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1 Introduction
In Rel-10, the issues of radio link monitoring (RLM) on SCell had been discussed in RAN2 and RAN4 for several meetings. RAN2 finally concluded not to introduce RLM on SCell for the following reasons:
· RAN2 considers that the eNB should be responsible in detecting poor DL quality on SCells which is normally feasible e.g. from CQI/SRS reports and/or existing RRM measurement reports, and to prohibit UL transmissions on that SCell. 
· RAN2 understands that SCell RLM can be a complementary safety mechanism, but considered that the benefits does not justify the cost (e.g. UE complexity, specification impact at this late stage in Rel-10) especially for initial/typical CA deployments (e.g. only intra-band UL for Rel-10, CA deployment scenario 4/5 could be rare initially).

In Rel-11, however, the inter-band UL aggregation could be introduced and the CA deployment scenario with RRH and frequency selective repeater could be initiated. To avoid the spurious and uncontrollable UL transmission in SCell, SCell RLM/ RLF in Rel-11 should be reconsidered by taking different supporting scenarios into account. In this paper, we share our views on this issue.  
2 Discussion

In [1], RAN4 shows the concern about spurious UL transmission in SCell, for which the corresponding DL SCell (UL path loss reference) is suffering poor link quality and UE does not autonomously stop UL transmissions. In Rel-10, it seems no big problem for the UL transmissions because only intra-band UL CA is supported, and PCell RLM could be regarded as sufficiently applicable for SCells as the PCell UL in the same band as the SCell UL(s). 
SCell RLM in Rel-11
In Rel-11, more CA deployment scenarios are supported. The LTE CA enhancement WI for Rel-11 has been approved in RAN #51 [2], where the inter-band UL CA and the CA deployment scenarios #4 and # 5 with multi-TA will be supported. 
For the inter-band UL CA, the pathloss is quite different from band to band. It would be reasonable that the pathloss reference is per band configuration. For the SCells which are in the different band from PCell, the radio link monitoring on the DL, e.g. on pathloss reference DL CC could be used for avoidance on the uncontrolled UL transmission and the UL interference to other UEs. 
Besides, for CA deployment scenarios #4 and # 5, different bands transmit through different entities are supported as illustrated in Figure 1, where F1 through eNB and F2 through RRH are described in scenario #4, and F1 through eNB and F2 through frequency selective repeater are described in scenario #5. As can be seen, the PCell and SCell may be not only in the different bands but also through different transmission entities. 
	#
	Description
	Example

	4
	F1 provides macro coverage and on F2 Remote Radio Heads (RRHs) are used to provide throughput at hot spots. Mobility is performed based on F1 coverage. Likely scenario when F1 and F2 are of different bands, e.g., F1 = {800 MHz, 2 GHz} and F2 = {3.5 GHz}, etc. It is expected that F2 RRHs cells can be aggregated with the underlying F1 macro cells.
	
[image: image1.emf]

	5
	Similar to scenario #2, but frequency selective repeaters are deployed so that coverage is extended for one of the carrier frequencies. It is expected that F1 and F2 cells of the same eNB can be aggregated where coverage overlap.
	
[image: image2.emf]


Figure 1: CA deployment scenarios #4 and #5 (F1<F2)
To support the operation of CA scenario #4 and #5, two issues should be considered.
1. Pathloss reference: since Scell may be transmitted through different transmission entity from Pcell, it is reasonable that the pathloss reference is per transmission entity configuration. To avoid spurious UL transmissions e.g. out of coverage UL transmissions, the radio link monitoring on the corresponding DL can be used. We note specifically that the coverage on different band and through different entities is quite different.

2. Multiple timing advances: the timing advance value on SCell through different entity from PCell may have different timing advance. We assume that multi-TA may bring the requirement to support RACH on SCell. UL synchronization cannot be maintained if Scell RACH fails. RAN2 should consider the behaviour of the RACH RLF criterion when random access performs on SCell.
Based on the reasons above, RAN2 is suggested to consider the issue of introduction RLM/RLF mechanisms on SCell in Rel-11.
Proposal 1: RAN2 is suggested to consider the introduction RLM/RLF mechanism on SCell in Rel-11.
Proposal 2: Whether all SCells or certain SCells should apply RLM/RLF mechanisms can be FFS. 
SCell RLM/ RLF mechanisms in Rel-11
RLM mechanisms
For the radio link motoring, a UE shall monitor the downlink link quality based on the CRS to detect the downlink radio link quality of the serving cell. The UE shall estimate the downlink radio link quality and compare it to the thresholds Qout and Qin for the purpose of monitoring downlink radio link quality of the serving cell. In Rel-10, this mechanism is only applied on PCell. For consistent behavior when a CC is configured as PCell or as SCell, we suggest the same mechanism should be considered to apply on SCell in Rel-11 to support the inter-band UL CA and the CA deployment scenarios #4 and # 5. 
Proposal 3: The same radio link monitoring mechanism on PCell is suggested to apply on SCell in Rel-11.
RLF mechanisms
In Rel-10, there are three conditions on PCell for a UE to declare the RLF detection:
1. upon T310 expiry (N310/N311/T310 mechanism)
2. reaching maximum number of random access transmissions
3. reaching maximum number of RLC retransmissions
In order to determine the radio link is good enough to continue transmission on Scell and to prevent the spurious UL transmission on Scell, it is assumed that DL physical layer problem RLF detection is needed for SCell. Besides, since RAN2 will focus on RACH solution to obtain the TA on Scell, we assume RACH problem detection is needed on SCell. Moreover, for the RLC retransmission problem, it can be viewed as independent of CC and that RLF detection on RLC transmissions can be treated in the same way as PCell RLF.
Proposal 4: RLF detections on physical layer problem and on RACH problem should be applied on SCell. 
SCell RLF behaviour in Rel-11

Once PCell RLF is detected, the RRC connection re-establishment procedure will be performed. However, it is not necessary to trigger the RRC connection re-establishment once the SCell RLF is detected as long as the connection on PCell exists. In order to avoid the uncontrollable UL transmissions and to prevent the interference to other UEs, the UE may stop the UL transmission automatically. 

Proposal 5: SCell UL transmissions shall be automatically inhibited upon SCell RLF.

Besides, since the RRC connection is still maintained upon SCell RLF, the UE can automatically inform eNB of the RLF information via PCell or other activated SCell. Upon receiving the RLF message, eNB should deactivate the RLF SCell. 
Proposal 6: UE should inform eNB about SCell RLF information. 
Proposal 7: eNB should deactivate the RLF SCell upon receiving the associated RLF message. 
3 Conclusion
We see the need to consider the SCell RLM/RLF in Rel-11 for the inter-band UL CA and for the CA scenarios #4 and #5. In this paper, we share views on the issue of SCell RLM/RLF. The following proposals are proposed for RAN2’s consideration. 
Proposal 1: RAN2 is suggested to consider the introduction RLM/RLF mechanism on SCell in Rel-11.

Proposal 2: Whether all SCells or certain SCells should apply RLM/RLF mechanisms can be FFS. 

Proposal 3: The same radio link monitoring mechanism on PCell is suggested to apply on SCell in Rel-11.

Proposal 4: RLF detections on physical layer problem and on RACH problem should be applied on SCell. 

Proposal 5: SCell UL transmissions shall be automatically inhibited upon SCell RLF.

Proposal 6: UE should inform eNB about SCell RLF information. 

Proposal 7: eNB should deactivate the RLF SCell upon receiving the associated RLF message. 
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