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1. Introduction
In their LS [1], RAN4 has asked RAN2 to reconsider the support of SCell RLM (radio link monitoring) and related autonomous UE actions with regards to UL transmissions. The content of this LS is briefly summarized below:

Main points

· RAN4 is concerned about spurious UL transmissions on SCells when the path loss reference is the DL of the corresponding SCell and that DL is suffering poor link quality

· RAN4 recommends introducing SCell RLM and autonomous stop/resume of UL transmissions in order to address this concern on spurious UL transmissions

· RAN4 asks RAN2 to reconsider the need for SCell RLM or to indicate if the existing RAN2 procedures are suitable to address this concern on spurious UL transmissions

Rationale behind the RAN4 concern
· “Transmit after receive” is a very fundamental principle from UL interference management point of view

· Unnecessary interference could be caused in future Het Net scenarios

RAN4 working assumptions on SCell RLM
· SCell RLM should only apply to SCells serving as UL path loss reference

· After T310 expiry, UE should stop any UL transmissions on the SCell

· After N311 consecutive “in-sync” indications, UE should resume UL transmissions on the SCell

· UE should not release any UL resource (PUCCH/SRS) based on SCell RLM

· SCell RLM should not affect any RAN2 protocol specifications, and no significant impacts of specifying SCell RLM is seen in RAN4

· If SCell RLM is adopted, RAN2 can make any modifications on the above

During RAN2#71bis, preliminary discussions on how to support SCell RLM took place [2-5], and the following issues were identified [6]:
· Autonomous resumption (of UL transmission after autonomous stopping) or not ?

· Explicit message to eNB (of SCell radio link failure) or not ?

· Scell deactivation (at SCell radio link failure) or not ?

· Different parameters (for PCell RLM and SCell RLM) or not.

This contribution addressed the above issues with respect to SCell RLM.

2. Discussion
2.1 Need for SCell RLM and autonomous UE stopping of UL transmissions

RAN2 has conducted an email discussion in the past covering the issue of SCell RLM and autonomous UE stopping of UL transmissions on SCells [7]. Based on the outcome of this email discussion, the following was agreed during RAN2#69bis [8]:

· Deactivation / removal of DL SCC suffering poor link quality should be under eNB command. No autonomous UE deactivation / removal of such DL SCC.

· Radio link monitoring (i.e. RLF / physical layer problem detection based on N310/N311/T310) by the UE is not needed for DL SCC. eNB can detect poor link quality e.g. from CQI reports and/or existing RRM measurement reports (e.g. Event A2) for activated DL SCCs and from existing RRM measurements reports (e.g. Event A2) for deactivated DL SCCs.

· UE never stops autonomously any transmissions on an UL SCC based on DL SCC quality.

As can be seen from the above, RAN2 assumptions on this issue were as follows:

1) eNB has means to detect poor DL quality of an SCell (without additional indications, e.g. from CQI reports and/or RRM measurement reports)
2) Therefore, eNB can prevent UL transmissions on such SCells by taking appropriate actions (e.g. by not scheduling PUSCH, releasing periodic SRS configuration, deactivating the SCell, releasing the SCell, etc.)

3) Therefore, there is no need for SCell RLM and autonomous UE stopping/resuming of UL transmissions on SCells

The above can be considered as fair assumptions which would probably work most of the times. However, possibilities for such eNB detection/control to fail would always exist (e.g. when DL degradation is abrupt), and having SCell radio link monitoring and autonomous UE stopping of UL transmissions at such times would serve as a good failsafe (and a more robust) mechanism. Considering that UL interference is a very naïve issue, even though eNB detection/control may suffice most of the times, we think SCell RLM (for SCells serving as path loss reference) and autonomous UE stopping of UL transmissions on SCells should be specified.
As for the actual trigger to stop UL transmissions, we think the RAN4 working assumption, i.e. stopping when T310 expires for the corresponding SCell, would work well.
Proposal 1: SCell RLM should be specified for SCells serving as path loss reference.

Proposal 1a: T310 for a SCell is started after N310 consecutive “out-of-sync” indications for that SCell, and this T310 timer is stopped when N311 consecutive “in-sync” indications are detected for that SCell.

Proposal 1b: When T310 expires for an SCell, UE shall autonomously stop any UL transmissions on that SCell.

2.2 Whether or not to deactivate the SCell at T310 expiry
In terms of stopping UL transmissions on a SCell, SCell deactivation provides similar functionality. So in order to avoid introducing new states in the UE, it is worthwhile to consider having UE autonomous SCell deactivation at T310 expiry (rather than only having UE autonomously stopping of UL transmissions on that SCell). However, the implications of such approach should be first analyzed.

The agreed UE behaviour with regards to deactivated SCells is summarized below:

· UE stops transmitting PUSCH on a deactivated SCell

· UE stops transmitting SRS on a deactivated SCell

· UE stops receiving PDSCH on a deactivated SCell

· UE can stop monitoring any PDCCH on a deactivated SCell

· UE can stop monitoring PDCCH allocating PDSCH/PUSCH resources for a deactivated SCell

· UE stops CQI reporting for a deactivated SCell

· UE stops PHR reporting for a deactivated SCell

Below, the implications of UE autonomous SCell deactivation at T310 expiry is analyzed for each of the functions related to SCell deactivation.

UE stops transmitting PUSCH/SRS on a SCell at T310 expiry due to autonomous SCell deactivation
Having the UE stop transmitting PUSCH/SRS on a SCell at T310 expiry is in line with the RAN4 working assumption.

UE stops monitoring PDCCH / receiving PDSCH on a SCell at T310 expiry due to autonomous SCell deactivation
Although RAN4 concern is focused on spurious UL transmissions, since the DL quality of a SCell is very poor when T310 expiry is detected, not requiring the UEs to monitor PDCCH / receive PDSCH on that SCell seems to be of no harm.

UE stops monitoring PDCCH allocating PDSCH/PUSCH for a SCell at T310 expiry due to autonomous SCell deactivation
Considering that the UE should stop PUSCH transmissions on a SCell at T310 expiry and that UE not receiving PDSCH on a SCell at T310 expiry seems acceptable, not requiring the UEs to monitor PDCCH for that SCell seems to be of no harm either.

UE stops CQI reporting for a SCell at T310 expiry due to autonomous SCell deactivation
Considering that  UE not receiving PDSCH on a SCell at T310 expiry seems acceptable, stopping CQI reporting for that SCell seems also acceptable since then there would be no need to have appropriate AMC.

However, from the eNB decoding viewpoint, PUCCH reception for periodic CQI and PUSCH reception when aperiodic CQI is included should also be considered.

As for periodic CQI, since separate PUCCH resources are allocated for periodic CQI reporting per SCell, eNB will only observe that the periodic CQI signal strength for the SCell which experienced T310 expiry is weak. There is no impact to the reception of periodic CQI for other SCells.

As for aperiodic CQI, however, when the UE autonomously stops inclusion of aperiodic CQI for the SCell which experienced T310 expiry, eNB will not be able to decode the PUSCH on any P/SCell including aperiodic CQIs. This is due to the fact that the T310 expiry event is unknown to the eNB, and the eNB will decoding the PUSCH assuming incorrect physical layer mapping / rate matching since it expects that aperiodic CQI will be included for all activated SCells.

UE stops PHR reporting for a SCell at T310 expiry due to autonomous SCell deactivation
Considering that the UE should anyway stop PUSCH transmissions on a SCell at T310 expiry, there is no need in having the UE report PHR for that SCell. From the eNB viewpoint, as long as there is explicit indication within the PHR MAC control element on the presence of PHR for each SCell, there is no impact even if the UE autonomously stops PHR reporting for a SCell at T310 expiry. Furthermore, it is interesting to note that if the UE stops PHR reporting for a SCell at T310 expiry, the eNB can deduce the event of T310 expiry for a SCell from observing the PHR MAC control element (i.e. by observing the non-inclusion of a PHR of an SCell which the eNB thinks is activated).

Impact on A/N on PUCCH
Finally, it is noted that since the A/N resource/format only depends on the number of configured SCells (i.e. not on the number of activated SCells), UE autonomous SCell deactivation at T310 expiry will not affect A/N decoding at the eNB.
From the above analysis, the only impact of UE autonomously deactivating a SCell at T310 expiry of that SCell seems to be on the handling of aperiodic CQIs. However, this would impact eNB PUSCH decoding on the PCell and other SCell when aperiodic CQI is included, and we think this should be avoided. In this sense, we (slightly) prefer to just define UE autonomous stopping of UL transmissions on the SCell which experiences T310 expiry, and not to define UE autonomous deactivation of the SCell.

Proposal 2: When T310 expires for an SCell, UE shall not autonomously deactivate that SCell.

2.3 Whether or not to have autonomous UE resumption

Once the UE detects T310 expiry for a SCell and autonomously stops UL transmission on that SCell, the next question is if/how the UL transmission should be resumed. We consider the following 3 alternatives:

A) UE resumes autonomously when the quality of the path loss reference recovers (RAN4 assumption)

B) eNB somehow indicates to the UE that UL transmission can be resumed (no autonomous UE resumption)

C) No resumption at all

With alternative A), the most straightforward solution would be resume UL transmission after observing N311 consecutive “in-sync” indications as in the RAN4 working assumption. Since the N311 mechanism is already required in order to determine whether T310 should be stopped, the only additional step required is to also continue the N311 mechanism after T310 expiry.

With alternative B), it seems that the eNB somehow needs to be informed about the T310 expiry event of a SCell. New signalling would need to be defined for this. Also, eNB would somehow need to indicate resumption of the UL transmissions. If the UE autonomous stopping of UL transmissions is modelled as autonomous SCell deactivation, the most straightforward mechanism would be to use the Activation command MAC control element. However, as mentioned in section 2.2, we prefer not to have UE autonomous SCell deactivation at T310 expiry.

With alternative C, nothing additional is needed. Once the UE autonomously stops UL transmissions on a SCell at T310 expiry, that UL can no longer be used until the corresponding SCell is (released) and configured again. Since the N311 mechanism seems already needed and the complexity of extending the N311 mechanism to operate also after T310 expiry does not seem so high, we don’t see a strong motivation for this option.

Proposal 3: After T310 expires for an SCell, UE shall autonomously resume UL transmissions on the SCell when N311 consecutive “in-sync” is observed.

2.4 Whether or not to indicate the event of SCell T310 expiry to eNB

As discussed in section 2.3, we prefer to have UE autonomous resumption of UL transmissions on a SCell. Considering this fact, the motivation to indicate the event of SCell T310 expiry seems to be as follows:

· It would help eNB to avoid unnecessary PUSCH allocations

· It could help eNB to reallocated unused periodic SRS resources

Considering the first motivation, some indication to the eNB could be helpful. However, eNB can also avoid PUSCH scheduling on a SCell after detecting consecutive PUSCH DTX events.
As for the second motivation, we think reallocation of periodic SRS resources may not be crucial. Furthermore, if the periodic SRS resources on a SCell are taken away from a UE at T310 expiry on that SCell, it needs to be reallocated when the UE autonomously resumes UL transmissions on that SCell.

2.5 Different parameters or not for PCell RLM and SCell RLM?

This is discussed in [9].
2.6 How to capture the autonomous UE stopping of UL transmissions

In order to prohibit UL transmissions on a SCell for which T310 has expired, PUSCH transmissions and SRS transmissions on that SCell needs to be prohibited. These behaviours can be captured in the MAC specification as follows:

=== Text proposal to capture stopping of PUSCH transmissions (text relative to latest MAC CR) ===

5.4
UL-SCH data transfer

5.4.1
UL Grant reception

In order to transmit on the UL-SCH the UE must have a valid uplink grant (except for non-adaptive HARQ retransmissions) which it may receive dynamically on the PDCCH or in a Random Access Response or which may be configured semi-persistently. To perform requested transmissions, the MAC layer receives HARQ information from lower layers.

When timeAlignmentTimer is running and the UE has a C-RNTI, Semi-Persistent Scheduling C-RNTI, or Temporary C-RNTI, the UE shall for each TTI and for each Serving Cell (if the Serving Cell is not experiencing physical layer problem):

-
if an uplink grant for this TTI has been received for this Serving Cell on the PDCCH for the UE’s C-RNTI or Temporary C-RNTI; or

-
if an uplink grant for this TTI has been received in a Random Access Response:

-
if the uplink grant is for UE’s C-RNTI and if the previous uplink grant delivered to the HARQ entity for the same HARQ process was either an uplink grant received for the UE’s Semi-Persistent Scheduling C-RNTI or a configured uplink grant:

-
consider the NDI to have been toggled regardless of the value of the NDI.

-
deliver the uplink grant and the associated HARQ information to the HARQ entity for this TTI.

-
else, if this Serving Cell is the PCell and if an uplink grant for this TTI has been received for the PCell on the PDCCH of the PCell for the UE’s Semi-Persistent Scheduling C-RNTI:

-
if the NDI in the received HARQ information is 1:

-
consider the NDI not to have been toggled;

-
deliver the uplink grant and the associated HARQ information to the HARQ entity for this TTI.

-
else if the NDI in the received HARQ information is 0:

-
if PDCCH contents indicate SPS release:

-
clear the configured uplink grant (if any).

-
else:

-
store the uplink grant and the associated HARQ information as configured uplink grant;

-
initialise (if not active) or re-initialise (if already active) the configured uplink grant to start in this TTI and to recur according to rules in subclause 5.10.2;

-
consider the NDI bit to have been toggled;

-
deliver the configured uplink grant and the associated HARQ information to the HARQ entity for this TTI.

-
else, if this Serving Cell is the PCell and an uplink grant for this TTI has been configured for the PCell:

-
consider the NDI bit to have been toggled;

-
deliver the configured uplink grant, and the associated HARQ information to the HARQ entity for this TTI.

NOTE:
The period of configured uplink grants is expressed in TTIs.

NOTE:
If the UE receives both a grant in a Random Access Response and a grant for its C-RNTI or Semi persistent scheduling C-RNTI requiring transmissions on the PCell in the same UL subframe, the UE may choose to continue with either the grant for its RA-RNTI or the grant for its C-RNTI or Semi persistent scheduling C-RNTI.

NOTE:
When a configured uplink grant is indicated during a measurement gap and indicates an UL-SCH transmission during a measurement gap, the UE processes the grant but does not transmit on UL-SCH.
NOTE: 
The uplink grants valid for the PCell are provided on the PCell’s PDCCH only. 
=== Text proposal to capture stopping of SRS transmissions (text relative to latest MAC CR) ===

5.X
Physical layer problem of SCells

The MAC sublayer receives indications from RRC on the occurrence and recovery of physical layer problems for each configured SCells. When no occurrence of physical layer problem is indicated for an SCell, the MAC sublayer operates normally. When MAC sublayer receives an indication on the occurrence of physical layer problems for a SCell, the MAC sublayer follows the behaviour specified in this section and other sections of this specification where relevant behaviour is specified, for the concerning SCell. When MAC sublayer receives an indication on the recovery of physical layer problems for a SCell, the MAC sublayer resumes with normal operation for the concerning SCell.

When a physical layer problem is indicated from higher layers for a SCell:

-
SRS shall not be transmitted for the SCell.
3. Conclusion
This contribution addressed aspects related to SCell radio link monitoring and proposes the following:

Proposal 1: SCell RLM should be specified for SCells serving as path loss reference.

Proposal 1a: T310 for a SCell is started after N310 consecutive “out-of-sync” indications for that SCell, and this T310 timer is stopped when N311 consecutive “in-sync” indications are detected for that SCell.

Proposal 1b: When T310 expires for an SCell, UE shall autonomously stop any UL transmissions on that SCell.

Proposal 2: When T310 expires for an SCell, UE shall not autonomously deactivate that SCell.

Proposal 3: After T310 expires for an SCell, UE shall autonomously resume UL transmissions on the SCell when N311 consecutive “in-sync” is observed.

Furthermore, other proposals related to SCell radio link monitoring can be found in a joint contribution in [9].
Also, a text proposal on how to capture in the MAC specifications the autonomous UE stopping of UL transmissions for a SCell at T310 expiry has been provided.
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