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In RAN4#106bis agreements were made on the topic of advanced receivers receiver assumption (from WF [1]):
	Issue 1-2-1-1: Timeline for the required information studying
· Agreement: 
· RAN4 should prioritize NWA related topics (especially for DCI related signalling) for this WI in Q2.
Issue 1-2-2-6: The transmission power ratio of co-scheduled users PDSCH to own PDSCH
Agreements:
· No need for the target UE to know the transmission power ratio of co-scheduled PDSCH to own PDSCH





Following was agreed to be postponed:
	Issue 1-2-2-1: The presence of co-scheduled UE
· Proposals on how this information could be obtained by the UE:
· Option 1: Blind detection should be considered
· Option 2: By assistant information signalling
· Option 3: Through signalling of other parameters or by blind detection to the DMRS port information to be discussed
· Proposals on how the NWA is signalled (if introduced):
· Option 1: DCI-based signalling jointly with modulation order and DMRS port
· Option 2: DCI-based signalling jointly with only modulation order 
· Option 3: 1 bit RRC signalling to indicate whether the DMRS port is used for the co-scheduled UE
Way forward
· Postpone this issue after the agreements of other information are reached.




In this contribution we will discuss the remaining open issues and make new proposals if needed. We will specifically focus on studying aided blind detection of interference parameters.

[bookmark: _Toc116995842]Discussion
[bookmark: _Ref135076738]Study of blind detection of interference parameters
To enable the R-ML receiver for MU-MIMO, knowledge of multiple parameters of the layers from the interfering UE is required. Those parameters include: DMRS sequence, (interference) ports, FDRA (frequency domain resource allocation), TDRA (time domain resource allocation), precoding granularity, and the Modulation Order (MO) of the interference MIMO layers. 
Both blind MO detection by the target UE as well as signaling of MO are currently under discussion.
Our simulations show that using solely random data constellation samples for MO detection, can lead to systematic errors which prevent UEs from achieving the 10% BLER (~90% throughput) target at any SNR level.
This is especially true when 16 QAM or a higher order MO is being used for the co-scheduled UEs. Note that performance will be even worse with more than 1 co-scheduled UE.
Blind MO detection is complex and can lead to systematic errors that prevent UEs from reaching 10 % BLER, when using simple detection implementation. More complex detection implementations will likely show better performance.
We propose to configure known zero power (ZP) channel state information (CSI) reference signals (RS), with the goal of puncturing a few REs on the target UEs PDSCH. I.e., creating REs, where the target UE does not receive any signals intended for the target UE.
This allows improved MO detection of co-scheduled UEs, without the interference of the target UE signals, and in addition detection of other interference parameters
ZP-CSI-RS could be configured to repeat in every PDSCH slot with co-scheduled UE. 
Our simulations show that detection based on ZP-CSI-RS reduces the Modulation Order detection complexity significantly and at the same time reduces the performance gap to genie receiver while reaching 10% BLER, which is illustrated in Figure 1:
[image: ]
Figure 1 Full Blind MO detection performance (simple implementation) vs. rudimentary ZP-CSI-RS based aided blind proposal.
The performance loss at 90% throughput is ~0.5 dB and it can reach close to 100% of the theoretical maximum throughput. This is achieved by examining a tiny fraction of the REs within a slot which are mapped to the ZP-CSI-RS.
Usage of a single ZP-CSI-RS port with density 0.5 improves the performance significantly and 90% throughput can be reached.
RAN4 to not require dynamic NWA such as DCI signalling. RAN4 to define RRC configuration of few ZP-CSI-RS REs at the target UE(s), which allows reliable detection of interference parameters, e.g., modulation order, FDRA, etc.
Parameterization of ZP-CSI-RS: Single port, density 0.5, l_0=3, k_0=0, full CBW, periodicity every MU PDSCH slot, i.e., extension of ZP-CSI-RS configuration to every slot.
ZP-CSI-RS aided blind detection, without FDRA
In this study we study performance of aided blind detection of Presence of interference, DMRS ports, sequence and Modulation order. 
Possible values of interference parameters are as below:
· Presence:	Present, Absent
· DMRS ports:	1001, 1002, 1003 when Target UE is on 1000
	1002, 1003 when Target UE is on 1000,1001
· DMRS sequence:	Seq 0, Seq 1 configured in the DMRSDownlinkConfig IE.
· Modulation Order:	2,4,6 when Max MO is 64 QAM
	2,4,6,8 when Max MO is 256 QAM
· FDRA:	Full CHBW is assumed with aligned start PRB
The remaining parameters are assumed to have default values agreed in [1]. Results are captured in Table 1
[bookmark: _Ref134685339]Table 1 ZP-CSI-RS aided interference parameter detection, without FDRA detection
	Case
	# Co-scheduled UE
	Target to interference UE, PDSCH ratio (dB)
	Rank target UE
	Rank Co-scheduled UE

	Modulation order target UE
	Modulation order co-scheduled UE
	MIMO
	Channel model
	Precoder selection for the Co-scheduled UE
	SNR@70% (dB)

	
	
	
	
	
	
	
	
	
	
	Genie
	Max MO 64 QAM
	Max MO 256 QAM

	
	
	
	
	
	
	
	
	
	
	
	Aided detection
	Aided detection

	1
	1
	0
	1
	1
	MCS13
	MCS4
	2Tx 2Rx ULA medium
	TDLC300-100
	random
	14.23

	14.61

	14.84


	2
	1
	0
	1
	1
	MCS13
	MCS13
	2Tx 2Rx ULA medium
	TDLC300-100
	random
	18.19

	18.28

	18.53


	3
	1
	3
	1
	1
	MCS13
	MCS4
	2Tx 2Rx ULA medium
	TDLC300-100
	random
	13.71

	14.37

	13.98


	4
	1
	3
	1
	1
	MCS13
	MCS13
	2Tx 2Rx ULA medium
	TDLC300-100
	random
	16.86

	17.20

	17.11


	5
	1
	0
	2
	2
	MCS17
	MCS13
	4Tx 4Rx ULA Low
	TDLA30-10
	orthogonal
	16.24

	16.47

	16.64




ZP-CSI-RS aided blind detection, with FDRA
In this study we study performance of aided blind detection of all the parameters detected study 1 along with the detection of Interference UEs FDRA.
Possible values of interference parameters are same as in study 1 except for:
· FDRA: No interference, Full CHBW (0:51), Partial CHBW (0:25)
· Modulation Order: 2,4,6 with Max MO of 64 QAM
Results are captured in Table 2. Note that these are first results and some cases do have a performance loss which are >1dB while some more are TBA. We expect further refinement of detection techniques to close the performance gap.
[bookmark: _Ref134685782]Table 2 ZP-CSI-RS aided interference parameter detection, with FDRA detection
	Case
	# Co-scheduled UE
	Target to interference UE, PDSCH ratio (dB)
	Rank target UE
	Rank Co-scheduled UE

	Modulation order target UE
	Modulation order co-scheduled UE
	MIMO
	Channel model
	Precoder selection for the Co-scheduled UE
	SNR@70% (dB)

	
	
	
	
	
	
	
	
	
	
	Full CHBW
	Partial CHBW

	
	
	
	
	
	
	
	
	
	
	Genie
	Aided detection
	Genie
	Aided detection

	1
	1
	0
	1
	1
	MCS13
	MCS4
	2Tx 2Rx ULA medium
	TDLC300-100
	random
	14.22
	14.64
	12.26
	12.97

	2
	1
	0
	1
	1
	MCS13
	MCS13
	2Tx 2Rx ULA medium
	TDLC300-100
	random
	18.19
	18.59
	14.09
	14.65

	3
	1
	3
	1
	1
	MCS13
	MCS4
	2Tx 2Rx ULA medium
	TDLC300-100
	random
	13.71
	14.46
	11.33
	12.20

	4
	1
	3
	1
	1
	MCS13
	MCS13
	2Tx 2Rx ULA medium
	TDLC300-100
	random
	16.86
	17.72
	12.42
	12.97

	6
	1
	0
	2
	2
	MCS13
	MCS19
	4Tx 4Rx ULA Low
	TDLA30-10
	orthogonal
	12.99
	13.87
	TBA
	TBA

	7
	1
	3
	2
	2
	MCS13
	MCS19
	4Tx 4Rx ULA Low
	TDLA30-10
	orthogonal
	11.73
	11.52
	TBA
	TBA



Reference receiver assumptions
In RAN4#106bis following options were proposed for the Reference receiver assumptions for R-ML (from WF[1]):
	Issue 1-1-1: Reference receiver assumption for R-ML
Candidate options:
· Option 1: UE perform RML algorithm for serving and all co-scheduled UEs in the cell
· Option 2: R-ML receiver in terms of total layer (serving + interfering) and modulation order
· Option 3: UE performs joint detection on layers of one additional co-scheduled UE in addition to its own layers on the same frequency and time resource as its own allocation
· Option 4: Limit the number of co-scheduled UE is no more than 1 and the number of interference layers are no more than 2
Way forward
· This issue is highly related to how UE could obtain each requirement information and how NWA is designed.
· Discuss how to obtain each of the needed parameters.





From the results captured in [2] we believe it is possible to define requirements based on R-ML receivers with 1 co-scheduled UE when the frequency and time resource allocation of the UEs can be assumed to be aligned. Even when the frequency allocation may not be aligned the results show that it is feasible to demodulate up to 2 interference layers of 1 co-scheduled UE.
Requirements based on R-ML shall be defined with 1 co-scheduled UE either with assumption of aligned FDRA or with limitation of 2 interference layers when the FDRA cannot be assumed to be aligned

In RAN4#106bis following options were proposed for down selecting the Reference receiver (from WF[1]):
	Issue 1-1-2: Reference receiver
Candidate options:
· Option 1: Down-select R-ML as a candidate reference receiver to define phase II requirements
· Option 2: To be decided later
Way forward
· To be discussed in the next meeting.





From the results captured in [3] we can see that with higher modulation orders for target and co-scheduled UE R-ML receiver does not perform significantly better than E-IRC receiver. In fact, when the number of total number of layers is large, e.g., 4, along with high modulation order, the complexity of R-ML receiver can be an issue limiting the obtainable performance.
Complexity of R-ML receiver can be an issue when total number of layers is large and when high modulation orders are used for target and co-scheduled UEs.
The decision of reference receiver to be kept open in case requirements are to be defined for up to 4 total layers and with high modulation orders.

Discussion on the required information (High priority for Q2)
The DMRS sequence information for the co-scheduled UE
In RAN4#106bis following options were proposed for DMRS sequence information for the co-scheduled UE (from WF[1]) in case the default RAN4 assumption of same DMRS sequence as target UE is not valid:
	Issue 1-2-2-2: The DMRS sequence information for the co-scheduled UE
Way forward
· For the DMRS configuration parameter including: DMRS type, DMRS additional position, maximum length:
· Restriction already exists in RAN1 specification (TS38.214), thus signaling is not needed.
· For the scrambling ID and  information:
· Assume same as that of the target UE agreed as RAN4 default assumption
· FFS on the signaling to inform UE if RAN4 default assumption not valid for any of the co-scheduled UE:
· Option 1: 1-bit RRC signaling
· Option 2: Implied by DCI signaling on modulation order (if introduced)
· Option 2A: If “no co-schedule UEs are presented in the allocated resource to the target UE” is signaled in DCI, combine this information in the same signaling without additional bits





The case of co-scheduled UEs DMRS sequence changing from slot to slot and hence being same as that of target UE in 1 slot and not being the same in another slot is not a common scenario. Hence, we believe a dynamic DCI based signalling is not needed.
Dynamic change of DMRS sequence of co-scheduled UE is not a common scenario.
Use 1-bit RRC signaling in case any default RAN4 assumption is not valid, this includes for example “same DMRS sequence is used” assumption being not valid.

The DMRS port information for the co-scheduled UE
In RAN4#106bis it was proposed to do a combined study of DMRS port and FDRA blind detection:
	Issue 1-2-2-3: The DMRS port information for the co-scheduled UE
GTW agreements on Apr 17th:
· Dedicated DCI signaling is not preferred for the DMRS port information
· FFS whether assistant RRC signalling can be introduced to reduce the BD complexity and/or maintain reasonable CE performance for target UE
· Companies are encouraged to further evaluate BD performance including the detailed assumption:
· Number of co-scheduled UE for BD
· Time/frequency location of co-scheduled UE
Way forward
· Study the BD performance together with FDRA information as recommended in Issue 1-2-2-8.
· FFS whether to introduce additional assistant RRC signalling to restrict the BD complexity.





Our results for the study of BD performance together with FDRA information as well as detection of MO and DMRS sequence are captured in Table 2. We see no issues in reliable detection of DMRS ports in these studies where the number of ports is limited to one front loaded Type 1 DMRS symbol. But we are open to discuss proposals to restrict the BD search space of DMRS ports for larger size of possible DMRS ports.
Reliable detection of co-scheduled UE’s DMRS ports and sequence is possible for the configuration of one front loaded Type 1 DMRS symbol.
Further discuss options to reduce search space, if complexity is an issue for larger size of possible DMRS ports.

PRB bundling size for the co-scheduled UE
In RAN4#106bis following options were proposed for PRB bundling size for the co-scheduled UE (from WF[1]) in case the default RAN4 assumption of same PRB bundling size as target UE is not valid:
	Issue 1-2-2-4: PRB bundling size for the co-scheduled UE
Way forward
· UE needs to know the PRB bundling size of co-scheduled UEs if different from target UE
· How could be obtained
· Assume the PRB bundling size of co-scheduled UEs is same with that of target UE
· FFS on the signaling to inform UE if RAN4 default assumption not valid:
· Option 1: 1-bit RRC signaling
· Option 2: No signaling is required.
· Option 3: Implied by DCI signaling on modulation order (if introduced)




The case of co-scheduled UEs PRB bundling size changing from slot to slot and hence being same as that of target UE in 1 slot and not being the same in another slot is not a common scenario. Hence, we believe a dynamic DCI based signalling is not needed.
Dynamic change of PRB bundling size of co-scheduled UE is not a common scenario.
Use 1-bit RRC signaling in case any default RAN4 assumption is not valid, this includes for example “same PRB bundling size is used” assumption being not valid.

DMRS power boosting for the co-scheduled UE
In RAN4#106bis following options were proposed for DMRS power boosting for the co-scheduled UE (from WF[1]) in case the default RAN4 assumption of same DMRS power boosting as target UE is not valid:
	Issue 1-2-2-5: DMRS power boosting for the co-scheduled UE
Way forward
· DMRS power boosting should be the same for both target and the co-scheduled UE.
· FFS on the signaling to inform UE if RAN4 default assumption not valid:
· Option 1: 1-bit RRC signaling
· Option 2: Implied by DCI signaling on MO (if introduced)
· Option 2A: If “no co-schedule UEs are presented in the allocated resource to the target UE” is signaled in DCI, combine this information in the same signaling without additional bits
· Option 3: No signaling is required.
 


DMRS power boosting of co-scheduled UE does not change dynamically as the total number of CDM groups without data for a pair of co-scheduled UEs remains fixed. Usually, the number of CDM groups without data for both the UEs will also be the same leading to same DMRS power boosting for both. In case the DMRS power boosting is not the same a single RRC bit can be used to signal the same.
Number of CDM groups without data is usually the same for a pair of co-scheduled UEs leading to same DMRS power boosting for them.
Use 1-bit RRC signaling in case any default RAN4 assumption is not valid, this includes for example, the “same DMRS power boosting is used” assumption being not valid.

Time domain resource allocation information of the co-scheduled UE
In RAN4#106bis following options were proposed for TDRA information for the co-scheduled UE (from WF[1]) in case the default RAN4 assumption of same TDRA information as target UE is not valid:
	Issue 1-2-2-7: Time domain resource allocation information of the co-scheduled UE
Way forward
· UE assumes the same PDSCH symbols are allocated to the target and the co-scheduled UEs 
· FFS on the signaling to inform UE if RAN4 default assumption not valid, by:
· Option 1: 1-bit RRC signaling
· Option 2: Implied by DCI signaling on MO (if introduced)
· Option 2A: If “no co-schedule UEs are presented in the allocated resource to the target UE” is signaled in DCI, combine this information in the same signaling without additional bits
· Option 3: No signaling is required




The case of co-scheduled UEs TDRA not being the same as target UEs is not a common scenario. Hence, we believe a dynamic DCI based signalling is not needed.
We do not see the case of co-scheduled UEs TDRA being the same as target UE as a common scenario.
Use 1-bit RRC signaling in case any default RAN4 assumption is not valid, this includes for example “same TDRA is used” assumption being not valid.

Frequency domain resource allocation information of the co-scheduled UE
In RAN4#106bis it was decided to do a blind detection study of FDRA along with DMRS ports using the following scenarios as captured in [1]
	Issue 1-2-2-8: Frequency domain resource allocation information of the co-scheduled UE
Way forward
· UE should know the FDRA information of the co-scheduled UE
· Study the R-ML performance with BD to the DMRS port information as well as the FDRA information of the Co-UE (Low priority for the May meeting). Evaluation assumptions are as below:
· 1 Co-UE
· Detection granularity – up to UE implementation
· Select the following two cases based on the agreed simulation assumption:
· Case 2 (rank 1+1 2T2R QPSK interference TDLC300-100 random precoding)
· Case 9 (rank 2+2 4T4R 64QAM interference TDLA30-10 orthogonal precoding)
· Two cases for the FDRA of the co-UE: 
· Full CHBW allocation (52PRBs)
· Partial CHBW allocation (0~24 PRBs)
· Note: Assume that the R-ML has known all the other required information and all the agreed default assumptions are valid
· Companies are encouraged to bring simulation results.





Our results for the ZP-CSI-RS aided detection study focusing on detection of multiple interference parameters including FDRA, DMRS ports and Modulation order are captured in Table 2. It is seen that results with Full CHBW allocation show small performance loss at both 0 dB PDSCH transmission ratio, with a slightly larger loss at 3dB PDSCH transmission ratio. In both cases 90% throughput is achievable with ZP-RS aided detection. When co-scheduled UE has a partial CHBW allocation the results show a similar small loss in performance at both 70% and 90% of maximum throughput. Results for rank 2+2 case are TBA.
ZP-CSI-RS aided detection of DMRS ports, FDRA and MO leads only to a small loss (less than 1 dB) in performance for rank 1+1, rank 2+2 cases.
ZP-CSI-RS aided detection of DMRS ports, FDRA and MO can achieve 90% of maximum throughput in all cases studied.
Define requirements for rank 1+1, rank 2+2 cases based on ZP-CSI-RS aided blind detection of DMRS ports, sequence, MO, FDRA.

The modulation order information of the co-scheduled UE
In RAN4#106bis it was decided to do a blind detection study of Modulation order along with DMRS ports using the following scenarios as captured in [1]
	Issue 1-2-3-1: The modulation order information of the co-scheduled UE
Way forward
· The following additional assumptions to the R-ML receiver can be agreed:
· Within each PRB/PRG, UE applies R-ML to all interference layers with prior information that all interference layers have same modulation order
· FFS whether to consider the case with interference layers have different modulation orders within one or more PRBs.
· Evaluation assumptions of the MO BD study:
· 1 Co-UE
· Detection granularity – up to UE implementation
· Following cases:
· Rank 1+1, 2T2R, MCS 13 for the target UE, QPSK interference, TDLC300-100, random precoding
· Rank 2+2, 4T4R, MCS 17 for the target UE, 16QAM interference, TDLA30-10, orthogonal precoding
· Rank 1+1, 2T2R, MCS 13 for the target UE, 16QAM interference TDLC300-100 random precoding (Optional)
· Full CHBW allocation (52PRBs) FDRA of the co-UE:
· Note: Assume that the R-ML also needs to perform DMRS port and FDRA information BD and all the agreed default assumptions are valid.
· Companies are encouraged to bring simulation results for the next meeting.
· With this MO BD study, the following is not precluded:
· The possibility of full signalling of modulation order and/or other information.
· The possibility of non-dynamic NWA signalling (i.e., non-DCI) solutions.
· For this MO BD study, companies are encouraged to take all proposals from Issue 1-2-3-2 into consideration.





Also following possibilities were considered for the signaling of interference MO.
	Issue 1-2-3-2: Content of the network signalling on modulation order (for information)
· Proposal 1:
	Signalling Overhead
	DCI signalling Info.
	Antenna Port
= 1000 + DMRS Port (P)

	2 bits
	maxMIMO-Layers = 2
	00: No interference presence
01: Interference with QPSK
10: Interference with 16QAM
11: Interference with 64QAM or 256 QAM
	P = {0, 1}

	6 bits
	maxMIMO-Layers = 4
	For 3 interfering ports in cyclic order from desired layer, each 2 bits represent as
00: No interference presence
01: Interference with QPSK
10: Interference with 16QAM
11: Interference with 64QAM or 256 QAM
	P = {0, 1, 2, 3}



· Proposal 2: Use examples listed in below as start point
· Example 1:
	Bitfield
	coUE modulation order
	UE behavior

	000
	No UE which has same DMRS sequence with target paired
	SU-MIMO (MMSE-IRC)

	001
	PRB aligned
(Single coUE modulation
per PRB)
	UE fallback to MMSE-IRC or R-ML with blind detection with only 4 hypotheses (UE dependent)

	010
	Bandwidth aligned, QPSK 
	R-ML without modulation order detection

	011
	Bandwidth aligned, 16-QAM
	R-ML without modulation order detection

	100
	Bandwidth aligned, 64-QAM
	R-ML without modulation order detection

	101
	Bandwidth aligned, 256-QAM
	R-ML without modulation order detection

	110
	Bandwidth aligned, 1024-QAM
	R-ML without modulation order detection

	111
	PRB not aligned
(Multiple coUE modulations per PRB)
	UE fallback to MMSE-IRC or R-ML with blind detection (UE dependent)


· Proposal 3: Introduce the RRC based signaling to inform UE the MCS index table(s) used for PDSCH of the co-scheduled UEs, or signal the maximum MCS index table (64QAM, 256QAM or 1024QAM table) used among all the (potential) co-scheduled UEs.
· Proposal 4: Include blind detection opportunities for modulation order detection using semi-static DUT resource allocation, where DUT is not scheduled with PDSCH, but co-scheduled UEs are scheduled with PDSCH.
· Proposal 5: Introduce DCI signaling to assist blind detection, such as 1 bit modulation order set information for each co-scheduled UE to reduce search space, for example, when gNB decide 16QAM for a co-scheduled UE, then gNB transmit 1 bit to indicate the modulation order of this co-scheduled UE is in the set {16QAM, 64QAM}
Way forward 
· To be discussed in the next meeting if introduced





In general Proposal 1, 2 and 5 requires the network to signal the MO of co-scheduled UEs using DCI. However, this requires adding additional bits to DCI, which increases the encoding complexity on the gNB and based on gNB design, may require significant and costly modifications to gNB implementation. In addition, DCI performance is sensitive to payload size.
Additionally, it can lead to a significant increase in demodulation complexity for UEs if more possible DCI lengths gets added, due to the increased search space.
Proposal 1 from last meeting requires adding 2 or 6 bits to DCI.
Blind detection performance in case of 64QAM or 256QAM might be problematic without further NWA. It seems not entirely clear that 10% BLER can always be achieved for these cases.
It was already agreed in RAN4#106bis that it was not preferred to have DMRS port information signalled by DCI
Proposal 2 from last meeting requires adding 3 bits to DCI, but performance in case of UE fall back to blind modulation order detection might be problematic without further NWA and/or blind detection. It seems not entirely clear that 10% BLER can always be achieved for these cases.
If more that one co-scheduled UE is there, this proposal will require that both co-scheduled UEs have the same modulation order.
Proposal 5 from last meeting requires adding bits to DCI for reduced search space, but the reduced set might not include all real-world combinations. Also, performance in case of a search space of e.g. {16QAM, 64QAM} might be problematic without further NWA and/or blind detection.
Regarding Proposal 3 and 4 from last meeting, our ZP-CSI-RS aided detection study (see section 2.1) focusing on detection of modulation order shows that it is possible to detect modulation order with a minimal performance loss.
ZP-CSI-RS aided detection of Modulation order, DMRS ports and sequence leads to minimal loss in performance at both 70% and 90% of maximum throughput.
Requirements shall be defined for Rank 1+1 and Rank 2+2 based on ZP-CSI-RS aided detection of Modulation order, DMRS ports and sequence.

RS location information of the co-scheduled UE
In RAN4 #106bis the RS location of the co-scheduled UE was discussed, and the following was captured in the WF [1]:
	Issue 1-2-3-3: RS location information of the co-scheduled UE
Way forward 
· UE can assume the target PDSCH is not overlapped with the CSI-RS of the co-scheduled UE
· FFS whether to consider RRC signalling to inform UE whether the default assumption is needed





As it was already agreed that “UE can assume the target PDSCH is not overlapped with the CSI-RS of the co-scheduled UE” the remaining discussion the need for RRC signalling to inform UE whether the default assumption is secured by the NW.
The introduction of RRC signalling (1-bit) to inform if the default assumptions hold can help to UE to determine if advanced receiver can be used, hence such signalling would be valid to introduce.
Informing the target UE about the validity of assuming target PDSCH is not overlapped with the CSI-RS of the co-scheduled UE can help the target UE deciding if advanced receiver (E-IRC or R-ML) shall be used.
Use 1-bit RRC signaling in case any default RAN4 assumption is not valid, this includes for example “target PDSCH is not overlapped with the CSI-RS of the co-scheduled UE” assumption being not valid. 

Signaling for the network assistant information (If introduced)
In RAN4 #106bis following options were discussed for signaling of NWA information, and the following was captured in the WF [1]:
	Issue 1-2-4-1: Signaling for the network assistant information (If introduced)
Candidate options:
· Option 1: Only consider RRC or MAC-CE based network assistance signalling
· Option 2: DCI 
· Option 3: FFS once it is agreed which information is to be signalled
· Option 4: Some of the information could be carried by DCI and others carried by higher layer
Way forward 
· Discuss separately for each parameter




From the results captured in section 2.1 we believe that ZP-RS based solution can be used to detect the FDRA, DMRS ports and modulation order of one co-scheduled UE. This kind of ZP-RS does not require dynamic DCI based signaling. Only RRC based signaling is enough to support the ZP-RS based solution.
ZP-RS based aided detection of interference parameters can be used for defining requirements and does not require dynamic DCI based signaling.
Only consider RRC or MAC-CE based network assistance signaling if NWA signalling is introduced.

Granularity of the network assistant signalling (If introduced)
	Issue 1-2-4-2: Granularity of the network assistant signalling (If introduced)
Candidate options:
· Option 1: The granularity of the network assistant signalling should be the wideband
· Option 2: FFS until it is agreed which information is to be signalled
Way forward 
· Further discuss.





We do not see a viable way to extend the network assistant signalling with higher granularity that wideband.
Selecting a higher granularity that wideband for the network assistant signalling (if introduced) does not seem feasible when taking the overhead required into consideration.

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

In the paper, the following Observations and Proposals were made:
Study of blind detection of interference parameters
1. Blind MO detection is complex and can lead to systematic errors that prevent UEs from reaching 10 % BLER, when using simple detection implementation. More complex detection implementations will likely show better performance.
Usage of a single ZP-CSI-RS port with density 0.5 improves the performance significantly and 90% throughput can be reached.
1. RAN4 to not require dynamic NWA such as DCI signalling. RAN4 to define RRC configuration of few ZP-CSI-RS REs at the target UE(s), which allows reliable detection of interference parameters, e.g., modulation order, FDRA, etc.
Parameterization of ZP-CSI-RS: Single port, density 0.5, l_0=3, k_0=0, full CBW, periodicity every MU PDSCH slot, i.e., extension of ZP-CSI-RS configuration to every slot.

Reference receiver assumptions
Requirements based on R-ML shall be defined with 1 co-scheduled UE either with assumption of aligned FDRA or with limitation of 2 interference layers when the FDRA cannot be assumed to be aligned
Complexity of R-ML receiver can be an issue when total number of layers is large and when high modulation orders are used for target and co-scheduled UEs.
The decision of reference receiver to be kept open in case requirements are to be defined for up to 4 total layers and with high modulation orders.

Discussion on the required information (High priority for Q2)
Dynamic change of DMRS sequence of co-scheduled UE is not a common scenario.
Use 1-bit RRC signaling in case any default RAN4 assumption is not valid, this includes for example “same DMRS sequence is used” assumption being not valid.

Reliable detection of co-scheduled UE’s DMRS ports and sequence is possible for the configuration of one front loaded Type 1 DMRS symbol.
Further discuss options to reduce search space, if complexity is an issue for larger size of possible DMRS ports.

Dynamic change of PRB bundling size of co-scheduled UE is not a common scenario.
Use 1-bit RRC signaling in case any default RAN4 assumption is not valid, this includes for example “same PRB bundling size is used” assumption being not valid.

Number of CDM groups without data is usually the same for a pair of co-scheduled UEs leading to same DMRS power boosting for them.
Use 1-bit RRC signaling in case any default RAN4 assumption is not valid, this includes for example, the “same DMRS power boosting is used” assumption being not valid.

We do not see the case of co-scheduled UEs TDRA being the same as target UE as a common scenario.
Use 1-bit RRC signaling in case any default RAN4 assumption is not valid, this includes for example “same TDRA is used” assumption being not valid.

ZP-CSI-RS aided detection of DMRS ports, FDRA and MO leads only to a small loss (less than 1 dB) in performance for rank 1+1, rank 2+2 cases.
ZP-CSI-RS aided detection of DMRS ports, FDRA and MO can achieve 90% of maximum throughput in all cases studied.
Define requirements for rank 1+1, rank 2+2 cases based on ZP-CSI-RS aided blind detection of DMRS ports, sequence, MO, FDRA.

ZP-CSI-RS aided detection of Modulation order, DMRS ports and sequence leads to minimal loss in performance at both 70% and 90% of maximum throughput.
Requirements shall be defined for Rank 1+1 and Rank 2+2 based on ZP-CSI-RS aided detection of Modulation order, DMRS ports and sequence.

Informing the target UE about the validity of assuming target PDSCH is not overlapped with the CSI-RS of the co-scheduled UE can help the target UE deciding if advanced receiver (E-IRC or R-ML) shall be used.
Use 1-bit RRC signaling in case any default RAN4 assumption is not valid, this includes for example “target PDSCH is not overlapped with the CSI-RS of the co-scheduled UE” assumption being not valid. 

ZP-RS based aided detection of interference parameters can be used for defining requirements and does not require dynamic DCI based signaling.
Only consider RRC or MAC-CE based network assistance signaling if NWA signalling is introduced.

Selecting a higher granularity that wideband for the network assistant signalling (if introduced) does not seem feasible when taking the overhead required into consideration.
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