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1
Introduction
In RAN2 #69-bis, RAN2 sent LS (R2-102663) in order to ask RAN4 to review their agreements on radio link monitoring for CA [1]. In the LS, RAN2 raised the following concerns:

· There were some concerns in RAN2 whether the above mentioned measurements allow the eNB to take appropriate actions such as de-activating the concerned DL SCC or de-configuring the UL SCC or de-configuring the UL SCC or disabling Sounding Reference Symbols on the latter and thereby to avoid spurious UL transmissions

This contribution discusses how to handle such spurious UL transmissions in SCC and proposes way forward to specify radio link monitoring for carrier aggregation.
2
Discussion
2.1. Basic ideas of Radio link monitoring

In general, the requirements for radio link monitoring are specified in the RAN4 specifications in order to avoid spurious UL transmissions. In WCDMA, for example, UE must shut its power off when DPCCH quality is lower than Qout [2], which is derived from the TPC command error ratio. The description in TS 25.101 is quoted below:

· The DPCCH quality shall be monitored in the UE and compared to the thresholds Qout and Qin for the purpose of monitoring synchronization. The threshold Qout should correspond to a level of DPCCH quality where no reliable detection of the TPC commands transmitted on the downlink DPCCH can be made. This can be at a TPC command error ratio level of e.g. 30%. The threshold Qin should correspond to a level of DPCCH quality where detection of the TPC commands transmitted on the downlink DPCCH is significantly more reliable than at Qout. This can be at a TPC command error ratio level of e.g. 20%.
It clearly indicates that the requirements for radio link monitoring are specified so that UE should stop spurious UL transmissions when the TPC commands in downlink would be unreliable and therefore UL transmission power could not be controlled appropriately. 

In LTE, the requirements for radio link monitoring are specified based on the same concept as WCDMA. UL transmission power is mainly controlled by DL path loss estimated by measurements of the cell-specific reference signals, and therefore the radio link quality is based on the cell-specific reference signals instead of TPC commands, as quoted below [3]:
· The UE shall monitor the downlink link quality based on the cell-specific reference signal in order to detect the downlink radio link quality of the serving cell as specified in [3].
It should be noted that UE shuts its power off after the expiry of T310 timer instead of detecting out-of-sync in LTE. Spurious UL transmissions in LTE might not cause big problems compared to WCDMA, because LTE UE would not always transmit UL signals. 
For LTE-A SCC, it is true that eNB could detect poor link quality for SCC e.g. from CQI reports and/ or existing RRM measurement reports (e.g. Event A2), and de-activate or remove such poor SCC to avoid spurious UL transmissions. However, it is felt that such eNB solution might not be sufficient, because interference issues should be treated very carefully from a RAN4 point of view. The following aspects should be taken into account: 

· Principle of “Transmit after receive”
· In general, the current UE specifications are based on the principle of “transmit after receive,” i.e. UE needs to transmit UL signals based on the information received in DL. Therefore, it would be quite natural to stop UL transmissions when the corresponding DL SCC is in the out-of-synchronization state.

· Reliability of eNB-based solutions
· In real operation, misalignment between eNB and UE for activation/ de-activation state might happen, e.g. eNB assumes SCC is de-activated, but UE assumes SCC is activated. In this case, UE would try to transmit UL signals, such as Sounding RS and false alarmed PUSCH.
· In general, eNB-based solution would not be used to avoid this kind of interference issues, because it would depend on eNB implementation and could not be mandated.

Based on the above analysis, it is proposed that some UE-based mechanism should be required in LTE-A so that UE could stop spurious UL signals in secondary component carrier when the corresponding DL signals are unreliable.
Proposal 1: In principle, UE should stop transmitting UL signals in SCC when the corresponding DL signals are unreliable.

2.2. Possible solutions for LTE-A
Currently, two methods to stop UL transmissions are defined in the current LTE specifications. One is triggered by the expiry of T310 timer in radio link monitoring as discussed above, and the other is triggered by the expiry of TA timer. We discuss pros and cons for the two methods below:
· Option 1: Triggered by the expiry of T310 timer

· Pros:

· This option could avoid spurious UL transmissions, similarly to PCC.

· Cons:

· UE needs to monitor the downlink link quality based on the cell-specific signal for SCC in addition to PCC.

· Option 2: Triggered by the expiry of TA timer

· Pros:

· UE doesn’t have to monitor the downlink link quality based on the cell-specific signal for SCC.

· Cons:

· It might be delayed to stop spurious UL transmissions when TA timer is set to large.

· For intra-band contiguous CA, single timing advance would be applied to multiple component carriers, and therefore this option would not work when path losses are different among multiple component carriers.
· For inter-band non-contiguous CA, multiple timing advances might be introduced assuming deployment scenario with remote radio head (RRH) and band-selective repeaters, and hence this approach would work appropriately.
If DL SCC is in the activated state, UE needs to evaluate CQI and therefore additional complexity due to radio link monitoring would be small. If DL SCC is in the de-activated state, UE doesn’t have to monitor the radio link quality because it is expected that it would not transmit any UL signals in the de-activated state. It implies that Option 1 could be applied without additional UE complexity. 
Proposal 2: UL SCC transmission should be stopped based on the radio link monitoring procedures for the corresponding DL SCC.

In any case, it is felt that UE would not have to report stopping UL transmissions to higher layers for SCC, because eNB could detect poor link quality e.g. from CQI reports and/ or existing RRM measurement reports (e.g. Event A2) as indicated by the RAN2 LS. It means that UE should just stop UL transmissions in order to ensure that unwanted UL transmissions would not happen. Furthermore, it is felt that RLM-related parameters for PCC could be re-used for SCC in order to avoid new signalling for SCC RLM.
Proposal 3: UE should not report stopping UL transmissions to higher layers for SCC.
3
Conclusions
This contribution discussed radio link monitoring for LTE-A. Our proposals are summarized below:
Proposal 1: In principle, UE should stop transmitting UL signals in SCC when the corresponding DL signals are unreliable.

Proposal 2: UL SCC transmission should be stopped based on the radio link monitoring procedures for the corresponding DL SCC.

Proposal 3: UE should not report stopping UL transmissions to higher layers for SCC.
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