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1. Introduction

CRS-IM for NR UE in LTE/NR co-existence scenarios was discussed in RAN4 #99e, with the WF approved in [1] and the template for simulation result collection provided in [2]. This contribution presents our views on the open issues, and our simulation results are provided in the companion contribution in [3].
In addition, one draft LS with RAN4 recommendation to RAN plenary is provided in the Annex.
2. Discussion

2.1 Impact on LTE cell due to interference cell RM
For interference cell CRS-RM, the performance impact on LTE cell was identified in the last meeting, with the following action point captured in the WF:
· Companies are encouraged to bring analysis on the performance impact on LTE cell due to Rel-16 RM
Firstly, we’d like to correct the wording of this bullet as follows, considering that the impact is caused by interference cell CRS-RM, regardless of whether Rel-15/16 RE or symbol level RM schemes are used:

· Companies are encouraged to bring analysis on the performance impact on LTE cell due to Rel-16 interference cell RM
Next, we will analyze the impact on LTE CQI/PMI/RI and RSRQ reporting respectively.

1) Impact on CQI/PMI/RI reporting
According to LTE CQI definition in sub-clause 7.2.3 of TS 36.213 (as copied below), for LTE TM 1-8 and certain configuration of TM9, CQI is computed based on CRS.
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Observation 1: According to the definition in TS 36.213, LTE CQI is computed based on CRS for TM 1-8 and certain configuration of TM9.

Then let us look at how much difference will be brought on CQI due to one and two interference cell CRS-RM respectively. Scenario 1 is taken as example for the analysis, but the same conclusion can be drawn for Scenario 2.

1-1) One interference cell CRS-RM
Assuming there are 3 cells, and the LTE UE 1 is connected to cell 1, as demonstrated in Figure 1. The REs for interference cell CRS-RM are marked as blanked.
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Figure 1. One interference cell CRS-RM

For the DL received signal power from each cell to the UE, actually it depends on the UE location. Here we reuse the power levels assumed in the interference modeling for CRS-IM simulation agreed in the last meeting, which is from Table 6.3.2-3 of TR 36.863 on LTE HomNet CRS-IM and copied below.

Table 1. DL received signal power 
(from Table 6.3.2-3 of TR 36.863 on LTE HomNet CRS-IM)

	
	Cell 2
	Cell 3
	Cell 1

	Set
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	….

	10
	10.44676
	4.57008
	8.920975

	
	….


With the assumptions above, we can calculate the difference of SINR observed at CRS RE and data RE for the LTE UE1:

· SINR observed at CRS RE is Ior1/(Ior3 + Noc) = 3.03 dB
· SINR observed at data RE is Ior1/(Ior2 +Ior3 + Noc) = -2.83 dB
· As a result, the difference of SINR observed at CRS RE and data RE, i.e., difference between CQI SINR and PDSCH SINR, is 5.86 dB
1-2) Two interference cell CRS-RM
For two interference cell CRS-RM, the REs for interference cell CRS-RM are marked as blanked in Figure 2.
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Figure 2. Two interference cell CRS-RM

The same level of DL received signal power from each cell is assumed as that for one interference cell CRS-RM, i.e., uses the numbers in Table 1. The difference of SINR observed at CRS RE and data RE for the LTE UE1 is as follows:

· SINR observed at CRS RE is Ior1/Noc = 8.92 dB
· SINR observed at data RE is Ior1/(Ior2 +Ior3 + Noc) = -2.83 dB
· As a result, the difference of SINR observed at CRS RE and data RE, i.e., difference between CQI SINR and PDSCH SINR, is 11.75 dB
Observation 2: For LTE CQI measured based on CRS, the difference of SINR observed at CRS RE and data RE, i.e., difference between CQI SINR and PDSCH SINR, is as high as 5.86 dB and 11.75 dB for one interference cell CRS-RM and two interference cell CRS-RM respectively, which will lead to severe negative impact to LTE DL operation.

Similar to the impact on CQI reporting, we also expect obvious impact on RI and PMI reporting, although no concrete numbers are provided here.

Observation 3: Obvious impact on LTE RI and PMI reporting due to interference cell CRS-RM can also be expected.

2) Impact on RSRQ reporting
According to the definition in TS 36.214 as copied below, LTE RSRQ is calculated based on RSRP and RSSI. We don’t expect the impact on the RSRP due to interference cell CRS-RM, but there will be impact on RSSI and RSRQ.
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Based on the analysis above, with interference cell CRS-RM configured, the received power measured in the OFDM symbols containing CRS will be obviously lower than that in the OFDM symbols not containing CRS, which will obviously impact the LTE RSSI and RSRQ measurement accuracy.

Observation 4: According to the definition in TS 36.214, LTE RSSI is measured only from OFDM symbols containing CRS port 0 of measurement subframes unless indicated otherwise by higher layers, and it can be measured from all OFDM symbols of the DL part of measurement/indicated subframes if indicated by higher layers.
Observation 5: With interference cell CRS-RM configured, the received power measured in the OFDM symbols containing CRS will be obviously lower than that in the OFDM symbols not containing CRS, which will obviously impact the LTE RSSI and RSRQ measurement accuracy.

Based on observation 1 to 5, we propose to:

Proposal 1: Considering the significant negative impact on LTE CQI/PMI/RI and RSSI/RSRQ reporting, not consider to configure interference cell CRS-RM for the purpose of reducing the interference from neighboring cell LTE CRS.

2.2 Performance measurement for Scenario 2
As agreed in the last meeting, the PDSCH symbol length for schemes with and without CRS-RM is different for scenario 2.

· Start symbol (S) and symbol length (L) for the target PDSCH
· For the scenario that Rel-15 or Rel-16 CRS-RM is configured (for scenario 1 and 2): Focus on S = 3, L = 9. Interested companies can bring analysis for S = 3, L = 11.

· For the scenario that CRS-RM is not configured (for scenario 2): S = 2, L = 12

Meanwhile, for PDSCH performance measurement, the following agreement was made:

· Target PDSCH performance measurement point

· Companies to provide simulation curves as well as the CRS-IM gain in terms of both SNR improvement and relative throughput improvement. 

· Use SNR in the simulation.
For Scenario 2, with different symbol lengths and TBSs for the schemes with and without CRS-RM, it is not suitable to compare the SNR at 70% of their respective max TPs for different schemes. So, for the performance measure for Scenario 2, we propose to compare the SNR of different schemes at 70% of the max TP with CRS-RM, i.e., L = 9 or 11. For the relative throughput improvement, we can compare the throughput of different schemes at the SNR which achieves 70% of the max TP for one dominant interference cell CRS-RM, i.e., scheme #1.

Observation 6: For Scenario 2, with different symbol lengths and TBSs for the schemes with and without CRS-RM, it is not suitable to compare the SNR at 70% of their respective max TPs for different schemes.
Proposal 2: For the performance measurement for Scenario 2:

· For SNR improvement, compare the SNR of different schemes at 70% of the max TP with CRS-RM, i.e., L = 9 or 11.
· For relative throughput improvement, compare the throughput of different schemes at the SNR which achieves 70% of the max TP for one dominant interference cell CRS-RM, i.e., scheme #1.
2.3 Other WG impact

The following issues were listed in the WF:
· Assumption on CRS-IM

· Both CRS-IC and LLR weighting for the initial performance evaluation

· FFS for performance requirements definition.

· FFS NW assistant information existed or not, companies are encouraged to bring analysis with different options.
· UE processing time

· Encourage further analysis on UE processing time in RAN4 #100e for CRS-IC and LLR deweighting respectively.
Actually the aspects of network assistance information and UE processing time have been extensively discussed when drafting the WI objective at RAN #91e. The views from both sides are quite clear.

For network assistance information, we still support no assistance information, so that the new UEs can benefit from CRS-IM without upgrading the network, i.e., for widest applicability of CRS-IM. In addition, to our knowledge, although the network signaling is introduced for LTE CRS-IM in the spec, actually it is not used by the UE in practical. Moreover, the information needed to obtain CRS sequence and pattern is semi-static, and UE does not need to detect such kind of information frequently, so we don’t expect much complexity and power consumption increase if network assistance information is not available.

Observation 7: The information needed to obtain CRS sequence and pattern is semi-static, and UE does not need to detect such kind of information frequently, so we don’t expect much complexity and power consumption increase if network assistance information is not available.
Proposal 3: Not introduce network assistance information for CRS-IM.
For UE PDSCH processing time, with the aim to avoid RAN1 specification impact as stated in the WID, we should not consider any impact on PDSCH processing time. Also, as many operators already commented in RAN #91e, to address the problem observed in Rel-15 deployment, the RAN1 impact is obviously not preferred. If the PDSCH processing time is impacted, it will make the CRS-IM feature very impossible to be used in the commercial network in the end.
Observation 8: If the PDSCH processing time is impacted, it will make the CRS-IM feature very impossible to be used in the commercial network in the end.
Proposal 4: UE PDSCH processing time should not be impacted by CRS-IM.
2.4 PDCCH CRS-IM
The need of PDCCH CRS-IM was discussed in the last meeting with no consensus reached:

· PDCCH CRS-IM

· FFS whether to define neighboring cell LTE CRS-IM requirement for PDCCH

For LTE UE, CRS-IM for PDCCH was introduced in Rel-13, and we are open to further check the need of NR PDCCH CRS-IM after RAN#93e. For this meeting, we can firstly focus on PDSCH CRS-IM.

Observation 9: For LTE UE, CRS-IM for PDCCH was introduced in Rel-13. 

Proposal 5: Focus on NR PDSCH CRS-IM in this meeting and further check the need of NR PDCCH CRS-IM after RAN#93e.

3. Conclusions
This contribution discussed the open issues on CRS-IM for NR UE in LTE/NR co-existence scenarios.
The following observations and proposal are given w.r.t. impact on LTE cell due to interference cell RM:
Observation 1: According to the definition in TS 36.213, LTE CQI is computed based on CRS for TM 1-8 and certain configuration of TM9.

Observation 2: For LTE CQI measured based on CRS, the difference of SINR observed at CRS RE and data RE, i.e., difference between CQI SINR and PDSCH SINR, is as high as 5.86 dB and 11.75 dB for one interference cell CRS-RM and two interference cell CRS-RM respectively, which will lead to severe negative impact to LTE DL operation.

Observation 3: Obvious impact on LTE RI and PMI reporting due to interference cell CRS-RM can also be expected.

Observation 4: According to the definition in TS 36.214, LTE RSSI is measured only from OFDM symbols containing CRS port 0 of measurement subframes unless indicated otherwise by higher layers, and it can be measured from all OFDM symbols of the DL part of measurement/indicated subframes if indicated by higher layers.
Observation 5: With interference cell CRS-RM configured, the received power measured in the OFDM symbols containing CRS will be obviously lower than that in the OFDM symbols not containing CRS, which will obviously impact the LTE RSSI and RSRQ measurement accuracy.

Proposal 1: Considering the significant negative impact on LTE CQI/PMI/RI and RSSI/RSRQ reporting, not consider to configure interference cell CRS-RM for the purpose of reducing the interference from neighboring cell LTE CRS.

The following observation and proposal are given w.r.t. performance measurement for Scenario 2:
Observation 6: For Scenario 2, with different symbol lengths and TBSs for the schemes with and without CRS-RM, it is not suitable to compare the SNR at 70% of their respective max TPs for different schemes.
Proposal 2: For the performance measurement for Scenario 2:

· For SNR improvement, compare the SNR of different schemes at 70% of the max TP with CRS-RM, i.e., L = 9 or 11.
· For relative throughput improvement, compare the throughput of different schemes at the SNR which achieves 70% of the max TP for one dominant interference cell CRS-RM, i.e., scheme #1.
The following observations and proposals are given w.r.t. other WG impact:
Observation 7: The information needed to obtain CRS sequence and pattern is semi-static, and UE does not need to detect such kind of information frequently, so we don’t expect much complexity and power consumption increase if network assistance information is not available.
Proposal 3: Not introduce network assistance information for CRS-IM.
Observation 8: If the PDSCH processing time is impacted, it will make the CRS-IM feature very impossible to be used in the commercial network in the end.
Proposal 4: UE PDSCH processing time should not be impacted by CRS-IM.
The following observations and proposals are given w.r.t. PDCCH CRS-IM:
Observation 9: For LTE UE, CRS-IM for PDCCH was introduced in Rel-13. 

Proposal 5: Focus on NR PDSCH CRS-IM in this meeting and further check the need of NR PDCCH CRS-IM after RAN#93e.
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Annex: Draft LS to RAN plenary
---------------------------------------------  Draft LS   ---------------------------------------------

1  Overall description
The revised WID on “Further enhancement on NR demodulation performance” was approved in RP-210920 at RAN #91e to add the objective on evaluating techniques to cope with CRS interference in scenarios with overlapping spectrum for LTE and NR.
Additionally, the following RAN plenary guidance was provided in RP-210906:
· Performance evaluation of DSS wrt interference is needed first – collect company input
· Ask RAN4 to perform this evaluation until RAN#93E (September), to be reviewed at RAN#92E (June)
As per the above RAN plenary guidance, RAN4 evaluated the performance of CRS-RM and CRS-IM schemes as well as the reference scheme without interference cell CRS handling in different typical scenarios. The evaluation scenarios, assumptions and results are summarized as below:

· Two typical network scenarios, including scenario 1 with LTE/NR DSS and scenario 2 with NR/LTE deployed in neighbouring BSs/areas, are covered. 15 kHz SCS and synchronous network are assumed in the evaluation, and 30 kHz SCS and asynchronous network will be evaluated and specified (if feasible and useful) after RAN #93e.

· The interference modelling methodology and interference profiles from LTE CRS-IM receiver in homogenous deployments are reused. INR-i (signal level of the i-th dominant interference over Noc) is used as the interference power measure, and two dominant interferers are explicitly modelled in the simulation.

· The MMSE-IRC receiver is used to suppress the inter-cell interference for the reference scheme without interference cell CRS handling and the CRS-RM schemes. Three different CRS-RM schemes, including CRS-RM for 1 interference cell always with the strongest interference, CRS-RM for 1 interference cell not always with the strongest interference, and CRS-RM for 2 strongest interference cells, are evaluated.

· For CRS-IM schemes, interference cell CRS-IM is used together with MMSE-IRC receiver, and CRS-IC and LLR weighting are considered as two different implementations of CRS-IM.

· PDSCH link-level simulations are performed to evaluate the performance gain of CRS-RM and CRS-IM schemes over the reference scheme without interference cell CRS handling. 8 simulation cases with different network scenarios, Rx antenna numbers and MCS levels are included, and 7 CRS interference handling schemes in addition to the reference scheme are evaluated for each simulation case. The simulation results for 15 kHz SCS and synchronous network can be summarized as follows:

· << To be added >>
· Moreover, with CRS-RM configured for 1 or 2 neighbouring interference cell(s), there is significant negative impact on CRS based CQI/PMI/RI and RSSI/RSRQ reporting in the neighbouring LTE cells due to the mismatch of the SNR observed at CRS RE and PDSCH RE, which leads to severe negative impact to LTE operation. 
Note: more detailed descriptions on the evaluation assumptions and results can be found in TR 38.833 v0.1.0 in R4-2112224.
Based on these evaluations, RAN4 recommends to define NR PDSCH demodulation requirements for neighbouring cell LTE CRS-IM in scenarios with overlapping spectrum for LTE and NR in Rel-17.

2  Actions

To 3GPP RAN plenary
ACTION: RAN4 respectfully request RAN plenary to take the above RAN4 recommendation into account and add the follow-up normative phase on PDSCH CRS-IM for NR UE.
3
Dates of next TSG RAN WG4 meetings

3GPP RAN4 #101e

01 – 12 Nov 2021



Electronic Meeting

3GPP RAN4 #101(e)-bis 

17 – 25 Jan 2022

        
(Electronic) Meeting
---------------------------------------------  Draft LS   ---------------------------------------------

TS 36.213 definition for CQI:


….. For a UE in transmission mode 9 when the parameter pmi-RI-Report is not configured by higher layers or in transmission modes 1-8 the UE shall derive the channel measurements for computing CQI based on CRS.


….








TS 36.214 definition for RSSI:


Reference Signal Received Quality (RSRQ) is defined as the ratio N×RSRP/(E-UTRA carrier RSSI), where N is the number of RB's of the E-UTRA carrier RSSI measurement bandwidth. The measurements in the numerator and denominator shall be made over the same set of resource blocks.





E-UTRA Carrier Received Signal Strength Indicator (RSSI), comprises the linear average of the total received power (in [W]) observed only in certain OFDM symbols of measurement subframes, in the measurement bandwidth, over N number of resource blocks by the UE from all sources, including co-channel serving and non-serving cells, adjacent channel interference, thermal noise etc. 





Unless indicated otherwise by higher layers, RSSI is measured only from OFDM symbols containing reference symbols for antenna port 0 of measurement subframes. If higher layers indicate all OFDM symbols for performing RSRQ measurements, then RSSI is measured from all OFDM symbols of the DL part of measurement subframes. If higher-layers indicate certain subframes for performing RSRQ measurements, then RSSI is measured from all OFDM symbols of the DL part of the indicated subframes.





If higher layers indicate measurements based on discovery signals, RSSI is measured from all OFDM symbols of the DL part of the subframes in the configured discovery signal occasions.





The reference point for the RSRQ shall be the antenna connector of the UE.





If receiver diversity is in use by the UE, the reported value shall not be lower than the corresponding RSRQ of any of the individual diversity branches.








[image: image1][image: image8.png]] [
Cell 1 (Serving cell) Cell 2

(@) \TE li/ ()

Bm | TECRS ™= NR DMRS

= TE FEONR
PDCCH PDCCH
=EONR

PDSCH




