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1 Introduction

In RAN2_85, it was agreed that:-
1
UE shall inform MeNB of random access failure associated with an SCG cell at least for the special Scell. FFS for other SCells of the SCG.

2
UE shall inform MeNB of RLC failure associated with an SCG cell.

FFS whether UE shall inform MeNB of physical layer problem (L1 out of sync, like for PCell).

5
The UE shall not trigger RRC-reestablishment when detecting any of the above listed types of SCG failure (RACH, RLC, …).

6
The UE shall stop all UL transmission towards all cells of the SeNB when detecting any of the above listed types of SCG failure (RACH, RLC, …).
However the issue whether UE performs RLM on pSCell and informs the RLF condition due to PHY Out-of-Sync to MeNB is still FFS. This contribution further discusses the need for RLM on pSCell.
2 Discussion
The need for Radio Link Monitoring on SCells was discussed extensively during the CA Rel10/11 [1]. RAN4 had shown concerns on the spurious UL transmission [2] stating that “In general, UE must follow the principle of “transmit after receive,” which is a very fundamental principle, from a UL interference management point of view”.  Further RAN4 indicated that there are no significant impacts foreseen for specifying RLM on SCells [2].
However RAN2 decided not to specify RLM for SCells for the following reasons [3]:-

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 3/4 could be rare initially).
The need for RLM in Rel11 was proposed in [4] based on the rationale that the pathloss reference can be the SCell itself but was not agreed considering that the eNB can terminate the UL transmissions based on CQI/SRS/RSRP/RSRQ reports as in Rel10.
In Rel12, PUCCH is configured on pSCell, UE is allowed to perform contention based random access in pSCell, SRS can be configured on pSCell and since the pathloss reference for pSCell UL will be the pSCell DL, so there is a higher need to stop uplink transmissions sooner if the DL pathloss reference (pSCell) is not sufficiently reliable.
In the previous RAN2 meetings (RAN83bis – 85), contributions [5-10] were submitted on the schemes which can be utilized to stop the uplink transmissions when the pSCell does not remains a reliable pathloss reference. These schemes can be summarized as:-

Scheme 1: CQI Reports (eNB Based)

In this scheme the SeNB can detect the RLF condition of the DL pSCell based on the CQI reports that it receives. Alternatively, the MeNB can detect the same if SeNB forwards the CQI reports to it. However it should be noted that since CQI depends on short term channel fading and because the CQI error rate can be up to 10%, the eNB typically will need to observe many CQI reports to make a reliable judgement. 
Considering a CQI feedback period 32 ms for medium speed UEs and assuming 16 (just for example) CQI reports are required for a reliable estimation, the total time taken for judgement of the RLF condition of pSCell is at least 512ms. In addition, the X2 delay and processing delays need to be accounted as well. Considering a worst case X2 delay of 60ms, the total delay in judgement in the worst case can be at least 572ms. 
Scheme 2: RSRP/RSRQ Measurements (eNB Based)

In this scheme, the MeNB can detect the RLF condition of the DL pSCell based on the RSRP/RSRQ measurement report for the pSCell. Event A2 can be configured to detect such condition. However this only reflects the RSRP but it is to be noted that RLF is triggered based on Qout which is dependent on SINR. In dense small cell deployment such situations can arise more often where RSRP is good while SINR is bad.  But reporting based on RSRQ can alleviate this issue.
As per the current measurement framework, L1 samples are obtained at a period of 40ms and L1 samples are filtered to generate an average value every 200ms which is sent for L3 filtering. The L3 filtering is performed every 200ms. If based on the L3 filtered value, the event condition is met then the configured time to trigger (TTT) is started after which the measurement report is sent to the eNB. The total delay from the point the RLF condition started on the pSCell link is 200ms + TTT + MR sending delay (ignoring the processing delay). For example, if TTT is configured to be 320ms for low speed UEs, the total delay in judgement can be at least 520ms.
Scheme 3: RLM on pSCell (UE Based)
In this scheme, RLM is performed on pSCell and on expiry of T310, an indication can be sent to MeNB. Though this is a fool proof method for judging RLF it needs to be weighed if it is actually needed.
Considering typical T310 value of 1s, the indication of RLF condition on pSCell can be sent to MeNB after a delay of at least 1s. During this time, however the UE will continue to perform autonomous and scheduled uplink transmissions. On the other hand, the T310 can be set to a smaller value for the pSCell, for example, it can be set to 500ms.  However it is to be noted that the total delay in triggering the indication should also account for the N310 Out Of Sync indication prior to the start of T310. Considering typical N310 as 1 and T310 as 500ms, the total duration is at least 700ms. 
Comparison of the Schemes:
The CQI periodicity typically depends on the rate of change of the channel which will depend on the speed of the UE. A high speed UE should be configured with shorter CQI report period. However high speed UEs are not the typical target of dual connectivity and hence CQI report period may not be too short for UEs in dual connectivity.
Further it can be argued that since the UE estimates the radio link out-of-sync in minimum of 200ms (if N310 = 1), the eNB should also perform the judgement of out-of-sync in similar timescale in order to have a consistency in filtering out the short term channel variations and hence a minimum of 200ms observation window should be maintained for averaging CQI reports.
It is to be further noted that when the uplink is below decoding reliability as well then the SeNB will not be able to receive the CQI reports. 
It can be argued that eNB can make a judgement based on CQI reports and/or HARQ feedbacks and/or UL channel quality etc but such schemes cannot be mandated and hence depend on eNB implementation. Such schemes also increase the complexity of the eNB.
Further Scheme 2 will involve additional measurement configuration and reporting as the typical threshold for A2 event may not be extremely low to detect the RLF conditions (Qout). So possibly multiple A2 events with different thresholds need to be configured.

Also since RAN2 has already agreed to report RACH failure on SeNB SCell and RLC max retransmission limit reached on SeNB Scell failure conditions to MeNB, the same mechanism can be re-used for reporting of Out-of-Sync condition.

Considering the above arguments and the illustrated timescales for estimating the RLF condition on pScell at the UE, it can be observed that:
Observation 1: All the schemes can be configured to have similar timescale for judging the RLF condition at pSCell. 

Observation 2: The additional complexity for introducing RLM is judged to be marginal as the UE will anyway monitor the DL pSCell since it is the reference for pathloss. This is substantiated by RAN4 as well.[1]

Observation 3: The situations such as when the UL on pSCell cannot be received by the SeNB reliably can happen.

Observation 4: CQI/HARQ/UL Channel Quality based schemes (Scheme 1) cannot be mandated. Further these schemes increase the complexity of eNB.
Observation 5: The complexity for reporting RLF based on RLM on pSCell is judged negligible because the RAN2 has already agreed to report RACH failure on SeNB SCell and RLC max retransmission limit reached on SeNB Scell failure conditions to MeNB.
Considering the above observations and considerations, it is proposed to introduce RLM on pSCell as besides providing a fool proof mechanism operating in similar timescale as other solutions and without incurring significant complexity at UE, it also prevents the introduction of additional complexity in eNB. 
However the configuration of parameters for RLM on SeNB can be different from those for RLM on MeNB.
Further it will be simple to have the same behaviour for all the RLF triggers (RACH Failure, RLC max retransmission limit, T310 Expiry).
3 Conclusion
Based on the discussion in section 2, we propose the following:-
Proposal 1: RLM is supported on pScell.

Proposal 2: The configuration parameters for RLM can be different for PCell and pSCell.
Proposal 3: Triggering of RLF due to any of the causes (RACH Failure, RLC max retransmission limit and T310 Expiry) should be handled in the same manner.
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