSI-RS should be included as an additionally configurable temporary RS.
Aperiodic CSI-RS as temporary RS may not have to be triggered every time during a SCell activation. If a quick report of DL CSI is desirable by the network, then the network should be able to trigger an additionally configurable aperiodic CSI-RS, but otherwise the network can decide not to trigger it.
If one transmission of aperiodic CSI-RS is not enough, multiple aperiodic CSI-RS can be triggered (via one trigger if overhead reduction is considered). The total energy consumption associated with receiving the aperiodic CSI-RS is lower than periodic CSI-RS, and especially so if the deactivation duration is long and the periodicity is short. With a sufficient triggering offset guaranteed by MAC CE based CSI-RS triggering (with at least 3 ms timing offset and additional K0 slot offset), the UE does not have to be ready for receiving an aperiodic CSI-RS and generating an aperiodic CSI-RS report all the time. The triggering offset can allow enough time for the UE to respond to the aperiodic trigger. 

· Aperiodic CSI-IM and aperiodic CSI
In order for the UE to generate a valid CSI report, CSI-IM resource is needed. Therefore, each AP CSI-RS may also be configured with an AP CSI-IM resource(s), and the AP CSI-IM resource(s) is also transmitted when the AP CSI-RS is transmitted. Therefore, the AP CSI-IM resource(s) is also viewed as a part of a temporary RS or temporary RS resource. In this sense, the L1 AP CSI-RS trigger discussed in RAN1 so far may be better interpreted as a L1 AP CSI trigger. An AP CSI trigger triggers a combination of an AP CSI-RS(s) and an AP CSI-IM resource(s), and a CQI and/or L1 SINR is to be reported according to the CSI-RS/CSI-IM. The timing relation and configurations for the AP CSI trigger, the AP CSI-RS, the AP CSI-IM, and the AP CSI report are generally the same as the conventional ones.

Therefore, we suggest to add AP CSI-RS and AP CSI-IM as optional temporary RS / RS resources. For AP CSI reporting triggered by MAC CE, the reporting parameters should be mainly configured by RRC and the rest few (if any) by the MAC CE. A straightforward design is to add a CSI request field in the MAC CE and the design of the field is similar to that in a DCI. 
Proposal 7: Support aperiodic CSI-RS / CSI-IM as additionally configurable temporary RS resources.

Triggering signaling enhancements
[bookmark: _Hlk71040555]MAC CE for triggering temporary RS
Another important issue under ongoing discussion is the MAC CE design for triggering temporary RS, and two alternatives were provided, one based on bitmap for each SCell and the other reusing L1 AP-TRS triggering framework. These two approaches are analyzed below:
· Bitmap approach
For the bitmap approach, every Z-bit block in the bitmap corresponds to a SCell, and each block indicates an index of the associated temporary RS. Though this requires a new design different from existing CSI triggering framework, this approach is very straightforward to be designed and utilized, especially if there is no need to jointly encode temporary RS triggering information over multiple carriers. On the other hand, it is questionable why joint multi-carrier encoding is needed, as the current design of SCell activation/deactivation is on a per-cell basis without multi-carrier joint activation/deactivation.
· Reusing existing CSI triggering framework
The existing CSI triggering framework can support AP TRS / CSI-RS / CSI-IM measurement and AP CSI reporting. A list of trigger states is provided by RRC configuration for each serving cell, and if the list is too large to fit into the CSI request field, a MAC CE subselects a sub-list for the CSI request field. Then the DCI CSI request field triggers only one of the trigger states.
As a side note, as the existing CSI triggering framework is for each cell (Aperiodic CSI Trigger State Subselection MAC CE contains serving cell ID and BWP ID), this design should not be used for joint multi-carrier triggering. 
· If a separate trigger state list is to be provided for temporary RS based on AP TRS (separate from the trigger state list for CSI on a BWP of a cell), this approach does not provide any advantage than the straightforward bitmap approach, especially since multi-carrier joint triggering is not motivated and cannot be supported.
· If the trigger state list for CSI is augmented to include the temporary RSs, i.e., the same trigger state list is used for both CSI triggering and temporary RS triggering, then the bitwidths for the CSI request field and the temporary RS triggering field will be both increased, leading to higher control signaling overhead. 
· Then it seems this approach is viable only if CSI acquisition based on temporary RS (CSI-RS/CSI-IM for CSI) is also supported by the MAC CE to trigger AP TRS. Some design is still needed:
· For each cell, 2 MAC CE fields are needed, one for AP TRS based temporary RS and the other for AP CSI triggering. It does not seem justified to combine these two fields for joint triggering, as it limits the flexibility.
· For each field, a trigger state list is provided, and the current CSI triggering framework is reused for each field/list. The AP TRS trigger state list should only contain AP TRS based temporary RS, i.e., NZP CSI-RS on the BWP with ID firstActiveDownlinkBWP-Id and with trs-info. The AP CSI trigger state list may completely reuse the list for DCI format 0_1 or the list for DCI format 0_2 but restricted to the BWP with ID firstActiveDownlinkBWP-Id; alternatively, a new list may be provided with same mechanism but only including CSI-RS/CSI-IM on the BWP with ID firstActiveDownlinkBWP-Id.
To summarize, for AP TRS based temporary RS triggering by a MAC CE, the simple bitmap approach is sufficient, but for AP CSI triggering by MAC CE, the current AP CSI triggering framework can be largely reused.
Proposal 8: For triggering temporary RS via MAC CE:
· If AP CSI acquisition via MAC CE is also supported, support to reuse the current AP CSI triggering framework;
· Otherwise support the bitmap approach;
· Do not support multi-carrier joint triggering.

Time offset and gap
According to the agreement from the last meeting, the earliest possible timing to receive a temporary RS may be immediately on slot n + k. In some cases, it may be useful to allow some flexibility here, such as the UE may take some time to get ready for the AP TRS, which may be related to UE capability and considerations such as power saving. This is a bit similar to L1 AP TRS triggering offset; a larger offset can allow the UE to have more time to respond. Therefore, the AP TRS may be sent in slot n + k + kTRS, where kTRS is an additional slot offset for AP TRS (also referred to as K0 or aperiodicTriggeringOffset for CSI-RS/TRS) and may be configured by RRC signaling or specified by MAC signaling. The kTRS may also be a fixed value specified by the standards, or may take one value out of several specified by the standards, and the selection is via RRC or MAC signaling. 
There are two different options for indicating the selected offset to UE:
· Options 1: Allow more indication flexibility via MAC CE indication. 
The flexibility is needed for TDD since only some slots can carry the bursts. RRC can configure a list of offsets and/or gap lengths and the MAC CE can indicate one of them dynamically.  
This is also applicable to the gap length, and it is related to ongoing discussion “Issue 3-1: What contents should be indicated in MAC CE” with Opt. 2.3.1~2.3.5 in FL summary.
· Options 2: With limited flexibility via RRC configuration.
As fast activation is desirable, the offset may be set to the minimum scheduling offset for CSI-RS, e.g., the smallest within MinSchedulingOffsetK0-Values or the first value within MinSchedulingOffsetK0-Values. This value may be configured as the default AP TRS offset and does not need to be signaled to the UE in the MAC CE.
The kTRS slot offset may also be modified to consider only the “available slot” or “admissible slot” or “valid slot”, such as the slots configured as downlink by MIB/SIB/RRC by TDD-UL-DL-ConfigCommon or TDD-UL-DL-ConfigDedicated but not those flexible slots. Such slots may also be restricted to those DL slots that the AP TRS can fit. Furthermore, such slots may be restricted to those DL slots no earlier than n+k+ minimumSchedulingOffsetK0.
Proposal 9: For SCell activation temporary RS triggering offset and gap indication, down select from:
· Options 1: Allow more indication flexibility via MAC CE indication 
· Options 2: With limited flexibility via RRC configuration 
· Fixed as minimumSchedulingOffsetK0, or introduce “available slot”

[bookmark: _Ref129681832]Conclusion
In this contribution, we discussed Rel-17 efficient SCell activation mechanism. The following are proposed: 
Proposal 1: Prioritize the following cases with complete RAN4 inputs:
· Case 1: FR1 known SCell
· Case 1a: meas cycle ≤ 2400 ms
· Case 1b: meas cycle > 2400 ms
· Case 2: FR1 unknown SCell with an activated intra-band contiguous cell, ΔTxP ≤ 6 dB
· Case 2a: Ês/Iot ≥ -2dB
· Case 2b: Ês/Iot < -2dB
· Case 3: FR2 known SCell with an activated intra-band cell
Proposal 2: Strive to reuse the following legacy QCL mechanisms as much as possible:
· P/AP TRS using SSB as QCL source, CSI-RS/DMRS using P/AP TRS as QCL source
· AP TRS using P TRS as QCL source
· In general, the QCL source signal has to be received before the QCL target signal/channel
· The above applies to legacy SCell activation, in particular, the CSI-RS for the first CQI report to complete the SCell activation is received after its QCL source P TRS.
Proposal 3: A temporary RS burst is a temporary burst of an already-configured TRS (i.e., a NZP CSI-RS resource set with trs-info) with the same QCL properties as the TRS. 
Proposal 4: Support cross-carrier RS and cross-carrier properties (e.g., bi-directional cross-carrier QCL between SSBs) for efficient activation for cases relying on an activated intra-band cell, e.g., Case 2 and Case 3 according to RAN4 LS inputs.
Proposal 5: Discuss and decide on how to handle P TRS burst and/or SSB transmitted during the temporary RS based activation.
Proposal 6: Support aperiodic triggering of SSB search time window for at least Case 2b (w/ activated intra-band contiguous cell, ΔTxP ≤ 6 dB, Ês/Iot < -2dB) according to RAN4 LS inputs.
Proposal 7: Support aperiodic CSI-RS / CSI-IM as additionally configurable temporary RS resources.
Proposal 8: For triggering temporary RS via MAC CE:
· If AP CSI acquisition via MAC CE is also supported, support to reuse the current AP CSI triggering framework;
· Otherwise support the bitmap approach;
· Do not support multi-carrier joint triggering.
Proposal 9: For SCell activation temporary RS triggering offset and gap indication, down select from:
· Options 1: Allow more indication flexibility via MAC CE indication 
· Options 2: With limited flexibility via RRC configuration 
· Fixed as minimumSchedulingOffsetK0, or introduce “available slot”

Appendix
Key agreements from past meetings:
Agreements:
TRS is selected as temporary RS for Scell activation
·         If more functionalities are confirmed to be supported by temporary RS, other RS candidates, e.g. aperiodic CSI-RS, P/SP-CSI RS, SRS and RS based on SSS/PSS, are not precluded.
·         The TRS should be triggered by DCI or MAC-CE. FFS which exact triggering command.
Agreements:
[bookmark: _Hlk78554317]As working assumption, with respect to efficient SCell activation, reuse existing Rel-15/16 TRS structure for temporary RS
· FFS: how many burst/symbols are required for both AGC settling and Time/Frequency tracking for different cases, e.g. FR1 and FR2, known and unknown SCell
· A burst of temporary RS is notated as in S5.1.6.1.1 of TS 38.214
· “2-slot with four CSI-RSs resources (4 samples)” for FR1
· either “1-slot with two CSI-RSs resources (2 samples)” or “2-slot with four CSI-RSs resources (4 samples)” for FR2
· The working assumption can be confirmed after RAN4 check. (A LS for such request is planned).
Working Assumption
For efficient SCell activation with assistance of temporary RS, a SSB of the to-be-activated SCell can be indicated as a QCL source for the temporary RS in case of known SCell
· FFS: QCL type
· FFS: the case of unknown SCell
· FFS: other QCL source, e.g. the SSB/P-TRS of another active cell
Agreement
For efficient activation of a Scell (in known Scell case), at least the number of temporary RS bursts is indicated by a field in new MAC-CE
· The number of temporary RS bursts is RRC configurable.
· FFS: which field in MAC-CE is used and how this field is associated with the number of bursts
· For the purpose of designing temporary RS Scell activation, there is no RAN1 specification impact for the case where the number of indicated temporary RS bursts is smaller than what is expected by the UE
Agreement
For efficient activation of a Scell (in known Scell case), the triggering offset of temporary RS is indicated by a field in new MAC-CE
· The candidate value(s) of triggering offset(s) is RRC configurable
· FFS: which field in MAC-CE is used and how this field is associated with the value of triggering offset
Agreement
For the reference slot for triggering offset of temporary RS
· Option 2: the last DL slot of the to-be-activated Scell overlapping with slot n+k as defined in 38.213 sub-clause 4.3
· FFS: the earliest slot no earlier than the reference slot for a UE to receive a triggered temporary RS
Agreement
If a UE measures a temporary RS triggered by a MAC-CE during SCell activation procedure, the measurement is performed within the BWP bandwidth of BWP indicated by firstActiveDownlinkBWP-Id
Agreement 
For efficient SCell activation, the earliest slot for a UE to receive a triggered temporary RS is the reference slot (i.e., the last DL slot of the to-be-activated Scell overlapping with slot n+k as defined in 38.213 sub-clause 4.3).
Conclusion
For the purpose of designing temporary RS for Scell activation, RAN1 will not discuss for the case where a gNB may assume the to-be-activated SCell with assistance of temporary RS is a known SCell for a UE but it is actually unknown SCell from the UE side during the SCell activation duration.
Agreement
For to-be-activated SCell, if any BWP ID is configured as part of temporary RS(s) configuration, the value of the BWP ID is expected to be equal to firstActiveDownlinkBWP-Id;
Agreement 
To trigger temporary RS, 
· MAC-CE at least provides the following information:
· temporary RSs are to be triggered on X out of Y (Y≥X) to-be-activated SCells, respectively, while no temporary RS is to be triggered on the other to-be-activated SCells.
· The following information can be provided by RRC for temporary RS for each SCell
· The number of RS bursts and the gap length between the RS bursts (Opt 2.3.3)
· Triggering offset of temporary RS (Opt 2.3.4)
· Triggering offset can be provided, e.g., by reusing existing CSI-RS framework
· QCL information (Opt 2.3.5)
· Triggering QCL information can be provided, e.g., by reusing existing CSI-RS framework
· A unique temporary RS configuration index
· FFS: the maximum number of temporary RS per cell/per UE
Note: Reusing A-TRS triggering framework is not precluded.
· Information for 0, 1, or more temporary RS can be provided for each configured SCell
Agreement
· Provide the functionality to be fulfilled, as well as the status about the understanding on Alt 1 and Alt 2, which could be provided by examples (including respective possible RRC parameters, if agreed, required by Alt 1 and Alt 2) to facilitate RAN2’ understanding.
· Send LS to ask RAN2 to consider the following alternatives and finalize the MAC-CE or RRC signalling design, including parameters.
· RAN1 only needs to focus on RRC parameters examples, if needed.
· List of RAN1 endorsed RRC parameters for this issue will not be sent to RAN2

Alt 1: Bitmap approach in MAC-CE 
· Every Z-bit block in the bitmap corresponds to a SCell, Z>=0
· A Z-bit block indicates the temporary RS [configuration index], and a value zero indicated by the bit block means no RS resource transmitted.
· The to-be-activated SCell is indicated via the C values in the legacy SCell activation/de-activation MAC CE or in the new MAC-CE
Alt 2: Reuse A-TRS triggering framework
· A trigger state is indicated by the MAC-CE explicitly
· The association between a trigger state and temporary RS for one or multiple SCells is configured by RRC according Rel-16 A-TRS triggering framework
· FFS: The value zero of the MAC-CE indication means no temporary RS is triggered by the MAC-CE for all to-be-activated SCells
 Agreement
If two temporary RS bursts are configured, both bursts share the same antenna port index, OFDM symbol location and PRB location of CSI-RS resources in a slot or CSI-RS resources in two consecutive slots.


image3.emf
SSB

P TRS

QCL C

CSI-RS 

for CSI

QCL A

For the 1

st

CQI 

report to complete 

activation

Post activation

Legacy 

SCell

activation

P-TRS

AP-TRS

QCL A

DMRS, 

CSI-RS 

for CSI

QCL A

DMRS, 

CSI-RS 

for CSI

same

QCL A

SSB

QCL C

During activation


image4.emf
SSB

AP-TRS 

based 

temp RS

QCL C

CSI-RS 

for CSI

QCL A

Measured

before 

deactivation

Received 

during 

activation

For the 1

st

CQI 

report to complete 

activation

Post activation (legacy 

operations)

Based 

on WA 

P-TRS

AP-TRS

QCL A

DMRS, 

CSI-RS 

for CSI

QCL A

?

QCL C


image5.png
QCL Type QCL Type
C/D A
Cell 1 SSB 1 TRS 1 CSI-RS 1/DMRS 1
\d
(Intra-band CA, 4 Bi- \"\ f
intra-band directional ~.QCL Type
- N |
contiguous cross- ~CI/D:
CA, shared PA) ¥ carrier QCL ¥ NS
N
Cell2.  [ssB2 AT TRS 2 fo o CSI-RS 2/ DMRS 2
A





image1.png
Case 1a FR1 known SCell, meas cycle <

2400 ms g v ! e
Case 1b FR1 known SCell, meas cycle > 1 0 1 N/A
2400 ms
Case 2a FR1 unknown SCell with an
activated intra-band contiguous 1 0 1 N/A
cell, ATxP < 6 dB, Es/lot > -2dB
Case 2b FR1 unknown SCell with an
activated intra-band contiguous 1 Needed 1 N/A
cell, ATxP < 6 dB, Es/lot < -2dB
Case 3 FR2 known SCell with an 0 0 0 1

activated intra-band cell




image2.emf
SSB

P-TRS

AP-TRS

QCL C

QCL A

DMRS, 

CSI-RS 

for CSI

QCL A

Legacy 


