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1   Background
After the RAN4 #98bis-e meeting, a Way Forward [2] has been approved to carry all the agreements and open issues for the discussion of MMSE-IRC for intra-cell inter-user interference. 

Except that several parameter configurations are agreed for phase I evaluation, which can be referred to the Way Forward [2], there are still many open issues that need to be determined in this meeting. 

In this contribution, we are going to share our initial evaluation and analysis to those open issues mentioned above and give our proposals for undetermined parameter configurations. 
2   Discussion

In this section, we are going to discuss several open issues for phase I discussion. For some of main controversial topics, we also bring initial evaluations to assist on determining a proper configuration for phase I. Simulation assumption and related parameters can be found in the Annex at the end of this contribution. 
2.1   Rank for target and interference UEs 
For rank configuration, it is open for more discussion. Following candidate options are captured from the agreed Way forward [2]:

	· Rank for target and interference PDSCH

· Option 1: Rank 1 only for target UE and interference UE
· Option 2: Cover both rank 1 and rank 2 per UE
· Option 2A: [1+1], [2+2] for target UE and interference UE
· Option 2B: [1+1], [2+1] for target UE and interference UE
· Option 2C: [1+1], [1+2] for target UE and interference UE
· Note: Rank 2 only for 4RX case


Seems like companies all agreed on covering rank 1 for phase I. However, companies have different views on whether to introduce rank 2. 

From our point of view, 2Rx is able to cover rank 1 test cases. Since we already agreed to introduce 4Rx cases, then higher rank configuration like rank = 2 would be more meaningful. 
There is no restriction for the base station on transmitting data to two paired UEs with same DMRS CDM group or not. For rank 2 scenario, unless using two front-loaded DMRS symbols, the target UE and the interference UE are in different CDM groups. With agreed baseline reference receiver of serving signal demodulation, there is not necessary for the target UE to know any QCL or time delay information of the interference UE, which indicates that paired UE can be in different DMRS CDM groups. 

The feature of rank = 3/4 had been introduced for Rel-16 MU-CSI for MU-MIMO scenario, and rank = 1 is very basic condition that has been well covered in the previous releases. For the test coverage consideration, we propose to cover both rank 1 and rank 2 test cases. 
Proposal 1: For rank configuration, cover both rank 1 and rank 2 scenario

For rank combination for paired UE, here we evaluated the performance under different rank combinations: 
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Figure 2.1-1 TP for 2+2 with XP low
[image: image2.png]TDLA30-10, MCS13, 4T4R, XP medium, 2+2

4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40

e MMSE-IRC s MRC




Figure 2.1-2 TP for 2+2 with XP medium
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Figure 2.1-3 BLER for 2+2 with XP medium
From the figures above we can see that 2+2 combination works just fine with XP low but get worse when configured XP medium. 
Observation 1: The performance of rank combination [2+2] is worse when configured XP medium
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Figure 2.1-4 TP and BLER for 2+1
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Figure 2.1-5 TP and BLER for 1+2
From the results above we can see that the performance of 2+1 is a little bit better than 2+1 and they all works fine. 
Observation 2: The BLER of rank combination [2+1] is a little bit better than that of [2+1]
In this case, we prefer to down select from 2+1 and 1+2 to 2+1. For 2+2, we think that cross polarization is usually used by the base station, and each paired UE will be equally treated in real network. Thus, we prefer to also consider this combination but with XP low configured. 
Proposal 2: For rank combination, 

· consider [1+1] for rank = 1
· consider [2+1] and/or [2+2] for rank = 2, [2+2] should be configured with XP low
2.2   Precoder selection
Regarding to the Precoder selection method, there are several candidate options left open for further discussion. 

Main proposals can be concluded into three categories:

· Random select precoder for target UE and interference UE, and ensure that they are not identical. 

· Random select precoder for target UE, then select the precoder for the interference UE to ensure orthogonality
· Feedback-based target UE PMI selection, and select the precoder for the interference UE to ensure orthogonality

For feedback-based PMI selection, we think that feedback based precoding method refers to SRS measurement on uplink channel or PMI reporting, each of them will bring measuring errors into the calculation of precoder because of time delay or other factors. These errors will impact the observation of MMSE-IRC receiver performance. In this case, we propose not to mix PDSCH demodulation requirement with CSI feedback. 
For other options, we give our preference to the first one: Random select precoder for target UE and interference UE, and ensure that they are not identical, which is also the way LTE MU-MIMO test cases did. Our point is that for the correlation between paired UEs, it depends on the equivalent channel correlation, which can be decided by two factors: precoder correlation and channel correlation. We are intended to have a low correlation environment rather than perfectly orthogonal, since in real network, it is very difficult for the base station to ensure a perfectly orthogonal relation between paired UEs’ precoders. 
Proposal 3: Random select precoder for target UE and interference UE, and ensure that they are not identical
As for the codebook type, we can only consider type I single panel as baseline for phase I if we agree on random generation of precoders.
Proposal 4: Type I single panel as baseline for phase I if the precoder is random selected
2.3   DMRS configurations 
DMRS configuration for either target UE or interference UE is left undetermined. 

	· DMRS ports for 1 target and 1 interfering UE scenario 

· Option 1: only consider rank 1 transmission

· Option 1A: DMRS port 0 for target UE, DMRS port 1 for the interference UE, i.e., same CDM group

· Option 1B: DMRS port 0 for target UE, DMRS port 2 for the interference UE, i.e., different CDM groups 
· Option 2: consider both rank 1 and rank 2 transmission

· With [2,2] transmission for target UE and interference UE 

· DMRS port 0/1 for target UE, DMRS port 2/3 for the interference UE 

· With rank [1,2] or rank [2,1] transmission for the target UE and interference UE

· Option 2A: DMRS port 0 (and 1) for target UE, port 2 (and 3) for the interference UE, i.e., use different CDM groups for the target and interference UEs

· Option 2B: 
· For rank [1,2], DMRS port 0 for target UE, DMRS port 1 and 2 for the interference UE 
· For rank [2,1], DMRS port 0 and 1 for target UE, DMRS port 2 for the interference UE


It is connected with the proposal of rank. For analyzing, we assume that we introduce both rank 1 and rank 2 cases. 
Based on this assumption we then discuss the DMRS configuration for target UE and interference UE from the following three aspects.

2.3.1   DMRS port number
One pre-consider issue is that whether the DMRS port of target UE should be different with that of interference UE? From our point of view, configuring in different CDM groups can avoid collapse between DMRS of paired UEs that can be a main factor of performance degradation by DMRS interference. 
Thus, we slightly prefer using different DMRS groups for target UE and interference UE. 

Based on this preference, the corresponding DMRS port configuration can be:

· For rank 1(1+1), DMRS port 0 for target UE and DMRS port 2 for interference UE

· For rank 2(proposed 2+2), DMRS port 0, 1 for target UE and DMRS port 2, 3 for interference UE 

Proposal 5: Using different DMRS groups for target UE and interference UE
Proposal 6: 

· For rank 1(1+1), DMRS port 0 for target UE and DMRS port 2 for interference UE

· For rank 2(proposed 2+2), DMRS port 0, 1 for target UE and DMRS port 2, 3 for interference UE

2.3.2   Same DMRS configuration for paired UEs
Companies were fine with using same DMRS configuration for paired UEs, except for using same scrambling ID. 

	· Whether to use same DMRS pattern and the same sequence for all co-scheduled UEs
· Option 1: Use the same following DMRS configuration for all co-scheduled UEs 
· Same DMRS type
· Same DMRS additional position
· Same scrambling ID
· Same cell ID
· Option 2: Different scrambling id for different CDM groups
· Option 3: No restriction for simulation


Like mentioned by couple of companies, there is no restriction on using same scrambling ID for paired UEs. For the intention of simplify the test, we propose to use same scrambling ID for evaluation, which gives no restriction on real implementation of UE. 
Meanwhile, from our point of view, using same scrambling ID for paired UEs is usually configured in the real network. And if the traffic becomes heavier, which implies more UEs got paired, then different scrambling ID might be considered. Thus, based on the real network scenario configurations, we suggest to use same scrambling ID for defining requirements albeit there is no restriction on that for UEs in different CDM groups. 

Proposal 7: Use same scrambling ID for paired UEs 

2.3.3   Interference estimation
Based on the observation from submitted evaluation results, there is a performance degradation by using only DMRS from one CDM group. Thus, it is beneficial for further simulation results alignment to align this assumption albeit this is up to UE implementation in practical scenario.  
For evaluation, we are ok to assume that the interference will be estimated based on the REs occupied by both of the two DMRS CDM groups.
Proposal 8: For cases with 2 DMRS CDM groups, the interference will be estimated based on the REs occupied by both of the two DMRS CDM groups
2.4   Bandwidth
Regarding to the channel bandwidth, the question is whether to introduce a large CBW besides having typical ones. 
	· Channel bandwidth

· Option 1 
· For FDD 15kHz SCS: Cover 10MHz and 50MHz CBW
· For TDD 30kHz SCS: Cover 40MHz and 100MHz CBW
· Option 2: 
· For FDD 15kHz SCS: Cover 10MHz
· For TDD 30kHz SCS: Cover 40MHz 
· Option 3: 
· For FDD 15kHz SCS: Cover 10MHz and 40MHz CBW
· For TDD 30kHz SCS: Cover 40MHz and 100MHz CBW


From our point of view, we think it is necessary to include a large CBW, either 40MHz or 50MHz, for evaluation and defining requirement other than only having typical ones. The reason is that large CBW is often used in real network deployment, and also with large CBW configurations, interference between paired UEs can be easily observed while signals are going through a time delay channel with frequency selective characteristic, which is more close to the practical scenario. 
In this case, we propose to include at least one large CBW besides already having typical CBW configurations. 
Proposal 9: Include at least one large CBW besides already having typical CBW configurations 
2.5   MIMO correlation 
According to the agreed Way forward [2], there are four candidates for MIMO correlation configuration:
	· MIMO correlation for each UE

· Cover XP High, XP Medium, XP low and ULA low for phase I evaluation, and make further down-selection based on results


If we are going to introduce cases with Tx port larger then 4, e.g. 8Tx or 16Tx, then XP high or XP medium might be a better choice. For the scenario of 2Tx and 4Tx, we prefer to use low as MIMO correlation. 
Check the performance degradation using XP medium in the following figures:
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Figure 2.5-1 TP and BLER for MCS13 with XP medium
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Figure 2.5-2 TP and BLER for MCS19 with XP medium
From the figure we can observe that configuring XP medium can cause performance degradation to some cases. 
Observation 3: Configuring XP medium can cause performance degradation to some cases
Proposal 10: Check performance and find proper MIMO correlation case by case, prioritize XP low for 2Tx and 4Tx
2.6   Propagation condition
Companies agreed on covering both TDLA30-10 and TDLC300-100 in phase I evaluation. 

	· Propagation condition

· Cover both TDLA30-10 and TDLC300-100 in phase I, and decide whether down-selection or adjustment is needed based on the simulation results


One intention for defining requirement for MMSE-IRC is to deal with the intra-cell inter-user interference, and when transmitted signal is experiencing large time delay and frequency selective propagation condition, this interference can be easily observed due to the obviously loss of precoding performance compared to flat channel, which is matched with real network scenario.
We compared the performance under TDLA30-10 with TDLC300-100, see 
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Figure 2.6-1 TP ratio comparison
From the results we can observed that the relative gain of performance of configuring TDLC300-100 is larger than that of configuring TDLA30-10.
Observation 4: The relative gain of performance of configuring TDLC300-100 is larger than that of configuring TDLA30-10
Therefore, we propose to consider both TDLA30-10 and TDLC300-100, and distribute them to different test cases. 
Proposal 11: Consider both TDLA30-10 and TDLC300-100, and distribute them to different test cases
2.7   Other configuration

PRB bundling size and granularity

For 2Tx and 4Tx scenario, we can consider small PRB bundling size 2 or 4 PRB and there should not be obvious performance difference between configuring 2PRB and 4PRB. 

Proposal 12: Consider small PRB bundling size 2 or 4 PRB
Interference estimation granularity

We prefer to consider per PRB bundling size for estimation granularity (i.e. 2 PRBs or 4PRBs)
Proposal 13: Consider per PRB bundling size for estimation granularity (i.e. 2 PRBs or 4PRBs)
3   Conclusion and Proposals
In this contribution, we share our analysis and simulation results for left open issues for the discussion of MMSE-IRC for intra-cell inter-user interference, and finally we give our observations and proposals. 
In summary, we propose the following:
Proposal 1: For rank configuration, cover both rank 1 and rank 2 scenario
Observation 1: The performance of rank combination [2+2] is worse when configured XP medium
Observation 2: The BLER of rank combination [2+1] is a little bit better than that of [2+1]

Proposal 2: For rank combination, 

· consider [1+1] for rank = 1

· consider [2+1] and/or [2+2] for rank = 2, [2+2] should be configured with XP low
Proposal 3: Random select precoder for target UE and interference UE, and ensure that they are not identical
Proposal 4: Type I single panel as baseline for phase I if the precoder is random selected
Proposal 5: Using different DMRS groups for target UE and interference UE

Proposal 6: 

· For rank 1(1+1), DMRS port 0 for target UE and DMRS port 2 for interference UE

· For rank 2(proposed 2+2), DMRS port 0, 1 for target UE and DMRS port 2, 3 for interference UE

Proposal 7: Use same scrambling ID for paired UEs 

Proposal 8: For cases with 2 DMRS CDM groups, the interference will be estimated based on the REs occupied by both of the two DMRS CDM groups
Proposal 9: Include at least one large CBW besides already having typical CBW configurations
Observation 3: Configuring XP medium can cause performance degradation to some cases
Proposal 10: Check performance and find MIMO correlation case by case, prioritize XP low for 2Tx and 4Tx
Observation 4: The relative gain of performance of configuring TDLC300-100 is larger than that of configuring TDLA30-10
Proposal 11: Consider both TDLA30-10 and TDLC300-100, and distribute them to different test cases
Proposal 12: Consider small PRB bundling size 2 or 4 PRB
Proposal 13: Consider per PRB bundling estimation granularity (i.e. 2 PRBs or 4PRBs)
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Annex

Table 1 Simulation assumptions

	Parameter
	Target UE
	1 Co-Scheduled UE

	Duplex mode
	FDD

	CBW/SCS
	10 MHz/ 15 KHz

50 MHz/ 15kHz

	RB allocation
	Full bandwidth

	MIMO layer
	1+1, 1+2, 2+1, 2+2

	Antenna Config and Correlation
	2x2, XP Low(or high, medium, ULA low), for rank 1

4x4, XP Low(or high, medium, ULA low), for rank 2

	Channel
	TDLA30-10 or TDLC300-100

	PDSCH configuration

	Mapping type
	Type A
	Type A

	Starting symbol (S) 
	2
	2

	Length (L)
	12
	12

	MCS
	Rank 1: QPSK, 16QAM

Rank 2: 16QAM, 64QAM
	16QAM

	PDSCH DMRS configuration

	DMRS Type
	Type 1
	Type 1

	Number of additional DMRS
	1
	1

	CDM group
	Different CDM group

	Precoding Model

	Granularity
	2 or 4

	Type
	Randomly generated from SP Type I codebook( precoder for target UE and co-scheduled UE should not identical)

	HARQ Parameters

	Number of HARQ Processes
	4 for FDD 15kHz SCS

8 for TDD 30kHz SCS
	N/A

	Reference receiver 
	serving signal demodulation

[image: image13.png]ty=HEHHT + R y) Yy





	Test metric
	Measure the 70% max throughput performance of the target UE 

Evaluate the gain of MMSE-IRC over MMSE under the same simulation setup as baseline


