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1
Introduction  
Network-based Cell-specific Reference Signals (CRS) mitigation for lean carrier concept consists of muting CRS when not needed for idle UEs and connected UEs
Lean carrier restrictions such as warmup subframes and cool down subframes with full-bandwidth CRS for device operations in connected mode and in idle mode were considered without reaching agreement in RAN4#84bis [1]. This contribution aim to provide numbers for warm up and cool down subframes required in legacy device. Further, minimum bandwidth for TDD measurements discussed in [2] are also provided.

2
CRS-muting restrictions for legacy device Discussion
2.1 Connected mode
Table 1 below lists device operations and details for CRS muting in connected mode as given in [1] and provides numbers for warm up and cool down subframes needed for MediaTek legacy device.

	Scenario
	# of subframes with full-bandwidth CRS required

	SI reading
	SIB1: warm up 14, cool down 1
SI windows: full BW is needed from the start of SI-window until the last SI message repetition within the window, warm up 14, cool down 1

	RLM
	Full BW CRS is assumed for UE while needed (in the serving cell, to facilitate non-DRX operation after T310 timer is triggered

	PRS subframe
	Full BW CRS during PRS subframes

	RA due to HO
	Msg2/msg4: Full BW CRS from the start of RAR window and 2 ms after the subframe in which the UE transmits the RA preamble until HO complete with 1 cool down.
Warm up 14 prior to RA preamble transmission

	SCell activation/deactivation of configured Scells
	Full BW CRS during SCell activation period and when the SCell is activated. SCell measurement behavior for deactivated state when lean carrier is configured is FFS.

	SR over PRACH
	Full BW CRS with warm up 14 before the start of the RAR window until the contention resolution timer has been stopped

	SR over PUCCH
	Full BW CRS with warm up 14 before UE transmits SR on PUCCH and 2 ms after the subframe in which the UE sent SR on PUCCH and until UL grant has been transmitted


Table 1: CRS-muting restrictions on lean carrier for legacy device in connected mode
In a typical legacy UE implementation, the UE wakes up from DRX early and perform Automatic Gain Control, Adaptive Frequency Correction, Noise Estimation, channel estimation operation in device modem [3]. Channel/noise estimation can be used for RSRP measurements and also use by other device modem operations. Accurate estimation requires some averaging in frequency domain and also in time domain. RSRP measurement accuracy varies depending on the SINR condition at the legacy UE and also the clock drift for longer DRX cycle configurations (i.e. for pre-sync). A very noisy received signals with large timing and frequency errors may result in more inaccurate RSRP measurements. In order to avoid impact on legacy device modem, up to 14 warm up subframes are needed depending on the experienced reception signal levels and clock drift. 

Based on the Tdocs submitted from UE vendors in the last meeting [4][5][6][7], the required warmup subrames for legacy devices are ranging from 4 to 14 subframes. Since those legacy devices are developed and complied with LTE specifications, we think the warmup subframe setting should have no impact to them.  

Proposal 1: In order to avoid impact on legacy device modem in connected mode, up to 14 warm up subframes are needed as listed in Table 1.
In addition, channel estimation algorithm may use full-bandwidth CRS across several subframes to minimize channel estimation error. A typical implementation will provide a channel estimate at subframe#n using a look-backward over K1 CRS OFDM symbols and look-forward over K2 CRS OFDM symbols. CRS OFDM symbols in subframe#n-1 and subframe#n+1 is used with CRS OFDM symbols in current subframe#n for channel estimation. In order to avoid impact on legacy device modem, one cool down subframe is needed.
Proposal 2: In order to avoid impact on legacy device modem in connected mode, 1 cool down subframe is needed as listed in Table 1.
According to Section 3 in TS36.331, the definition of serving cell is captured as following:

	Serving Cell: For a UE in RRC_CONNECTED not configured with CA/ DC there is only one serving cell comprising of the primary cell. For a UE in RRC_CONNECTED configured with CA/ DC the term 'serving cells' is used to denote the set of one or more cells comprising of the primary cell and all secondary cells.


Therefore, it is clear that all SCells are serving cells, no matter they are activated or deactivated. Therefore, the allowedMeasBandwidth is not applicable to deactivated SCells.

Moreover, in the detail RRC message of SCell, the DL bandwidth is provided by the IE dl-Bandwidth, as captured below. Therefore, UE already has the knowledge on the bandwidth of all SCells in deactivated state.

RadioResourceConfigCommonSCell-r10 ::=
SEQUENCE {


-- DL configuration as well as configuration applicable for DL and UL


nonUL-Configuration-r10




SEQUENCE {



-- 1: Cell characteristics



dl-Bandwidth-r10





ENUMERATED {n6, n15, n25, n50, n75, n100},


-- 2: Physical configuration, general



antennaInfoCommon-r10




AntennaInfoCommon,



mbsfn-SubframeConfigList-r10


MBSFN-SubframeConfigList
OPTIONAL,
-- Need OR



-- 3: Physical configuration, control



phich-Config-r10





PHICH-Config,



-- 4: Physical configuration, physical channels



pdsch-ConfigCommon-r10




PDSCH-ConfigCommon,



tdd-Config-r10






TDD-Config




OPTIONAL
-- Cond TDDSCell


},

For a SCell in deactivated state, network can configure a specific measurement cycle (i.e., measCycleSCell). 
measCycleSCell

The parameter is used only when an SCell is configured on the frequency indicated by the measObject and is in deactivated state, see TS 36.133 [16, 8.3.3]. E-UTRAN configures the parameter whenever an SCell is configured on the frequency indicated by the measObject, but the field may also be signalled when an SCell is not configured.

MeasCycleSCell-r10 ::=



ENUMERATED {sf160, sf256, sf320, sf512,














sf640, sf1024, sf1280, spare1}

The UE is allowed to cause interruptions to other serving cells when performing measurements of deactivated SCell carriers for measCycleSCell of less than 640ms based on RRC configuration. Network has no idea on which subframe UE measures the deactivated SCell.
Observation 1: Facts regarding deactivated SCell
1. Deactivated SCells are serving cell, to which the allowedMeasBandwidth is not applicable.

2. UE already has the knowledge on the bandwidth of all SCells in deactivated state through RRC configuration.

3. Network has no idea on which subframe UE measures the deactivated SCell.

In case UE needs to activate a de-activated SCell that is also a serving cell, it must be able to make RSRP measurements during SCell deactivation period. If CRS muting is applied on deactivated SCell, the UE may report poor RSRP measurements for the deactivated SCell and network may decide not to activate the SCell. 

Further, the network may not be able to rank the intra-frequency cells and inter-frequency cells for serving and neighboring cells if 

· Legacy UE does not report accurate RSRP measurements for deactivated SCells. 

· Legacy UE reports RSRP measurement on full-BW CRS for activated SCell, reduced-BW CRS for de-activated SCell, and reduced-BW PCell

Carrier aggregation is an essential feature in E-UTRAN supported by many legacy UEs. It seems necessary to further address measurement behaviour for deactivated SCell to ensure carrier aggregation operations in legacy UE do not suffer significantly or may not work in worst case for some legacy devices when CRS muting is applied in a de-activated SCell.
Proposal 3: RAN4 should study SCell measurement behaviour for deactivated state when lean carrier is configured.
2.2 Idle mode
Table 2 below list device operations and details for CRS muting in idle mode as given in [1] and provide numbers for warm up and cool down subframes for CRS-muting restrictions for legacy device.

	Scenario
	# of subframes with full-bandwidth CRS required

	RA
	Msg2/msg4: Full BW CRS from the start of RAR window and 2 ms after the subframe in which the UE transmits the RA preamble until HO complete with [1 cool down.
Warm up 14 prior to RA preamble transmission

	SI reading
	SIB1: warm up 14, cool down 1
SI windows: full BW is needed from the start of SI-window until the last SI message repetition within the window, warm up 14, cool down 1


Table 2: CRS-muting restrictions on lean carrier for legacy device in idle mode

As discussed in the previous sub-section, to avoid impact on legacy device modem, up to 14 warm up subframes are needed depending on the experienced reception signal levels and clock drift. In addition, one cool down subframe is needed. In idle mode, the clock drift experienced may be larger than in connected state especially for Rel-14 MTC devices due to eDRX extended to 2621.44 seconds (43.69 minutes). 
Proposal 3: In order to avoid impact on legacy device modem in idle mode, up to 14 warm up subframes are needed as listed in Table 2.
Proposal 5: In order to avoid impact on legacy device modem in idle mode, 1 cool down subframe is needed as listed in Table 2.
3
Conclusion

In this contribution, RRM performance impact in lean carrier cells where CRS muting is applied by the network was discussed. We make a number of proposals

Observation 1: Facts regarding deactivated SCell

1. Deactivated SCells are serving cell, to which the allowedMeasBandwidth is not applicable.

2. UE already has the knowledge on the bandwidth of all SCells in deactivated state through RRC configuration.

3. Network has no idea on which subframe UE measures the deactivated SCell.

Proposal 1: In order to avoid impact on legacy device modem in connected mode, up to 14 warm up subframes are needed as listed in Table 1.
Proposal 2: In order to avoid impact on legacy device modem in connected mode, 1 cool down subframe is needed as listed in Table 1.
Proposal 3: RAN4 should study SCell measurement behavior for deactivated state when lean carrier is configured.
Proposal 4: In order to avoid impact on legacy device modem in idle mode, up to 14 warm up subframes are needed as listed in Table 2.
Proposal 5: In order to avoid impact on legacy device modem in idle mode, 1 cool down subframe is needed as listed in Table 2.
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