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Introduction
In addition to UE subgrouping for paging, other aspects for UE power saving were discussed, e.g. additional TRS/CSI-RS, RLM/BFD relaxation, DCI-based power saving adaptation (i.e. PDCCH skipping and SSSG switching). Based on the conclusion for additional TRS/CSI-RS in last RAN2 meeting, RAN2 needs to wait for more inputs from RAN1 for further discussion. Thus, in this contribution, we further discuss RLM/BFD relaxation and PDCCH skipping from RAN2 point of view.
Discussion
RLM/BFD relaxation
A new LS [1] from RAN4 includes the latest RAN2 conclusion for RLM/BFD relaxation.
	For the low mobility criterion,
· Intra-frequency L3 RSRP measurement of serving cell based on SSB is used for low mobility criteria evaluation.
· For low mobility criterion, the threshold on RSRP variation and the time period over which the RSRP variation is evaluated for relaxed RLM/BFD measurement are configured by network.
· Thresholds for R16 low mobility criterion and R17 low mobility criterion can be configured separately.
For the good serving cell quality criterion, 
· Reuse the existing method to evaluate “downlink radio link quality” for RLM/BFD
· hypothetical BLER with corresponding PDCCH parameters is used to evaluate good serving cell quality criterion
· The good serving cell quality criteria for RLM is based on an offset X dB and Qx, while Qx is derived from PDCCH transmission parameters.
For the configuration of the relaxation criteria,
· When both criteria are configured, UE is allowed to enter relaxation only when both criteria are fulfilled.


We further discuss RLM/BFD relaxation from RAN2 point of view.
Criterion definition
Low mobility criterion
In Rel-16, low mobility criterion is defined as below:
    relaxedMeasurement-r16              SEQUENCE {
        lowMobilityEvaluation-r16           SEQUENCE {
            s-SearchDeltaP-r16                  ENUMERATED {
                                                    dB3, dB6, dB9, dB12, dB15,
                                                    spare3, spare2, spare1},
            t-SearchDeltaP-r16                  ENUMERATED {
                                                    s5, s10, s20, s30, s60, s120, s180,
                                                    s240, s300, spare7, spare6, spare5,
                                                    spare4, spare3, spare2, spare1}
        }                                                                                   OPTIONAL,       -- Need R
According to RAN4 LS, two thresholds (s-SearchDeltaP and t-SearchDeltaP) based on SSB can be reused for providing low mobility criterion for RLM/BFD relaxation. This criterion is configured by the network, e.g. via dedicated signalling, to RRC_CONNECTED UE. And this criterion is NOT mandatory to be configured to enable RLM/BFD relaxation, if it is configured, UE shall evaluate the low mobility criterion. Moreover, the Rel-16 value ranges for two thresholds (s-SearchDeltaP and t-SearchDeltaP) can be the baseline for low mobility criterion for RLM/BFD relaxation, but the Rel-16 low mobility criterion for RRM relaxation and Rel-17 low mobility criterion for RLM/BFD relaxation are independent and should be configured separately.
Proposal 1: The network optionally provides two thresholds (s-SearchDeltaP and t-SearchDeltaP) for the low mobility criterion for RLM/BFD relaxation. RAN2 further discusses the value ranges.
Good serving cell quality criterion
According to the current RAN4 progress, the good serving cell quality criteria for RLM/BFD is based on an offset X dB and Qx, while Qx is derived from PDCCH transmission parameters. It is still being discussed in RAN4 that Qx is Qin or Qout and RAN2 can wait for more inputs from RAN4. Besides, the good serving cell quality criterion may be configurable (similar as low mobility criterion), then the presence/absence of configuration for good serving cell quality criterion in signalling indicates to the UE whether the UE can/should evaluate this criteria; however, if the good serving cell quality criterion is predefined, in this case, an explicit indication is needed for the network to indicate whether the UE can/should evaluate this criterion.
Proposal 2: RAN2 waits for more RAN4 progress to decide whether an explicit indication (in case that the good serving cell quality criterion is predefined) is introduced for network to indicate whether the UE can/should evaluate this criterion.
General procedure
Regarding the FFSs in last RAN2 e-meeting: 
· Whether network can enable/disable RLM and BFD relaxation criteria independently.
· Whether RLM relaxation criterion can be configured separately between MCG and SCG in DC case.
· Whether BFD relaxation criterion can be configured separately between PCell/PSCell and SCells, and FFS the details on whether it is per CG or CC.
In our understanding, the RLM and BFD are two separate functions, although the same criteria are used, the different thresholds for RLM and BFD should be allowed to be configured. Thus, the simple way is  that the network can enable/disable RLM and BFD relaxation criteria independently. Additionally it is worth noting that RLMt can only be performed in PCell and PSCell (in DC case); whereas  BFD it can be performed in each serving cell. To have flexibility  from network configuration perspective, we think RLM relaxation criterion can be enabled/configured separately for MCG (PCell) and SCG (PSCell) in DC case, whereas BFD relaxation criterion can be enabled/configured separately between PCell/PSCell and SCells.
Proposal 3: The network can enable/disable RLM and BFD relaxation criteria independently.
Proposal 4: RLM relaxation criterion can be enable/configured separately  for MCG (PCell) and SCG (PSCell) in DC case. BFD relaxation criterion can be enable/configured separately  for PCell/PSCell and SCells.
To consider the whole procedure for RLM/BFD relaxation, the network needs to first configure whether the UE is allowed to evaluate the RLM/BFD relaxation criteria, e.g. by presence/absence of configuration for RLM	/BFD relaxation criteria implicitly or an explicit indication mainly for the case that the criterion is predefined. The UE evaluate the RLM/BFD relaxation criteria based on network configuration. However, after the UE determines that the RLM/BFD relaxation criteria is fulfilled, there was no consensus that the UE can relax the RLM/BFD directly or the UE needs to report it to the network and wait for further indication. In our view, as RLM/BFD is tightly related to link quality and system performance in RRC_CONNECTED state, it should be controlled by the network, e.g. if the RLM/BFD relaxation is performed, the network can adjust the related configuration. Thus, it is preferred that the UE reports to the network when RLM/BFD relaxation criteria are fulfilled or exited. The network explicitly indicates whether RLM/BFD relaxation is allowed.
Proposal 5: The UE reports to the network when RLM/BFD relaxation criteria are fulfilled or exited.
Proposal 6: The network explicitly indicates whether RLM/BFD relaxation is allowed.
UE capability
Based on agreement in last RAN2 e-meeting: R2 assumes to use AS capability procedure to report UE capability of supporting RLM/BFD relaxation. Details FFS. One UE capability indicator for RLM/BFD relaxation is enough, and finer granularity for UE capability is not needed, e.g. separate capabilities for RLM and BFD, separate capabilities for low mobility criterion and good serving cell quality criterion.
Proposal 7: Introduce one capability indicator of supporting RLM/BFD relaxation, finer granularity for UE capability is not needed.
DCI-based power saving adaptation
In RAN1, DCI-based power saving adaptation is discussed including PDCCH skipping and SSSG switching. If a DCI indicates that PDCCH skipping or SSSG switching is received, the UE does not monitor PDCCH during the PDCCH skipping duration (maximum value for PDCCH skipping duration is 100 slots for 15kHz SCS and 800 slots for 120kHz SCS), or switches the SSSG to the indicated SSSG.
The PDCCH skipping and SSSG switching are associated with different types of CSS. For example, if the PDCCH skipping indication is received, the Type3-PDCCH CSS and USS (e.g. DCI formats with CRC scrambled by C-RNTI, MCS-RNTI, CS-RNTI, PS-RNTI, etc) will be skipped but Type0/Type0A/Type1/Type2-PDCCH CSS (e.g. DCI formats with CRC scrambled by SI-RNTI, RA-RNTI, MsgB-RNTI, TC-RNTI, P-RNTI, etc) are FSS; the SSSG switching is restricted in Type3-PDCCH CSS and USS.
UL events impacting DCI-based power saving adaptation
The network can indicate PDCCH skipping or SSSG switching to the UE if there is no DL data to be sent. However, for some UL events initiated by the UE, the PDCCH skipping or SSSG switching may impact the procedure for these UL events. The following cases are considered.
1) A SR is transmitted or is pending - If PDCCH skipping is performed or an empty/less frequent PDCCH occasions SSSG is used, the UL grant in response to the SR should be delayed, the network can only indicate the DCI scheduling of the UL grant after the PDCCH monitoring is resumed.
2) A MAC PDU is transmitted on configured grant and retx timer (e.g. configuredGrantTimer) is running - During the retx timer, if PDCCH monitoring is skipped or if no valid PDCCH occasion exists based on the currently used SSSG, the network cannot send the DCI for scheduling the retransmission even if it intends to do so. After the retx timer expires, the UE regards the transmission on configured grant is successful but actually the transmission fails and the data is lost.
3) During RAR window/MsgB window/contention resolution timer/duration after successful reception of a RAR for CFRA- . During RAR window, regarding the PDCCH scrambled by RA-RNTI, if Type1-PDCCH CSS is associated with PDCCH skipping, it means the PDCCH scrambled by RA-RNTI will also be skipped then the Msg2 will be lost; if Type1-PDCCH CSS is not associated with PDCCH skipping, it means the PDCCH scrambled by RA-RNTI will always be monitored, no issue for PDCCH scrambled by RA-RNTI. So it is still depends on RAN1 discussion to see whether special handling for RAR window is needed. However, for RAR window corresponding to CFRA for BFR, MsgB window and contention resolution timer, duration after successful reception of a RAR for CFRA, PDCCH scrambled by C-RNTI needs to be monitored by RRC_CONNECTED UE, but will be skipped if PDCCH skipping or SSSG switching is indicated. Then the PDCCH scrambled by C-RNTI will be lost and the RACH procedure will be considered as not successful, or the reconfiguration message will be missed.
Based on the analysis above, the normal PDCCH monitoring should be performed to ensure the procedure for above UL events can be successfully completed.
Observation: PDCCH monitoring should be performed to ensure the procedure for above UL events can be successfully completed.
We further discuss the impacts between PDCCH skipping/SSSG switching and above special UL events.
· The PDCCH skipping/SSSG switching is received, then special UL events happen
If the PDCCH skipping/SSSG switching is received first, the UE does not monitor PDCCH or switches to an empty/less frequent PDCCH occasions SSSG. Then, if the special UL events happen, the PDCCH skipping should be stopped and PDCCH monitoring should be resumed, or the SSSG should be switched to a more frequent PDCCH occasions SSSG.
· The special UL events happen, then PDCCH skipping/SSSG switching is received
If the special UL events happen first, then the PDCCH skipping indication is received or the SSSG switching to an empty/less frequent PDCCH occasions SSSG is received, considering the UL transmission may be missed or has not been successfully decoded yet by the gNB, the gNB still cannot identify the UE having UL transmission and may send PDCCH skipping/SSSG switching to this UE. The simpler and safe way is to ignore the PDCCH skipping indication or the SSSG switching to an empty/less frequent PDCCH occasions SSSG, normal PDCCH monitoring is kept.
Proposal 8: If any of the following UL events happens, the PDCCH skipping should be stopped/the SSSG should be switched to a more frequent PDCCH occasions SSSG, or the PDCCH skipping indication/the SSSG switching to an empty/less frequent PDCCH occasions SSSG should be ignored.
· A SR is transmitted or is pending
· A MAC PDU is transmitted on configured grant and retx timer is running
· During RAR window/MsgB window/contention resolution timer/duration after successful reception of a RAR for CFRA
Modeling
Based on the discussion for PDCCH skipping/SSSG switching so far, it seems that it is only aware by PHY and transparent to MAC. However, for above UL events e.g. SR/retransmission for CG/RACH and related timers, these are procedures handled in the MAC layer. Thus, we would like to discuss where/how to capture the impacts on PDCCH skipping/SSSG switching, i.e. PDCCH skipping should be stopped/ignored, or the SSSG should be switched to a more frequent PDCCH occasions SSSG, due to above UL events in the specification.
· Impacts on PDCCH skipping/SSSG switching captured in PHY specification
In this case, it requires PHY to be able to identify the above UL events, for example: 
· a SR is sent (PHY can know already);
· a MAC PDU is transmitted on configured grant;
· a preamble is transmitted (ra-ResponseWindow starts) or preamble for BFR is transmitted (ra-ResponseWindow corresponding to CFRA for BFR starts);
· a preamble and associated PUSCH are transmitted (msgB-ResponseWindow starts);
· a MAC PDU is transmitted on PUSCH scheduled by PDCCH scrambled by RA-RNTI (ra-ContentionResolutionTimer starts).
For this modeling, PDCCH skipping/SSSG switching is totally transparent to MAC. Considering the case that DRX is configured, the PDCCH skipping/SSSG switching does not impact DRX as well, e.g. no impact on definition of DRX Active Time and handling of DRX timers.
· Impacts on PDCCH skipping/SSSG switching captured in MAC specification
In this case, MAC needs to be aware of PDCCH skipping/SSSG switching and maybe also the PDCCH skipping duration, MAC decides whether the PHY can truly implement PDCCH skipping/SSSG switching considering the above UL events and informs it to PHY. This is similar as the legacy implementation that whether the PHY needs to monitor PDCCH is indicated by MAC. If this is the way forward, PDCCH skipping needs to be described in MAC specification, e.g. using a timer to control the period for PDCCH skipping with the behaviour “UE does not monitor PDCCH” as usually does. 
For this modeling, considering the case that DRX is configured, the PDCCH skipping/SSSG switching may impact DRX as well, for example, the DRX Active Time does not include the time while the timer controlling the period for PDCCH skipping is running. So it is a fully consistent behaviour that UE monitors PDCCH during DRX Active Time.
[bookmark: _GoBack]Proposal 9: RAN 2 should discuss where/how to capture the impacts on PDCCH skipping/SSSG switching due to the UL events, e.g. SR/retransmission for CG/RACH.
No matter which model is supported, RAN1 should be informed and can further discuss whether there is any RAN1 specification impacts.
Proposal 10: Send LS to RAN1 to inform the RAN2 conclusion.
Conclusion
[bookmark: OLE_LINK3]In this paper, we further discuss RLM/BFD relaxation and DCI-based power saving adaptation. Proposals are summarized as below.
RLM/BFD relaxation
Proposal 1: The network optionally provides two thresholds (s-SearchDeltaP and t-SearchDeltaP) for the low mobility criterion for RLM/BFD relaxation. RAN2 further discusses the value ranges.
Proposal 2: RAN2 waits for more RAN4 progress to decide whether an explicit indication (in case that the good serving cell quality criterion is predefined) is introduced for network to indicate whether the UE can/should evaluate this criterion.
Proposal 3: The network can enable/disable RLM and BFD relaxation criteria independently.
Proposal 4: RLM relaxation criterion can be enable/configured separately for MCG (PCell) and SCG (PSCell) in DC case. BFD relaxation criterion can be enable/configured separately for PCell/PSCell and SCells.
Proposal 5: The UE reports to the network when RLM/BFD relaxation criteria are fulfilled or exited.
Proposal 6: The network explicitly indicates whether RLM/BFD relaxation is allowed.
Proposal 7: Introduce one capability indicator of supporting RLM/BFD relaxation, finer granularity for UE capability is not needed.
DCI-based power saving adaptation
Proposal 8: If any of the following UL events happens, the PDCCH skipping should be stopped/the SSSG should be switched to a more frequent PDCCH occasions SSSG, or the PDCCH skipping indication/the SSSG switching to an empty/less frequent PDCCH occasions SSSG should be ignored.
· A SR is transmitted or  is pending
· A MAC PDU is transmitted on configured grant and retx timer is running
· During RAR window/MsgB window/contention resolution timer/duration after successful reception of a RAR for CFRA
Proposal 9: RAN 2 should discuss where/how to capture the impacts on PDCCH skipping/SSSG switching due to the UL events, e.g. SR/retransmission for CG/RACH.
Proposal 10: Send LS to RAN1 to inform the RAN2 conclusion.
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