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1. Introduction
In RAN4 #84, RAN4 had initial discussion on the impact of network-based CRS muting on UE demodulation performance and agreed on WF [1]. In this contribution, we provide our analysis on the impact of CRS muting on CRS-IM receiver. 
2. Discussion
2.1. PDSCH demodulation performance with CRS muting

To evaluate the impact of CRS muting on PDSCH demodulation performance of CRS-IM receiver, we ran link level simulation. We assumed following in our simulation. 
· Duplex mode: FDD

· Serving cell + 2 neighbor cells (CID = [0, 1, 6])
· Interference profile: INR1=10.45dB, INR2=4.5dB
· Interference cell loading: 0% (unloaded neighbor cells)
· PDSCH scheduling: SF 0, 1, 2, 3, 4, 6, 7, 8, 9
· Fixed rank 1
· Fixed MCS: MCS=14, 22

· Number of CRS ports: 4 in TM4 test, 2 in TM9 test
· Propagation channel: EVA5L
· CRS muting pattern (0: muted, 1: unmuted)
· Pattern 1: 0101010101

· Pattern 2: 0000000000000000000011111111111111111111
· UE receiver type

· UE without CRS-IM

· UE with CRS-IM but not aware of CRS muting
Figure 1 and 2 show simulation results with CRS muting pattern 1 and figure 3 and 4 show simulation results with CRS muting pattern 2.  From the simulation results, we can observe that
· For UE without CRS-IM, CRS muting improves demodulation performance in all cases (red solid vs red dotted)
· For UE with CRS-IM, CRS muting leads to demodulation performance degradation in all cases (blue solid vs blue dotted). Performance degradation is rather small for MCS 14 but it becomes large for MCS 22. 
· When CRS is muted, UE with CRS-IM can still provide better demodulation performance than UE without CRS-IM in all cases (blue dotted vs red dotted) 
Observation 1. For UE without CRS-IM, CRS muting improves demodulation performance. 

Observation 2. For UE with CRS-IM, CRS muting leads to demodulation performance degradation. 
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Figure 1. TM4 PDSCH demodulation performance of CRS-IM receiver for with muting patter 1
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Figure 2. TM9 PDSCH demodulation performance of CRS-IM receiver for with muting patter 1
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Figure 3. TM4 demodulation performance of CRS-IM receiver for with muting patter 2
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Figure 4. TM9 demodulation performance of CRS-IM receiver for with muting patter 2

2.2. Impact on CRS-IM enable/disable algorithm
Other aspect that we need to consider is impact of CRS muting on CRS-IM enable/disable algorithm. UE enables CRS-IM only when strong neighbor cell is detected to avoid unnecessary power consumption as well as performance degradation by enabling CRS-IM when neighbor cell is week. 

One possible implementation is to enable/disable CRS-IM based on RSRP measurement of neighbor cell. When CRS-IM is not enabled for candidate neighbor cell, UE can perform RSRP measurement of neighbor cell using CRS in center 6 RB. Note that neighbor cell RSRP measurement for center 6 RB is anyway necessary for intra-frequency mobility purpose. Furthermore, since CRS in center 6 RBs are continuously transmitted even when network deploys CRS muting, UE can measure true RSRP of neighbor cell. When CRS-IM is enabled for neighbor cell, UE needs to perform full band CRS processing of neighbor cell CRS for CRS-IM. To have better measurement/tracking of neighbor cell RSRP, UE can switch to wideband RSRP instead of narrowband RSRP, which is reasonable algorithm design since full band CRS processing is already available. With this implementation, there could be ping-pong problem if CRS is muted. 

· UE observes high narrowband RSRP for strong neighbor cell and thus enables CRS-IM for that neighbor cell
· Once CRS-IM is enabled, UE switches to wideband RSRP for neighbor cell power tracking
· Wideband RSRP measurement is scaled down by a factor of CRS muting, which leads to lower RSRP measurement than true RSRP. 
· UE disables CRS-IM and gets back to narrow band RSRP measurement and the whole process repeats
Observation 3. There could be ping-pong problem in CRS-IM enable/disable algorithm if CRS is muted. 
When ping-pong happens in CRS-IM enable/disable algorithm, UE might disable CRS-IM significant fraction of time even when there is strong neighbor cell. This in turn implies that UE with CRS-IM capability might end up with falling back to UE performance without CRS-IM. 
Observation 4. With ping-pong problem, UE with CRS-IM capability might end up with falling back to UE performance without CRS-IM. 
3. Conclusion

In this contribution, we provided our analysis on the impact of CRS muting on CRS-IM receiver. Our observations are

Observation 1. For UE without CRS-IM, CRS muting improves demodulation performance. 

Observation 2. For UE with CRS-IM, CRS muting leads to demodulation performance degradation. 

Observation 3. There could be ping-pong problem in CRS-IM enable/disable algorithm if CRS is muted. 

Observation 4. With ping-pong problem, UE with CRS-IM capability might end up with falling back to UE performance without CRS-IM. 
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