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1
Introduction 
In the last RAN meeting, a new WI [1] called “network-based CRS mitigation” (NW-CRS-IM) was approved. 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. According to [1], 2 main targets of this WI are to identify cases where the network can mitigate CRS and to identify impact to the legacy UE procedures. This contribution provides some analysis on potential impact of CRS muting on RRM in legacy device. It further proposes way forward for a backwards-compatible network-based CRS mitigation solution specification. 

2
Discussion
2.1 CRS Muting Impacts on Radio Link Monitoring in legacy device
CRS transmitted outside inner 6 PRBs could be muted when not needed outside the DRX ON duration. However, according to RLM behaviour defined in TS36.133:

· The UE shall monitor the downlink link quality based on the cell-specific reference signal and compare it to the thresholds Qout and Qin in order to detect the downlink radio link quality of the serving cell.

· The Qin/Qout thresholds are relevant to BLER of hypothetical PDCCH transmission taking into account the PCFICH errors with transmission parameters specified in Table 7.6.1-1 (see Annex A). Different BW configurations are listed. PDCCH is a wideband operation. 

· The actual BLER performance of PDCCH and PCFICH depend on the experienced channel conditions at the device receiver. 
Radio link failure related actions are specified in TS 36.331 section 5.3.11: 
· Detection of physical layer problems in RRC_CONNECTED. The UE shall start timer T310 upon receiving N310 consecutive "out-of-sync" indications for the PCell from lower layers while neither T300, T301, T304 nor T311 is running.

· Recovery of physical layer problems. Upon receiving N311 consecutive "in-sync" indications for the PCell from lower layers while T310 is running, the UE shall stop timer T310.

In Section 7.6.2.2 of TS36.133, it is specified that upon start of T310 timer as specified in section 5.3.11 in TS 36.331, the UE shall monitor the link 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. 

Figure 1 illustrate possible UE behaviour in ELC network. When staying in-sync, UE performs RLM measurements on DRX-ON period where NW configures full bandwidth CRS. However, when entering out-of-sync, UE starts to perform RLM measurement regardless of DRX configuration. Since eNB is unaware of the out-of-sync situation, it will stop transmitting full-bandwidth CRS after DRX-ON period. So, RLM measurements are mixed with full band CRS and 6-PRB CRS measurement samples. This will make higher incidence of Radio Link Failure unpredictable. 
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Figure 1. Radio Link Monitoring on lean carrier 

Note that, the measurement object configuration (with “Allowed Measurement Bandwidth”) is not related to RLM. It is mainly used for heterogeneous scenarios where neighbour cells (intra-RAT and Inter-RAT) may be deployed in different sub bands of a wideband LTE cell causing heterogeneous interference scenarios. In 36.133 Table 7.6.1-1, the PDCCH/PCFICH transmission bandwidth parameters for out-of-sync are defined for RLM, but these bandwidth parameters referred to is carrier bandwidth, not measurement bandwidth.
Observation 1: Full bandwidth CRS is configured in RLM test cases defined in TS36.133.

Proposal 1: CRS muting impact on the RLM procedure and Radio Link Failure should be investigated in the WI, e.g., UE behaviour upon the start of theT310 timer in DRX mode.

2.2 CRS Muting Issues with RACH Procedure

A device entering the connected mode from idle mode or camping on cell will perform DL measurement in each sub-frame before the RACH preamble is sent. The eNB cannot know in advance when a device initiates the contention RACH procedure and cannot transmits full-bandwidth CRS for DL measurements before the device transmits Message 1. The RSRP value measured could degrade by as much as 6 dB due to 6 PRB measurements of path loss. It impacts initial power and preamble sequence selection. In [3], it is mentioned that there could be two sets of preamble sequences and the selection rule is based on path-loss. 
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Figure 2. Illustrative figure of RACH procedure 

The device may transmit the PRACH preamble with 6 dB higher transmit power when CRS muting is applied by the network. The impact of biased preamble transmission power at the eNB receiver for the detection of multiple devices transmitting simultaneously using the same time and frequency resource with difference preamble sequences is unknown. 
In case the RACH preamble is not detected successfully, the eNB does not send Message 2. However, the UE will still expect full CRS, but eNB will only transmission 6PRB if preamble is mis-detected. The device will ramp up RACH transmission power and send RACH preamble again up to the maximum number of preamble transmissions allowed. In the worst case, power limited devices may reselect cell and not start the contention RACH procedure. In case the device is in connected state and does not have RRC configured PUCCH format 1 for scheduling request, there may be similar issue outlined above to make scheduling request using the non-contention RACH procedure. 
Observation 2: Impacts are expected for RACH preamble transmission power and preamble sequence selection.
It may be possible for eNB to transmit warmup subframes with full-bandwidth CRS before each PRACH resource for AGC/AFC receiver algorithms depending on PRACH configuration indicated on SIB2. Assuming PRACH configuration index 12 or 13 with preamble format 0 resources in every other subframe in any SFN, and at least one warmup subframe, CRS muting is not possible. Assuming PRACH configuration index 0, 1, or 3 with preamble format 0 resource in one subframe in even SFN, and at least one warmup subframe, CRS muting is possible. However, as mentioned in [3], several warmup subframes may be needed to ensure adequate AFC operations depending on DRX cycle configuration. Assuming many devices may camp on a lean-carrier macro cell, PRACH configurations with small number of PRACH resources may lead to PRACH capacity bottleneck. Note that for message 2~4 in RACH procedure, full Bandwidth CRS will be needed.
Proposal 2: Muting impact on how UE select preamble sequence and power for RACH should be discussed.

Proposal 3: WB CRS can be transmitted before PRACH resource for maintaining acceptable synchronization performance for the UL RACH preamble.

2.3 CRS Muting Issues with Error Handling

Based on legacy specifications, UE performs measurement during DRX-ON period. CRS muting could be transparent to UE measurement if full bandwidth CRS subframes are present during the ON period. But, measurement problem occurs when RRC state mis-synchronized between UE and eNB. For example, when eNB sends out RRC Connection Release message to UE but UE does not receive the message, mis-syncrhonization occurs. The eNB may assume after some time that UE has gone into idle mode even though it has not received Ack of RRC Connection Release message. In this case, UE still follow the same DRX pattern to perform synchronization and RRM measurements. eNB thinks the device is in RRC Idle and may reduce the transmission of full bandwidth CRS subframes for paging purposes. RSRP measurement results become worst, and RLF could happen if the UE is in the bad coverage area. Higher RLF is a bad impact to network KPI. 
Proposal 4: The possible error handling cases when for example eNB sends out RRC Connection Release message on lean carrier cell from protocol viewpoints should be evaluated in RAN2.
3
Conclusion
In this contribution, legacy impacts on RRM in lean carrier cells where CRS muting is applied by the network was discussed. We make a number of observations 
Observation 1: Full bandwidth CRS is configured in RLM test cases defined in TS36.133.
Observation 2: Impacts are expected for RACH preamble transmission power and preamble sequence selection.
Proposal 1: CRS muting impact on the RLM procedure and Radio Link Failure should be investigated in the WI, e.g., UE behaviour upon the start of theT310 timer in DRX mode.
Proposal 2: Muting impact on how UE select preamble sequence and power for RACH should be discussed.
Proposal 3: WB CRS can be transmitted before PRACH resource for maintaining acceptable synchronization performance for the UL RACH preamble.
Proposal 4: The possible error handling cases when for example eNB sends out RRC Connection Release message on lean carrier cell from protocol viewpoints should be evaluated in RAN2.
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Annex A

TS 36.133, Table 7.6.1-1 PDCCH/PCFICH transmission parameters for out-of-sync

	Attribute
	Value

	DCI format
	1A

	Number of control OFDM symbols


	2; Bandwidth ( 10 MHz

3; [3] MHz ( Bandwidth ( 5 MHz

4; Bandwidth = 1.4 MHz

	Aggregation level (CCE)
	4; Bandwidth = 1.4 MHz

8; Bandwidth ( 3 MHz

	Ratio of PDCCH RE energy to average RS RE energy
	4 dB; when single antenna port is used for cell-specific reference signal transmission by the PCell.

1 dB: when two or four antenna ports are used for cell-specific reference signal transmission by the PCell.

	Ratio of PCFICH RE energy to average RS RE energy
	4 dB; when single antenna port is used for cell-specific reference signal transmission by the PCell.

1 dB: when two or four antenna ports are used for cell-specific reference signal transmission by the PCell.

	Note 1:
DCI format 1A is defined in section 5.3.3.1.3 in 3GPP TS 36.212 [21].

Note 2:
A hypothetical PCFICH transmission corresponding to the number of control symbols shall be assumed.


