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Background
As per [1], we provide our views on remain issues for inter cell MMSE-IRC receiver.  
Discussions

Network type
The options for network type are listed as follows:
	· Way forward
· Option 1: Only consider synchronized network
· Option 2: Include FDD asynchronized network type with applicability rule:
· For 2Rx/4Rx UE that only support FDD mode, we can have 1 HomNet test for aync scenario and 1 HetNet test for sync scenario.
· For 2Rx/4Rx UE that support both FDD and TDD modes, we can have 1 test for HomNet FDD async and 1 test for HetNet TDD sync respectively.



The interference model is shown in Figure 1 with LTE configuration of time/frequency offset. i.e. 0.33ms for interference cell 1 and 0.67ms for interference cell 2. Due to the different PMI selection in different slots, there are three different interference directions in one slot in serving cell, each occupies 1/3 of the slot. Considering the DMRSs are located in 2nd and 11th symbol, the Ruu matrix is the results of average of all interference directions. i.e. PMI1/2/3/4 within current slot.
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Figure 2-1: Interference model for async scenario
Table 2-1 provides simulation results for async scenario. In the simulations, three different interference level are used:
· INR level option 1: INR1= 3.87dB; INR2=-1.96dB which are reused from LTE
· INR level option 2: INR1= 7.77 dB, INR2=2.29dB which are reused from NR agreed Homogenous scenario
· INR level option 3: INR1=11.39 dB, INR2=5.45dB which are reused from NR agreed HetNet scenario.

It is noted that TDLC300-100 are used since we agreed that TDLC is used for Homogenous scenario which is applicable for async scenario. In the simulation, we reuse the time offset from LTE.
Table 2-1: Simulation results for async scenario
	Test configurations
	SNR@ 70% of max TP [dB]
	MMSE-IRC gain [dB]

	
	Async IRC
	Async MRC
	Sync IRC
	Sync MRC
	Async
	Sync

	INR1=3.87 dB, INR2=-1.96 dB
	2RX
	4.0
	4.7
	4.0
	4.9
	0.7
	0.9

	
	4RX
	0.4
	1.7
	0.3
	2.0
	1.3
	1.7

	INR1=7.77 dB, INR2=2.29 dB
	2RX
	12.3
	13.7
	12.0
	14.1
	1.4
	2.1

	
	4RX
	7.1
	10.5
	6.4
	10.9
	3.4
	4.5

	INR1=11.39 dB
INR2=5.45 dB
	2RX
	15.0
	17.1
	14.6
	17.4
	2.1
	2.8

	
	4RX
	8.9
	14.0
	7.9
	14.3
	5.1
	6.4



[bookmark: OLE_LINK66][bookmark: OLE_LINK67][bookmark: OLE_LINK29][bookmark: OLE_LINK103][bookmark: OLE_LINK19]Based on the simulation results we have following observations:
Observation 1:  For case with INR1=3.87dB, INR2=-1.96dB, the performance gain of MMSE-IRC receiver for async is smaller than 1dB for 2RX.
Observation 2:  For case with INR1=7.77dB, INR2=2.29dB with 4RX, the performance gain of MMSE-IRC receiver for async is reduced by 1.1dB
Observation 3:  For case with INR1=11.39dB, INR2=5.45dB with 4RX, the performance gain of MMSE-IRC receiver for async is reduced by 1.3dB
Based on our understanding, we don’t see the necessary to introduce the async scenario since UE is agnostic to time offset and there is no impact on MMSE-IRC processing but only performance gain MMSE-IRC receiver is reduced. (For some cases, the performance gain for MMSE-IRC is smaller than 1.5 dB).
Proposal 1: Only consider synchronized network
SSB configuration 
The options for SSB configuration are listed as follows:
	· Option 1: Use SSB Option 1 (All SSBs are in the same time/frequency resources) for all test
· Option 2: Use SSB Option 2 (Serving cell SSB and interference cell(s) SSB(s) are in the different time/frequency resources) for all test
· Option 3: Use different assumptions for different deployment scenarios: SSB Option 1 for homogeneous deployment assumptions and SSB Option 2 for heterogeneous deployment assumptions



For SSB configuration, one issue is whether to configure same SSB resources for serving cell and interference cells. The simulation results for PBCH with two interference cells and corresponding candidate INRs are captured in Table 2-3 and the BLER-SNR curve has been shown in Figure 3. It is noted that we combine all four SSBs within one MIB period in the simulation, 
Table 2-2: Simulation results for PBCH performance requirements
	Target SNR(dB): 1% BLER of PBCH vs Target SNR(dB): 70%  of maximum throughput of PDSCH with MMSE-IRC receiver
	Number of antennas

	
	2RX
	4RX

	
	PBCH
	PDSCH
	PBCH
	PDSCH

	INR1=5.43dB, INR2=-1.5dB(Option2)
	3.7
	10.2
	2.0
	5.4

	INR1=7.77dB, INR2=2.29dB(Option1)
	6.4
	12.0
	3.4
	6.4

	INR1=11.39dB, INR2=5.45dB(HetNet)
	10.2
	13.2
	7.8
	6.0
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Figure 2-2: BLER-SNR curve of PBCH
According to the simulation results in Table 2-3, for HetNet scenario.i.e.INR1=11.39dB and INR2=5.45dB with 4RX, target SNR for PBCH is higher than that of PDSCH, therefore there is a risk that tested UE can’t access the network.
Observation 4: For HetNet scenario.i.e.INR1=11.39dB and INR2=5.45dB with 4RX, target SNR for PBCH is higher than that of PDSCH, there is a risk that tested UE can’t access the network.
What’s more, PBCH is also used for time/frequency tracking. SSB colliding will cause poor accuracy of time/frequency tracking, which will degrade the performance of PDSCH. Based on our initial evaluations, we observed up to 1.8dB for 64QAM and 2.1dB for 256QAM performance gain with SSB-IM under the low network load compared to without IM receiver as shown in [2], it means the interference from the SSB of neighbour cells in the real network due to the colliding SSB configuration has serious impact on PDSCH performance, specific study needs to be conducted in Rel-18 to improve UE performance under network with colliding SSB configuration. Also in order to avoid the case that UE fails the test due to the poor performance of PBCH or poor time/frequency tracking accuracy rather than improper interference handling, it is better to configure no overlapping SSB resources for serving cell and interference cells.
Observation 5: SSB colliding will cause poor accuracy of time/frequency tracking, which will degrade the performance of PDSCH.
Proposal 2: Consider no overlapping PBCH resources configuration for serving cell and interference cells.
Number of explicitly modeled interference cells
The options for number of explicitly modelled interference cells are listed as follows:
	· Option 1: 1 interference cell for all tests
· Option 2: 2 interference cells for all tests
· Option 3: Use different assumptions for different deployment scenarios: 2 interference cells for homogeneous deployment assumptions and 1 interference cell for heterogeneous deployment assumptions



Table 2-3 shows the simulation results of sync scenario.  Based on the simulation results we can observe that in most cases the performance gain for 2 modeled interference cells is larger than that for 1 modeled interference cell and 1 interference cell has been considered in CQI test. Therefore, we propose to only consider 2 interference cells for all cases. 
Observation 6: In most cases the performance gain for 2 modelled interference cells is larger than that for 1 modeled interference cell
Proposal 3: Only consider 2 modelled interference cells.
Table 2-3: Simulation results of async scenario
	Deployment
	Number of receiving antennas
	INR
	SNR@70% of maximum Throughput(dB)
	Gain
(dB)

	
	
	
	MMSE-IRC
	MMSE-MRC
	

	Homogenous
	2RX
	INR1=7.77dB,INR2=2.29dB
	12.0
	14.1
	2.1

	
	
	INR=5.49dB
	8.9
	11.1
	2.2

	
	4RX
	INR1=7.77dB,INR2=2.29dB
	6.4
	10.8
	4.4

	
	
	INR=5.49dB
	4.3
	8.0
	3.7

	HetNet
	2RX
	INR1=11.39dB,INR2=5.45dB
	13.2
	16.1
	2.9

	
	
	INR=4.84dB
	7.7
	9.7
	2.2

	
	4RX
	INR1=11.39dB,INR2=5.45dB
	6.0
	13.2
	7.3

	
	
	INR=4.84dB
	         3.4
	         6.7
	3.3

	
	2RX
	INR=7.58dB
	9.7
	12.9
	3.2

	
	4RX
	INR=7.58dB
	4.6
	9.8
	5.2



TRS-IC/IM processing
The options for this topic are listed as follows:
	o	Further discuss whether to add in the simulation assumptions the clarification that no TRS interference cancellation/mitigation is considered for inter-cell MMSE-IRC requirements definition
o	No such clarification will be added in the TS 38.101-4
o	Interested companies are encouraged to check with performance for scenarios with and without TRS-IC/IM



As per our evaluation [2], there is up to 3.2dB performance gain for 64QAM with CR=0.45 with interference cell TRS, it means there is obvious impact on PDSCH performance due to poor accuracy of time-frequency tracking .Although RAN4 agreed to configure colliding TRS in previous meeting, we are not sure if it is emulated in companies’ initial simulation results? As RAN 4 has agreed to define the requirements with TRS colliding which may cause poor performance of time and frequency tracking, also with the consideration of not mixing the IRC processing with TRS-IM processing, minimal requirements with no TRS-IC/IM assumptions should be clarified in the simulation assumptions and TR. The specific TRS interference impact is under discussion in Rel-18 and can be further analysed. 
Proposal 4: Add in the simulation assumptions the clarification that no TRS interference cancellation/mitigation is considered for inter-cell MMSE-IRC requirements definition
Interference modelling in PDCCH region
The options for this topic are listed as follows:
	· Option 1: NR interference model to have un-allocated RE’s in control region filled with QPSK randomly modulated symbols with random precoding for the number of antenna ports in the requirement scenario.
· Option 2: No interference signal in PDCCH region
· Option 3: Assume PDCCH transmission from interference cells


Based on our understanding, our purpose is to verify the PDSCH requirements, therefore we should focus on interference signals in PDSCH region.  But we have assumed that SSB, TRS and CSI which are not overlapped with PDSCH signals in serving cell are transmitted in interference cells, therefore, we don't see the reason that PDCCH is not transmitted. Moreover, PDCCH is used for scheduling the PDSCH, it is not practical to only transmit PDSCH without PDCCH scheduling. Same time, we should also guarantee the PDCCH performance (BLER<1%) when UE decoding PDSCH, the simplest way is transmitting the PDCCHs from different cells in different PDCCH candidate positions/ CCE indexs to avoid overlapping. I.e. PDCCH of serving cell is transmitted in CCE#0-7, PDCCH of interference cell 1 is transmitted in CCE#8-11 and PDCCH of interference cell 2 is transmitted in CCE#12-15 as shown in Figure 2-3. For other configurations, propose to reuse the existing NR common test parameter in Table 5.2-1 in TS 38.101-4. 
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Figure 2-3: Proposed PDCCH transmission pattern
Table 2-4 shows the summary of PDCCH configurations
Table 2-4: Summary of PDCCH configurations
	PDCCH parameters
	Serving cell
	Interference cell 1
	Interference cell 2

	Number of PRBs in CORESET
	48 for FDD;102 for TDD

	Symbols with PDCCH
	2

	Number of PDCCH candidates and aggregation levels
	1/AL8
	1/AL4
	1/AL4

	CCE-to-REG mapping type
	Non interleaved

	DCI format
	DCI format 1_1

	PDCCH transmission
	CCE #0-7 (PDCCH candidate #0)
	CCE #8-15(PDCCH candidate #1)
	CCE #12:15(PDCCH candidate #2)


Proposal 5: Assume PDCCH transmission from interference cells and use non-overlapping PDCCH configurations.
Proposal 6: Use parameters in Table 2-4 as PDCCH configurations

Time and frequency offsets for synchronized network with 30 kHz SCS
The options for this topic are shown as follows:
	· Option 1: The serving cell is 3 us for interfering cell 1 and -1 us for interfering cell 2 (in case modeled)
· Option 2: The serving cell is 1 us for interfering cell 1 and -0.25 us for interfering cell 2 (in case modeled)
· Other options are not precluded


The time offset in option 2 exceed the CP with 2.34us which will lead the situation that previous OFDM symbol with different signal direction will leak into the FFT window and similar to asynchronized scenario, uneven interference will be observed which may result in performance degradation. Figure 2-4 shows the simulation results for MMSE-IRC receiver with time offset in both options and Table 2-5 shows the simulation summary. In the simulation, following assumptions are used.
· Set1: INR level: INR1=7.77dB, INR2=2.29dB; Propagation conditions: TDLC300-100; MCS 13; Duplex mode: TDD; Bandwidth/SCS: 40MHz 
· Set2:  INR level: INR1=11.39dB, INR2=5.45dB; Propagation conditions: TDLA30-10; MCS 13; Duplex mode: TDD; Bandwidth/SCS: 40MHz
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Figure 2-4 Simulation results for MMSE-IRC receiver with different time offset
Table 2-5: Summary of simulation results for MMSE-IRC receiver with different time offset
	INR and time offset configuration
	INR1=7.77dB, INR2=2.29dB
	INR1=11.39dB, INR2=5.45dB

	
	Time offset=3us and -1us
	Time offset=1us and -0.25us
	Time offset=3us and -1us
	Time offset=1us and -0.25us

	Target SNR(dB) 70% of max throughput
	2RX
	11.6
	11.5
	13.8
	13.8

	
	4RX
	5.9
	5.8
	6.8
	6.6


Based on the simulation results we can observe that at most 0.2dB performance degradation for time offset with option 2. Considering no obvious performance difference between two options. We prefer option1 to keep align with FDD.
Observation 7: No obvious performance difference between case with time offset=3us and -1us and case with 1us and -0.25us.
Proposal 7: Consider option 1. I.e. The serving cell is 3 us for interfering cell 1 and -1 us for interfering cell 2
Requirements for scenario 2
The options for this topic are listed as follows:
	· Further discuss whether to define requirements for scenario 2
· For information, interested companies can check proposals 8-10 from R4-2200512 and comments in Sections 1.3.1.7 – 1.3.1.10 from R4-2203109


Based on our understanding, non-slot transmission is not commonly used in real deployment and according to the WI, DMRS based interference and noise covariance estimation is used as baseline receiver which is only applicable for limited scenarios. For example: The interference is transmitted between two DMRS symbols so DMRS symbol can’t see the interference then no performance gain for IRC processing can be observed. Therefore, we don’t think DMRS based interference and noise covariance estimation is an effective algorithm in non-slot receiver. Therefore, we propose to not consider uneven scenario for MMSE-IRC receiver in Rel-17.
Observation 7: Non-slot transmission is not commonly used in real deployment
Observation 8: According to the WI, DMRS based interference and noise covariance estimation is used as baseline receiver which is only applicable for limited non-slot scenarios.
Proposal 8: Not consider scenario 2 in Rel-17
Conclusion
In this paper, we provide our views on inter cell MMSE-IRC receiver. The observations and proposals are:
Observation 1:  For case with INR1=3.87dB, INR2=-1.96dB, the performance gain of MMSE-IRC receiver for async is smaller than 1dB for 2RX.
Observation 2:  For case with INR1=7.77dB, INR2=2.29dB with 4RX, the performance gain of MMSE-IRC receiver for async is reduced by 1.1dB
Observation 3:  For case with INR1=11.39dB, INR2=5.45dB with 4RX, the performance gain of MMSE-IRC receiver for async is reduced by 1.3dB
Observation 4: For HetNet scenario.i.e.INR1=11.39dB and INR2=5.45dB with 4RX, target SNR for PBCH is higher than that of PDSCH, there is a risk that tested UE can’t access the network.
Observation 5: SSB colliding will cause poor accuracy of time/frequency tracking, which will degrade the performance of PDSCH.
Observation 6: In most cases the performance gain for 2 modeled interference cells is larger than that for 1 modeled interference cell
Observation 7: No obvious performance difference between case with time offset=3us and -1us and case with 1us and -0.25us.
Observation 8: According to the WI, DMRS based interference and noise covariance estimation is used as baseline receiver which is only applicable for limited non-slot scenarios.
Observation 9: MMSE-IRC is agnostic to interference type.
Proposal 1: Only consider synchronized network
Proposal 2: Consider no overlapping PBCH resources configuration for serving cell and interference cells.
Proposal 3: Only consider 2 modeled interference cells.
Proposal 4: Add in the simulation assumptions the clarification that no TRS interference cancellation/mitigation is considered for inter-cell MMSE-IRC requirements definition
Proposal 5: Assume PDCCH transmission from interference cells and use non-overlapping PDCCH configurations.
Proposal 6: Use parameters in Table 2-4 as PDCCH configurations
Proposal 7: Consider option 1. I.e. The serving cell is 3 us for interfering cell 1 and -1 us for interfering cell 2
Proposal 8: Not consider scenario 2 in Rel-17
Proposal 9: Introduce the MMSE-IRC requirements for both scenario including inter-cell and intra-cell as optional with only one capability signalling and applicable from Rel-17
Reference 
[1]   WF on general and PDSCH demodulation requirements for inter-cell interference MMSE-IRC. Intel Corporation
[1] RP-212434, Motivation on new WI for UE performance requirements for advanced receiver, RAN#94-e, Huawei, HiSilicon


image3.png
100

1071

1072

INR1=7.77dB,INR2=2.29dB,TDLC300-100

—e- 2x2
—o- 2x4

2
SNR/dB





image4.png
1071

INR1=11.39,INR2=5.45,TDLA30-10

—- 2x2
—o- 2x4

4 6

SNR/dB

8

10

12

14





image5.png
Serving cell (ALS)

Interference cell 1 (AL4)

Interference cell 2 (AL4)

Y > Sy
coms | ez | ccon | coman | cepes oo ccmne |z
le—nccscuneso—> |—nccstcuinent i occ aicas s
e | oo coms | caes | comr copen oo | ccpae | ccons
T ——— e
coms | cmes | come | e | cmm | ccpen | ccpan





image6.png
Normalized throughput

10

0.8

0.6

0.4

02

2T2R, INR1=11.39dB, INR2=5.45dB

—e— Timeoffset: 3us and -1us
—e— Timeoffset: 1us and -0.25us

6 8 10 12 14 16 18
SNR/dB





image7.png
2T4R, INR1=11.39dB, INR2=5.45dB

10

0.9

0.8

07

Normalized throughput

0.6

—e— Timeoffset: 3us and -1us
05 —e— Timeoffset: 1us and -0.25us

6 8 10 12 14 16 18
SNR/dB




image8.png
Normalized throughput

10

0.9

0.8

07

0.6

05

0.4

03

02

2T2R, INR1=7.77dB, INR2=2.29dB

—e— Timeoffset: 3us and -1us
—e— Timeoffset: 1us and -0.25us

6 8 10 12 14
SNR/dB

16

18





image9.png
Normalized throughput

10

0.9

0.8

07

0.6

2T4R, INR1=7.77dB, INR2=2.29dB

—e— Timeoffset: 3us and -1us
—e— Timeoffset: lus and -0.25us

12 14 16 18
SNR/dB





image1.png
Slot n-1PMI 1 Slot n with PMI 2

Interference cell 2

Slotn-1 with PMI 3 .Slot n with PMI 4

Interference cell 1

Serving cell




image2.png
BLER

100

1071

1072

INR1=5.13dB,INR2=-1.5dB,TDLC300-100

—e- 2x2
—o- 2x4

-4

-2

SNR/dB





