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[bookmark: _Toc116995841]Introduction
RAN4#106 was the first meeting handling the WID of advanced receiver for MU-MIMO scenario. 
The following main agreements were made in RAN4#106 [1] for facilitating companies to provide simulation results for Phase I:

	Issue 1-1: Reference receiver assumption for E-MMSE-IRC

,
 .

[…]

Issue 1-3: Reference receiver for phase I simulation
· Consider both R-ML and E-IRC in initial evaluation stage




In addition, the question of how which parameters and how the UE would acquire the parameters we discussed. 
In the following we will provide our view on the remaining open issues related to the receiver assumption as well as open new issues if needed.

Reference receiver assumptions

Reference receiver assumption for R-ML

In RAN4#106 the reference receiver assumption for R-ML was discussed and the following options were collected in the WF [1]:
	Issue 1-2: Reference receiver assumption for R-ML
· Option 1: UE perform RML algorithm for serving and all co-scheduled UEs in the cell
· Option 2: UE perform RML algorithm for serving layer(s) + x interference layer(s)
· Option 2A: x depends on UE’s capability of modulation order detection and perform E-IRC algorithm for rest interference layers
· Option 3: UE can perform R-ML algorithms in the scenario with one additional co-scheduled UE (besides the UE under test) on all the interfering layers at each slot on the same frequency domain resource



Concerning option 1:
We were only able to run simulations for option 1 so far. See our simulation paper [2]. 
Our conclusions from the simulations are (see section 3.1 for our definition of genie, partial blind and blind):
· Partial blind (blind detection of MO) is as good as genie.
· Blind works and is robust.
· Blind assumption will give minimum performance requirements.
As one example, Figure 1 shows results where the co-scheduled UE is configured with 16QAM. Further information can be found in the Annex.
[image: ]
[bookmark: _Ref131600484]Figure 1: Example with co-scheduled UE configured with 16 QAM.

Concerning option 2:
We expect the performance to be lacking for requirements with low modulation orders (MOs) in the interference layers (due to the Gaussian signal assumption in E-IRC). For option 2A, the lowest SNR layers can likely be handled using E-IRC, even for lower MOs, but we will verify this conjecture with simulation results, either delivered in this meeting or the next.

Concerning option 3:
Option 3 might be a feasible compromise, but from an implementation point of view it might be more pertinent to limit the number of interference layers that can be treated using R-ML, instead of the number of co-scheduled UEs.

Above considerations lead us to the following observation:
As we are early in Phase I of the analysis, we can do the selection of receiver assumption from the current options based on the simulation results delivered in this and the next meeting. Collect and compare results on all three options in RAN4#106b.

Required information for the candidate receivers
[bookmark: _Ref131500010]Performance of blind detection
A study of blind detection of interference parameters with 1 co-scheduled UE is presented here. The following parameters are blindly detected, namely:
· Presence of co-scheduled UE (limited to 1 interference UE)
· DMRS ports 1000 to 1003 (limited to single front-loaded Type 1 DMRS symbol) under the assumption that CDM groups with data have no interference DMRS ports allocated.
· DMRS sequence (Sequence 0 or 1 as indicated in DMRSDownlikConfigIE)
· Modulation order
Other parameters like FDRA, TDRA, DMRS power bower boosting is assumed to be the same between the two UEs. The impact of blind detection on the throughput as compared to a genie R-ML receiver, with full knowledge of interference parameters, is captured at 70% throughput point in Table 1. The throughput performance is studied using 3 types of receivers, namely:
1) Genie R-ML receiver which has the full knowledge of all parameters,
2) R-ML with partial blind detection which detects all the above parameters except the modulation order, which is assumed to be known, and
3) R-ML with full blind detection of all parameters as mentioned above, in which a simple modulation order detection was used for this study.
Table 1 shows the required SNR to achieve the 70% throughput for Genie R-ML, RML Partial Blind and R-ML Full Blind receivers with target UE to interference UE power ratio of 0 dB.
[bookmark: _Ref131171551]Table 1. SNR at 70% throughput for different R-ML receivers. Rank 1+1 and MCS13 at the target UE. 
	                          Receiver
Intf. Mod Order
	R-ML Full Blind
	R-ML Partial Blind
	Genie R-ML

	QPSK
	12.31 dB
	11.26 dB
	11.26 dB

	16QAM
	16.88 dB
	15.27 dB
	15.23 dB

	64QAM
	20.35 dB
	17.78 dB
	17.78 dB



Information required for both E-MMSE-IRC and R-ML

The presence of co-scheduled UE

In RAN4#106 it was discussed if the UE needs to know the presence of MU-MIMO transmission [1]: 
	Issue 3-1-1: The presence of co-scheduled UE
· Whether this information is needed:
· [bookmark: _Hlk127895542]UE should know the presence of MU-MIMO transmission
· If needed, how could be obtained by the UE:
· Option 1: Blind detection should be studied 
· Option 2: By assistant information signalling





Companies agreed that the UE should know the presence of MU-MIMO transmission, however it was not decided if this could be done by blind detection on the UE or if assistant information signalling is required.
As seen in section 3.1 Table 1 when comparing Genie with Partial Blind detection, the impact of blindly detecting the presence of a single co-scheduled UE on 70% throughput point is almost not existing. Hence, we can say that the presence of 1 co-schedule UE can be reliably detected.

The presence of 1 co-scheduled interferer UE can be reliably blind detected
UE shall do blind detection for the presence of 1 co-scheduled UE. Blind detection for the presence of a 2nd co-scheduled UE can be further studied.

The DMRS sequence information for the co-scheduled UE

In RAN4#106 it was discussed if the UE needs to know the DMRS sequence information for the co-scheduled UE [1]:
	Issue 3-1-2: The DMRS sequence information for the co-scheduled UE
· Whether this information is needed:
· UE should know the DMRS sequence information for the co-scheduled UEs
· If needed, how could be obtained by the UE:
· Option 1: UE assumes the DMRS sequences for all co-scheduled UEs are always the same with that of the target UE
· Option 2: Blind detection should be studied
· Option 2A: UE can assume DMRS parameters in DMRS-DownlinkConfig is same for all UEs. It is desirable to assign different DMRS sequence initialization seed, nSCID ∈ {0, 1} between different CDM group users. For nSCID ∈ {0, 1}, UE can either perform blind detection or require signaling. 
· Option 3: By assistant information signalling
· Option 3A: Assistant information on whether scrambling sequences are aligned between the target UE and all the co-scheduled UEs





Companies agreed that the UE should know the DMRS sequence information, however several options were provided by companies into how the UE would obtain the DMRS sequence.
From the results captured in Table 1 of section 3.1, blind detection of one of the 2 sequences configured in DMRS-DownlinkConfig (option 2A) for 1 co-scheduled UE is very reliable. This is based on the configuration as described in Annex.

Blind detection of sequences as captured in option 2A is very reliable for 1 co-scheduled UE 
Option 2A (Same scrambling ids in DMRSConfigIE) shall be used as baseline for doing blind detection study
Collect simulation results on blind detection of DMRS sequence as captured in option 2A for 1 to 2  co-scheduled UEs with different rank configurations (1+1, 1+3, 2+2, 1+1+1 etc).

The DMRS port information for the co-scheduled UE

In RAN4#106 it was discussed if the UE needs to know the DMRS port information for the co-scheduled UE [1]:
	Issue 3-1-3: The DMRS port information for the co-scheduled UE
· Whether this information is needed:
· UE should know the DMRS port information for the co-scheduled UEs
· If needed, how could be obtained by the UE:
· Option 1: Blind detection should be studied
· Option 2: By assistant information signalling




Companies agreed that the UE should know the DMRS port information for the co-scheduled UEs, however it is still open if the UE should do a blind detection or be informed by assistant signalling. Again, from the results captured in Table 1 of section 3.1, detection of 1 DMRS port (1001) out of the possible 3 ports is very reliable and has no impact on 70% throughput point.
Blind detection of 1 out of 3 possible DMRS ports is reliable with the assumption that CDM groups with PDSCH data have no interferer DMRS ports allocated.
UE knows the DMRS port information of co-scheduled UEs based on blind detection.
The performance with large difference in PDSCH/DMRS power of target and interference layers might negatively impact blind detection and further study on this aspect is recommended.
Collect simulation results on blind detection of DMRS ports which include differences in target and interference PDSCH/DMRS power levels.

Precoding granularity for the co-scheduled UE

In Ran4#106 it was discussed if target UE should know the pre-coding granularity for the co-scheduled UE [1]:
	Issue 3-1-4: Precoding granularity for the co-scheduled UE
· Whether this information is needed:
· Option 1: UE needs to know the pre-coding granularity of co-scheduled UEs
· Other options are not precluded
· If needed, how could be obtained by the UE:
· Option 1: RAN4 to discuss whether could be obtained by UE performing per PRB detection
· Other options are not precluded





It is unlikely that a deployed network will co-schedule 2 UEs with different precoding granularity. As such this information can be derived from the target UE’s own configuration.
Precoding granularity of the co-scheduled UEs shall be assumed to be the same.

DMRS power boosting for the co-scheduled UE

In RAN4#106 the DMRS power boosting of the co-scheduled UE was brought up [1]: 
	Issue 3-1-5: DMRS power boosting for the co-scheduled UE
· Option 1: Discuss whether same DMRS power boosting assumed for paired UE is typical scenario
· Other options are not precluded





UE needs this parameter to scale the channel estimated from DMRS to the PDSCH symbols for demodulation purpose. The DMRS power boosting is used to keep the average power of DMRS and PDSCH symbols to be the same. For example, if a UE’s DMRS symbol has all its DMRS antenna ports allocated in one CDM group and the 2nd CDM group is without data then the DMRS is boosted by 3dB to give the same average power across PDSCH and DMRS symbols. The same will then apply for the co-scheduled UE which has its antenna ports allocated in the 2nd CDM group. Hence the co-scheduled UE will also have DMRS power boosting of 3dB.
DMRS power boosting is used to give same average power in DMRS and PDSCH symbols.
Average power per OFDM symbol is same for all scheduled UEs.
DMRS power boosting can be derived from observation of “Average power per OFDM symbol is same for all scheduled UEs.” and the number of layers scheduled for each UE.
It can be assumed to be typical scenario for paired UE, that power boosting is chosen such that each UE has same average DMRS and PSCH symbol power. There is no need to signal DMRS power boosting information.

The transmission power ratio of co-scheduled users PDSCH to own PDSCH

In RAN4#106 the transmission power ratio of co-scheduled users PDSCH to own PDSCH was brought up [1]:
	[bookmark: _Hlk127812799]Issue 3-1-6: The transmission power ratio of co-scheduled users PDSCH to own PDSCH
· Whether this information is needed:
· Option 1: UE should know the transmission power ratio of co-scheduled users PDSCH to own PDSCH
· Other options are not precluded
· If needed, how could be obtained by the UE:
· Option 1: Blind detection should be studied
· Other options are not precluded





For a UE to apply the interference channel estimates to the interference PDSCH, it is enough to know the DMRS power boosting of co-scheduled UE. 
However, blind modulation order detection performance could vary based on the PDSCH power ratios of the co-scheduled UEs. It is not clear if the blind modulation order detection performance can be improved by knowledge of this parameter. 
Transmission power ratio of co-scheduled UEs is not needed for demodulation.
UE does not need to know the transmission power ratio of co-scheduled UEs.

Time domain resource allocation information of the co-scheduled UE

In RAN4#106 the time domain resource allocation information of the co-scheduled was discussed with the following options remaining [1]:
	Issue 3-1-7: Time domain resource allocation information of the co-scheduled UE
· Proposals:
· Option 1: UE assumes the same OFDM symbols for the PDCCH and PDSCH for the target and the co-scheduled UEs 
· Option 2: UE needs to know the time domain allocation in case it is not the same with the target UE
· Option 3: Assistant signalling should be introduced
· Whether all the serving PDSCH symbols are interfered by the same set of co-scheduled UEs
· If not, which serving PDSCH symbols are interfered by the same set of co-scheduled UEs 



In a practically deployed network, it can be assumed that the target UE is configured with the same OFDM symbols (TDRA) for the PDCCH and PDSCH as the co-scheduled UEs.
UE assumes the same OFDM symbols for the PDCCH and PDSCH for the target and the co-scheduled UEs (option 1).

Frequency domain resource allocation information of the co-scheduled UE

In RAN4#106 the frequency domain resource allocation information of the co-scheduled as discussed with the following options remaining [1]:
	Issue 3-1-8: Frequency domain resource allocation information of the co-scheduled UE
· Whether this information is needed:
· Option 1: UE should know the frequency domain resource allocation information of the co-scheduled UE
· Option 2: UE needs to know the frequency domain allocation in case it is not the same with the target UE
· If needed, how could be obtained by the UE:
· Option 1: RAN4 to discuss whether could be obtained by UE performing per PRB detection
· Option 2: UE shall assume that interference UEs have same PDSCH resource allocation as its own PDSCH
· Option 3: By assistant information signalling





In case the frequency allocation of the target UE differs from the co-scheduled UE, the target UE would need to know the FDRA to ensure only doing interference handling on relevant PRBs. We see it possible for the UE to blindly detect the frequency domain resource allocation information of the co-scheduled UE in case it is different from target UE.
UE needs to know the frequency domain allocation in case it is not the same with the target UE (option 1). UE shall obtain the needed information by blind detection.

Additional information required for R-ML
The modulation order information of the co-scheduled UE

In RAN4#106 Companies agreed that the UE should know the modulation order information for the co-scheduled UEs when R-ML is used, however it is still open if the UE should do a blind detection or be informed by assistant signalling. [1]:
	Issue 3-2-1: The modulation order information of the co-scheduled UE
· Whether this information is needed:
· UE with R-ML should know the modulation order information for each co-scheduled layer
· If needed, how could be obtained by the UE:
· Option 1: Blind detection should be studied
· Option 2: By assistant information signalling the modulation order information
· Option 3: Introduce the following signaling to reduce the search space
· MCS Table for each co-scheduled UE;
· Number of co-scheduled UEs in each slot on each RB





From Table 1 of section 3.1 it is seen that at 70% throughput point the difference between Genie and a Full blind R-ML receiver is 1, 1.6 and 2.5 dB for QPSK, 16 QAM and 64 QAM respectively. Furthermore, from the performance plots in Annex A, it can be seen that 90% of maximum throughput is achievable with QPSK modulation of interference layers while with 16 QAM and 64 QAM modulation for the co-scheduled UE, the performance does not come up to 90% of maximum throughput. This performance is captured at 0 dB target to interference PDSCH power ratio and with 1 interference layer only.
Blind modulation order detection can achieve 70 % maximum throughput with a performance loss of less than 2 dB for QPSK and 16QAM.
In some scenarios with our simple implementation 10% BLER is not always achievable with blind detection of modulation order when 16QAM or 64QAM interference modulation order is used. 
In our opinion, further study of blind modulation order detection is required with higher ranks and with different target to interference PDSCH power ratios to determine the performance loss and also to determine in which cases 10% BLER is not achievable.
Blind modulation order detection shall be studied with different ranks and target to interference PDSCH power ratios with focus on performance loss as compared to genie R-ML receiver at:
a) 70% throughput point
b) 10% BLER.

RS location information of the co-scheduled UE

	Issue 3-2-2: RS location information of the co-scheduled UE
· Option 1: UE assumes the target PDSCH is not overlapped with the CSI-RS of the co-scheduled UE
· Option 2: Assistant signaling should be introduced
· Whether the interference signal contains one or more PT-RS or CSI-RS resources transmitted for the co-scheduled UEs





For best overall cell performance, it is our view, that target PDSCH should not be overlapped with CSI-RS of the co-scheduled UE. Therefore, it is valid that in real deployment the network will secure that target UE PDSCH is not overlapped with the co-scheduled UE CSI-RS. Exceptions, especially with CSI-RS for tracking, are possible, but don’t need to be considered in the advanced receiver requirements.
UE assumes the target PDSCH is not overlapped with the CSI-RS of the co-scheduled UE (Option 1).

Signalling for network assistant information if introduced
Signalling for the network assistant information (If introduced)

In RAN4#106 it was discussed if RRC/MAC-CE and/or DCI network assistant signalling will be required [1]:
	Issue 3-3-1: Signalling for the network assistant information (If introduced)
· Option 1: RRC and MAC-CE signaling
· Option 2: DCI





We see it too early to decide on this topic. First, we need to agree on what information is needed and if the information can be blindly detected by the UE. Also, the type of information will in some cases directly determine which kind of signally, if any, is required.
Postpone the decision of RRC/MAC-CE and DCI until it is agreed which information (if introduced) is to be signalled.

Granularity of the network assistant signalling (If introduced)

In RAN4#106 it the granularity of the network assistant signalling, if introduced, was discussed. Specifically 
	Issue 3-3-2: Granularity of the network assistant signalling (If introduced)
· Option 1: For the whole bandwidth of serving UE considering the overhead limitation
· Other options are not precluded





Introduction of network assistance signalling on DCI level should be avoided. It is understood that this will provide high granularity for the UE however the overhead for the NW and used BW will be very high. 
Postpone the decision network assistant signaling (if introduced) granularity, until after the discussion into what information is required.

[bookmark: _Toc116995848]Conclusion
This paper presents Nokia's views on various open issues with relation to receiver assumptions.

In the paper, the following Observations and Proposals were made:
Reference receiver assumption for R-ML
1. As we are early in Phase I of the analysis, we can do the selection of receiver assumption from the current options based on the simulation results delivered in this and the next meeting. Collect and compare results on all three options in RAN4#106b.

Information required for both E-MMSE-IRC and R-ML
The presence of co-scheduled UE
The presence of 1 co-scheduled interferer UE can be reliably blind detected
1. UE shall do blind detection for the presence of 1 co-scheduled UE. Blind detection for the presence of a 2nd co-scheduled UE can be further studied.

The DMRS sequence information for the co-scheduled UE
Blind detection of sequences as captured in option 2A is very reliable for 1 co-scheduled UE 
Option 2A (Same scrambling ids in DMRSConfigIE) shall be used as baseline for doing blind detection study
Collect simulation results on blind detection of DMRS sequence as captured in option 2A for 1 to 2  co-scheduled UEs with different rank configurations (1+1, 1+3, 2+2, 1+1+1 etc).

The DMRS port information for the co-scheduled UE
Blind detection of 1 out of 3 possible DMRS ports is reliable with the assumption that CDM groups with PDSCH data have no interferer DMRS ports allocated.
UE knows the DMRS port information of co-scheduled UEs based on blind detection.
Collect simulation results on blind detection of DMRS ports which include differences in target and interference PDSCH/DMRS power levels.

Precoding granularity for the co-scheduled UE
It is unlikely that a deployed network will co-schedule 2 UEs with different precoding granularity. As such this information can be derived from the target UE’s own configuration.
Precoding granularity of the co-scheduled UEs shall be assumed to be the same.

DMRS power boosting for the co-scheduled UE
DMRS power boosting is used to give same average power in DMRS and PDSCH symbols.
Average power per OFDM symbol is same for all scheduled UEs.
DMRS power boosting can be derived from observation of “Average power per OFDM symbol is same for all scheduled UEs.” and the number of layers scheduled for each UE.
It can be assumed to be typical scenario for paired UE, that power boosting is chosen such that each UE has same average DMRS and PSCH symbol power. There is no need to signal DMRS power boosting information.

The transmission power ratio of co-scheduled users PDSCH to own PDSCH
Transmission power ratio of co-scheduled UEs is not needed for demodulation.
UE does not need to know the transmission power ratio of co-scheduled UEs.

Time domain resource allocation information of the co-scheduled UE
UE assumes the same OFDM symbols for the PDCCH and PDSCH for the target and the co-scheduled UEs (option 1).

Frequency domain resource allocation information of the co-scheduled UE
UE needs to know the frequency domain allocation in case it is not the same with the target UE (option 1). UE shall obtain the needed information by blind detection.

Additional information required for R-ML
Blind modulation order detection can achieve 70 % maximum throughput with a performance loss of less than 2 dB for QPSK and 16QAM.
In some scenarios with our simple implementation 10% BLER is not always achievable with blind detection of modulation order when 16QAM or 64QAM interference modulation order is used. 
Blind modulation order detection shall be studied with different ranks and target to interference PDSCH power ratios with focus on performance loss as compared to genie R-ML receiver at:
a) 70% throughput point
b) 10% BLER.
UE assumes the target PDSCH is not overlapped with the CSI-RS of the co-scheduled UE (Option 1).

Signalling for network assistant information if introduced
Postpone the decision of RRC/MAC-CE and DCI until it is agreed which information (if introduced) is to be signalled.
Postpone the decision network assistant signaling (if introduced) granularity, until after the discussion into what information is required.
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Annex A 
This section shows our latest results on the R-ML blind detection performance study as detailed in Section 3.1. The parameters used for this study are described in Table 2, with the newest configurations highlighted in yellow.
Table 3 – Blind detection simulation parameters
	Parameter
	Unit
	Target UE
	Co-scheduled UE

	Duplex mode
	
	FDD

	Active DL BWP index
	
	1

	PDSCH configuration
	Mapping type
	
	Type A

	
	k0
	
	0

	
	Starting symbol (S) 
	
	2

	
	Length (L)
	
	12

	
	PDSCH aggregation factor
	
	1

	
	PRB bundling type
	
	Static

	
	PRB bundling size
	
	2

	
	Resource allocation type
	
	Type 0

	
	RBG size
	
	Config2

	
	VRB-to-PRB mapping type
	
	Non-interleaved

	
	VRB-to-PRB mapping interleaver bundle size
	
	N/A

	PDSCH DMRS configuration (Note 1)
	DMRS Type
	
	Type 1

	
	Number of additional DMRS
	
	1

	
	Maximum number of OFDM symbols for DL front loaded DMRS
	
	1

	
	Rank
	
	Rank 1
	Rank 1

	
	Antenna ports indexes
	
	{1000}

	{1001}


	
	Number of PDSCH DMRS CDM group(s) without data
	
	1
	1 

	PDSCH & PDSCH DMRS Precoding configuration
	
	Single Panel Type I, Random precoder selection updated per slot, with equal probability of each applicable i1, i2 combination, and with PRB bundling granularity
	Single Panel Type I, Random precoder selection updated per slot and with PRB bundling granularity. Any column of precoder matrix is not equal to any column of precoder matrix of Target UE for test 1-1


	MU-MIMO Beamforming Model
	
	As specified in B.4.2

	Number of HARQ Processes
	
	4
	N/A

	The number of slots between PDSCH and corresponding HARQ-ACK information
	
	2
	N/A

	Modulation and coding scheme
	
	16 QAM, 0.48
	Random 16QAM symbols
Random QPSK symbols
Random 64QAM symbols

	Propagation condition
	
	TDLC300-100 for Rank 1
	N/A

	Correlation matrix and antenna configuration
	
	2x2 ULA medium 
	N/A

	Blind detection configuration
	Candidate DMRS antenna ports
	
	-
	1001,1002,1003

	
	Interferer modulation scheme
	
	-
	QPSK,16 QAM,64 QAM

	Note 1:	DMRS scrambling ID is the same for both target and co-scheduled UEs.
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Figure 2- R-ML blind detection performance for an interferer UE with a QPSK modulation scheme
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Figure 3- R-ML blind detection performance for an interferer UE with a 16QAM modulation scheme
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Figure 4- R-ML blind detection performance for an interferer UE with a 64QAM modulation scheme
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