Page 4
Draft prETS 300 ???: Month YYYY
[bookmark: _GoBack]3GPP TSG-RAN WG4 #87	R4-1806159
Busan, Korea, 21 May-26 May 2018
Agenda Item:	6.29.2
Source:	Ericsson
Title:		Discussion on the performance impact of warm up and cool down subframes in network-based CRS mitigation
Document for:	Discussion

Introduction
In RAN4#86bis, RAN4 have the following agreements [1]:
· The signalling support for network-based CRS interference mitigation includes:
· Information from the network to make the UE aware of whether network-based CRS interference mitigation is enabled or not:
· The following SI information is needed at least for UE in RRC_IDLE:
· Network-based CRS interference mitigation is enabled or disabled in the serving cell
· NOTE: This information should be provided to the UE as early as possible
· In RRC_CONNECTED, the dedicated RRC signaling (e.g., neighCellsCRS-Info and neighCellsCRS-InfoSCell in TS 36.331) is enhanced to include an indication whether the network-based CRS interference mitigation is enabled or not in the serving cell(s), including PSCell and SCells, and one or more neighbor cells
· In RRC_CONNECTED, the UE should be configured with CRS muting information for the target cell e.g. in handover command

With this signalling, UE knows whether network-based CRS interference mitigation is enabled or not. The only left-over issues are how many warm up and cool down subfames shall be configured to optimize the network performance. Obviously, more warm-up subframe, the UE can achieve better performance from single link point of view, however, it will also increase the system interference and reduce the whole system performance. In this paper, we try to use link level simulation results to make some quantization investigation on the warm-up and cool down subframe from single link. 

Simulation setup
To investigate the impact of warm up and cool down subframes on the performance, we select the transmission pattern according to Figure 1 to run the link curve. In the simulation, the periodicity is fixed and the number of subframes in each burst is fixed also. In the centre 6 PRBs, CRS is always configured. The simulation parameters are shown in Table 1. In order to make fair comparison, all the throughout are normalized to each simulation’s peak throughout. 
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[bookmark: _Ref514012946]Figure 1: PDSCH transmission pattern

[bookmark: _Ref514013238]Table 1: Simulation parameters
	Parameters
	Value
	Unit

	Transmission mode
	TM2
	

	Number of PRBs for each PDSCH location
	10
	

	Channel model
	EVA 5 low or ETU 70 low
	

	MCS
	MCS 8 (for QPSK)
and MCS 24 (for 64QAM)
	

	Periodicity
	40
	ms

	Duration
	Option 1: 3 ms 
Option 2: 5 ms
(Note: equivalent to small warm up/cool down number)
Option 3: 10 ms
(Note: equivalent to medium warm up/cool down number)
Option 4: 40ms
(Note: equivalent to legacy LTE)

	

	Receiver
	practical receiver
	



Simulation results
In Figure 2 and Figure 3, simulation results for EVA5Hz are provided for both QPSK and 64QAM. In Figure 4, simulation results are provided for ETU70 QPSK. From Figure 2, we can see that when the duration is 3 ms, compared with legacy LTE, the degradation is about 0.5 dB. When the doppler becomes larger, such as ETU70, we can see that the degradation is about 0.8 dB when the duration is 3 ms. If the duration is increased from 3 ms to 5 ms, the degradation is reduced into 0.4 ms for ETU 70. The degradation is quite marginal when the duration is 5 ms. When duration is 3 ms, it means there are at most one warm up subframe and one cool down subframe. Based on the simulation results, we can see that one warm up subframe and one cool down subframe can achieve most of the averaging gain. These results are quite aligned with the simulation results which have been done for various FDD and TDD requirements. 
In Figure 3, simulation results for 64QAM are provided. From Figure 3, we can see the gap between the 3ms duration and legacy LTE is very marginal. It is reasonable. For low SNR work point, more subframes can provide average gain to overcome the noise impact. However, for 64QAM, the working SNR point is quite higher. For higher SINR, the noise is not dominated, the channel itself play much more important role in the final performance. Thus, channel average can not bring too much benefits. More reasonable implementation is to use wider time filter to reduce the signal distortion. In other words, for higher modulation, increasing warm up and cool down subframe don’t bring any benefit. 
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[bookmark: _Ref514016311]Figure 2: QPSK with EVA5
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[bookmark: _Ref514016322]Figure 3: 64QAM with EVA5
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[bookmark: _Ref514016326]Figure 4: QPSK with ETU 70
[bookmark: _Toc514017691][bookmark: _Toc514063116]1 warm up subframe and 1 cool down subframe can achieve most of the averaging gain
Conclusion
In this paper, link level simulation results are provided to investigate the performance impact of warm up subframe and cool down subframe. We have the following observations:
Observation 1	1 warm up subframe and 1 cool down subframe can achieve most of the averaging gain
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