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1. Introduction
In RAN4#101-e, WF [1] listed several open issues regarding CRS interference mitigation in scenarios with overlapping spectrum for LTE and NR. In this paper, we provide our views on those issues.
2. Network Assistance
In the last meeting, following agreement was made on network configuration.
For scenario 1 and 2, by default, UE follow below assumption of Network configuration for CRS-IM receiver
· no CRS muting, 
· MBSFN configuration same as serving cell for scenario 1; NO MBSFN configuration for scenario 2
· Channel bandwidth and centre frequency aligned for the serving and neighbouring cells for scenario 1
If above assumption not aligned with NW configuration: 
- Network can inform to UE by NWA signalling. FFS for the details of NWA signalling 
· It’s Network decision whether need to be informed to UE even the network configuration not aligned with default assumption. From network perspective, if such information conveys to UE, network expect UE should not follow the default assumption. 
- FFS whether UE blind detection can be considered as candidate UE receiver. If such UE capability introduced, separate UE capability signalling need to be introduced for UE receiver without blind detection 

From UE implementation perspective, we prefer not to have blind detection UE receiver since it will require significant resources to run hypothesis for all possible BWs/MBSFN configurations/Center frequency and CRS Muting. Therefore, we propose the following.
Proposal 1: Do not consider blind detection as candidate receiver.
After above agreement, the remaining parameters needed for CRS-IM under scenario 1 are following.
· Presence of LTE interfering cell
· v-shift
· Number of CRS ports
· Interference Level
The remaining parameters needed for CRS-IM under scenario 2 are following.
· Presence of LTE interfering cell
· LTE channel BW and center frequency
· v-shift
· Number of CRS ports
· Interference Level
When interference is weaker than serving cell, we observe that the interference estimation based on power difference causes performance degradation because of incorrect interference level estimation since serving cell PDSCH is much stronger. Also, in those scenarios, it is harder to distinguish whether power difference is due to CRS presence or just because of variations due to fading or noise. These scenarios may not be included in RAN4 test, but they do happen in real field. Based on our internal studies, we observe 4-5dB loss with detection algorithms v/s using genie values for above parameters under scenario 1 with link adaptation enabled and SIR = -6dB. Effectively, we will be leaving the gains on the table without network assistance and hence, we do need network assistance.
Observation 1: We observe 4-5 dB loss with detection algorithms v/s using network assistance under scenario 1 with link adaptation enabled and SIR = -6dB.
Observation 2: Detection algorithms may not perform well when interference is weaker than serving cell PDSCH.
In LTE, it was agreed to define CRS-IC requirements assuming network assistance and there were no requirements defined based on UE detection of those parameters. Therefore, we don’t see the need to enhance upon those requirements in NR for mitigation of LTE CRS and expect network assistance in NR as well.
Observation 3: It was discussed and agreed to provide such network assistance in LTE for CRS interference cancellation.
In case of scenario 2, it is even more complex to detect LTE center frequency and bandwidth because there are a lot of hypotheses to run. On top of that, we have the issue of unreliable detection as mentioned above unless inter-rat measurements are used, which will have to be frequent enough. That will reduce the overall throughput.
Most of the parameters above are indicated in the existing rate matching pattern. So, we can define the network assistance in similar manner.
Therefore, we have following observations and proposals.
Observation 4: It is additional UE complexity to detect LTE center freq and BW, which may decrease overall throughput either due to misdetection or because of frequent inter-RAT measurement objects.
Proposal 2: Define network assistance for CRS interference mitigation.
Proposal 3: We can consider below two options for network assistance:
· Option 1: Introduce network assistance same as RateMatchPatternLTE-CRS. 
· Option 2: Do not consider scenario 2 for RAN4 requirements and introduce network assistance for number of CRS ports and vshift.

3. CRS-IM for 30kHz SCS
LTE is based on 15kHz SCS and we are considering NR with 30kHz SCS. There are below concerns that need to be addressed before considering CRS-IM for NR 30kHz SCS.
· No DSS Rate Matching for Serving cell: As DSS rate matching is only configured for 15kHz SCS, we cannot have any assumptions about LTE BW and its center frequency which we had for scenario 1. Moreover, LTE BW will most likely be smaller than NR 30kHz BW. This will result in more UE complexity to run hypothesis testing for LTE center frequency and bandwidth.
· Different Sampling Rates: Typically, NR BWs for 30kHz SCS will be much larger than LTE BWs. Therefore, UE will have different sampling rate for 30kHz SCS compared to LTE sampling rate. If UE’s NR sampling rate for 30kHz SCS does not match with LTE sampling rate, LTE interference will smudge all the NR REs on symbols colliding with CRS instead of just CRS REs. So, it is not straightforward to apply LLR scaling in this case unless all the LLRs in the whole symbol are scaled, which may not have any significant gains.
· Uneven Interference within a Subcarrier: CRS tones occupy only 15kHz while NR SCS is 30kHz. So, interference only impacts half of the subcarrier. This will result in unreliable interference measurement. Even if UE could rely on Inter-RAT measurements to get relatively accurate interference, scaling the LLRs by that level will not match with the actual interference.
· Different Symbol Duration: For NR 30kHz, symbol duration is half of LTE. This causes each LTE CRS symbol to interfere with 2 symbols of NR. So, UE will have to spend double the resources on measuring the interference compared to 15kHz SCS.
Based on above, we have following observations and proposals.
Observation 5: There is no DSS rate matching defined in the spec for 30kHz SCS.
Observation 6: UE will have different sampling rate for 30kHz SCS compared to LTE sampling rate. 
Observation 7: Different sampling rates will cause LTE interference to smudge all the NR REs on symbols colliding with CRS instead of just CRS REs.
Observation 8: Different SCS will cause uneven interference within subcarrier, resulting into complicated or unreliable mitigation.
Observation 9: UE will have to spend double the resources on measuring/detecting the interference compared to 15kHz SCS.
Proposal 4: Do not consider CRS-IM for 30kHz SCS.
4. Simulation Results for LLR Weighting
Based on simulation assumptions in [1], we provide the simulation results below for LLR weighting scheme assuming NW assistance.
Table 1: SNR in dB at 70% of peak throughput for Scenario 1, LLR Weighting with NW assistance
	Case
	Alignment SNR
	Impairment SNR

	4x2, MCS13
	9.84
	12.34

	4x4, MCS13
	6.01
	8.51



Table 2: SNR in dB at 70% of peak throughput for Scenario 2, LLR Weighting with NW assistance
	Case
	Alignment SNR
	Impairment SNR

	4x2, MCS13
	9.12
	11.62

	4x4, MCS13
	6.04
	8.54


5. Conclusions
This paper provides our views on evaluation of techniques to handle CRS interference in RAN4 and simulation results for LLR weighting scheme. Following has been observed and proposed.
Network Assistance
Proposal 1: Do not consider blind detection as candidate receiver.
Observation 1: We observe 4-5 dB loss with detection algorithms v/s using network assistance under scenario 1 with link adaptation enabled and SIR = -6dB.
Observation 2: Detection algorithms may not perform well when interference is weaker than serving cell PDSCH.
Observation 3: It was discussed and agreed to provide such network assistance in LTE for CRS interference cancellation.
Observation 4: It is additional UE complexity to detect LTE center freq and BW, which may decrease overall throughput either due to misdetection or because of frequent inter-RAT measurement objects.
Proposal 2: Define network assistance for CRS interference mitigation.
Proposal 3: We can consider below two options for network assistance:
· Option 1: Introduce network assistance same as RateMatchPatternLTE-CRS. 
· Option 2: Do not consider scenario 2 for RAN4 requirements and introduce network assistance for number of CRS ports and vshift.
CRS-IM for 30kHz SCS
Observation 5: There is no DSS rate matching defined in the spec for 30kHz SCS.
Observation 6: UE will have different sampling rate for 30kHz SCS compared to LTE sampling rate. 
Observation 7: Different sampling rates will cause LTE interference to smudge all the NR REs on symbols colliding with CRS instead of just CRS REs.
Observation 8: Different SCS will cause uneven interference within subcarrier, resulting into complicated or unreliable mitigation.
Observation 9: UE will have to spend double the resources on measuring/detecting the interference compared to 15kHz SCS.
Proposal 4: Do not consider CRS-IM for 30kHz SCS.
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