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1. Introduction
In RAN2#89bis, the details on activation/deactivation timing of PUCCH SCell were discussed and following agreements were achieved.
	Agreements

2
If a deactivated PUCCH SCell is activated, the UE is not required to report CSI on this PUCCH 8 subframes after activation command, i.e., the UE starts transmitting PUCCH on the PUCCH SCell as soon as the activation of this PUCCH SCell completed
2a
If another SCell belonging to a PUCCH SCell is activated, the CSI for the newly activated SCell shall be transmitted from n+8 (i.e., legacy timing applies)  but not before the activation of the PUCCH is completed (see 2 above)
3
Upon deactivation of a PUCCH SCell the UE stops the transmitting PUCCH on this PUCCH SCell when the deactivation is completed but no later than n+8. 


Since the CSI of the PUCCH SCell is transmitted on its own, which is different from the legacy SCell, this contribution gives our analysis on the scheduling delay on the newly activated PUCCH SCell based on this point. 
2. Discussion
2.1. Scheduling delay of legacy SCell activation
For legacy SCell, upon receiving the SCell activation command in subframe n, the minimum requirement on the activation delay for the SCell is 24ms/34ms (which is defined in 36.133). Hence, the maximum scheduling delay on the newly activated SCell is 24/34ms. 

In addition, since the CSI of the SCell can be report via PCell from subframe n+8, eNB can timely learn the SCell actually activated via the valid CSI detection. When eNB receives the valid CSI of the newly SCell earlier, eNB can schedule data transmission on that SCell earlier. 
Hence, for legacy SCell activation, the scheduling delay is min {
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2.2. Scheduling delay of PUCCH SCell activation
Comparing to the legacy SCell, for the minimum requirement for activation delay, PUCCH SCell is same as legacy SCell; but for the time point of valid CSI detection, there are two different points between PUCCH SCell and legacy SCell:
· Point 1: For in-sync SCell, the Cell for CSI reporting is different:

· legacy SCell’ CSI report is on PCell;

· PUCCH SCell’s CSI report is on itself;
· Point 2: For out-sync SCell, the existence for CSI reporting is different:
· Out-sync legacy SCell can transmit CSI report on PCell;

· Out-sync PUCCH SCell cannot transmit CSI report since there is no PUCCH resource for CSI report.

The analysis on the two points is given separately as below. 
· Point 1: in –sync case
For legacy SCell activation, since the PCell is in-sync and always activated, the CSI reporting is started from subframe n+8. But the valid CSI reporting is only after the SCell is actually activated, and the intention to report CSI reporting with OOR value before is only to align the eNB and UE’s understanding on the relationship between the CSI value and the corresponding Cell.  

For PUCCH SCell activation, due to no transmission on the SCell before it is actually activated, no OOR CSI value is reported; upon the SCell is actually activated, UE can directly report the valid CSI on the PUCCH SCell which is useful for eNB scheduling. 
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Figure-1 Scheduling delay for in-sync SCell
Figure-1 gives an example for the scheduling delay for newly activated legacy SCell and PUCCH SCell, and there is no difference. 
Observation 1: In case of in-sync PUCCH SCell activation, the scheduling delay is same as legacy SCell.
· Point 2: out-sync case
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Figure-2 Scheduling delay for out-sync SCell
For legacy SCell activation, since its CSI reporting is not impacted by its UL sync state, the scheduling delay for it is min {
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For PUCCH SCell activation, since there is no periodic CSI configuration (the configuration has been released when it is enter out-sync state), eNB cannot judge the SCell actually activated via CSI reporting. In addition, since the A/N feedback is transmitted on PUCCH SCell, if eNB wants to perform the DL transmission with feedback, it is necessary for eNB to trigger PUCCH SCell entering in-sync state via RACH. In this case, for PUCCH SCell activation, the scheduling delay is (24/34ms+ RACH delay).
The extra scheduling delay on PUCCH SCell is given as below:


Extra_Scheduling_Delay(max) = 34ms - min {
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· Difference between 34ms and min (
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The difference is dependent on the periodic CSI configuration and CSI-RS configuration. If there is no CSI report occasion between [n, n+34ms], min {
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, 34ms} is 34ms, and there is no difference. 
In case of typical CSI configuration (period = 40ms), considering all the possible CSI reporting occasions from the first valid CSI measurement, the average value of  the legacy scheduling delay is given in Table-1. 

Table-1 scheduling delay for legacy SCell
	First valid CSI measurement subframe
	CSI report occasion 

(40ms period from the first valid CSI report)
	Average Scheduling delay for legacy SCell 
min {
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	N+8,N+9,….., N+47
	26ms
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	…
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	N+34
	N+34,…
	34ms


From Table-1, it can be seen that the difference between 34ms and min {
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, 24/34ms} is 8ms at most. 
· RACH delay

It is network triggered CFRA, the average CFRA delay is 17.5ms (see Annex).
Combining the two parts, Extra_Scheduling_Delay for PUCCH SCell is about 25ms at most. 
Observation 2: In case of out-sync PUCCH SCell activation, comparing to legacy SCell, the extra scheduling delay is 25ms at most.

Based on Observation 2, from the scheduling delay’s point of view, it is not good; but considering the important role of PUCCH SCell, the frequency of sync state change on PUCCH SCell would be lower than that on legacy SCell. Since the dedicated PUCCH/SRS resource on the PUCCH SCell will be released when the PUCCH SCell is out of sync, when eNB triggers PUCCH SCell into in-sync state later, eNB is required to perform RRC reconfiguration procedure to reconfigure the SRS and PUCCH for periodic CSI report and/or D-SR. High frequency would lead to more RRC reconfiguration procedure. Hence, the frequency for eNB to activate out-sync PUCCH SCell is not so high.
Observation 3: The frequency for eNB to activate out-sync PUCCH SCell is not high. 
Due to the lower frequency, the extra scheduling delay is acceptable.

Observation 4: The extra scheduling delay is acceptable. 
Based on the above four observations, the scheduling delay of newly activated PUCCH SCell is acceptable, and it is unnecessary to introduce enhancement. 
Proposal: it is unnecessary to introduce new enhancement to reduce the scheduling delay for newly activated PUCCH SCell.
3. Conclusion
According to the analysis in section 2, the following observations are obtained:
Observation 1: In case of in-sync PUCCH SCell activation, the scheduling delay is same as legacy SCell.

Observation 2: In case of out-sync PUCCH SCell activation, comparing to legacy SCell, the extra scheduling delay is 25ms at most.

Observation 3: The frequency for eNB to activate out-sync PUCCH SCell is not high. 
Observation 4: The extra scheduling delay is acceptable. 
Based on these observations, we propose:
Proposal: it is unnecessary to introduce new enhancement to reduce the scheduling delay for newly activated PUCCH SCell.
4. Annex

4.1. CFRA delay from 36.902

B.1.2.1.4
Downlink initiated transition, unsynchronized
Table B.1.2.1.4-1 provides a timing analysis, assuming FDD frame structure, of the downlink state transition for a UE without uplink synchronization. For the downlink initiated transition, a dedicated preamble is assumed and no contention resolution is needed. The analysis illustrates that the downlink transition from dormant to active for an unsynchronized UE can be achieved within a minimum of 13.5ms, with 1ms PRACH cycle and a 3ms msg2 window.
Table B.1.2.1.4-1: Downlink initiated dormant to active transition (error free)

	Component
	Description
	Minimum [ms]
	Average 
[ms]

	1
	UE receives dedicated preamble on PDCCH and prepares UL Tx and cannot select a PRACH occasion before n+6
	6
	6

	2
	Average delay due to RACH scheduling period
	0.5
	2.5

	3
	RACH Preamble
	1
	1

	4
	Preamble detection and transmission of RA response (Time between the end RACH transmission and UE’s reception of the timing adjustment)
	3
	5

	5
	Node B needs to wait 2 subframes before DL Tx to allow UE to adapt UL response according to the time alignment
	2
	2

	6
	Transmission of DL data
	1
	1

	
	Total delay [ms]
	13.5
	17.5
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