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1. Introduction

For LTE network based CRS mitigation, it was expected in low-load conditions that it can be powerful when being combined with higher order modulation and make difference in saving energy for eNodeB. However, the effectiveness and efficiency of network-based CRS mitigation can be vague before implementation cases are identified where the reduced CRS is only transmitted in the inner six PRBs.
It is agreed in the last RAN4 meeting that,

	· RAN4 will specify applicable requirements for Rel-15 UEs capable of supporting network-based CRS interference mitigation and define the corresponding warm-up/cool-down subframes in TS 36.133 for RRC_IDLE and RRC_CONNECTED on dedicated carriers where CRS muting is used




In this paper, we provide discussions on the cases where ‘warm-up’ and ‘cool-down’ phases are required with reduced CRS transmissions.
2. RRC_IDLE mode warm-up and cool-down
2.1. Paging
There are two cases where paging messages are mainly used for RRC_IDLE UE during paging occasions: 

· Call request sent to RRC_IDLE UE

· Inform SI change
In order to ensure precise channel estimation and fine demodulation, usually 4ms are assumed for UE to acquire fine synchronization. Thus under network-based CRS mitigation, several eNBs shall ensure full bandwidth CRS at least 4 subframes prior to paging occasions as warm-up period. 
Proposal 1: For RRC_IDLE UE in LTE network-based CRS mitigation, full bandwidth CRS shall be assumed in all configured paging occasions and also at least [4 subframes] for warm up.
2.2. SI acquisition
The same with paging, 4ms fine synchronization is needed for UE demodulation. Thus at least 4 warm-up subframes are required for SI acquisition under network-based CRS mitigation.
Proposal 2: For RRC_IDLE UE in LTE network-based CRS mitigation, full bandwidth CRS shall be assumed in SI acquisition (SIB1 and SI-window) and also at least [4 subframes] for warm up.
2.3. Random access procedure
RRC_IDLE UE should initiate RA process to access to the network and to get uplink synchronization mainly for the below cases:
· Initial access

· RRC reestablishment

· Handover (non-contention-based)
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Figure 1 a) contention-based RA procedure; b) non-contention-based RA procedure
For contention-based random access, warm-up is also needed before the preamble transmission, msg2 (RAR) and msg4 (contention resolution) demodulation have to be supported by full BW CRS and warm-up subframes before msg2 are necessary. The contention-based random access procedure is illustrated in figure 1a.
In the context of non-contention-based RA, only two steps are included as shown in figure 1b. Under such circumstance, preamble is pre-assigned UE-specifically. The same as contention-based RA, msg2 also needs full bandwidth CRS and warm-up subframes with at least 4ms duration. 
Observation 1: At least [4] warm-up subframes are needed prior to contention-based RA procedure.
Proposal 3: For RRC_IDLE UE in LTE network-based CRS mitigation, full bandwidth CRS shall be assumed at least [4 subframes] prior and in contention-based RA procedure and also at least [4 subframes] before msg2 and msg4 for warm up; and in non-contention-based RA, full bandwidth CRS shall be assumed and also at least [4 subframes] before msg2 for warm up.
2.4. eDRX implemented
For RRC_IDLE UEs, DRX periodicity is aligned with paging periodicity. Extended-DRX allows the UE to sleep rather long before activation, thus warm-up subframes are also necessary prior to the PTW of IDLE eDRX. 
Proposal 4: For RRC_IDLE UE in LTE network-based CRS mitigation, full bandwidth CRS shall be assumed in all eDRX PTW and at least [4 subframes] for warm up and at least 4 subframes for cool down.
3. RRC_CONNECTED mode warm-up and cool-down

3.1. 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 5: 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.
3.2. 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. 
3.3. 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
Proposal 6: Full BW CRS in serving cell from the start of RAR window to the reception of Msg. 2 should be guaranteed and also [4 subframes] for warm up shall be assumed when UE performing SR over PRACH.
Proposal 7: Full BW CRS in serving cell from the SR transmission to the UL grant should be guaranteed and also [4 subframes] for warm up shall be assumed when UE performing SR over PUCCH.
3.4. 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. 

Proposal 8: Full BW CRS in serving cell should be guaranteed once the network detect low channel quality.
4. Conclusions
In this contribution we propose number of subframes for the cases where warm-up phases are needed in network-based CRS mitigation:
	Scenario
	Warm-up 
	Cool-down 
	Full BW CRS duration in addition to warm-up and cool-down

	All configured paging occasions
	[4] 
	[0] 
	All paging occasions

	SI acquisition (SIB1 and SI-window) 
	[4] 
	[0] 
	All SI reading windows(incl. SIB1 and all other SIBs)

	Prior to RA transmission occasions
	[4] 
	[0]
	In Connected mode from the start of RAR window to the completion of handover;

In IDLE mode, from the start of  RAR window to the completion of RRC configuration 

	Msg2 monitoring duration
	[4] 
	[1] 
	

	Msg4 monitoring duration
	[4] 
	[1] 
	

	On-duration of DRX
	[4]
	[4]


	During DRX active time

	SR over PRACH
	[4]
	[1]
	From the start of RAR window to the reception of Msg. 2

	SR over PUCCH
	[4] 
	[1] 
	from the SR transmission to the UL grant

	RSTD measurement
	[4] 
	[0] 
	All OTDOA subframes
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