3GPP TSG-RAN WG4 Meeting #76














              R4-154756
Beijing, China, 24 – 28 Aug, 2015
Title: 




Discussion on CA requirements for CA beyond 5 Carriers
Source: 
Huawei, HiSilicon
Agenda item:
7.14.2
Document for:
Discussion
1. Introduction

In RAN plenary #66 meeting, a new work item “LTE Carrier Aggregation Enhancement Beyond 5 Carriers” (B5C) was approved in [1]. The objective of the WI could mainly split into two parts which respectively were:

1. For Rel-12 CA configurations, specify and complete the support of PUCCH on SCell for UEs supporting uplink Carrier Aggregation.

2. Specify necessary mechanisms to enable the LTE carrier aggregation of up to 32 component carriers for the DL and UL.
RAN4 relevant work started at RAN4 #74bis meeting. For the first objective, it has been identified that current SCell activation delay requirement are not applicable for PUCCH SCell in all use cases. Current requirements about activation delay for PUCCH SCell are not defined because there is no PUCCH SCell in legacy CA. In last RAN4 #75 meeting, a way forward [2] was agreed on this topic. In which:

· To study the activation delay for PUCCH SCell for up to 4 CCs (i.e. 3 SCells) in the RAN4 #76 meeting 

· Note: “Activation delay” means the time from receiving activation command to being capable to transmit valid CSI report 

· Consider following cases
· PUCCH SCell has UL synchronization
· PUCCH SCell does not have UL synchronization
For the second objective of the WI, it was agreed in RAN4 that no band dependent RRM requirement would be developed in R13. More detail could be found in agreed WF [3]. According to [2], this contribution is going to study the activation delay for PUCCH SCell.
2. Discussion
It was RAN4 common understanding that the SCell activation delay means the time upon receiving SCell activation command to UE being capable to transmit valid CSI report. For legacy CA, CSI report was transmitted on PUCCH of PCell. UE could transmit valid CSI report for SCell after successful activation as long as there is reference signal received for the CSI measurement delay and available uplink resources for reporting.

Regarding activation delay on SCell with PUCCH, we could split the requirement into two parts, which respectively are:

1) Activation delay on PUCCH SCell with UL synchronization.

2) Activation delay on PUCCH SCell without UL synchronization.
For 1), UE could be able to transmit valid CSI report for SCell with PUCCH after successful activation as long as there is reference signal received for the CSI measurement over the delay and available uplink resources for reporting. In this situation, it is straight forward that the existing activation requirement shall be reused, i.e. activation delay for known and unknown SCell with PUCCH are up to 24ms and 34ms, respectively.

Observation 1: UE could be able to transmit valid CSI report for PUCCH SCell with UL synchronization immediately after successful activation as long as there is reference signal received for the CSI measurement over the delay and available uplink resources for reporting.
Proposal 1: Existing SCell activation delay requirement could be reused for activation of PUCCH SCell with UL synchronization.
For 2), after successful activation of PUCCH SCell without UL synchronization, UE would not be able to transmit CSI report until the uplink synchronization is established. Thus additional activation delay due to uplink synchronization establishment could be expected. 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.
Proposal 2: Additional activation delay [20ms] shall be expected if activation of PUCCH SCell without uplink synchronization is interrupted by a PCell PRACH preamble transmission.

As only up to 2 UL CC supported in Rel-13, there is no need to consider the situation that PRACH on PUCCH SCell is interrupted by other SCell PRACH.

Furthermore, there is still another uncertainty in activation delay. In RAN2 last meeting, it was agreed that:

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

For information, the related latest RAN2 agreements on activation/deactivation for PUCCH SCell are list in annex. 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 realty that network activates an SCell for the UE without any plan to schedule it on the SCell. A simple way is that we could exclude this unpredictable delay when discussing the activation delay requirement for PUCCH SCell without uplink synchronization. Meanwhile, in order to ensure UE can activate a PUCCH SCell normally, continuous PDCCH transmission on the activating PUCCH SCell could be expected from the time activation command is sent when designing the corresponding test case.

Here we propose:

Proposal 3: 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.

However, it is difficult to determine the exact value for this time period. Based on analysis above, we could get total PUCCH SCell activation delay:

Proposal 4: Total activation delay of PUCCH SCell could be expressed as:

TPUCCH_SCell_activation_delay = TScell_activation_time + TPCell_ DU + TSCell_ DU
Where:

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

For activation of PUCCH SCell with UL synchronization, TPCell_ DU and TSCell_ DU are 0, otherwise:
TPCell_ DU is the delay uncertainty due to PCell PRACH preamble transmission. TPCell_ DU is up to 20ms if SCell activation is interrupted by a PCell PRACH preamble transmission, otherwise it is 0.

TSCell _ DU is the delay uncertainty in acquiring the first available PRACH occasion in the SCell. Considering the SFN of the SCell is the same as that of PCell, TSCell_ DU is up to 20ms.
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.

3. Conclusions

In this contribution, we provide discussion on activation delay of PUCCH SCell with or without uplink synchronization. After discussion, the following proposals are presented:

Observation 1: UE could be able to transmit valid CSI report for PUCCH SCell with UL synchronization immediately after successful activation as long as there is reference signal received for the CSI measurement over the delay and available uplink resources for reporting.

Proposal 1: Existing SCell activation delay requirement could be reused for activation of PUCCH SCell with UL synchronization.
Proposal 2: Additional activation delay [20ms] shall be expected if activation of PUCCH SCell without uplink synchronization is interrupted by a PCell PRACH preamble transmission.

Proposal 3: 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.

Proposal 4: Total activation delay of PUCCH SCell could be expressed as:

TPUCCH_SCell_activation_delay = TScell_activation_time + TPCell_ DU + TSCell_ DU
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5. Annex

Latest RAN2 agreement on activation/deactivation for PUCCH SCell:
	Activation/Deactivation: (R2-152855)

· Activation/Deactivation should be supported for PUCCH SCell;

· While the PUCCH SCell is deactivated in a PUCCH group, SCells belonging to the PUCCH group should not be activated;

· The eNB is supposed to  manage the activation/deactivation status;

· The eNB is supposed to deactivate an SCell when its PUCCH is remapped to a deactivated PUCCH SCell;

· No additional UE based mechanism is needed;

· SCell deactivation timer of PUCCH SCell  is disabled ;

· A newly added PUCCH SCell is deactivated;

· Reconfiguring PUCCH does not change SCell activation/deactivation state:

· Adding or removing PUCCH configuration to/from an existing SCell with configured UL (PUSCH) does not change its activation/deactivation state;

· Changing PUCCH mapping of an existing SCell to another PUCCH group does not change its activation/deactivation state;

· 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;

· Activation/Deactivation MAC CE Ci field is 4 bytes due to introducing possibility of 32 CCs;

· First and subsequent activations of PUCCH SCell are done by using activation/deactivation MAC CE;
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