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1	Introduction
In the RAN4#84 meeting in Berlin WF [1] was agreed. It captures some general aspects related to muting for both Idle mode and Connected mode. In this paper, we look a bit further into the details when and how network muting can and may be used and the requirements related to presence of full BW CRS for legacy devices.

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 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 (separate settings for each carrier).
The parameter does not apply for serving cell. I.e. devices may measure serving cell using full bandwidth or not.
However, the use of AllowedMeasBandwidth has been possible since early releases of LTE including the serving cell restriction. I.e. we do not foresee any issue using this parameter to limit the UE neighbor measurement bandwidth and neither any issues regarding the potential comparison of measurement results between serving cell and neighbor cells when this parameter is used – as this is already supported by legacy devices.
However, as the UE may measure whenever, and there is no limitation in time domain or frequency domain, RAN4 would need to discuss impact from muting on serving cell if the UE measuring wide bandwidth on serving cell. I.e. would there on legacy devices be any visible impact on the measured metric if the UE assumes measurement BW according to cell bandwidth while in fact the network is applying CRS muting?
Observation 1: 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
From device point of view, this means that for each UE paging occasion and each SIB transmission from network side the UE should be able to rely on full BW CRS. In a similar manner, the UE should be able to rely on full BW CRS presence at each potential RA occasion. Once the network detects a preamble this would trigger network to transmit full BW CRS.
For these procedures, what remains to be decided is the number of subframes prior to the paging, SIB and RA occasion the full BW CRS needs to be present.
As for eDRX, it should be noticed that SIB reading and potential RACH transmission 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 independently from 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 as in legacy. 
Additionally, in the spirit of the discussion, it was clear that the rule of worst case would need to 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. 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 transmission is of course under network configuration. However, RAN4 would need to discuss 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 3: The UE may also have to transmit SR, periodic CQI and SRS in UL.
Observation 4: RAN4 would need to discuss warm-up and cool down periods related to these transmissions.
When discussing CRS mitigation, the discussion has mostly been focused on serving cell. When in CA any activated SCell (and PSCell) will be a serving cell. This means that all rules discussed so far concerning need for WB CRS would need to be applied for any activated SCell and the PSCell.
Not activated SCells are on the hand not defined as serving cells. I.e. such cell would be regarded as neighbor cells.
Observation 5: De-activated SCells are regarded as neighbor cells.
As neighbor cells are measured accounting the AllowedMeasBandwidth parameter setting, it is possible to use the parameter to enable narrow band CRS transmission on de-activated SCell. Once the SCell is activated serving cell rules for CRS transmission would apply.
Observation 6: AllowedMeasBandwidth parameter is applicable also for de-activated SCell.

3	Conclusion
In this paper, we took a look into the further details 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: 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 independently from PTW.
Observation 3: The UE may also have to transmit SR, periodic CQI and SRS in UL.
Observation 4: RAN4 would need to discuss warm-up and cool down periods related to these transmissions.
Observation 5: De-activated SCells are regarded as neighbor cells.
Observation 6: AllowedMeasBandwidth parameter is applicable also for de-activated SCell.
We propose to capture these observations for further discussions in RAN4.
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