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1   Background
According to the agreed WI [1], one of the objective of Performance part WI is that companies are supposed to discuss the UE demodulation and CSI requirement for MMSE-IRC receiver for suppressing intra-cell inter-user interference:
	· MMSE-IRC receiver for suppressing intra-cell inter-user interference
· Phase I: Evaluate the performance under practical MU-MIMO interference profile for the candidate reference receiver.
· Identify practical MU-MIMO interference modelling methodology 
· Reference receiver: MMSE-IRC receiver. Use the DMRS-based  interference covariance estimation method as a starting point

· Prioritize slot-based transmission scenario
· Phase II: Define the requirements if needed based on the outcome of phase I
· Target frequency: FR1
· Rx antenna number: 2Rx and 4Rx for FR1


Companies are encouraged to analyze how much the impact to demodulation performance when UE is experiencing intra-cell inter-user interference. 

Moreover, it is expected to see if there is a gain and (if so) how much is the gain while using MMSE-IRC reference receiver to suppressing the intra-cell inter-user interference. 
And if the gain is indeed, how we are going to define the test case to show it without introducing too much workload and testing complexity. 
In this contribution, we are going to share our analysis to the questions above on the scenario of intra-cell inter-user interference and give our views on how to define performance requirement.  
2   Discussion

It is known that co-channel interference has substantial impact on DL and UL performance, including low spectral efficiency and throughput degradation. In order to mitigate those bad impact, interference-aware receivers are necessary to be introduced. In this section, we plan to analysis how does intra-cell inter user interference happens, how it affects the performance and what needs to be considered when designing demodulation test cases from the following perspectives. 
2.1   Intra-cell interference impact

MU-MIMO allows multiple UEs to perform spatial multiplexing of time-frequency resources during uplink and downlink data transmission. When multiple UEs share time-frequency resources, the more orthogonal the channels between the UEs, the less interference the UEs experience, which improves uplink and downlink capacity and spectral efficiency.
The process of selecting UEs for spatial multiplexing time-frequency resources is called ‘pairing’. However, the serving cell gNB cannot guarantee the perfect paring of multiple users in the real network, because the available users are not perfectly spatially orthogonal. There are couple of reasons: 

· There is time delay between SRS measurement and applying its result, which means that the channel condition can be different by the time to use SRS measurement result. Thus, the precoding will be affected. 
· The PMI reported by UE is a compressed value that reflects a rough quantization.
Besides, MU-MIMO paring kind of depends on how many UEs are active indeed at the same time. In this case, it is difficult or hardly possible for network to always ensure a low level of interference leakage among UEs. Paired UE interfered each other and both performance is degraded. 
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Figure 2.1-1 Intra-cell interference between paired UEs
From the feedback of our testing statistics, under some specific scenario, the total throughput of two paired UEs is only 65% of the throughput of single UE scheduling, which indicates a significant impact on system performance. 
The reference receiver is expected to suppress or cancel the interference. From our analysis, using the reference receiver can improve the performance.
Observation 1: Intra-cell interference between paired UEs has significant impact on system performance 
Proposal 1: Define PDSCH demodulation requirement for intra-cell interference suppressing
2.2   Interference modelling 
While on the stage of MU-MIMO test cases for NR release 17, we are supposed to consider some realistic scenarios. 
As for the interference modelling, we intend to consider following aspects: UE pairing, RS configuration, precoding method, channel model, network behavior. 
In addition, we also share our thinking on transmission scenario and antenna configuration. 
2.2.1   UE pairing
Theoretically speaking, in MU-MIMO scheduling, can have great number of paired UEs. For example, here we have 8 UEs paired together and they are multiplexed on the spatial level. The figure below shows the pairing and multiplexing compared to non-paring:
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Figure 2.2-1 Pairing and non-pairing

While in testing, too many paired UEs will significantly increase the pairing complexity, since it is not easy for so many UEs to be synchronized on time-frequency resources. Besides, whether generating more than 2 UEs is feasible in the testing needs to be confirmed by TE vendors. 
In LTE, there are test cases that described one single-layer transmission companied by one interfering simultaneous transmission was considered, which indicated there are two UEs in the model, check test 4 and 5 down the table below:
Table 2.2-1 LTE MU-MIMO test cases of two UEs as a pair

	Parameter
	Unit
	Test 1
	Test 2
	Test 3
	Test 4
	Test 5

	Downlink power allocation
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	dB
	0
	0
	0
	0
	0
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	dB
	0 (Note 1)
	0 (Note 1)
	0 (Note 1)
	0 (Note 1)
	0 (Note 1)

	
	(
	dB
	-3
	-3
	-3
	-3
	-3

	Cell-specific reference signals
	
	Antenna port 0 and antenna port 1

	Beamforming model
	
	Annex B.4.1
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at antenna port
	dBm/15kHz
	-98
	-98
	-98
	-98
	-98

	Symbols for unused PRBs
	
	OCNG (Note 4)
	OCNG (Note 4)
	OCNG (Note 4)
	OCNG (Note 4)
	OCNG (Note 4)

	Simultaneous transmission
	
	No
	No
	No
	Yes

(Note 3, 5)
	Yes

(Note 3, 5)

	PDSCH transmission mode
	
	8
	8
	8
	8
	8

	Note 1:
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Note 2:
The modulation symbols of the signal under test is mapped onto antenna port 7 or 8.

Note 3:
Modulation symbols of an interference signal is mapped onto the antenna port (7 or 8) not used for the input signal under test.

Note 4:
These physical resource blocks are assigned to an arbitrary number of virtual UEs with one PDSCH per virtual UE; the data transmitted over the OCNG PDSCHs shall be uncorrelated pseudo random data, which is QPSK modulated.

Note 5:
The two UEs’ scrambling identities 
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 are set to 0 for CDM-multiplexed DM RS with interfering simultaneous transmission test cases.


We think the way of pairing in this LTE model can be a starting point for further evaluation. 
In real network, the gNB of the serving cell will select couple of UEs signals that have rather higher SINR and low correlation of the equivalent channel to pair as a group for transmission. However, in testing, we only have a DUT and a generated co-scheduled UE in the field if we consider two UEs as a pair. In this case, there will be no selection happens, and the correlation between these two UEs will be the main matter. 

No correlation is unsuggested or even unrealistic since perfectly orthogonal results in no interference, which reduce the meaning of performing interference suppressing. Thus, what kind of the correlation between paired UEs needs to be well investigated and evaluated to see the performance improvement. 
Observation 2: LTE MU-MIMO test case has verified one single-layer transmission companied by one interfering simultaneous transmission, which indicates two UEs a pair
Proposal 2: Take two Users as a pair and network does not need to ensure the perfect orthogonality between these two UEs 

2.2.2   Precoding method
After having two UEs in the pair, we need to consider the correlation between them. 

The correlation can be referred to ‘The equivalent channel correlation’, see the model for DUT below (Noise is ignored here):
y1 = H1W1∙x1∙
where y1 is the received signal, x1 is the transmitted signal, W1 is the precoder and H1 is the channel. 
The equivalent channel correlation can be referred to ‘H1 ∙W1’ that the higher correlation, the severer interference. 
We here first consider the precoder for both UEs. Back in the LTE, the related MU-MIMO test cases mentioned above used randomly selected precoders for paired UEs, see the description in 36.101 B.4.1:

	Single-layer transmission on antenna port 7 or 8 with a simultaneous transmission on the other antenna port, is defined by using a pair of precoder vectors 
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, which are not identical and randomly selected with the number of layers 
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 from Table 6.3.4.2.3-1 or Table 6.3.4.2.3-2 in [4], as beamforming weights, and normalizing the transmit power as follows:
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From our perspective, reusing this precoding method can be a start for further evaluation. 
Besides, random precoder or PMI is always considered in defining PDSCH requirements since we intends to reduce the influent factors in testing. Meanwhile, one of the TE vendor provided some positive feedback on generating random precoder for DUT and co-scheduled UE in testing under Rel-16 eMIMO discussion. 
We can also consider to fix the PMI in testing, which lead to a more steady environment and to some extend control the correlation. But more evaluation is needed before deciding a specific value for fixed PMI. 
Another aspect is that we suggest to consider 4 PRG as the precoding granularity. The reason is that in real network, the same port can be distributed to different UEs so that probably there will be UE switching on one single port, and wideband precoding scheme can not perfectly simulate this scenario in testing. Thus, from the practical thinking, we need to consider small granularity like 4 PRG. 
Observatioin 3: LTE MU-MIMO test cases use randomly selected precoder for both paired UEs
Proposal 3: Reuse LTE precoding method of random selection without identical as a starting point for evaluation, fixed PMI for both UEs or at least one of them is not precluded 
Proposal 4: Use 4 as the precoding granularity for both UEs
2.2.3   Channel model
Another aspect of the equivalent channel correlation is the channel. 
It is important to observe the interference in testing. When transmitted signal is experiencing large time delay and frequency selective propagation condition, the precoding performance will have an obviously loss compared to flat channel, which is matched with real network scenario. Thus, we suggest to use a rather large time delay and frequency selective fading propagation condition for testing.
In NR, usually we consider CDL or TDL for evaluation and defining performance requirement. 
CDL(Clustered Delay Line) channel model provides abundant description of the channel conditions since it contains more angle information compared to other types of channel model. However, from the perspective of reducing the test complexity, CDL channel might not be a proper choice. 

TDL(Tapped Delay Line) channel model is kind of simplified model, which contains NLOS models of TDL-A, TDL-B and TDL-C, and LOS models of TDL-D and TDL-E. 
Table 2.2.3-1 TDL-C channel characteristic
	Tap #
	Normalized delays
	Power in [dB]
	Fading distribution

	1
	0
	-4.4
	Rayleigh

	2
	0.2099
	-1.2
	Rayleigh

	3
	0.2219
	-3.5
	Rayleigh

	4
	0.2329
	-5.2
	Rayleigh

	5
	0.2176
	-2.5
	Rayleigh

	6
	0.6366
	0
	Rayleigh

	7
	0.6448
	-2.2
	Rayleigh

	8
	0.6560
	-3.9
	Rayleigh

	9
	0.6584
	-7.4
	Rayleigh

	10
	0.7935
	-7.1
	Rayleigh

	11
	0.8213
	-10.7
	Rayleigh

	12
	0.9336
	-11.1
	Rayleigh

	13
	1.2285
	-5.1
	Rayleigh

	14
	1.3083
	-6.8
	Rayleigh

	15
	2.1704
	-8.7
	Rayleigh

	16
	2.7105
	-13.2
	Rayleigh

	17
	4.2589
	-13.9
	Rayleigh

	18
	4.6003
	-13.9
	Rayleigh

	19
	5.4902
	-15.8
	Rayleigh

	20
	5.6077
	-17.1
	Rayleigh

	21
	6.3065
	-16
	Rayleigh

	22
	6.6374
	-15.7
	Rayleigh

	23
	7.0427
	-21.6
	Rayleigh

	24
	8.6523
	-22.8
	Rayleigh


TDL-C has a relative high time delays compared to other channel model. 
Based on the analysis above, we would like to propose to consider TDLC300 for propagation condition. 
Meanwhile, the correlation level needs to be considered. Considering the base station algorithm for pairing, UEs that has relative low correlation among each other will have the chance to get paired. Therefore, we propose to consider low correlation level in testing to be matched with real network scenario. 
Proposal 5: Use a multi-path fading channel with relative high frequency selective characteristic as channel model, take TDLC300 as a start to evaluate
Proposal 6: Consider low correlation level for defining requirement
2.2.4   Network behavior

Back to the Rel-16, we considered MU-MIMO scenario to be the one that the transmitter implements precoding schemes to reduce intra-cell inter-user interference between the tested UE and the co-scheduled UE. 

While in this release, we are supposed to move our attention to the UE behavior, which means that the precoding scheme like Zero-forcing as one of the Null-forming methods mentioned above should be prohibited in the testing. Null-forming technology is similar to beamforming technology, but when adjusting the transmitted signal, Null-forming considers the best signal of the target user and the least interference to other users at the same time. This way, although it is not optimal for the target user, it reduces the interference towards paired UE. Thus, Null-forming can be treated as one of the interference suppression method so that performing it in testing will violate the principal of controlling variable that it is difficult to see the pure benefit from intra-cell inter user interference suppressing. 
Based on this reason, we propose to not consider any Null-forming method or any other interference suppression or scheduling schemes that can reduce the inter-user interference. 
Proposal 7: Not to consider any Null-forming method or any other interference suppression or scheduling schemes from BS side
Another aspect of BS behavior that needs to be considered is whether to have network assistance in the test. From our perspective, we are open to discuss the network assistant information to inform UE the demodulation parameters for the paired user. Such network assistance information usually includes information of co-scheduled UEs like resource allocation, modulation schemes or channel coding schemes, etc. With these parameters and configurations informed, the tested UE can perform interference cancellation with less cost by detection. But the potential impact on other WG or spec. needs to be taken into account as well. 
Proposal 8: RAN4 discusses and decides whether to introduce network assistance 
2.2.5   Draft interference model

Based on the analysis above, we propose the following draft interference model:
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Figure 2.3-1 Draft interference model

This model contains a gNB, two paired UEs that consist of one tested UE + one artificial co-scheduled UE. The gNB will transmit data using randomly selected precoder for precoding for each of two UEs. Then, two transmited data will experience a fading channel which is supposed to be a multi-path fading channel with relative high frequency selective characteristic. The tested UE will receive its data combined with the interference from the co-scheduled UE. 
Proposal 9: Consider this draft interference model for further evaluation
2.3   Transmission scenario
According to the agreed WID, slot-based transmission is prioritized for consideration. 

Considering the heavy workload for this WI and the complexity for non-slot based scenario, we propose to consider slot-based transmission scenario for evaluation and requirement defining. 
Proposal 10: PDSCH mapping type: Type A
2.4   Antenna configuration
From the description in WID we can find that 2Rx and 4Rx will be considered for defining FR1 performance requirement. As for Tx port, normally we consider 1Tx or 2Tx for previous PDSCH test cases. 2Tx was selected for LTE MU-MIMO test cases. We suggest to consider 2Tx for phase I evaluation. 
Proposal 11: Consider 2x2, 2x4 for antenna configuration
2.5   Other configuration

For RS configuration for paired UEs, they are expected to use the same DMRS pattern. In real network deployment, same DMRS pattern for MU-MIMO paired UEs has been always used unless the number of user is exceed 8 or 12. Besides, the sequence should be using the same for both UEs as well. 

In addition, we suggest not to restrict the CDM group configuration for both UEs, which means that the DUT and the co-scheduled UE can be either in the same CDM group or not. But using the same PRG for both UEs should be ensured.

Proposal 12: Use same DMRS pattern and same sequence for both paired UEs
Proposal 13: The DUT and the co-scheduled UE can be either in the same CDM group or not, but with same PRG configurations
3   Conclusion and Proposals
In this contribution, we first analyses the impact of intra-cell inter user interference and then we discuss the interference model from couple of aspects, including UE pairing, precoding method, channel model, network behavior. Based on that we generate a draft model for further evaluation. 
In summary, we propose the following:
Observation 1: Intra-cell interference between paired UEs has significant impact on system performance 
Proposal 1: Define PDSCH demodulation requirement for intra-cell inter-user interference suppressing
Observation 2: LTE MU-MIMO test case has verified one single-layer transmission companied by one interfering simultaneous transmission, which indicates two UEs a pair
Proposal 2: Take two Users as a pair and network does not need to ensure the perfect orthogonality between these two UEs 

Observation 3: LTE MU-MIMO test cases use randomly selected precoder for both paired UEs

Proposal 3: Reuse LTE precoding method of random selection without identical as a starting point for evaluation, fixed PMI for both UEs or at least one of them is not precluded 

Proposal 4: Use 4 as the precoding granularity for both UEs
Proposal 5: Use a multi-path fading channel with relative high frequency selective characteristic as channel model, take TDLC300 as a start to evaluate

Proposal 6: Consider low correlation level for defining requirement
Proposal 7: Not to consider any Null-forming method or any other interference suppression or scheduling schemes from BS side
Proposal 8: RAN4 discusses and decides whether to introduce network assistance 
Proposal 9: Consider this draft interference model for further evaluation
Proposal 10: PDSCH mapping type: Type A
Proposal 11: Consider 2x2, 2x4 for antenna configuration

Proposal 12: Use same DMRS pattern and same sequence for both paired UEs
Proposal 13: The DUT and the co-scheduled UE can be either in the same CDM group or not, but with same PRG configurations
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