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1. Introduction
In RAN4#85 Meeting, a way forward [1] on RRM with network-based CRS interference mitigation was approved:
· For Rel-14 and earlier UEs, non-negligible impact is expected for some legacy UEs if network-based CRS interference mitigation is used since some legacy UE implementations rely on long warm-up time which was not precluded by the standard since Rel-8

· RAN4 sees it beneficial for Rel-15 UE to be aware of whether network-based CRS interference mitigation is used by serving and neighbor cells in the area

· In RAN4#86, RAN4 will further discuss solutions for making Rel-15 UE to be aware of whether network-based CRS interference mitigation is used by serving and neighbor cells in the area
· RAN4 will further analyze the number of warm-up and cool-down subframes for different scenarios for both Rel-15 UE and Rel-14 (and earlier) UE

In this contribution, we would like to further analyze the network-based CRS mitigation impacts on Rel-14 (and earlier) UEs and propose design on the number of warm-up and cool-down subframes for different scenarios.
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_IDLE UE performance as follows:
	· 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
· Investigation on the need for CRS in other idle mode scenarios is not precluded


According to the above agreements, RRC_IDLE UEs shall assume full bandwidth CRS for occasions or durations including warm-up and cool-down for cases such as:

· Paging

· SI acquisition

· Random access procedure.

For RRC_IDLE UEs, following observations can be observed: 1) eNB is not aware of its existence; 2) no RRC connection between UE and eNB; 3) MME is aware of the existence of such UE. Under such circumstances, it is essential to assign requirements for eNB to perform network-based CRS mitigation. In the below sections, we will shed light upon discussions focused on each case mentioned.

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. 
For cool-down period, channel estimation might still be performed continuously, and the subframe number used for channel estimation is highly algorithm-dependent, here we propose at least 1 subframes shall be used for cool-down considering the common use of channel estimation algorithms.
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 and [1 subframe] for cool down.
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 and at least [1 subframe] with full bandwidth CRS shall be reserved for cool down after SIBs.
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)

[image: image1.emf]
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 and at least [1 subframe] with full bandwidth CRS shall be reserved for cool down after msg2&4 reception.
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 also at least [4 subframes] for warm up and at least [1 subframe] with full bandwidth CRS shall be reserved for cool down.
Based on the analyses above, the following table is proposed for the warm-up and cool-down mechanism:

Table 1. Warm-up and cool-down mechanism summary for legacy UE
	Scenario
	Mode
	Warm-up subframes
	Cool-down subframes 

	All configured paging occasions
	IDLE
	[4] 
	[1] 

	SI acquisition (SIB1 and SI-window) 
	IDLE
	[4] 
	[1] 

	Random Access Procedure
	IDLE
	[4] 
	[1]

	eDRX implemented
	IDLE
	[4] 
	[1] 


For R15 UEs in the network, if UEs awareness of the CRS muting information from network may be able to significantly reduce the number of warm-up and cool-down subframe, compared to those legacy UEs. 
3. Conclusions
In this contribution we propose number of subframes for the cases where warm-up phases are needed in network-based CRS mitigation:
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 and [1 subframe] for cool down.
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 and at least [1 subframe] with full bandwidth CRS shall be reserved for cool down after SIBs.
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 and at least [1 subframe] with full bandwidth CRS shall be reserved for cool down after msg2&4 reception.
Proposal 4: For RRC_IDLE UE in LTE network-based CRS mitigation, full bandwidth CRS shall be assumed in all eDRX PTW and also at least [4 subframes] for warm up and at least [1 subframe] with full bandwidth CRS shall be reserved for cool down.
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