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1	Introduction
In the RAN4#84bis meeting in Dubrovnik the discussion in network based CRS based mitigation continues. In this paper, we look further into some of the details when and how network muting can and may be used without negatively impacting devices in the field, and when the UE may need presence of full BW CRS in order to fail the RAN4 requirements. 
As we are discussing changing the presence of full BW CRS, which is baseline used since Rel-8, care needs to be taken, that devices already in the field will not start to fail due to CRS muting.

2	Discussion
Initially we look at the general aspect of using AllowedMeasBandwidth for limiting the UE neighbor cell measurement bandwidth. Idle mode requirements followed by Connected mode discussion.

2.1	AllowedMeasBandwidth
This parameter is seen as a key parameter in the discussion related to CRS muting. The parameter can be set by the network to be applied by the UEs in both Idle mode and Connected mode. The parameter defines what the maximum measurement bandwidth the UE can use when measuring neighbor cells – either on serving carrier or neighbor carriers. There are individual settings for each carrier.
It is important to note that the parameter does not apply for serving cell. I.e. devices may measure serving cell using full bandwidth or not.
The UE may measure serving cell(s) whenever, with no limitation in time domain or frequency domain. 
This means that UE may in fact measure serving cells when muting on serving cell CRS is done. RAN4 should discuss impact from muting on serving cell if the UE measuring wide bandwidth on serving cell. E.g. if the legacy UE in the field wakes up before any warm-up period and measures full BW while CRS muting is applied - will there be any visible system impact from legacy devices? 
Observation 1: System impact from full BW measurement in serving cell while muting is applied needs to discussed.

2.2	Idle mode
The WF [1] includes following for Idle mode:
· Full BW CRS shall be assumed during:
· All configured paging occasions and also [TBD subframes] for warm up & cool down
· SI acquisition (SIB1 and SI-window) and also [TBD subframes] for warm up & cool down
· RA procedure (at least partly), e.g.:
· Prio to RA transmission occasions, [TBD subframes]
· During Msg2 monitoring and also [TBD subframes] for warm up
· During Msg4 monitoring and also [TBD subframes] for warm up
· eDRX:
· 6 RB CRS may be assumed outside PTW (inside PTW is according to the above)
· FFS additional warm up before the PTW
In Dubrovnik, an attempt on agreeing the numbers was made but no final agreement was reached. From device point of view, this means that the UE can expect full BW CRS prior to paging occasions and each SIB transmission. From network side full BW CRS needs to be provided prior to any paging occasion for any UE in the location area..
When considering the UE transmit timing requirements they differ depending on the downlink bandwidth in the cell. RAN4 should discuss whether, the UE need full BW CRS presence prior to RACH preamble transmission in order to fulfil the timing requirement or whether narrow CRS is sufficient. I.e. is there are need for warm-up period with full BW CRS prior to preamble transmission?
Full BW CRS presence at each potential RA occasion has big impact on the muting efficiency. E.g. prior to any RACH occasion which by default is every 10ms. 
In figure 1 is a simple illustration using 10ms RACH presence.
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Figure 1 Illustration of RACH, presence of full BW CRS and CRS muting.
In figure 1 we use 4TTI warm-up time and 1TTI cool-down time. In this case there will be 4TTIs in which CRS muting can be applied on network side. This scenario is of course worst-case assuming 10ms RACH periodicity.
In addition to above there will need to be full BW CRS present before and during each SIB. As UEs are moving and it is not known to network when UEs reselect to a cell and need to read SIB’s or UEs in the cell need to refresh SIB’s, network must assume worst-case.
As for eDRX, it should be noticed that SIB reading and potential RA preamble transmissions are not limited to be done within the PTW. This means that full BW CRS needs to be present for RA and SIB occasions independently from PTW.
Observation 2: Full BW CRS needs to be present for RA and SIB occasions also outside PTW.

2.2	Connected mode
In the WF [1] the very basic assumption was made – whenever any UE in the cell is not configured with DRX the network would need to transmit CRS in full BW continuously as in legacy. 
2.2.1	General
Additionally, in the spirit of the discussion, it was clear that the rule of worst case must be applied concerning wideband CRS: if there is a need for full BW CRS from any UE in the cell the network would need to transmit full BW CRS.
Observation 3: If there is a need for full BW CRS from any UE in the cell, full BW CRS must be present.
The WF lists the currently identified occasions:
· UE Active Time and also [TBD subframes] for warm up & cool down
· RA (at least partly)
· on-going retransmissions in UL and DL, in semi-persistently scheduled DL resources, in the resources with HARQ feedback
· SCell activation period and when the SCell is activated except for the SCell deactivation period
· RSTD: existing requirements apply, under full BW CRS in positioning subframes
Additionally, the UE may also have to transmit SR, periodic CQI and SRS in UL. When these are scheduled for a UE for transmission is under network control. However, RAN4 would need to discuss and agree any need for warm-up and cool down periods related to these transmissions. One can assume that the need for warm up period for these transmissions will be rather similar to those of RA preamble transmission.
Observation 4: The UE may also have to transmit SR, periodic CQI and SRS in UL.
Observation 5: RAN4 would need to agree warm-up and cool down periods related to these transmissions.
In all situations, the UE shall still fulfil the minimum transmit timing requirements.
[bookmark: _Hlk498676805]Observation 6: Even if muting is applied the UE shall still fulfil the minimum transmit timing requirements.

2.2.2	Activated and de-activated SCell(s)
Last meeting discussions related to the status of a de-activated SCell started and companies had different views. When UE is configured with CA, any activated SCell (and PSCell) is a serving cell. This means that all rules discussed so far for serving cell, concerning need for WB CRS would apply for any activated SCell and the PSCell.
Configured but not activated SCells are by RAN2 defined as serving cells, although UE is not required to monitor for scheduling on a de-activated SCell, the connected mode DRX does not apply for a de-activated SCell etc.
Observation 7: De-activated SCells are serving cells.
As concluded earlier the AllowedMeasBandwidth parameter does not apply for serving cell’s. This means that AllowedMeasBandwidth does not apply for de-activated SCell’s. The UE will have more cell specific information related to a configured but not activated SCell and the UE may use e.g. additional BW information from the SCell configuration for enhancing measurements on the de-activated SCell. As it is not specified when the UE measures – only that it needs to be done often enough to fulfill the minimum accuracy requirements for the configured measurement cycle, it is difficult for network to schedule WB CRS at the time when UE actually performs the SCell measurements.
Observation 8: RAN4 need to discuss further how muting can be done on de-activated SCell’s.
Neighbor cells are measured accounting the AllowedMeasBandwidth parameter setting. But RAN4 must now answer the question: How to apply CRS muting on a de-activated SCell. 
Proposal 1: RAN4 must answer the question: How to apply muting on a de-activated SCell?

2.2.3	Radio Link Monitoring and CRS muting
Radio link monitoring is defined in section 7.6. It states that the UE shall monitor the downlink link quality based on the cell-specific reference signal in order to detect the downlink radio link quality of the PCell. 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 PCell. The estimation shall be done against a hypothetical PDCCH with transmission parameters defined in table 7.6.1-1.
The assumptions related to the number of OFDM symbols used and the aggregation level depends on the serving cell bandwidth. It is not defined when a UE shall perform measurement/estimation of the link quality. But one could assume it is done when UE is anyway awake for scheduling or measurements. 
In the case that UE is in DRX – which is the only periods when the CRS muting can be used by network when there are active UEs in the cell – and the UE detect link problems, following applies:
Upon start of T310 timer or T313 timer as specified in clause 5.3.11 in TS 36.331 [2], the UE shall monitor the link of PCell or PSCell for recovery using the evaluation period and Layer 1 indication interval corresponding to the non-DRX mode until the expiry or stop of T310 timer or T313 timer.
RAN4 has not defined RLM based on that UE uses other bandwidth for the serving cell than cell bandwidth. Additionally, as it is not known when the UE start either of the RLM timers it is impossible for the network to trigger any actions related to this – like start transmitting full BW CRS.
RAN4 would need to resolve the RLM and CRS muting problem. One obvious solution is of course not to apply CRS muting in the cell when any UE is in connected mode.

3	Conclusion
In this paper, we further details related to when and how network muting can and may be used and the requirements related to presence of full BW CRS for legacy devices. We observe:
Observation 1: System impact from full BW measurement in serving cell while muting is applied needs to discussed.
Observation 2: Full BW CRS needs to be present for RA and SIB occasions also outside PTW.
Observation 3: If there is a need for full BW CRS from any UE in the cell, full BW CRS must be present.
Observation 5: RAN4 would need to agree warm-up and cool down periods related to these transmissions.
Observation 6: Even if muting is applied the UE shall still fulfil the minimum transmit timing requirements.
Observation 7: De-activated SCells are serving cells.
Observation 8: RAN4 need to discuss further how muting can be done on de-activated SCell’s.
We propose 
Proposal 1: RAN4 must answer the question: How to apply muting on a de-activated SCell?
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