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1 Introduction

In the last RAN4 meeting a WF to analyse requirements for SCell activation delay with PUCCH on SCell was approved [1]. The requirements are band dependent and therefore will not be specified in Rel-13 as agreed in the WF in [2]. However the main motivation of this analysis is that RAN4 needs to provide feedback SCell activation delay to RAN2. 
In this paper we analyse the SCell activation requirements when PUCCH is sent on SCell considering two cases: synchronized UL SCell and unsynchronized UL SCell. 
2 Existing SCell activation delay requirements
In legacy SCell activation delay requirements the UE sends valid CSI report (e.g. CQI with non-zero index) estimated for SCell on the PCell (e.g. on PUCCH or PUSCH of PCell). 
The existing SCell activation delay requirements defined in section 7.7 of TS 36.133, Rel-13 are defined for up to 3 SCells i.e. applicable for 4 DL CA. For single SCell, the delays are 24 ms and 34 ms for known and unknown SCell respectively. When configured with two or three SCells, the SCell activation delay is defined according to the following expression in section 7.7.4.
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In the above expression one important variable the number of times (Ki) the other ith SCell is activated, deactivated, configured or deconfigured while the SCell is being activated. The maximum value of Ki is limited to 3. 
Table 1 gives an example of SCell activation delay for up to 3 SCells while assuming that each of the other SCell(s) is activated, deactivated, configured or deconfigured once while the SCell is being activated. The SCell activation delay would naturally increase with the increase in the number of times other SCells are activated, deactivated, configured or deconfigured.   

Table 1: Example of SCell activation delay for up to 3 SCells
	Number of SCells
	SCell1 activation delay [ms]
	Number of times other SCells are activated, deactivated, configured or deconfigured

	
	Known SCell1
	Unknown SCell1
	SCell2
	SCell3

	1
	24
	34
	N/A
	N/A

	2
	29
	39
	1
	N/A

	3
	34
	44
	1
	1


The existing requirements on SCell activation delay also assume that the UE is able to accomplish all actions on the SCell associated with the SCell activation command  as defined in TS 36.321 e.g. SRS transmission, PDCCH monitoring, PHR triggering etc.
3 SCell activation delay with PUCCH SCell
The SCell activation with PUCCH SCell herein means if the UE is configured with PUCCH on the SCell then upon activation of the SCell the UE is required to transmit valid CSI corresponding to that SCell also the PUCCH of that SCell.
Since UE has to send the valid CSI on the PUCCH of the SCell, therefore prior to transmission of CSI the UE needs to ensure that the UL synchronization is achieved. This gives rise to two main cases [1]:
· SCell activation with PUCCH SCell under synchronized UL

· SCell activation with PUCCH SCell under unsynchronized UL
3.1 PUCCH SCell activation under synchronized UL
In this case upon completion of the SCell activation procedure it is assumed that the UE already has achieved UL synchronization. 

The UE already acquires DL cell timing of the SCell during the SCell activation procedure. Therefore autonomous adjustment of uplink timing can be applied by the UE during the UL transmission on SCell (i.e. on PUCCH SCell) if DL SCell is also used for timing reference for the corresponding UL SCell. In addition the UE also requires a valid TA command applicable for the SCell. One can assume that the UE already has UL synchronization with respect to TA command under the following scenarios:

1. If the UE is configured only with pTAG then the UE can use the TA which is already available for transmission on PCell. 
2. If the UE is configured with pTAG and sTAG but the SCell being activated is configured to use pTAG as timing reference then the UE can use the TA which is already available for transmission on PCell. 
3. If the UE is configured with pTAG and sTAG and is required to use sTAG for UL SCell and if the UE already has a valid TA command (i.e. TA timer has not yet expired) then UE can directly transmit CSI upon SCell activation by using the valid TA for sTAG.
In existing SCell activation delay requirements since the UE already performs all actions related to activation command, and if the TA for SCell is valid then the UE should be able to meet the existing requirements in section 7.7 also with PUCCH SCell for up to 3 SCells (i.e. 4 DL CA). It is also important to note that these requirements apply to only licensed carriers. In case of unlicensed carriers due to LBT (listen-before-talk) procedures the SCell activation delay will be different or at least requires separate analysis. This is beyond the scope of the WI on B5C. 
· Proposal # 1: The existing SCell activation delay requirements in section 7.7 also apply for up to 3 SCells when PUCCH is used on SCell and the UE has synchronized uplink.
3.2 PUCCH SCell activation under unsynchronized UL
In this case upon the completion of the SCell activation it is assumed that the UE has not yet achieved UL synchronization. This is the case for example when the UE is configured with pTAG and sTAG containing SCells. Furthermore the UE is required to use sTAG for deriving its UL transmission timing in the SCell. 
In this case the UE also receives TA command for sTAG to be used for transmissions on SCell(s). The UE is therefore required to first acquire a valid TA command for PUCCH transmission on the SCell. To acquire the valid TA the UE after activating the SCell will have to send random access (RA) on the SCell. Under the assumption that PCell and SCells are SFN aligned in CA, the UE does not need to acquire SFN of the SCell with PUCCH as also pointed out in [3]. The RA delay depends on the PRACH configuration. In the worst case the maximum RA delay can be up to 30 ms. The RA reception will allow the network (e.g. eNB) to estimate the propagation delay between the UE and the network node containing SCell. The propagation delay is used to derive the TA for the sTAG and is sent to the UE on PDCCH of the SCell. The network also need some time for estimating, processing and transmitting the TA for the SCell with PUCCH. In case of TDD and MBSFN there are additional constrains in terms of the availability of DL resources for sending TA command to the UE. We therefore believe that after transmitting the RA, as a general requirement at least 10 ms should be accounted for obtaining TA at the UE. In fact the MAC specification (TS 36.321, section 5.1.4) allows the eNB a maximum of 13 ms to send TA after receiving the RA. This stems from the fact that the random access response (RAR) window is configurable up to maximum 10 ms. The RAR window starts 3 ms after the preamble is sent by the UE. 
Upon acquiring the valid TA for sTAG from the network, the UE would be capable of transmitting the valid CSI on the PUCCH of the SCell. In other words if the UL is unsynchronized then the SCell activation delay needs to be extended to account for additional delays due to RA and reception of the valid TA command. 
However it is important to note that the UE will be able to send valid CSI within 43 ms (30 ms for RA and 13 for TA reception) after the basic activation is completed provided that the UE is able to receive TA after the first preamble transmission. Otherwise in case of RA failure the UE will retransmit a preamble as part of RA procedure leading to additional delay.
Therefore the total SCell activation delay for up to 3 SCells with PUCCH SCell under unsynchronized UL consists of 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.
Therefore approximately 43 ms needs to be added to the existing SCell activation delays provided that the UE is able to receive TA after the first preamble transmission. 
In summary and more specifically: 

When there is no UL synchronization and provided that the UE is able to successfully receive the random access response (RAR) containing TA in response to sending the first RA, the UE shall be able to activate the SCell with PUCCH:

· within 67 ms and 77 ms for known and unknown SCell respectively when configured with one SCell and
· within 
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 when configured with two or three SCells; where Tactivate_basic = 67 ms and Tactivate_basic = 77 ms respectively. 
· Proposal # 2: If PUCCH is used on SCell and the UE does not have synchronized uplink then the total SCell activation delay for up to 3 SCells is the sum of the existing SCell activation delay in section 7.7, RA delay (30 ms) on the SCell and time (13 ms) to acquire a valid TA for the SCell under the condition that that the UE is able to successfully receive the random access response (RAR) containing TA in response to sending the first RA.
· Proposal # 3: The SCell activation delay requirements in proposals # 1 and # 2 apply only for licensed carriers i.e. PCell and all SCells are all licensed carriers.  
4 Summary and Conclusion
In this paper we have analyzed the SCell activation delay requirements when upon activation of the SCell a valid CSI for the SCell being activated is also required to be sent on PUCCH SCell. The requirements are studied for two different cases: when the UE has UL synchronization on CC carrying PUCCH SCell and when the UE does not have UL synchronization on CC carrying PUCCH SCell. The main proposals are:
· Proposal # 1: The existing SCell activation delay requirements in section 7.7 also apply for up to 3 SCells when PUCCH is used on SCell and the UE has synchronized uplink.
· Proposal # 2: If PUCCH is used on SCell and the UE does not have synchronized uplink then the total SCell activation delay for up to 3 SCells is the sum of the existing SCell activation delay in section 7.7, RA delay (30 ms) on the SCell and time (13 ms) to acquire a valid TA for the SCell under the condition that that the UE is able to successfully receive the random access response (RAR) containing TA in response to sending the first RA.
· Proposal # 3: The SCell activation delay requirements in proposals # 1 and # 2 apply only for licensed carriers i.e. PCell and all SCells are all licensed carriers.  
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