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1	Introduction
In this contribution we discuss on the remaining open issues on NR mobility procedure after RAN1#92bis. 

2 Multiplexing of CSI-RS and SSB for RRM measurements

[bookmark: _Hlk513726099]In RAN1#92bis one open issue was the multiplexing of reference signals and physical channels when QCL or no QCL assumption can be assumed. Such reference signals and channels include the SSB-RLM, SSB-RRM, SSB-BFD,	SSB-BM, CSI-RS-RLM, CSI-RS-RRM, CSI-RS-BFD, CSI-RS-BM, PDSCH, PUSCH and PDCCH [3].
Due to high number of different signals, channels and potential use of signals for multiple purposes there may be various different combinations where the prioritization needs to be considered. As an example of the problem with multi-purpose signals occurs when e.g. the SSB and CSI-RS needs to be measured for both BM and RRM purposes, but UE would need to potentially use different RX (FR2) for such measurements. Thus, the prioritization should take into account the measurement configurations, such as SMTC window. Also depending on the status of link monitoring (RLM, BFD) UE may need to consider different rules.  
To avoid too complex rule set we propose to have following prioritization between RS and channel based on specific conditions.  
As high-level rule UE determines if any failure condition has been fulfilled i.e. UE has either detected a problem in radio link (beam failure detected) or already declared a beam failure. Such failure condition includes the beam failure detection and/or radio link problem detection. Thus, we propose to divide the prioritization to two high level cases taking into account the radio link condition to define how UE considers measurements inside and outside SMTC window. Note that the discussion is in context of UE behaviour in FR2.
Link problem/failure condition applies: 
· When UE has determined that beam failure instance has been indicated to higher layer or a beam failure has been declared by the higher layer (MAC)
· Both inside and outside the SMTC window configured for RRM measurements; UE prioritizes the measurement for new candidate beams for beam recovery before any other signals or channels, including reception of PDxCH inside and outside SMTC window that it is not able to receive simultaneously.
· For the candidate beam measurements UE prioritizes the signals that are associated with contention free signals for beam recovery over the signals associated contention based signals. 

Proposal 1: When UE has detected link problem/declared beam failure, it first prioritizes the candidate beam measurements for beam recovery inside and outside SMTC window before any other signals or channels it is not able to receive simultaneously. 
The behaviour outside the SMTC window, when no RLP nor BF has been detected is also covered in [5] and takes a precedence. However, in high level following behaviour is proposed
Link problem/failure condition does not apply: 
· Inside the SMTC window, UE performs measurements according to RAN4 decisions on the scheduling availability and potential scaling of measurements (e.g. between RLM and RRM)  
· Outside the SMTC window UE prioritizes reception of PDSCH. If no PDSCH scheduled, UE the prioritizes the measurements as follows:
· 1) Multipurpose RS . 
· 2) Beam Management (e.g. L1-RSRP) and BFD-RS (scaling of measurement periods between these is up to RAN4)
· 3) RLM-RS
[bookmark: _GoBack]If equal priority is determined the measurement scaling is left for RAN4 decision.
In case UE is able to assume spatial QCL properties between groups of respective signals, it can use the priority of higher priority signal to determine the priority. 

2	CSI-RS measurements and C-DRX
Following agreement was made regarding the CSI-RS measurements in C-DRX:
Agreements:
· UE is not required to measure CSI-RS configured for L3 mobility outside the active time
· Note exact definition of C-DRX active time depends on RAN2
· In this context the active time referred by RAN1 relates to the time when UE is monitoring PDCCH in onDuration or due to any timer triggered by gNB activity 
· I.e. when any of ‘onDurationTimer’, ‘drx-InactitivityTimer’ or ’ drx-RetransmissionTimer’ is running
· FFS:
· whether CSI-RS for L3 mobility is configured only within C-DRX UE’s active time for C-DRX operation
· whether UE should not assume that configured CSI-RS resources for L3 mobility are present outside the active time 

The open aspects in terms of UE behavior related to FFS points above, consider the way network can configure the CSI-RS for L3 mobility and UE assumptions regarding the presence of configured CSI-RS resources outside the active time. As noted in sub bullet of the agreement, in this context the active time is referred to the time when UE is monitoring PDCCH based on onDurationTimer or due to any timer triggered by gNB activity.
At least in LTE and very likely in NR as well, when C-DRX is configured to the UE, UE is set with different timers that, in addition to the rules given in MAC specification, determine the UE behavior. Namely these rules and timers aim to establish synchronous understanding between UE and network, when UE should be monitoring PDCCH. High level summary of most relevant timers and related behavior from 36.321 (sec. 5.7) is given below: 
· drx-InactivityTimer, which determines how soon after ceasing of DL and/or UL activity UE may start to apply the discontinuous PDCCH monitoring. Once the drx-InactivityTimer has expired UE is required to monitor the PDCCH only during onDurationTimer once every DRX cycle. 
· Two different DRX cycles can be configured; shortDRX-Cycle (optional) and longDRX-Cycle.
· After drx-InactivityTimer has expired, UE will first apply the the PDCCH discontinuous monitoring pattern according to shortDRX-Cycle (if configured) and followed by longDRX-Cycle
· If short DRX cycle is configured drxShortCycleTimer determines how soon after applying short DRX cycle UE will start to monitor based on long DRX cycle
· If no shortDRX-Cycle is configured UE may start to apply the the PDCCH discontinuous monitoring pattern according to longDRX-Cycle (after drx-InactivityTimer has expired)
· or the drx-InactivityTimer has expired UE may start to monitor PDCCH in a discontinuous manner according to longDRX-Cycle.
· onDurationTimer determines the minimum active time UE needs to monitor the PDCCH (unless not required by other rules) every DRX cycle

It also good to note that the LTE RRM requirements defined in 36.133 assume C-DRX being configured, and the performance requirements are determined based on the active time of the DRX cycle. In most test cases UE is being addressed by PDCCH continuously (to keep drx-InactivityTimer running) and prevent the UE to start discontinuous monitoring and the performance requirements are same as with no C-DRX configured.
Thus rules determining the UE behavior (i.e PDCCH monitoring) results that if there is data activity and UE is scheduled more or less continuously (at least once every drx-InactivityTimer) UE will stay in active time and monitor the PDCCH. It is clear that from user experience perspective, when there is data activity, the mobility criterions should be also tighter. The performance requirements in RAN4 in determine that the UE mobility requirements shall follow the same baseline as in case when no C-DRX is configured. When UE is allowed to start the discontinuous monitoring e.g. there has not been PDCCH activity for the duration drx-InactivityTimer, the impact of prolonged mobility procedures to user experience is less severe, and UE can be allowed to perform measurements less frequently (as per RAN4 requirements).  
[bookmark: _Ref494727894][bookmark: _Ref503557328]Observation 1: In LTE, mobility performance requirements when C-DRX is configured follow the data activity.
Based on this discussion, requirement that network is only allowed to configure CSI-RS resources on UE’s active time, and if wanting to ensure mobility performance matching to the data activity, would be able to be met basically only by doing a CSI-RS resource (for L3 mob.) reconfiguration at every transition point. I.e. after there has not been any data activity for some time, and based on C-DRX timers UE would be allowed to start discontinuous monitoring, network would need to re-configure the CSI-RS resources and apply a periodicity corresponding to long DRX cycle. Naturally any activity this would extend the active time (due to resetting the drx-InactivityTimer). Respectively when the data activity starts, and network would like to ensure mobility performance by enabling UE to do frequent CSI-RS measurements, network would need to do a re-configuration and change the periodicity of the CSI-RS to be more frequent. In case of short transmission burst, result would be consecutive and frequent reconfigurations. 
Naturally network could use a single configuration, corresponding the active time that can be assumed always, i.e. the onDurationTimer that is applied at every longDRX-Cycle. This would imply that the CSI-RS based mobility performance would be restricted even during the active time. 
[bookmark: _Ref494727897][bookmark: _Ref503557329]Observation 2: Requiring that network can only configure CSI-RS resources within UE’s active time will severely hinder the use of CSI-RS for L3 mobility.
Thus to preserve network side flexibility for CSI-RS configuration and minimize the need for change/adapt configuration based on UE DRX configuration it is preferred that network can configure CSI-RS for L3 mobility in flexible manner. There should not be any restrictions for network not to configure CSI-RS resources outside UE active periods as UE DRX configuration may change but there would not be a need to adapt CSI-RS configuration. As already agreed, UE is not required to measure CSI-RS outside the active time.
[bookmark: _Ref494727959][bookmark: _Ref503557348]Proposal 2: CSI-RS resource configuration is under network control and can be configured independently of C-DRX.
Now assuming that network has full flexibility to configure the CSI-RS resources, independently of C-DRX, as proposed above and accounting the agreement in last meeting that UE is not required to measure CSI-RS outside the active time (enabling UE to preserve power while applying discontinuous PDCCH monitoring), the question remains what should be the assumption regarding the CSI-RS resources occur outside the active time. In LTE, UE has the full flexibility do the measurements, even outside the active time, due to the presence of always on RS, CRS. In NR the only always on signal is in principle the SS block, while CSI-RS transmission depend on network configuration. Thus unlike in LTE CRS, UE cannot take any pre-assumptions regarding the CSI-RS and therefore would always need to perform measurements based on the given configuration by NW. Therefor determining that UE may not assume that CSI-RS are present outside the active time would not result any significant complication in UE behavior, but would in turn enable network to preserve resources and energy by omitting the transmission of CSI-RS that occur outside the UE active time. 
As an example in Figure 3, network transmits periodically the CSI-RS for L3 mobility. UE should not assume that the resources indicated by dashed (red) line would be present and use only those resources that occur within the active time.
Hence it is proposed that UE should not assume the presence of the configured CSI-RS resource for L3 mobility outside the Connected mode DRX active time. This agreement would seem to have an impact to the RAN4 specification and therefore it is proposed to inform RAN4 about the decision.

[bookmark: _Ref494727961][bookmark: _Ref503557350][bookmark: _Hlk506558765]Proposal 3: UE should not assume that configured CSI-RS resources for L3 mobility are present outside the active time. Inform RAN4 about the decision.

[image: ]
[bookmark: _Ref492501315]Figure 3. Illustration of CSI-RS periodicity and UE C-DRX cycle
3	Conclusions
For the multiplexing different RS we make a following proposal:
Proposal 1: When UE has detected link problem/declared beam failure, it first prioritizes the candidate beam measurements for beam recovery inside and outside SMTC window before any other signals or channels it is not able to receive simultaneously. 

And on C-DRX operation in chapter 2 we observe and propose as follows:-
Observation 1: In LTE, mobility performance requirements when C-DRX is configured follow the data activity.
Observation 2: Requiring that network can only configure CSI-RS resources within UE’s active time will severely hinder the use of CSI-RS for L3 mobility.
Proposal 2: CSI-RS resource configuration is under network control and can be configured independently of C-DRX.
[bookmark: _Hlk498596596]Proposal 3: UE should not assume that configured CSI-RS resources for L3 mobility are present outside the active time. Inform RAN4 about the decision.
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