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1. Introduction

In the RAN4#101-e meeting, the necessity of network assistance signalling and UE capability signalling for CRS-IM was discussed, and the WF was approved in [1].
In this paper, we give our views on the open issues on the necessity of network assistance signalling for CRS-IM.
2. Discussion
Needed information for the baseline LLR weighting

In the last meeting, it was remained FFS on whether CRS sequence information is needed in [1]:
· Enable CRS-IM receiver (LLR weighting), below parameters/information needed:

· The presence of CRS information including: the presence of LTE cell, MBSFN configuration, [CRS muting information] if configured

· CRS location information including: LTE carrier frequency, bandwidth, v-shift, CRS port number

· FFS CRS sequence information needed or not which including: Cell ID, [slot number within radio frame information]

· Companies are encouraged to bring simulation results for LLR weighting with and without CRS sequence. Based on performance comparison, RAN4 plan to draw conclusion whether CRS sequence information needed or not in Jan 2022 RAN4 meeting.

· The complexity and power consumption impact also need to be considered when RAN4 make decision.
Following the guidance in the WF as above, we provide simulation results of LLR weighting with and without CRS sequence under scenario 1 with different MCS index, shown in the below Table 1 and the results are summarized in Table 2.
Note that in our simulation, for the LLR weighting with CRS sequence, on each interfered RE, UE needs to do LMMSE channel estimation to reform the received CRS signal, before calculating the LLR weighting scaler. 
Without the information of CRS sequence, UE simply calculate the total received power on the interfered REs, and then extract the target signal plus white noise power which can be estimated on the symbols without CRS, to derive the final LLR weighting scaler.

Table 1. TP Curves for UE Processing LLR Weighting with and without CRS Sequence under Scenario 1
	4T2R MCS 4
	4T2R MCS 13
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Table 2. Summary of 70% max TP SNR Points (dB) for UE Processing LLR Weighting under Scenario 1
	Case
	Rel-15 serving cell CRS-RM (reference)
	LLR weighting with sequence
	LLR weighting without sequence

	4T2R MCS 4
	3.8
	1.7
	2.0

	4T2R MCS 13
	11.2
	9.0
	9.6


From the above simulation results, it can be observed that:
1) Either with or without CRS sequence information, LLR weighting can always achieve reasonable performance gain (1.6 ~ 2.2 dB) over the reference scheme.
2) LLR weighting with CRS sequence information can achieve 0.3~0.6 dB performance gain over LLR weighting without CRS sequence information, due to more accurate CRS interference power estimation through the additional LMMSE channel estimation. However, the additional UE complexity does not bring significant performance gain.
When performing LMMSE channel estimation to the neighbour cell, LLR weighting with CRS sequence information will need similar UE complexity as CRS-IC. Therefore, we have concern on whether UE will really implement the LLR weighting with CRS sequence information, since there have been companies raised the UE processing time issue due to the higher complexity of CRS-IC in the previous discussion.
Furthermore, in our understanding, the performance gain for LLR weighting with CRS sequence, can only show when there is CRS signal from only 1 LTE neighbour cell on each RE. We simulate the case where the 2 LTE cells are configured the same v-shift, i.e., there is CRS signal from 2 LTE neighbour cells on each CRS RE. In the simulation, taking the UE complexity into account, we assume that UE will only do channel estimation for 1 of the 2 LTE cells for LLR weighting with sequence, and the results are shown below:
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Figure 1. TP Curves for UE Processing LLR Weighting with and without CRS Sequence where the 2 LTE Cells are Configured the Same V-shift (4T2R MCS 4)
From the simulation results above, it is observed that under the network where there is CRS signal from 2 LTE neighbour cells on the same set of CRS REs:
1) There is no performance difference between LLR weighting with and without sequence, when UE perform channel estimation for LTE cell 1 with INR = 10.45dB for LLR weighting with sequence.
2) When the UE perform channel estimation for LTE cell 2 with INR = 4.6dB for LLR weighting with sequence, the performance of LLR weighting with sequence is even worse than that of LLR weighting without sequence.
Considering all the evaluations above, we believe LLR weighting can work well without CRS sequence information, and we need to re-consider the feasibility of CRS-IC if we agree that UE need to utilize the CRS sequence based on channel estimation for LLR weighting.
Observation 1: Either with or without CRS sequence information, LLR weighting can always achieve reasonable performance gain (1.6 ~ 2.2 dB) over the reference scheme.
Observation 2: LLR weighting with CRS sequence information can achieve 0.3~0.6 dB performance gain over LLR weighting without CRS sequence information, only when there is 1 LTE interference cell per v-shift. Moreover, the gain is not significant considering the additional UE complexity to perform channel estimation of neighbour LTE cell.
Observation 3: When performing LMMSE channel estimation to the neighbour cell, LLR weighting with CRS sequence information will need similar UE complexity as CRS-IC. We have concern on whether UE will really implement the LLR weighting with CRS sequence information, since there have been companies raised the UE processing time issue due to the higher complexity of CRS-IC.
Observation 4: When there is combined CRS signal from 2 LTE neighbour cells on each CRS RE:

1) There is no performance difference between LLR weighting with and without sequence, when UE perform channel estimation for LTE cell 1 with INR = 10.45dB for LLR weighting with sequence.
2) When the UE perform channel estimation for LTE cell 2 with INR = 4.6dB for LLR weighting with sequence, the performance of LLR weighting with sequence is even worse than that of LLR weighting without sequence.
Proposal 1: Do not consider the need of CRS sequence information for LLR weighting processing.
Necessity of informing the CRS port number
In the last meeting, ‘whether it is needed for UE to be informed the CRS port number for LLR weighting’ was also discussed, and the simulation assumptions for 1) the performance impact of CRS port misdetection, and 2) the feasibility of UE blind detection of CRS port number, was agreed in the WF [1]:

· Interested companies can bring simulation result based on the assumption without and with knowledge of number of CRS ports

· 2Tx ports configured

· Simulated cases:

Case 1: UE assuming 4Tx ports 

Case 2: UE aware of 2Tx ports

Case 3: UE blind detection of number of Tx ports
Firstly, we evaluated the feasibility of UE performing blind detection of the CRS port number under scenario 1, after informed the presence of the LTE neighbour cell.

With 4 port CRS signal transmission in the neighbour cell, we observed the ratio between the power of symbol #8 (indicated by S8) and the average power of symbol#3/5/6/9/10 (indicated by Save). 

SNR point of -0.3dB and 11.2 dB, which is the 70% max TP SNR point for MCS 4 4T4R and MCS 13 4T2R for the reference scheme respectively, was used in the simulation.

It was also worth noted that the power ratio as explained above, is averaged every 20 TTIs, to minimize the impact of the white noise and the randomly generated neighbour cell PDSCH transmission.

We provide the CDF of the power ratio as shown in Figure 2.
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Figure 2. CDF of Power Ratio (S8/Save in dB) under Different SNR Points
We can observe that with 4 port CRS transmission, S8/Save is larger than 1 dB for 96% of the cases when SNR = 11.2dB, and 99% of the cases when SNR = -0.3dB. Therefore, it is feasible for UE to blind detect the presence of CRS on symbol#8 by comparison of power on different symbols.
Observation 5: With 4 port CRS transmission, S8/Save is larger than 1 dB for 96% of the cases when SNR = 11.2dB, and 99% of the cases when SNR = -0.3dB, where S8 is the power of symbol #8 containing CRS port #2 and #3, and Save is the average power of symbol#3/5/6/9/10.
Proposal 2: It is feasible for UE to blind detect the presence of CRS on symbol#8 by comparison of power on different symbols.
Secondly, we provide further simulation results on the 3 cases in Figure 3, with 2 CRS ports configured at the transmitter in all the 3 cases. It is worth noted that in our simulation, the difference among the 3 cases is:
· Case 1: For each TTI, UE is aware of the CRS port number of 2. 
· Case 2: For each TTI, LLR weighting is also applied for the CRS REs in symbol#8, and the LLR weighting scaler is derived based on the estimated power.

· Case 3: For the first 20 TTIs, UE will first assume 4 CRS ports for LLR weighting and detect the real CRS port number by comparing the power difference between symbols (as discussed above). From the 21th TTI, UE will use the detected CRS port number for LLR weighting.
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Figure 3. TP Curves for UE Processing LLR Weighting with and without 
Knowledge of Number of CRS Ports (4T2R MCS 4 Scenario 1)
It can be observed from the above simulation results that
· For the case 2 where UE always assume the wrong CRS port number, there will be 0.4dB performance degradation compare with the case where UE always know the correct CRS port number.

· With UE performing detection for the CRS port number, LLR weighting can achieve the same performance compare with the case where UE always know the correct CRS port number.

Therefore, there is no need for UE to be informed the CRS port number, since UE can achieve the same performance by CRS port number detection.
Observation 6: For the case 1 where UE always assume the wrong CRS port number, there will be 0.4dB performance degradation compare with the case where UE always know the correct CRS port number.
Observation 7: With UE performing detection for the CRS port number, LLR weighting can achieve the same performance compare with the case where UE always know the correct CRS port number.
Proposal 3: There is no need for UE to be informed the CRS port number to perform LLR weighting.
Assumptions on the network CRS port number configuration 
In the last meeting, we also discussed the possibility of different CRS port number configuration between LTE cells:
· On CRS port number in scenario 1:

· Option 1: The same number of CRS ports in the serving and neighbouring cells 

· Option 2: The number of CRS ports in the serving and neighbouring cells can be different 

· To be decided in the next meeting
On the one hand, we think it is most common that the CRS port number for the serving and the neighbour cell, is the same.

On the other hand, even if in some corner cases, different CRS port number is configured, we do not think this will cause big problem for LLR weighting, since UE can ensure the same performance by detection for the CRS port number as evaluated above.
Observation 8: For scenario 1, it is typical to assume the same CRS port number for the serving and the neighbour cell, and meanwhile, it is not necessary to add the restriction on the CRS port number based on proposal 3. 
Proposal 4: The number of CRS ports in the serving and neighbouring cells can be different.
How could UE obtain the identified parameters if not signalled by the network

For the CRS location related information, if not signalled by the network, based on our evaluation as above, it is still feasible for UE to perform detection for the CRS port number, and we think similar detection can also be performed for the centre frequency and bandwidth. The CRS sequence information is not needed for LLR weighting based on our analysis. 
Therefore, we do not think UE needs to perform inter-RAT measurement or neighbour cell PBCH decoding for the above information. And UE only need to be indicated the presence of the neighbour LTE cell.

The presence of the neighbour LTE can be indicated by the configuration of serving cell CRS-RM for scenario 1, and by the configuration of inter-RAT MO for scenario 2.

Observation 9: UE only needs to be indicated the presence of the neighbour LTE cell, and then UE can detect the CRS location related information.

Proposal 5: The presence of the neighbour LTE can be indicated by the configuration of serving cell CRS-RM for scenario 1, and by the configuration of inter-RAT MO for scenario 2.
Whether to introduce network assistance signalling
With all the evaluations as above, we believe LLR weighting can work well without any new network signalling information assistance.

As a result, we propose not to introduce any new network assistance signalling, to assist the quicker use of Rel-17 CRS-IM in commercial networks.
Proposal 6: Not to introduce any new network assistance signalling, to assist the quicker use of Rel-17 CRS-IM in commercial networks.
3. Conclusions
In this paper, following proposals and observations are given on the necessity of network assistance signalling for CRS-IM.
Observation 1: Either with or without CRS sequence information, LLR weighting can always achieve reasonable performance gain (1.6 ~ 2.2 dB) over the reference scheme.
Observation 2: LLR weighting with CRS sequence information can achieve 0.3~0.6 dB performance gain over LLR weighting without CRS sequence information, only when there is 1 LTE interference cell per v-shift. Moreover, the gain is not significant considering the additional UE complexity to perform channel estimation of neighbour LTE cell.
Observation 3: When performing LMMSE channel estimation to the neighbour cell, LLR weighting with CRS sequence information will need similar UE complexity as CRS-IC. We have concern on whether UE will really implement the LLR weighting with CRS sequence information, since there have been companies raised the UE processing time issue due to the higher complexity of CRS-IC.
Observation 4: When there is combined CRS signal from 2 LTE neighbour cells on each CRS RE:

3) There is no performance difference between LLR weighting with and without sequence, when UE perform channel estimation for LTE cell 1 with INR = 10.45dB for LLR weighting with sequence.
4) When the UE perform channel estimation for LTE cell 2 with INR = 4.6dB for LLR weighting with sequence, the performance of LLR weighting with sequence is even worse than that of LLR weighting without sequence.
Proposal 1: Do not consider the need of CRS sequence information for LLR weighting processing.
Observation 5: With 4 port CRS transmission, S8/Save is larger than 1 dB for 96% of the cases when SNR = 11.2dB, and 99% of the cases when SNR = -0.3dB, where S8 is the power of symbol #8 containing CRS port #2 and #3, and Save is the average power of symbol#3/5/6/9/10.
Proposal 2: It is feasible for UE to blind detect the presence of CRS on symbol#8 by comparison of power on different symbols.
Observation 6: For the case 1 where UE always assume the wrong CRS port number, there will be 0.4dB performance degradation compare with the case where UE always know the correct CRS port number.
Observation 7: With UE performing detection for the CRS port number, LLR weighting can achieve the same performance compare with the case where UE always know the correct CRS port number.
Proposal 3: There is no need for UE to be informed the CRS port number to perform LLR weighting.
Observation 8: For scenario 1, it is typical to assume the same CRS port number for the serving and the neighbour cell, and meanwhile, it is not necessary to add the restriction on the CRS port number based on proposal 3. 
Proposal 4: The number of CRS ports in the serving and neighbouring cells can be different.
Observation 9: UE only needs to be indicated the presence of the neighbour LTE cell, and then UE can detect the CRS location related information.

Proposal 5: The presence of the neighbour LTE can be indicated by the configuration of serving cell CRS-RM for scenario 1, and by the configuration of inter-RAT MO for scenario 2.
Proposal 6: Not to introduce any new network assistance signalling, to assist the quicker use of Rel-17 CRS-IM in commercial networks.
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