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1 Introduction

The CA related requirements for LAA operation have been discussed in the previous meetings in various contributions [1-4]. 
RAN4 agreed that the existing receive time difference between PCell and any SCell of 30.26 µs defined in section 7.9 can be reused also for LAA.
But there was no agreement on SCell activation/deactivation delay and PCell/SCell interruption requirements. In this paper we provide further analysis of these two remaining CA related requirements for LAA operation. 

2 Remaining CA Specific RRM Requirements for LAA
Apart from the measurement requirements the following CA specific requirements will have to be defined for the LAA:
· SCell activation and deactivation Delay (section 7.7)

· Interruptions with Carrier Aggregation (section 7.8)

The above set of requirements are further analysed while taking into account the previous discussion in RAN4. 
2.1 SCell activation and deactivation Delay

There is general consensus that the SCell activation delay has to take into account the missed DRS due to LBT failures [1-4].  

For performing activation of a SCell the UE uses PSS/SSS/CRS transmitted by that SCell. The PSS/SSS/CRS jointly called DRS will be transmitting with a certain periodicity. According to RAN1 agreement the transmission periodicity of the DRS in LAA SCells is the same as defined for Rel-12 DRS i.e. 40 ms, 80 ms and 160 ms.
Let us denote DRS transmission periodicity by TDMTC_periodicity, which is also used in Rel-12. The SCell activation requirements will be defined for the following cases:
· SCell activation with single SCell

· known SCell and

· unknown SCell
· SCell activation with multiple SCells
· known SCell and

· unknown SCell
2.1.1 SCell activation with single SCell
2.1.1.1 SCell activation for unknown SCell with single SCell
In this case the UE after receiving MAC CE activation acquires AGC/AFC and perform cell validation for the SCell being activated. The processing time for the activation command is 4 ms and the interruption due to retuning can be up to 5 ms. Therefore in the worst case if the activation command is received within less than 9 ms then the UE may not be able to use the next DRS occasion for acquiring AGC/AFC, cell validation etc. In the worst case the DRS may contain only 1 subframe with DRS signals. This means in this case the UE will have to wait for the next occurrence of the DRS occasion. Furthermore the UE need an additional DRS for CSI estimation. 
Consider first the most favourable situation whereby the UE receives the SCell activation command at least 9 subframes before the occurrence of the next DRS occasion. This means the UE can use the next occurrence of the DRS occasion for at least validating the SCell. The UE will also need one more DRS occasion for the CSI estimation. In this case as shown in figure 1 that the SCell can be activated within less than two periods of the DRS occasions (i.e. < 2*TDMTC_periodicity). This is based on the assumption that the LBT has been successful for all DRS within the SCell activation delay.







Figure 1: SCell activation delay when SCell activation command is received at least 9 subframes before the start of the next DRS occasion.
Considering now the worst case whereby the UE receives the SCell activation command less than 9 subframes before the occurrence of the next DRS occasion. This means the UE may not be able to use the next occurrence of the DRS occasion for validating the SCell. The UE will have to wait for one more DRS occasion for the SCell validation and one more subsequent DRS occasion for the CSI estimation. In this case as shown in figure 2 that the SCell can be activated within 8 ms + two periods of the DRS (i.e. 8+2*TDMTC_periodicity). This is also based on the assumption that the LBT has been successful for all DRS within the SCell activation delay.








Figure 2: SCell activation delay when SCell activation command is received later than 9 subframes before the start of the next DRS occasion.
Impact of LBT failure on SCell activation delay:

In case of LBT failure during the activation time one or more DRS occasions will not be available at the UE. Therefore for each LBT failure, delay corresponding to one TDMTC_periodicity needs to be added. 
The SCell the activation delay requirement need to be specified:

· Considering the worst case in terms of when the SCell activation command is received at the UE i.e. when activation command is received later than 9 subframes before the next DRS; and

· Taking into account the impact of missed DRS at the UE due to possible LBT failures at the eNode B

In summary for one SCell the activation delay of that SCell when the SCell is known to the UE will be according to (1) as follows:
Tactivate_basic_known = 2*TDMTC_periodicity + 8 ms + N* TDMTC_periodicity                     (1)
Where N is the number of times the DRS is not transmitted by the eNB due to LBT failure during the activation time. 

2.1.1.2 SCell activation for unknown SCell with single SCell
When the SCell is unknown to the UE then the UE may need additional DRS resources to identify the SCell. This means for this case one more DMTC period needs to be included in the delay expressed in (1).

Under the assumption that the SCell is strong enough to be identified by the UE in one attempt then for one SCell the activation delay of that SCell when the SCell is unknown to the UE will be according to (2) as follows:
Tactivate_basic_unknown = 3*TDMTC_periodicity + 8 ms + N* TDMTC_periodicity                     (2)
2.1.2 SCell activation with multiple SCells
In case of multiple SCells, an additional delay due to the activation/deactivation/configuration/deconfiguration of other SCells needs to be account for in the total activation time. The interruption due to activation/deactivation/configuration/deconfiguration of any other SCell(s) may occur during the DRS occasion of the SCell being activated. In this case the UE will not be able to use that DRS occasion for the activation of the SCell. The possible loss of DRS at the UE due to the collision of the DRS and interruption needs to be accounted for in the total SCell activation delay.
SCell activation delay for known SCell:

Therefore for the UE capable of multiple SCells, the total activation delay of an SCell when SCell is known will be according to (3) as follows:
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                                 (3)
Where 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.
SCell activation delay for unknown SCell:

When the SCell is unknown and assuming that the SCell is strong enough to be identified by the UE in one attempt then the total SCell the activation delay of that SCell will be according to (4) as follows:
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2.1.3 SCell deactivation with single or multiple SCells
The SCell deactivation procedure does not require the use of DRS, so the current SCell deactivation delay requirements defined in section 7.7 can be reused. 
This means the UE shall be capable of deactivating an SCell within subframes since the reception of the SCell deactivation command.
2.2 Interruptions with Carrier Aggregation

In the existing requirements for Rel-10 CA, the interruption length and interruption rate requirements are defined to account for SCell activation/deactivation/configuration/deconfiguration procedures and measurements on SCC with deactivated SCell, respectively. These requirements apply to interruption on PCell and activated SCells.
In LAA the same procedures that is SCell activation/deactivation/configuration/deconfiguration procedures and measurements on SCC with deactivated SCell are also expected be defined. This means both interruption length and rate requirements will also be needed in LAA. Depending on the UE implementation the CCs in the unlicensed band are likely to be on the same chip. 
It has been suggested by companies in the previous meetings that certain UE implementation can have licensed as well as unlicensed bands on the same chip. In this case the interruption will occur also on the PCell which belongs to the licensed band. While taking into account this feedback and in order not to limit single chip UE implementation we agree to reuse the existing interruption probability requirement of 0.5% on both PCell and on activated SCells due to: SCell measurements with deactivated SCell and SCell configuration, de-configuration, activation and deactivation procedures. This means interruption length of 1 ms for inter-band CA and 5 ms for intra-band CA are also reused for LAA. 

3 Summary
The paper provides further analysis of RRM requirements which are to be specific to CA operation in LAA. Requirements for SCell activation/deactivation delay, interruption length and rate, have been described based on further analysis. Following are the main proposals:
· Proposal # 1; SCell activation delay: Upon receiving an activation command in subframe n, the UE shall be capable of activating an SCell no later than in subframe:
1)   n + Tactivate_basic_known; with one SCell and provided the SCell is known 
· where: Tactivate_basic_known = 2*TDMTC_periodicity + 8 ms + N* TDMTC_periodicity                     
2)   n + Tactivate_basic_unknown; with one SCell and provided the SCell is unknown 
· where: Tactivate_basic_unknown = 3*TDMTC_periodicity + 8 ms + N* TDMTC_periodicity                     
3) n + Tactivate_total_known; with multiple SCells and provided the SCell is known
· where: 
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4) n + Tactivate_total_unknown; with multiple SCells and provided the SCell is unknown
· where: 
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· Proposal # 2; SCell deactivation delay: Upon receiving a deactivation command in subframe n, the UE shall be capable of deactivating an SCell no later than n+8 subframe.
· Proposal # 3; Interruption requirement: The existing interruption probability requirement of 0.5% on both PCell and on activated SCells is reused in LAA. Similarly the existing interruption length of 5 ms for CCs in the same band and 1 ms for CCs in different bands are also reused in LAA. 
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