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Introduction
[bookmark: _Hlk26864288]In RAN1 #103e and RAN1 #104e, efficient activation/de-activation for SCell was discussed with following working assumption and agreements [1]:
Agreements:
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 SCells, down select at least one option from below:
· Option 1a: MAC CE(s) contained in a single PDSCH to trigger both SCell activation and corresponding temporary RS(s)
· Details FFS including timeline design for receiving temporary RS
· Option 1b: A single DCI to trigger both SCell activation and corresponding temporary RS(s)
· Details FFS including potential impact on SCell activation related procedures and, e.g. timeline design for SCell activation and for receiving temporary RS
· FFS: The same DCI for SCell deactivation
· Option 2: A Rel-15/16 SCell activation MAC-CE to trigger SCell activation and a Rel-15/16 DCI to trigger corresponding temporary RS(s) with enhancement of timeline
· Details FFS including timeline design for receiving a DCI trigger of temporary RS, and for receiving temporary RS
· Note: Companies are encouraged to provide complete solutions for fast SCell activation.
· Note: the previous agreement on the definitions of Alt 1 and Alt 2 is still effective 

In this contribution, we show our views on efficient activation/de-activation for SCell.
Discussion
Known SCell vs. unknown SCell
In RAN4, SCell activation delay requirements are defined based on a set of parameters, including: FR1 vs. FR2, known cell vs. unknown cell, SCell measurement cycle configuration, CSI-RS configuration mode and so on. Most of these parameters depend on gNB configuration so that gNB and UE can share the same understanding about the parameter settings. However, the parameter of known/unknown SCell is an exception. 
The RAN4 definition of known/unknown SCell (for the case of FR1, in TS 38.133) is copied as following.
	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 clause 9.2 and 9.3.
-	the SSB measured during the period equal to max(5*measCycleSCell, 5*DRX cycles) also remains detectable during the SCell activation delay according to the cell identification conditions specified in clause 9.2 and 9.3.
Otherwise SCell in FR1 is unknown.


As seen, there are two conditions for a SCell in FR1 to be known SCell: 
· Condition-1: UE has sent a valid SSB measurement report for the SCell during a given period of T before reception of SCell activation command; 
· Condition-2: The SSB measured during T remains detectable during T as well as the SCell activation delay interval (i.e., after reception of SCell activation command), where the detectability of SSB is decided according to the SS-RSRP/SS-RSRQ/SS-SINR/SSB-RP/SSB-EsIoT for a corresponding band. 
However, there is no specification so far to ensure both gNB and UE can have the same understanding on whether a SSB “remains detectable in a given period”, which makes known/unknown SCell to be just a RAN4 description tool for UE requirements on SCell activation, i.e., keeping the concept transparent to other WGs as of nowadays. In other words, any RAN1 procedure that needs coordination between gNB and UE, e.g. fast SCell activation, should not be built upon RAN4 concept of known/unknown SCell.
Observation 1: As of Rel-16, known and unknown SCell are RAN4 internal terminologies; and gNB and UE may not have the same understanding whether a to-be-activated SCell is known or unknown. 
In the past RAN1 discussions for fast SCell activation/deactivation, known/unknown SCell concept showed up in three working assumptions: 
· WA in RAN1 #102e: At least for the case of known cell, temporary RS is supported to expedite the activation process during the SCell activation procedure for efficient SCell activation for both FR1 and FR2:
· The temporary RS should provide at least the functionalities of AGC settling and time/frequency tracking during SCell activation procedure.
· WA in RAN1 #103e: 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
· WA in RAN1 #104e: 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
[bookmark: _GoBack]For the two WA’s in RAN1 #102e and #103e, because RAN1 agreed that the temporary RS is to be triggered by MAC-CE or DCI, SCell-to-be-known is not the immediate condition for UE to detect temporary RS. If it can be common understanding in RAN1 that gNB and UE cannot sync-up on whether a SCell to be known or unknown, in order to fulfill the RAN1 #102e WA to support TRS “at least for known-SCell”, it become inevitable for the gNB triggering of TRS to not only cover known-SCell all the time but also unknown-SCell occasionally. For example, the gNB uses only Condition-1 mentioned above to make the decision for TRS triggering. In this sense, 
· WA in RAN1 #102e still holds, but inevitably covers more than just known-SCell. 
· For the WA in RAN1 #103e, the TRS pattern has to be the same for both known-SCell and unknown-SCell (unless unknown-SCell is explicated claimed not to be supported in RAN1, which needs RAN1 to re-consider all these working assumptions). 
Observation 2: Based on current RAN1 working assumptions, if the gNB triggering of TRS needs to cover known-SCell all the time, it is inevitable to also cover unknown-SCell occasionally. The UE detection of TRS is not based on condition of known SCell, but based on the TRS triggering signaling from gNB. 
For the WA in RAN1 #103e, it can be quite difficult for gNB to indicate the QCL relation between SSB and TRS just for known-SCell but not for unknown-SCell. However, it does not make much sense to get SSB of an unknown-SCell as QCL source of TRS. Given it is just an optimization, instead of a must-have, to make SSB as QCL source of TRS, it is suggested to cancel this WA. 
Proposal 1: To abandon the working assumption on SSB being QCL source of TRS for known-SCell. 
A-TRS for cell identification
As discussed above, the current RAN1 working assumptions have a potential need to support A-TRS for both known SCell and unknown SCell. Then besides AGC setting and time tracking [2], A-TRS may need to additionally provide functionality of coarse synchronization.
Observation 3: A-TRS may need to provide coarse synchronization functionality, besides AGC and time tracking.
It is RAN1 working assumption to reuse legacy TRS pattern in design of A-TRS for SCell activation. However, it was recently identified that using one-shot legacy single-port TRS can have a deficiency due to a relatively high auto-correlation side peak. Take one example of single-port TRS with density of 3 subcarriers per RB. It can be easily proved that the time domain waveform of this TRS exhibits 4 periodicities during one symbol length (excluding CP), and its noise-free normalized autocorrelation shows three outstanding side peaks besides the main peak, where the three side peaks locate away from the main peak at roughly ¼, 2/4 and ¾ of symbol duration, as shown in Figure 1. Then with the remaining REs in the same TRS symbol and the REs in the adjacent symbols carrying the random data with EPRE equal to TRS EPRE, the simulation runs A-TRS across 106RBs of 15kHz SCS over fading channel (TDL-A, DS=30ns), with tracking correlation being done over {1,3,7} TRS symbols, where 3-symbol correlation assumes the 1st symbol in 2-slot TRS pattern is used for AGC, while 7-symbol correlation simulates one-time repetition of 4-symbol TRS pattern. The CDFs of tracking time corresponding to the highest correlation peak for SNR={-6dB, 0dB} are shown in Figure 2a and 2b respectively. These figures show that,
· With one-shot legacy TRS pattern (3-symbol correlation case), the probabilities for UE to track on roughly ¼-symbol away or even more are about 2% and 0.05% for SNR equal to -6dB and 0dB, respectively. 
· One-time repetition of TRS pattern can effectively reduce the chance for highest correlation peak occurring at the time delta by ¼-symbol away. Whether the one-time repetition can completely remove the false correlation peak depends on SNR.    
[image: corr_2048.eps]
Figure 1 Normalized auto-correlation of legacy TRS (DFT size=2048, noise-free)
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 (2a)
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(2b)
Figure 2 Probability distributions of correlation difference between the main peak and highest side peak
In case the tracking error can be as large as ¼ symbol duration (excluding CP), this A-TRS design could have trouble with RAN4 requirements on maximum receive time difference (MRTD) for NR CA. According to TS 38.133 section 7.6.4, for both intra-band (non-contiguous) CA and inter-band CA, “the UE shall be capable of handling at least a relative receive timing difference between slot timing of different carriers to be aggregated at the UE receiver” that is no larger than the corresponding value in Table 1. For comparison purpose, the ¼ symbol durations as well as CP length for different SCS numerologies are listed in Table 2. Although it is not crystal clear whether the RAN4 MRTD requirements apply to the timing before step of synchronization/tracking in the UE receiver (i.e., the “virtual” timing in the over-the-air signal that no entity can exactly know) or apply to the timing after step of synchronization/tracking (i.e., the “physical” timing established by UE receiver), it turns out either interpretation may stand against the above A-TRS design. 
· MRTD interpretation #1: If MRTD requirements apply to the timing before synchronization/tracking, the issue at least goes to inter-band CA case where one MRTD window (33µs for FR1 and 8µs for FR2) contains multiple correlation peaks that are ¼ symbol-durations (or the tracking error length) away from each other, meaning the UE may track on the wrong timing that is almost as 4 times long as CP length if the UE uses the hosting cell (like PCell) as the timing reference. The SCell performance right after the SCell activation is supposed to be no good in such a timing misalignment condition. 
· MRTD interpretation #2: If MRTD requirements apply to the timing after synchronization/tracking, the issue at least goes to intra-band CA case where the MRTD window (3µs for FR1 and 0.26µs for FR2) is less than the ¼ symbol duration (or the typical tracking error if occurring), which means the tracking error could make the UE judge itself not to be capable of handling the CA timing. Meanwhile, it is understood that RAN4 decided these MRTD requirements without expecting the sync/tracking error can be too large, which means it is RAN4 expectation that the MRTD requirements applied after sync/tracking step is not too different from the relative cell timing difference before the sync/tracking step – this would bring the issue in interpretation #1 (the one for inter-band CA) onto the table.       
	
	FR1
	FR2
	between FR1 and FR2

	intra-band CA
	3 µs
	0.26 µs
	-

	inter-band CA
	33 µs
	8 µs
	25 µs


[bookmark: _Ref61118396]Table 1 RAN4 MRTD requirements for NR CA
	FR
	μ
	Symbol length (μs)
	1/4-symbol length (μs)
	CP length (μs)

	FR1
	0
	66.67
	16.67
	4.69

	FR1
	1
	33.33
	8.33
	2.34

	FR1, FR2
	2
	16.67
	4.17
	1.17

	FR2
	3
	8.33
	2.08
	0.59

	FR2
	4
	4.17
	1.04
	0.29


[bookmark: _Ref61118723]Table 2 1/4 symbol durations and CP lengths
It should be clear that the issues mentioned above for A-TRS come from the TRS resource allocation in frequency domain. Although the similar resource allocation was used in LTE CRS which also provides time tracking functionality, the LTE CRS was not designed to handle asynchronous fast tracking. Therefore, it becomes questionable whether the legacy TRS is the best starting point for further A-TRS design, given there exist some other design philosophies to dramatically lower or even remove the strong auto-correlation side peaks. One example is to let A-TRS occupies one out of four subcarriers pseudo-randomly, i.e., (subcarrier_index mod 4) is not fixed but pseudo-random. The auto-correlation for such a signal is given in Figure 3, which shows no strong side peaks at all. However, this pseudo-random subcarrier placement does not come for free – it would make the general resource allocation on the TRS symbol somehow difficult or complicated for legacy UE, which may need the mechanisms such as resource reservation or zero-power CSI-RS mark-up to help the rate-matching around the RE’s that are ever possible to hold TRS REs.   
[image: corr_2048_pr.eps]
[bookmark: _Ref61124264]Figure 3 Normalized auto-correlation for TRS with pseudo-random subcarrier placements (DFT size=2048, noise-free)
In our view, the strong autocorrelation side peak does not provide anything good to time tracking. If such strong side peaks remains in the A-TRS signal properties, this A-TRS can be meaningful in the asynchronous fast SCell activation only if the one-shot A-TRS can be repeated in the time domain in order to average out the noise and interference that potentially makes the highest correlation side peak even higher than the main peak. The repetition could also be needed in case the A-TRS is not configured to transmit in sufficient number of RBs (e.g., far from full-bandwidth). 
If the A-TRS needs to support the case with unknown to-be-activated SCell and therefore to provide coarse synchronization, the impact of high correlation side peaks could be more severe. 
Proposal 2: Further discussion on the working assumption of A-TRS pattern should take into account the RAN4 MRTD requirements and A-TRS repetition.
It should be pointed out that, even though the legacy TRS has certain issue with high correlation side peaks, to roll back to using PSS/SSS for A-TRS purpose is not a good choice either, simply because PSS/SSS may have fewer REs than the legacy TRS and therefore lower total signal energy under the condition of same EPRE. 
QCL information
As mentioned earlier, due to uncertainty of known SCell and unknown SCell, it is difficult to guarantee a QCL relationship between SSB before SCell activation and A-TRS after SCell activation. On the other hand, if any optimization should be given upon QCL relationship, we think the optimization should be the other way around: A-TRS can be the QCL source of SSB transmitted after A-TRS, and Rel-15 QCL type for P-TRS and SSB/CSI-RS can be reused.
Proposal 3: A-TRS can be a QCL source for SSB and CSI-RS to assist SSB detection and CSI measurement. Rel-15 QCL type for P-TRS and SSB/CSI-RS can be reused for A-TRS and SSB/CSI-RS.
Associated BWP
Once SCell activation command is received, the UE detects SSB in the BWP identified by firstActiveDownlinkBWP-Id. So A-TRS for fast SCell activation should be associated with the firstActiveDownlinkBWP to reduce specification and implementation complexities by avoiding BWP switching. 
Proposal 4: A-TRS for fast SCell activation should be associated with the firstActiveDownlinkBWP.
Triggering command
The R15 based triggering mechanism, e.g., by reusing existing DCI based A-TRS triggering and MAC CE based SCell activation, may lead to different arrival order or different timeline requirements between A-TRS triggering and SCell activation command. For example, UE successively receives SCell activation command but fails to receive A-TRS triggering, then UE follows legacy SCell activation and waits for the next available SSB, but gNB may have assumed UE to be in timeline of fast SCell activation and have sent A-TRS and even CSI-RS for CSI reporting. In this case, it is very likely for UE to miss the CSI reporting in the fast timeline. There was counter-argument that the UE may still have chance to respond gNB with CSI reporting in the slow timeline based on the SSB measurement. However, the questions are: whether the UE should expect anyway the two kinds of requests of CSI-reporting (one is in fast timeline and another in slow timeline) even if the UE successfully receives both SCell activation MAC-CE and A-TRS triggering DCI; and, if yes, whether and how the UE should respond both requests. The non-synchronized (with SCell activation) and non-acknowledged ATRS-triggering DCI would make the gNB-UE handshake protocol in fast SCell activation more complicated. In a worst situation, the SCell activation could fail from gNB point of view. 
Observation 4: Reuse of R15 DCI signaling to trigger A-TRS can make the fast SCell activation protocol more complicated due to the potential for UE to deal with both fast and slow timelines, or may even lead to SCell activation failure in the worst situation.
To use Rel-15 DCI signalling to trigger A-TRS (which is a special case of CSI-RS) would introduce run-time restriction to CSI report flexibility and the transmission efficiency. For example, a UE is configured with 5 SCells that may need activation/deactivation. Then the A-TRS triggering with full flexibility requires 31 code-points in “CSI request” DCI field, which can have up to 6 bits. In other words, A-TRS triggering costs almost half of states of “CSI request” field, and therefore leaves restricts to normal CSI reporting. 
Observation 5: Because “CSI request” field in UL grant is limited to no more than 6 bits, using this field to trigger A-TRS can restrict normal CSI report flexibility and impact system transmission efficiency.
To avoid above issues, MAC CE based integrated signalling is suggested. One scheme is to use Rel-15/16 SCell activation MAC-CE and to make it implicitly trigger the TRS belonging to a specific configuration. This scheme has the least spec impacts. To be more specific, if a UE is configured with the specific TRS configuration, it expects the A-TRS being sent by gNB once it receives the SCell activation MAC-CE; otherwise, it follows the legacy SCell activation process upon reception of SCell activation MAC-CE. 
Proposal 5: For a UE configured with A-TRS for fast SCell activation, Rel-15/16 SCell activation MAC-CE implicitly triggers the transmission of A-TRS.
Conclusions
In this contribution, we show our views on the enhancements on efficient activation/de-activation for SCell with following observation and proposals:
Observation 1: As of Rel-16, known and unknown SCell are RAN4 internal terminologies; and gNB and UE may not have the same understanding whether a to-be-activated SCell is known or unknown. 
Observation 2: Based on current RAN1 working assumptions, if the gNB triggering of TRS needs to cover known-SCell all the time, it is inevitable to also cover unknown-SCell occasionally. The UE detection of TRS is not based on condition of known SCell, but based on the TRS triggering signaling from gNB. 
Observation 3: A-TRS may need to provide coarse synchronization functionality, besides AGC and time tracking.
Observation 4: Reuse of R15 DCI signaling to trigger A-TRS can make the fast SCell activation protocol more complicated due to the potential for UE to deal with both fast and slow timelines, or may even lead to SCell activation failure in the worst situation.
Observation 5: Because “CSI request” field in UL grant is limited to no more than 6 bits, using this field to trigger A-TRS can restrict normal CSI report flexibility and impact system transmission efficiency.

Proposal 1: To abandon the working assumption on SSB being QCL source of TRS for known-SCell. 
Proposal 2: Further discussion on the working assumption of A-TRS pattern should take into account the RAN4 MRTD requirements and A-TRS repetition.
Proposal 3: A-TRS can be a QCL source for SSB and CSI-RS to assist SSB detection and CSI measurement. Rel-15 QCL type for P-TRS and SSB/CSI-RS can be reused for A-TRS and SSB/CSI-RS.
Proposal 4: A-TRS for fast SCell activation should be associated with the firstActiveDownlinkBWP.
Proposal 5: For a UE configured with A-TRS for fast SCell activation, Rel-15/16 SCell activation MAC-CE implicitly triggers the transmission of A-TRS.
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