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1. Introduction

Progress has been made during RAN4 #84 on network-based CRS mitigation and several cases have been justified where warm-up subframes are needed to guarantee legacy UE performance.
In this paper, we provide discussion for the cases where ‘warm-up’ phases may be necessary in RRC_CONNECTED mode with reduced CRS transmissions.
2. Discussion
In RAN4 #84, agreements are achieved for network-based CRS mitigation on cases where full bandwidth CRS shall be assumed in order to guarantee legacy RRC_CONNECTED UE performance as follows [1]:

	· Non-DRX : full BW CRS in serving cell is provided
· All UE RRM requirements in 36.133 apply
· FeMTC: FFS whether full BW CRS is necesary when UE is not monitoring MPDCCH and not receiving data
· DRX is configured: full BW CRS in serving cell during
· 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
· Other conditions are not precluded if identified necessary
· Note: Under the above conditions, all existing UE RRM requirements and procedures in 36.133 apply
· WB-RSRQ measurement:
· If the UE is configured with widebandRSRQ-Meas to measure WB-RSRQ then the UE shall assume that CRS are available in the measured cell over the AllowedMeasBandwidth (e.g., 50 RBs or larger),
· Otherwise CRS may be transmitted over 6 RBs in neighbor cells (AllowedMeasBandwidth is 6 RBs)
· Companies are welcome to provide in RAN4#85 further analysis for legacy UEs, e.g., for
· RLM (e.g., when UE gets out-of-sync and monitors as if in non-DRX)
· need for CRS during SR procedure
· Impact on UL transmit timing requirement
· Deactivated SCells



2.1. DRX active state
Commonly, 4ms is the least duration for fine synchronization in order to guarantee precise channel estimation and fine demodulation. When DRX/eDRX is configured for the CONNECTED mode UE, 4ms prior to active state is needed as a warm-up period.
Proposal 1: Full BW CRS in serving cell during UE Active Time and also [4 subframes] for warm up shall be assumed when DRX is configured for RRC_CONNECTED mode UE.
2.2. RA procedure/Uplink OOS
In RRC_CONNECTED mode, UE should initiate RA procedure under below circumstances:
· Downlink traffic arrival when out-of-sync

· Uplink traffic arrival when out-of sync

· Used as an additional SR

Noted that both contention and non-contention based random access can be assumed in all the above cases. As can be observed, full bandwidth CRS needs to be ensured during CONNECTED mode RA procedure after UE detects uplink out-of-sync. 
2.3. SR procedure
A CONNECTED UE may need to initiate Scheduling Request (SR) procedure during DRX_ON period in the below cases where full-bandwidth CRS is required for legacy UE to check on PUCCH:

· initiating UL transmission

· having lost UL synchronization

According to the SR configuration including DR periodicity and SR prohibit timer, subframes with full-bandwidth CRS transmission after SR procedure can be in very large number. With UL traffic arrived, UE needs to check on UL grant following SR transmission which may pose long period of monitoring. Further, it is difficult for the network to manage synchronized DRX among CONNECTED UEs. In medium to high network load situations, it can be expected that an even larger number of post subframes may be required with many CONNECTED UEs due to rather long scheduling delay. 
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Figure 1 UE may pose long period of monitoring in SR procedure
Observation 1: Scheduling Request procedure may bring very large number of full-bandwidth CRS subframes to the network-based CRS mitigation in case of large amount of CONNECTED UEs initiating SR.

2.4. RLM
In CONNECTED mode, network needs to ensure DRX implementation for CRS reduction where CRS are transmitted only on the inner six PRBs. During DRX_ON period in Radio Link Monitoring procedure, CONNECTED UEs need to measure RLQ through full-bandwidth CRS. Further in case of bad channel condition, CONNECTED UEs require full bandwidth CRS transmission even in DRX_OFF duration, otherwise that the network may suffer from a higher incidence of Radio Link Failure. 

Observation 2: In CONNECTED mode, further specifications of the impact on the RRM measurement by network-based CRS mitigation is required.

2.5. Timing measurement
Another issue is about UE transmit timing. Associated RRM requirements are specified in TS36.133 section 7.1. It can be observed that both Te and Tq are related to downlink bandwidth. With larger operating bandwidth, UE can achieve better performance in downlink timing estimation and uplink transmit timing error can also be reduced. 

Table 7.1.2-1: Te Timing Error Limit
	Downlink Bandwidth (MHz)
	Te_

	1.4
	24*TS

	≥3
	12*TS

	Note:
TS is the basic timing unit defined in TS 36.211


Table 7.1.2-2: Tq Maximum Autonomous Time Adjustment Step
	Downlink Bandwidth (MHz)
	Tq_

	1.4
	17.5*TS

	3
	9.5*TS

	5
	5.5*TS

	(10
	3.5*TS

	Note: TS is the basic timing unit defined in TS 36.211


CRS mitigation will degrade the performance of UE timing estimation. Especially for UE initial transmit, mostly it is pure UE behaviour and it can occurs at any time, e.g. UE in idle mode suddenly decides to make a call. It is impossible for a CRS mitigation eNB to predict such sudden request and cannot provide full bandwidth CRS in advance. The consequence is that UE cannot get enough CRS to derive accurate reference timing. What is worse is that legacy UE will still assume there is full bandwidth CRS transmitted from serving cell. The legacy timing estimation algorithm will still force the UE to estimate the timing with the full bandwidth CRS. However, UE cannot see any CRS but noise and interference outside the inner six PRBs. Thus timing estimation with these noise and interference will significantly degrade the performance. Legacy UE cannot even meet the requirements specified for 1.4MHz system.

Observation 3: CRS mitigation will significantly degrade the timing estimation performance of legacy UE.
3. Conclusions
In this contribution we discuss for the cases where full bandwidth CRS are needed in network-based CRS mitigation, concluding the following statements: 
Proposal 1: Full BW CRS in serving cell during UE Active Time and also [4 subframes] for warm up shall be assumed when DRX is configured for RRC_CONNECTED mode UE.
Observation 1: Scheduling Request procedure may bring very large number of full-bandwidth CRS subframes to the network-based CRS mitigation in case of large amount of CONNECTED UEs initiating SR.

Observation 2: In CONNECTED mode, further specifications of the impact on the RRM measurement by network-based CRS mitigation is required.

Observation 3: CRS mitigation will significantly degrade the timing estimation performance of legacy UE.
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