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1. Introduction

In last RAN4 #76 meeting, requirement of activation delay for PUCCH SCell was discussed extensively. The requirement was split into two parts:
· Activation delay for the PUCCH SCell with UL synchronization

· Activation delay for the PUCCH SCell without UL synchronization
For the first case, UE has already established the UL synchronization on the PUCCH SCell when receiving the SCell activation command. The common understanding on this part has been reached and captured in an agreed WF [3]:

· The existing SCell activation delay requirements in section 7.7 apply for up to 3 SCells with wording change.

The agreement was also liaised to RAN1/2 in [2].

For the second case, UE has not established the UL synchronization on the PUCCH SCell yet when receiving the SCell activation command. Thus additional delay is required to acquire the valid TA on the PUCCH SCell to send valid CSI on PUCCH SCell. However, consensus on the exact delay requirement has not been reached. Candidates of the activation delay were also provided in [3]:

· Option 1: sum of the following delays:

· Existing SCell activation delay as defined in section 7.7, TS 36.133,

· Delay due to random access on SCell: up to 30 ms and

· Delay in obtaining a valid TA command for sTAG: up to 13 ms (Section 5.1.4, TS 36.321).

· Delay in applying the received TA for UL transmission; 6 ms (Section 4.2.3, TS 36.213)

· Delay uncertainty due to PCell PRACH preamble transmission (TPCell); TPCell  = 20 ms if Pcell RA and SCell RA occur at the same time, otherwise 0.

· The need of the Delay due to PDCCH Order is FFS. 

· Other options are not precluded.
Further discussion on the activation delay for PUCCH SCell without UL synchronization will be provided in this contribution.
2. Discussion
Compared with activation delay with UL synchronization, additional delay is required to acquire the valid TA on the SCell when activating PUCCH SCell without UL synchronization. In this section, analysis on the additional delay will be presented.

Focus on candidate option 1 in [3]. The total delay can be expressed as the sum of the following:

1) Existing SCell activation delay as defined in section 7.7, TS 36.133

Regardless whether is a PUCCH SCell or not, UE needs time to prepare its relevant equipment for the activating SCell. The maximum activation delay has been specified and captured in TS36.133 section 7.7 as 24ms for known SCell and 34ms for unknown SCell respectively.

2) Delay due to random access on SCell

The random access configuration was specified in TS36.211, in which it could seen that the longest RACH period is 20ms. Considering UE might miss the first opportunity in the first frame upon the completion of the SCell activation, 10ms tolerance is allowed. Then the delay due to random access on SCell should be 30ms.

3) Delay in obtaining a valid TA command for sTAG
After random access preamble transmission, the MAC entity shall monitor the PDCCH for the random access response in the RA response window as specified in the MAC layer specification TS36.321. The RA response windows starts at the end of the preamble transmisson plus 3 subframe and has length ra-ResponseWindowSize subframes. The maximum value of ra-ResponseWindowSize can be found as 10ms in TS36.331. Thus the delay in obtaining a valid TA command for sTAG should be 13ms.

4) Delay in applying the received TA for UL transmission

It was specifid in TS 36.213 that for a timing advance command received on subframe n, the corresponding adjustment of the uplink transmission timing shall apply from the beginning of subframe n+6. Thus this part of delay shall be 6ms.

Observation 1: the delay uncertainty in acquiring valid TA on the SCell is 30ms+13ms+6ms=49ms
5) Delay uncertainty due to PCell PRACH preamble transmission 

Uplink synchronization on SCell with PUCCH could be acquired by Random Access procedure on that SCell. But there may be PRACH colliding between PUCCH SCell and PCell.

UE behaviour has been specified in TS36.321 when PRACH on different cells are colliding:

There is only one Random Access procedure ongoing at any point in time in a MAC entity. If the MAC entity receives a request for a new Random Access procedure while another is already ongoing in the MAC entity, it is up to UE implementation whether to continue with the ongoing procedure or start with the new procedure.
It can be observed that there is only one Random Access procedure ongoing at any point in time in a MAC entity. Similar to DC PSCell addtion, assuming PRACH on PCell has the highest prioirty, additional activation delay could be expected if activation of PUCCH SCell without uplink synchronization is interrupted by a PCell PRACH preamble transmission. The corresponding additional activation delay depends on the PRACH occasion configuration on PCell, which is up to 20ms.
6) The need of the Delay due to PDCCH Order is FFS. 

It was agreed in RAN2 that:

Upon activation of a PUCCH SCell without valid UL timing, UE waits for network to initiate random access via PDCCH order;

The agreement above imply that after completing the activation on PUCCH SCell without uplink synchronization, UE shall waits for network to initiate random access via PDCCH order instead of performing random access immediately after completing the activation. It means it is up to network decision when to trigger random access for the UE which has just completed PUCCH SCell activation. This would lead to additional uncertain delay which is quite difficult to be predicted. However, it is unlikely in reality that network activates a SCell for the UE without any plan to schedule it on the SCell. On the other hand, the UE capability can be guaranteed by proper design of test case, e.g. continuous PDCCH transmission on the activating SCell is expected in the PUCCH SCell activation test case. A simple way is that we could exclude this unpredictable delay when calculating the exact activation delay requirement for PUCCH SCell without uplink synchronization and add certain clarification to address this part of delay.

Proposal 1: The additional delay due to PDCCH order should not be captured in the calculation of exact activation delay requirement. But clarification should be expected to address this part of uncertainty.
Based on the discussion above, the total activation delay shall be :
Proposal 2: Total activation delay of PUCCH SCell could be expressed as:

TPUCCH_SCell_activation_delay = TScell_activation_time + TTA + TPCell_ DU 
Where:

TScell_activation is the SCell activation time. If the SCell is known, then TScell_activation is 24ms. If SCell is unknown, then TScell_activation is 34ms provided the SCell can be successfully detected on the first attempt.

TTA is the delay uncertainty in acquiring the valid TA on the SCell. TTA is up to 49ms if the UE does not have valid uplink timing on the PUCCH SCell being acvtivated, otherwise is 0.

TPCell_ DU is the delay uncertainty due to PCell PRACH preamble transmission. TPCell_ DU is up to 20ms if the UE does not have valid uplink timing on the PUCCH SCell being acvtivated and the activation is interrupted by a PCell PRACH preamble transmission, otherwise it is 0.

Note that for activation of PUCCH SCell without uplink synchronization, if UE has no chance to perform random access due to not receiving any PDCCH from the activating PUCCH SCell, an additional delay can be expected.

· SCell Activation Delay Requirement for Deactivated SCell with Muliple Downlink Scells
While activating a SCell if any other SCell is activated, deactivated, configured or deconfigured by the UE then additional delay is allowed because the addition/release, activation/deactivation would cause interruption to PCell and the activated SCell as specified in TS36.133 7.8:

Interruptions at SCell addition/release with multiple downlink SCells
●
an interruption on PCell:

○
of up to 1 subframe, if the PCell is not in the same band as any of the SCells being added or released, or 

○
of up to 5 subframes, if the PCell is in the same band as any of the SCells being added or released;

●
an interruption on any activated SCell:  

○
of up to 1 subframe, if the activated SCell is not in the same band as any of the SCells being added or released, or 

○
of up to 5 subframes, if the activated SCell is in the same band as any of the SCells being added or released.
Interruptions at SCell activation/deactivation with multiple downlink SCells
●
an interruption on PCell:

○
of up to 1 subframe, if the PCell is not in the same band as any of the SCells being activated or deactivated, or 

○
of up to 5 subframes, if the PCell is in the same band as any of the SCells being activated or deactivated;

●
an interruption on any activated SCell:  

○
of up to 1 subframe, if the activated SCell is not in the same band as any of the SCells being activated or deactivated, or 

○
of up to 5 subframes, if the activated SCell is in the same band as any of the SCells being activated or deactivated.

So we propose:
Proposal 3: While activating a SCell if any other SCell is activated, deactivated, configured or deconfigured by the UE then the UE shall meet the SCell activation delay requirements (Tactivate_total) according to the following expression:
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Where:

Tactivate_total is the total time to activate a PUCCH SCell and is expressed in subframes.

Tactivate_basic is the PUCCH SCell activation delay specified in proposal 2;

Ki (0 ≤ Ki ≤ [3]) is the number of times the other ith SCell is activated, deactivated, configured or deconfigured while the SCell is being activated.

N (2≤N≤3) is the maximum number of SCells supported by the UE.
3. Conclusions

In this contribution, we provide discussion on the activation delay for PUCCH SCell and present the following conclusions:
Observation 1: the delay uncertainty in acquiring valid TA on the SCell is 30ms+13ms+6ms=49ms
Proposal 1: The additional delay due to PDCCH order should not be captured in the calculation of exact activation delay requirement. But clarification should be expected to address this part of uncertainty.

Proposal 2: Total activation delay of PUCCH SCell could be expressed as:

TPUCCH_SCell_activation = TScell_activation + TTA + TPCell_ DU 
Where:

TScell_activation is the SCell activation time. If the SCell is known, then TScell_activation is 24ms. If SCell is unknown, then TScell_activation is 34ms provided the SCell can be successfully detected on the first attempt.

TTA is the delay uncertainty in acquiring the valid TA on the SCell. TTA is up to 49ms if the PUCCH SCell being acvtivated dose not have vaid uplink timing, otherwise is 0.

TPCell_ DU is the delay uncertainty due to PCell PRACH preamble transmission. TPCell_ DU is up to 20ms if PUCCH SCell being activated does not have valid uplink timing and the activation is interrupted by a PCell PRACH preamble transmission, otherwise it is 0.
Proposal 3: While activating a SCell if any other SCell is activated, deactivated, configured or deconfigured by the UE then the UE shall meet the SCell activation delay requirements (Tactivate_total) according to the following expression:
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