Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG-RAN WG4 Meeting #76bis
R4-156245
Sophia Antipolis, France, 12 - 16 October 2015
Source: 
Nokia Networks
Title: 




PUCCH Scell activation delay requirements.
Agenda Item: 
7.14.2
Document for:
Discussion
1 Introduction
A revised WI for LTE Carrier Aggregation Enhancement Beyond 5 Carriers was agreed in RAN plenary in [1]. One part of the objective of the WI is to introduce the support of PUCCH on SCell:
· For Rel-12 CA configurations, specify and complete the support of PUCCH on SCell for UEs supporting uplink Carrier Aggregation.
In addition, it lists that UE and eNB performance requirements should be specified, if such are identified:

· Specify the necessary (if any) UE and eNodeB performance requirements for PUCCH on SCell for LTE Carrier Aggregation for the scenarios addressed in RAN1 and RAN2 specifications.

In last RAN4 meeting discussion continued [11, 12, 13] and a WF [10] was agreed related to the discussion capturing:

· Activation delay for the PUCCH SCell with UL synchronization

In this case, UE has already established the UL synchronization on the PUCCH SCell when receiving the SCell activation command

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

· Activation delay for the PUCCH SCell without UL synchronization

In this case, UE has not established the UL synchronization on the PUCCH SCell yet when receiving the SCell activation command

Additional delay is required to acquire valid TA on the PUCCH SCell to send valid CSI on the PUCCH SCell.

Candidates of the activation delay requirements

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.
In this paper, we give our input on both scenarios and which changes to 36.133 we see necessary to capture the UE requirements.

2 Discussion
SCell with PUCCH was discussed during RAN2#90 meeting in Fukuoka. Following decisions has been made in RAN2 and captured in the running CR [9]:

· PUCCH SCell is configured by giving PUCCH configuration for a SCell
· The HARQ feedback and CSI report of a SCell shall be sent on the PUCCH of one and only one PUCCH SCell; hence they cannot be sent on the PUCCH of different PUCCH SCell
Regarding activation and deactivation:
· Activation/Deactivation should be supported for PUCCH SCell
· A newly added PUCCH SCell is deactivated
· Activation/deactivation timeline (Timing in relation to activation/deactivation MAC CE received in subframe n):
· Upon activation of PUCCH SCell, UE starts transmitting PUCCH on the PUCCH SCell as soon as the activation of this PUCCH SCell completed i.e. the UE is not required to report CSI on this PUCCH 8 subframes after activation command
· Upon activation of SCell belonging to Secondary PUCCH group, the CSI for the SCell shall be transmitted from n+8 but not before the activation of the PUCCH SCell is completed
· Upon deactivation of a PUCCH SCell the UE stops the transmitting PUCCH on the PUCCH SCell when the deactivation is completed but no later than n+8
· Upon activation of a PUCCH SCell without valid UL timing, UE waits for network to initiate random access via PDCCH order
In RAN2#90 there was discussion and decision related to the open issue raised in [3, 4, 6, 7, 11, 12, 12] highlighted in yellow above.
Additionally it was agreed in RAN2#91 in Beijing that for PUCCH SCell with valid UL timing no changes were needed while for the scenario with activation of PUCCH SCell without valid UL timing some additional delay would be required in order to allow to acquire valid TA on the PUCCH SCell to send valid CSI on the PUCCH SCell [10]
Next we give our views on the necessary changes in 36.133 for capturing UE requirements according to the RAN2 agreement.

2.1 PUCCH SCell activation with UL timing
PUCCH SCell activation when PUCCH SCell has valid UL timing is not different from non-PUCCH SCell activation, except for the fact that the SCell UL is sent on PUCCH SCell. For this case we believe only a simple update of the text is necessary in section 7.7.2. One text proposal is illustrated below:

‘The requirements in this section shall apply for the UE configured with one downlink SCell.

The delay within which the UE shall be able to activate the deactivated SCell depends upon the specified conditions.

Upon receiving SCell activation command in subframe n, the UE shall be capable to transmit valid CSI report and apply actions related to the activation command as specified in [17] for the SCell being activated no later than in subframe n+24 provided the following conditions are met for the SCell:

-
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.

Otherwise upon receiving the SCell activation command in subframe n, the UE shall be capable to transmit valid CSI report and apply actions related to the activation command as specified in [17] for the SCell being activated no later than in subframe n+34 provided the SCell can be successfully detected on the first attempt.

If there is no reference signal received for the CSI measurement over the delay corresponding to the minimum requirements specified above, then the UE shall report corresponding valid CSI for the activated SCell on the next available uplink reporting resource after receiving the reference signal.

If there are no uplink resources for reporting the valid CSI in subframe n+24 or n+34 then the UE shall use the next available uplink resource for reporting the corresponding valid CSI.

The valid CSI is based on the UE measurement and corresponds to any CQI value specified in [3] with the exception of CQI index = 0 (out of range) provided:

-
the conditions in section 7.7 are met over the entire SCell activation delay and 

-
the conditions for CQI reporting defined in Section 7.2.3 of [3] are met.
In addition to CSI reporting defined above, UE shall also apply other actions related to the activation command specified in [17] for an SCell at the first opportunities for the corresponding actions once the SCell is activated.

The PCell interruption specified in section 8.3.3 shall not occur before subframe n+5 and not occur after subframe n+9 when PCell belongs to E-UTRA FDD.

The PCell interruption specified in section 8.3.3 shall not occur before subframe n+5 and not occur after subframe n+11 when PCell belongs to E-UTRA TDD.

Starting from subframe n+9 when PCell belongs to E-UTRA FDD or subframe n+11 when PCell belongs to E-UTRA TDD and until the UE has completed the SCell activation, the UE shall send CSI with CQI index = 0 (out of range) if the UE is configured to report the CQI in SCell
For a PUCCH SCell with valid UL timing, the UE which has completed the SCell activation shall send valid CSI report in the PUCCH SCell if the UE is configured to report the CQI in SCell..’
The intention of the proposal is to have same requirements for non-PUCH SCell and PUCCH SCell with valid UL timing except that for PUCCH SCell the CSI reporting cannot be started prior to SCell being activated. I.e. transmission of invalid CSI report prior to PUCCH SCell being activated is not possible.
2.2 PUCCH SCell activation without valid UL timing
One fundamental difference when introducing SCell with PUCCH is that in some situations the basic assumption of having valid UL timing in the cell in which to transmit the SCell CSI report may no longer be true. For a PUCCH SCell we may therefore experience the situation where the UE does not have valid UL timing on activated PUCCH SCell.
When the UE does not have valid UL timing on the activated PUCCH SCell the UE cannot transmit in UL and [9] states that the UE shall wait for PDCCH order. I.e. UE cannot transmit CSI report according to the current activation requirements. This leads to a potential increase in the activation delay as also captured in the WF [10].
When the UE receives the SCell command it has 24/34ms activation delay before the UE should be able to apply the actions related to the activation command as specified in [17]. This means that depending on the scenario the network can expect the UE to be able to decode PDCCH and receive potential PDCCH Order at n+24/34 relative to reception of the activation command.

Based on receiving the PDCCH Order to UE will initiate RA transmission on the PUCCH SCell. Network will, based on receiving the RA burst from UE, reply the UE including a TA value. When the UE receives the TA it will apply the TA after which it is able to initiate UL transmission including PUCCH transmissions and therefore CSI reporting.
Transmission of the PDCCH Order is a network specific action and a matter of network policy and implementation. Therefore, the PDCCH Order uncertainty should be taken into the overall delay of the UE PUCCH SCell activation delay requirements in such a way that any delay on network side in transmitting the PDCCH Order is agnostic to the UE delay requirement. One way to do this is to base the PUCCH SCell activation (without valid UL timing) on the UL response from the UE – e.g. response to PDCCH Order. This would be rather similar to CSI reporting approach used in existing requirements.
In overall we see following delay should be accounted for:
Existing SCell activation delay as defined in section 7.7, TS 36.133,

Delay due to PDCCH Order.
Delay due to random access on SCell: up to 30 ms

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. This means network could expect UL response in m+49/69 where m is when the UE receives the PDCCH Order.
Proposal 1: The overall activation delay on PUCCH SCell without valid UL timing is based on the existing SCell activation delay plus the delay from PDCCH Order and UE response delay.
As mentioned in [9] it is stated that for this case:

· Upon activation of a PUCCH SCell without valid UL timing, UE waits for network to initiate random access via PDCCH order
This indicates that when the UE has no valid UL timing on a PUCCH SCell for which the UE receives an activation command, the UE shall wait for network to send a PDCCH Order on the newly activated PUCCH SCell. We therefore think 
Following we have included a text proposal how this could be captured in section 7.7.2 of 36.133:
‘The requirements in this section shall apply for the UE configured with one downlink SCell.

The delay within which the UE shall be able to activate the deactivated SCell depends upon the specified conditions.

Upon receiving SCell activation command in subframe n, the UE shall be capable to transmit valid CSI report and apply actions related to the activation command as specified in [17] for the SCell being activated no later than in subframe n+24 provided the following conditions are met for the SCell:

-
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.

Otherwise upon receiving the SCell activation command in subframe n, the UE shall be capable to transmit valid CSI report and apply actions related to the activation command as specified in [17] for the SCell being activated no later than in subframe n+34 provided the SCell can be successfully detected on the first attempt.

If there is no reference signal received for the CSI measurement over the delay corresponding to the minimum requirements specified above, then the UE shall report corresponding valid CSI for the activated SCell on the next available uplink reporting resource after receiving the reference signal.

If there are no uplink resources for reporting the valid CSI in subframe n+24 or n+34 then the UE shall use the next available uplink resource for reporting the corresponding valid CSI.

The valid CSI is based on the UE measurement and corresponds to any CQI value specified in [3] with the exception of CQI index = 0 (out of range) provided:

-
the conditions in section 7.7 are met over the entire SCell activation delay and 

-
the conditions for CQI reporting defined in Section 7.2.3 of [3] are met.
In addition to CSI reporting defined above, UE shall also apply other actions related to the activation command specified in [17] for an SCell at the first opportunities for the corresponding actions once the SCell is activated.

The PCell interruption specified in section 8.3.3 shall not occur before subframe n+5 and not occur after subframe n+9 when PCell belongs to E-UTRA FDD.

The PCell interruption specified in section 8.3.3 shall not occur before subframe n+5 and not occur after subframe n+11 when PCell belongs to E-UTRA TDD.

Starting from subframe n+9 when PCell belongs to E-UTRA FDD or subframe n+11 when PCell belongs to E-UTRA TDD and until the UE has completed the SCell activation, the UE shall send CSI with CQI index = 0 (out of range) if the UE is configured to report the CQI in SCell
For a PUCCH SCell without valid UL timing, the UE which has completed the SCell activation, and upon receiving PDCCH Order in subframe m shall send be able to send UL response to the PDCCH Order in the PUCCH SCell in m+49 provided no uncertainty due to PCell PRACH preamble transmission or m+69 if uncertainty due to PCell PRACH preamble transmission.’
If above text proposals acceptable we have in [14, 15] provided separate CR’s for UE activation delay requirements for activation of PUCCH SCell with valid UL timing and activation of PUCCH SCell without valid UL timing.
3 Conclusion 
In this paper, we continued the discussion regarding PUCCH SCell activation delay requireremts based on the agreed WF [10] from Beijing meeting. Current CA activation delay requirements in 36.133 does not cover SCell activation delay when the PUCCH SCell does not have valid UL timing, and we propose following to address this:

Proposal 1: The overall activation delay on PUCCH SCell without valid UL timing is based on the existing SCell activation delay plus the delay from PDCCH Order and UE response delay.

In addition we also see need for some minor updates in the wording regarding UE requirements of SCell activation delay requirements for PUCCH SCell with valid UL timing.
In this paper we provide text proposals how to capture the necessary changes concerning UE requirements for PUCCH Scell and in [14, 15] we have provided CR’s.
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