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1. Introduction
In RAN4 #84, RAN4 started discussion on feasibility of network-based CRS muting and reached initial agreement on RRM impacts on legacy LTE UE in WF [1]. LTE UE relies on CRS to meet many of RRM requirements including RRM measurement, RLM and UL transmit timing. 
For idle mode operation, following cases were identified wherein LTE UE on full CRS bandwidth. 

· 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
For connected mode operation, it was agreed that UE needs to have full bandwidth CRS when UE is not configured with DRX. When UE is configured with DRX, follow cases were identified where in LTE UE on full CRS bandwidth.
· 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
Furthermore, following scenarios were identified as FFS scenario that requires further investigation. 

· 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
In this contribution, we provide our input on open issues on the impact of CRS muting on legacy LTE UE operation. 
2. Discussion
2.1. Warm-up/cool-down time
In RAN4 #84, companies mentioned the need for warm-up and cool-down SFs before DL signal reception or UL signal transmission. For example, when UE monitors paging on paging occasion, UE needs to wake up earlier than paging occasion so that UE can retune AGC, frequency-tracking loop, timing tracking-loop and channel estimation. This is required to demodulate PDCCH and PDSCH with comparable demodulation performance as in connected mode. Similarly, to initiate mobile originated call, idle mode UE needs to wake up earlier before PRACH transmission so that UE can acquire UL transmit timing based on DL timing, which is obtained from full bandwidth CRS. 
On the other hand, some UE implementation may require cool-down subframe to allow time-domain filtering for CRS channel estimation. In low Doppler frequency, time domain filtering is one of key technique to improve CRS channel estimation performance. For example, for paging reception, UE utilizes CRS in SF that follows paging occasion for better channel estimation performance. 
We checked our legacy UE’s implementation regarding warm-up and cool-down time requirement before DL reception and UL transmission in various procedures. When MBSFN SF is configured or in TDD mode, warm-up time can be more 100 SF in our early implementation. When MBSFN SF is not configured in FDD, worst case warm-up time can be as large as 14 SF depending on length of DRX cycle, SNR condition and accuracy of crystal. For cool-down, 1 SF seems enough in our implementation. 
Observation 1. When MBSFN SF is configured or in TDD mode, warm-up time can be more 100 SF in our implementation. When MBSFN SF is not configured in FDD, worst case warm-up time is 14 SF. Warm-up SF is required for both DL reception and UL transmission. 

Observation 2. 1 SF is required for cool down after DL reception. 

2.2.  Need for CRS in RLF scenario
Connected mode UE is supposed to perform RLM measurement during or shortly after DRX ON duration when DRX is configured. However, when out-of-synch condition is detected, UE keeps monitoring CRS for RLM while T310 timer is running instead of going into sleep cycle. If link condition gets better before T310 timer expires, UE can avoid RLF. Therefore, full bandwidth CRS should be available for UE that started T310 timer. 
Observation 3. UE keeps monitoring CRS for RLM while T310 timer is running instead of going into sleep cycle.
Proposal 1. eNB should disable CRS muting when connected mode UE with DRX configuration reports low CQI. 

3. Conclusion

In this contribution, we provided our input on open issues on the impact of CRS muting on legacy LTE UE operation. Our observations and proposals are
Observation 1. When MBSFN SF is configured or in TDD mode, warm-up time can be more 100 SF in our implementation. When MBSFN SF is not configured in FDD, worst case warm-up time is 14 SF. Warm-up SF is required for both DL reception and UL transmission. 

Observation 2. 1 SF is required for cool down after DL reception. 

Observation 3. UE keeps monitoring CRS for RLM while T310 timer is running instead of going into sleep cycle.

Proposal 1. eNB should disable CRS muting when connected mode UE with DRX configuration reports low CQI. 
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