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Background
[bookmark: OLE_LINK111]In RAN 93-e meeting, RAN 4 agreed to define NR PDSCH demodulation requirements for neighbouring cell LTE CRS-IM in scenarios with overlapping spectrum LTE and NR and LLR weighting was regarded as baseline receiver for requirements definition, but there are still some open issues left. In this paper, we will provide our further discussions.
Discussions
[bookmark: OLE_LINK66][bookmark: OLE_LINK67][bookmark: OLE_LINK29][bookmark: OLE_LINK103][bookmark: OLE_LINK19]Condition to turn on CRS-IM
[bookmark: OLE_LINK104]Based on our understanding, it is reasonable behaviour that UE always scan LTE cell and performs RSRP measurement periodically then determine whether CRS-IM should be turned on according to the measurement results. Therefore, we don’t think it is necessary to define a new signalling to inform UE the presence of CRS or to turn on CRS-IM 
Observation 1: It is reasonable behaviour that UE always scan LTE cell and performs RSRP measurement periodically then determine whether CRS-IM should be turned on according to the measurement results.
[bookmark: OLE_LINK108][bookmark: OLE_LINK109]Proposal 1: Don’t define a new signalling to inform UE the presence of CRS or to turn on CRS-IM.
UE processing time impact of CRS-IM
Agreements and open issues about this topic are listed as follows:
	•	UE PDSCH processing timeline is not impacted by LLR weighting. 
•	Further discuss the UE PDSCH processing timeline for CRS-IC. FFS whether the discussion can be separated for different PDSCH configurations such as:
–	Rank 1, QPSK and 16QAM, 20MHz CBW 
–	Higher rank, higher modulation order, 20MHz CBW


[bookmark: OLE_LINK107]For processing timeline for CRS-IC, based on our understanding, the maximum PDSCH processing time specified by RAN1 in TS 38.214 is not impacted, but actual processing time used for CRS based channel estimation and CRS signal reconstruction is still long and UE complexity will be increased. Furthermore, we don’t think high rank and high modulation has impact on PDSCH processing time. 
Observation 2:  The maximum PDSCH processing time specified by RAN1 in TS 38.214 is not impacted but actual processing time for CRS based channel estimation is still long and UE complexity will be increased. 
Observation 3: Rank and modulation don’t affect CRS-IC processing time.
Network assistance 
Firstly, we agree that UE should be configured with inter-RAT measurement to avoid frequency scanning and reduce UE complexity.
Proposal 2: Configure inter-RAT measurement.  
As for network assistance, to speed up the feature application in the real network as early as possible and avoid network and UE upgrade to support any additional signalling, it is more valuable not to introduce any network assistance signalling. We give our discussions on CRS-IC and LLR weighting procedure without network signalling assistance as follows:
Regarding to LLR weighting, the key point is how UE to estimates CRS power level. Based on our understanding, the most common approach for UE is detecting neighbouring cell’s PBCH, with consideration of strong robust of PBCH, decoding error seems impossible and cell ID, CRS ports, MBSFN, bandwidth of neighbouring cell can be acquired. With these information, UE can easily perform CRS present detection and impact of CRS muting can be eliminated and CRS power can be estimated by using CRS sequence (e.g. CRS-based channel estimation, PDP detection). If UE fail to detect neighbouring cell’s PBCH, one way is that UE estimates the CRS power per several RBs on all REs where CRS may be probably transmitted by subtracting power of these REs with that of non-CRS REs and then UE perform LLR weighting on these REs. In this way, UE doesn’t need to know any information of neighbouring cell’s CRS and just estimate CRS power on all REs where CRS may be transmitted and LLR can be updated on these REs.  LLR can only be updated obviously for REs where CRS is actually transmitted and for those REs where CRS is not actually transmitted, the CRS power is close to 0 and LLR is not affected. 
[bookmark: OLE_LINK126][bookmark: OLE_LINK127]Observation 4: UE can perform LLR weighting by using two following ways without network signalling assistance:
· Option 1: UE tries to detect neighboring cell’s PBCH to acquire corresponding cell ID, CRS ports, MBSFN configuration bandwidth and estimate the CRS power by using CRS sequence (e.g. CRS-based channel estimation, PDP detection).
· Option 2: UE estimates the CRS power per several RBs on all REs where CRS may be probably transmitted by subtracting power of these REs with that of non-CRS REs and UE perform LLR weighting on these REs.
The simulation results for two LLR weighting options are shown in Figure 2-1:
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Figure 2-1 Simulation results for different LLR weighting schemes
As for CRS-IC, based on our understanding, UE should know the cell ID of interference cell and then decoding PBCH of neighbouring cell is inevitable.
Observation 5: UE should detect neighbouring cell’s PBCH without network signalling assistance if CRS-IC is used.
Proposal 3: Define the requirements for LLR weighting without network assistance
Details of LLR weighting
Considering LLR weighting has been used as baseline CRS-IM receiver for requirements definition and there were much span on results from companies, we provide our details of LLR weighting as follows for information only:
(1) [bookmark: OLE_LINK128][bookmark: OLE_LINK129]Calculate the CRS power per receiving antenna and the power vector is  [image: ]
(2) Update the LLR of CRS REs by adding the [image: ] to interference plus noise covariance in MMSE-IRC processing.
Proposal 4: Consider following details for LLR weighting for information.
(1) Calculate the CRS power per receiving antenna and the power vector is  [image: ]
(2) Update the LLR of CRS REs by adding the [image: ] to interference plus noise covariance in MMSE-IRC processing.
The handling of colliding of the 2nd DM-RS symbol#11 in serving cell with CRS symbol#11 in neighboring cell for scenario 2 with No-RM (baseline) and LLR weighting schemes
For this issue, candidate options are listed as follows:
	Further discuss following options for simulation alignment:
· Option 1: Not use DMRS REs for Ruu estimation which are overlapping with CRS REs
· [bookmark: OLE_LINK83]Option 2: all DMRSs are used
· Other options are not precluded.


As descripted in following figure, according to agreed simulation assumptions, 2/3 of second DMRS REs are interfered by CRS. By this configuration, considering large CRS power (INR1=10.45dB and INR2=4.6dB) is existed, LLR may be calculated incorrectly since PDSCH REs are only overlapping with white noise. 
[image: ]
[bookmark: OLE_LINK134][bookmark: OLE_LINK135]In order to evaluate this effect on performance for LLR weighting, we did a simulation for LLR weighting by using all DMRS for Ruu/LLR calculation and LLR weighting by using DMRS not overlapped with CRS REs. The simulation results are shown in Figure 2-2. In the simulation:
· Baseline: MMSE-IRC receiver without CRS handling and using all DMRS for Ruu/LLR calculation.
· LLR weighting with scheme 1: LLR weighting using MMSE-IRC receiver with DMRS REs not overlapped with CRS for Ruu/LLR calculation
· LLR weighting with scheme 2: LLR weighting using MMSE-IRC receiver with all DMRS REs for Ruu/LLR calculation
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Figure 2-2: Simulation results for LLR weighting by using different number of DMRS REs.
From the simulation results we can observe that there is large performance gap between scheme 1 and scheme 2. For scheme 2, LLR weighting has very small performance gain over baseline receiver.
Observation 6: LLR weighting with all DMRS REs for Ruu/LLR calculation has large performance degradation compared to that with DMRS REs not overlapped CRS and the performance gain over baseline is very small.
Based on our understanding, this issue may cause large span on simulation results from companies. We would like to further discuss this issue for simulation assumptions.
Proposal 5: Further discuss the issue that serving cell’s 2nd  DMRS is overlapped with neighboring cell’s CRS for simulation assumption.
Other implementation aspects for interference cell CRS-RM
	Implementation aspects for interference cell CRS-RM (for the purpose of maintaining the TR, although without specification impact)
· The implementation based approach to reduce the impact on LTE UE.
· Option 1: Transmit signal energy in rate-matched REs on top of rate matching. This signal energy could be NZP CSI-RS, random data, copy of PDSCH data or some other signal.
· Other aspects like such as how gNB could know which interferer is the dominant one (even if the dominant interferer never changes), whether the information exchange between gNBs is needed.
Modelling of the change of dominant interference


[bookmark: OLE_LINK132]Based on our understanding, the above implementation will waste the transmission power or NZP-CSI-RS resource. What's more, BS’s implementation will be restricted. Meanwhile, as we have evaluated, the best RM scheme is RM for dominate interference, but it is impractical in real scenario since gNB may not always have the knowledge of interference information. Information exchange between gNBs is up to BS’s implementation and shouldn’t be considered in RAN 4 UE requirements definition.
Observation 7: The implementation based approach to reduce the impact on LTE UE will waste transmission power or NZP CSI-RS resource and BS’s implementation will be restricted.
Observation 8: Information exchange between gNBs is up to BS’s implementation and shouldn’t be considered in RAN 4 UE requirements definition.`
Conclusion
In this paper, we provide our discussions on CRS-IM receiver, the observations and proposals are:
Observation 1: It is reasonable behaviour that UE always scan LTE cell and performs RSRP measurement periodically then determine whether CRS-IM should be turned on according to the measurement results.
Observation 2:  The maximum PDSCH processing time specified by RAN1 in TS 38.214 is not impacted but actual processing time for CRS based channel estimation is still long and UE complexity will be increased. 
Observation 3: Rank and modulation don’t affect CRS-IC processing time.
Observation 4: UE can perform LLR weighting by using two following ways without network signalling assistance:
· Option 1: UE tries to detect neighboring cell’s PBCH to acquire corresponding cell ID, CRS ports, MBSFN configuration bandwidth and estimate the CRS power by using CRS sequence (e.g. CRS-based channel estimation, PDP detection).
· Option 2: UE estimates the CRS power per several RBs on all REs where CRS may be probably transmitted by subtracting power of these REs with that of non-CRS REs and UE perform LLR weighting on these REs.
Observation 5: UE should detect neighbouring cell’s PBCH without network signalling assistance if CRS-IC is used.
Observation 6: LLR weighting with all DMRS REs for Ruu/LLR calculation has large performance degradation compared to that with DMRS REs not overlapped CRS and the performance gain over baseline is very small.
Observation 7: The implementation based approach to reduce the impact on LTE UE will waste transmission power or NZP CSI-RS resource and BS’s implementation will be restricted.
Observation 8: Information exchange between gNBs is up to BS’s implementation and shouldn’t be considered for RAN 4 UE requirements definition.`
Proposal 1: Don’t define a new signalling to inform UE the presence of CRS or to turn on CRS-IM.
Proposal 2: Configure inter-RAT measurement.  
Proposal 3: Define the requirements for LLR weighting without network assistance
Proposal 4: Consider following details for LLR weighting for information.
(1) Calculate the CRS power per receiving antenna and the power vector is  [image: ]
(2) Update the LLR of CRS REs by adding the [image: ] to interference plus noise covariance in MMSE-IRC processing.
Proposal 5: Further discuss the issue that serving cell’s 2nd  DMRS is overlapped with neighboring cell’s CRS for simulation assumption.
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