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1. Introduction

Carrier aggregation is supported in Rel-15 NR. Corresponding carrier aggregation RRM requirements had been discussed in RAN4 for several meetings, covering interruption, activation/deactivation delay and etc. The latest agreements on SCell activation/deactivation were captured in [1]:
	· Background: it was agreed in RAN4#85 that “Upon receiving SCG SCell activation command in slot n, the UE shall be capable to transmit valid CSI report and apply actions related to the activation command for the SCell being activated no later than in slot n+ [THARQ + Tactivation_time + TCSI_Reporting ] ”

· Tactivation_time is consisted of 

· RF warm up excluding AGC settling: TBD and independent of SCS

· AGC settling: N1 SMTC periods for known and N2 SMTC periods for unknown cells

· PSS/SSS and SSB index acquiring: 

· X1 SMTC periods for known cell

· X2 SMTC period for unknown cell

· X1 and X2 will be decided by RAN4#86

· Side condition: SINR ≥ -3dB

· Activation time for activation of multiple SCells; No. of SCells is FFS 


As can be observed, there are still some uncertainties in above agreements. In this contribution, we provide our view on these TBD value.
2. Discussion
According to the agreement, upon receiving SCG SCell activation command in slot n, the UE shall be capable to transmit valid CSI report and apply actions related to the activation command for the SCell being activated no later than in slot n+ [THARQ + Tactivation_time + TCSI_Reporting ]. In what follows, we provide analysis on each part in the equation.
2.1. THARQ

HARQ processing time was discussed and agreed in RAN1. Here we duplicate the agreement from RAN1 #92 for information:
	Agreements:

· The baseline UE processing time capability in NR Release 15 for slot-based scheduling, including CA case with no cross-carrier scheduling and with single numerology for PDCCH, PDSCH, and PUSCH and no UCI multiplexing, is given by Table 2-1 below. 

· FFS whether processing times can be supported also for cross-carrier scheduling

Table 2-1. UE Processing Time and HARQ Timing (Capability #1)

Configuration

HARQ Timing Parameter

Units

15 KHz SCS

30 KHz SCS

60 KHz SCS

120 KHz SCS

Front-loaded DMRS only

N1

Symbols

8

10

17

20

Front-loaded + additional DMRS

N1

Symbols

13

13

20

24

Frequency-first RE-mapping

N21
Symbols

10

12

23

36

1. If 1st symbol of PUSCH is data-only or FDM data with DMRS, then add 1 symbol to N2 in table.

Agreements:

In the case of multiplexing HARQ-ACK with uplink data on PUSCH

· N1’ the number of OFDM symbols required for UE processing from the end of PDSCH to the earliest possible start of the corresponding ACK/NACK transmission on PUSCH from UE perspective

· N1’ ≥ N1 + d where N1 is based on the UE capability for ACK-only

· N2’ the number of OFDM symbols required for UE processing from the end of PDCCH containing the UL grant reception to the earliest possible start of the corresponding the same PUSCH transmission from UE perspective

· N2’ ≥ N2 + d where N2 is based on the UE capability for sending data-only on PUSCH

· d = [1] symbols

· UE is not expected transmit the HARQ-ACK multiplexed with uplink data if the network set the values of K1 and/or K2 without leaving sufficient time for UE processing

· FFS: how to much time is needed to multiplex CSI reports, depending on outcome from MIMO session.


Besides, NR supports different UE capabilities on HARQ processing time. Moreover, for non-slot based scheduling the HARQ timing might be different from that in Table 2-1, which is for slot based scheduling. As can be observed, the larger SCS is, the shorter absolute HARQ timing is required.
However, in SCell activation/deactivation procedure UE shall not start RF adjustment immediately after the MAC CE is successfully processed. The reason is elaborated in RAN2 LS in [3]:
	HARQ feedback for the MAC PDU containing SCell Activation/Deactivation MAC CE shall not be impacted by PCell, PSCell and PUCCH SCell interruptions due to SCell activation/deactivation in TS 38.133 [11].


The motivation of this text in LTE was to guarantee that the eNB can confirm whether UE received activation/deactivation MAC CE to determine when to start/stop monitoring the CSI for the SCell. The similar requirement should be needed also for the NR SCell.
Same issue in LTE SCell activation/deactivation procedure. To address this in RAN4 specification we explicitly confined the interruption due to SCell activation/deactivation between subframe n+5 and n+9 for E-UTRAN FDD, and subframe n+5 and n+11 for TDD. Since the HARQ timing is 4ms in legacy LTE, this restriction can avoid the impact on HARQ feedback from interruption.

Therefore, RF adjustment related to SCell activation/deactivation is expected to be performed after HARQ feedback. Actually the timing for given PDSCH to the DL ACK is configured by network with k1 (dl-data-to-UL-ACK in TS38.331) according to RAN1 design. Although TS38.331 is not stable yet, RAN4 can simply use the term “k1” in our specification and refer to TS38.331.
Proposal 1: THARQ = k1, which is defined in TS38.331 as dl-data-to-UL-ACK.

2.2. Tactivation_time
Receiving SCell activation command, UE will activate the SCell according to the following procedures
1) RF preparation. For intra-band contiguous carrier aggregation with single receiver it means that the receiver bandwidth is centered around the PCC before SCC is added, and might not be wider than necessary for receiving DL system bandwidth for the PCell. Thus the central frequency and operating bandwidth need to be adjusted to cover both PCC and SCC. Regarding inter-frequency carrier aggregation, UE needs to turn on another receiver for SCC. In this scenario cold-start is expected. The preparation time for cold-start is expected to be longer. In our estimate a total time period 150us is needed to prepare the CO, PLLs and warm-up of analog components.
2) Settle AGC, which would take up to 200us if there is signal available for AGC adjustment. Considering the Cell being activated is a new SCell and there may not be any signals other than SSB. SSB is confined within SMTC window with 5ms. One thing needs to be highlighted is that the SMTC is not filled with SSBs. In fact, only part of OFDM symbols in SMTC can carry SSB according to RAN1 design. Take 15KHz and 30KHz with L=4 for example, only first two slots in SMTC carry SSBs. Especially for 30KHz 1st pattern with L=4, SSB only takes up 1ms in SMTC window. Thus in this scenario 200us AGC settling time actually can take away 50% SSBs in the first SMTC window, as can be seen in Figure 1. Considering the worst case, the first two SSBs are the most suitable ones and the rest SSBs are not good enough for PSS/SSS detection. Thus UE will need to wait for the next SMTC for cell search. Therefore, up to 1 SMTC is expected for AGC adjustment.
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Figure 1. SSB in 30KHz with L=4
3) Detect PSS/SSS. If the SCell being activated is an unknown cell to UE, UE will search the SCell based on PSS/SSS detection. According to our simulation results 1 or 2 SMTC is needed under condition SNR = -3dB. Whilst for a known cell, this part could be 0.
4) Acquire full timing information. Unlike LTE, half frame information cannot be acquired after PSS/SSS detection for above 3GHz. Thus UE will need to read PBCH for this information otherwise it may not be able to perform CQI measurement correctly in the indicated timeslot. According to the agreement in [2] SS/PBCH index acquisition delay is [2+X] *SMTC for FR1 and [3+Y] *SMTC for FR2 with side condition SNR = -6dB. If we focus in SNR = -3dB as agreed in [1], our simulation results show the baseband delay is 1 SMTC. If same impairment margins are used, the delay for SS/PBCH acquisition would be [1+X]*SMTC for FR1 and [2+Y] *SMTC for FR2. Here we assume X can be 1 for FR1 at SNR = -3dB. Another point is about the known and unknown cell. The known cell definition was also agreed in [1]:
	· Reuse the condition of known NR PSCell/SCell definition from LTE for FR1.

· Define the condition of known NR PSCell/Scell for FR2.


For information here we duplicate the definition of a known SCell in LTE:

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

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

-
the SCell being activated remains detectable according to the cell identification conditions specified in section 8.3.3.2,

-
SCell being activated also remains detectable during the SCell activation delay according to the cell identification conditions specified in section 8.3.3.2 where 
Nact_known =24;

Nact_known =23 if the activation command is transmitted on the PDSCH with 1ms TTI and shortened processing time;

Nact_known =22 if the activation command is transmitted on the PDSCH with 1 slot TTI or with subslot TTI;


The difference in NR is that “UE has sent a valid measurement report” doesn’t necessarily mean UE has already obtained the full timing information, unless the measurement report contains corresponding SSB index. To address it seems there are two options:

Opt 1: revise the definition of known SCell to make sure UE has the full timing information.


Opt 2: keep the existing definition. Thus UE may still need to read PBCH even if the SCell being activated is known.

For opt 1, it could be the case where UE had sent measurement report with SSB index before SCell is activated or PCell indicate that the SCell being activated is a synchronous cell and PCell timing can be simply used as reference, and etc. In nature it seems opt 2 is slightly away from “known”. Thus opt 1 is preferred.
Proposal 2: definition of known SCell shall be updated to make sure UE has the full timing information for the SCell being activated.


Thus for known cell, this part of time could be 0.
5) Finer time tracking. Coarse time and frequency synchronization would not be enough to feedback CQI, which is deemed as the end of activation procedure. That is the reason why in LTE UE needs additional 24ms to report CQI even for a known cell. In the legacy 24ms in LTE requirements, 4 samples are assumed. As for NR, since the density of SSB is higher than that of CRS in LTE, UE may achieve better performance. In our study UE can finish finer time tracking within 2~3 SMTC. Technically procedure 4) and 5) can be proceeded in parallel. To activate an unknown cell UE needs to read PBCH, after PBCH can be successfully decoded, it is rational to assume the fine time and frequency synchronization is acquired. Even for a known cell, UE doesn’t need to read PBCH. But UE still need 2~3 SMTC to finish fine time tracking.
In summary, the SCell activation delay can be
a) For known cell: Tactivation_time = Twarm_up + TAGC + Tfiner_time_tracking = 150us + 4 SMTC
b) For unknown cell: Tactivation_time = Twarm_up + TAGC + Tsearch + TPBCH = 150us + 5 SMTC
Proposal 3: for SNR = -3 dB, SCell activation delay is 150us + 4 SMTC for known cell and 150us + 5 SMTC for unknown cell.
Another thing is on FR2. Due to Rx beam sweeping, Tfiner_time_tracking, Tsearch and TPBCH can be expected to have longer duration.

Proposal 4: in FR2, longer SCell activation delay can be expected.
2.3. Others
As for TCSI_Reporting, quite general statement is used in RAN4 for corresponding requirements, covering SCell side condition and other applicability of the requirements. Similar content is to be defined NR specification. 
Regarding SCell deactivation delay, it can be seen in LTE requirement that the UE shall accomplish the deactivation actions specified in [17] for the SCell being deactivated no later than in subframe n+8. That is to confine the glitch due to RF adjustment upon SCell deactivation within the interruption window. Note that n+8 is within the “interruption window” of n+5~n+9 for FDD and n+5~n+11 for TDD. Similar approach can apply for NR SCell deactivation. So far the interruption window is still TBD, RAN4 can further discuss the deactivation delay once the interruption window is decided.

Proposal 5: SCell deactivation shall be finished within the allowed interruption window.
3. Conclusions
In this contribution, we provide further discussion on SCell activation/deactivation delay based on previous agreements. After discussion the following proposals are provided.
Proposal 1: THARQ = k1, which is defined in TS38.331 as dl-data-to-UL-ACK.
Proposal 2: definition of known SCell shall be updated to make sure UE has the full timing information for the SCell being activated.
Proposal 3: for SNR = -3 dB, SCell activation delay is 500us + 4 SMTC for known cell and 500us + 5 SMTC for unknown cell.
Proposal 4: in FR2, longer SCell activation delay can be expected.
Proposal 5: SCell deactivation shall be finished within the allowed interruption window.
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