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[bookmark: _Ref144902711]Introduction
Good progress was made in RAN4#108 on the receiver assumptions and NWA for advanced receivers. Mainly it was decided to focus on R-ML as the receiver type. Main topics still remaining is finalization of NWA signalling and UE capabilities.
In the following contribution we will provide our view on the remaining open issues and make new proposals where needed.
Discussion

Reference receiver assumptions
In RAN4#107 an LS was sent to RAN1 asking for RAN1 to introduce DCI signalling for NW to inform UE about co-UE modulation order. In case RAN1 would not agree to implement DCI signalling and/or for some cases R-ML would not be applicable, it was further discussed in RAN4#108 (see [1]):
	 Issue 1-1-1: Selection of reference receiver
· Down select to R-ML as the reference receiver.
· The above decision can be revisited in case DCI-based assistant signalling cannot be introduced in RAN1.
· Detailed test set-up for R-ML receiver will be further discussed and decided during performance requirements introduction phase. 
· FFS whether test cases need to be introduced for cases which R-ML receiver not applicable




After RAN4#108, RAN1 has provide an answer back (see [2]) with RAN1’s understanding of the request from RAN4. The agreement in RAN1 is as follows:
	 Agreement
Implement the DCI signaling in R1-2306361 (R4-2309895) in RAN1 specifications with the following assumptions. 
· Scope of this DCI signaling at least applying to a PDSCH satisfying all the following conditions. 
· The PDSCH is scheduled by DCI format 1_1. 
· Support for this feature for other DCI format(s) can be later added depending on RAN4 input
· Single TRP based scheme is configured for the PDSCH transmission.
· Single codeword is configured for the PDSCH transmission.
· CBG based transmission is not configured for the PDSCH transmission.
· Rel-15/16/17 DMRS is configured for the PDSCH transmission.
· For “Bit field mapped to index” =0, the content “No co-scheduled UE(s) which has same DMRS sequence as target UE exists” is interpret as the following. 
· In all the PRBs allocated to the target UE, there is no co-scheduled UE or there is co-scheduled UE but with a different DMRS sequence. 
· The terminology “the same DMRS sequence” in the DCI signaling table is interpret as the same root DMRS sequence r(n) in TS38.211 Section 7.4.1.1.1. 
· “Bit field mapped to index” =7 in the DCI signaling table is interpret as including all the cases not covered by cases corresponding to “Bit field mapped to index” 0/1/2/3/4/5/6. 




In addition, RAN1 included clarification questions to RAN4, to be answered in RAN4#108bis:
	 In additional, RAN1 respectfully ask RAN4 to provide answers to the following questions. 
· Question 1: Whether this new signaling in DCI is introduced in DCI format 1_2 in addition to format 1_1?
· Question 2: Whether this new signaling in DCI is supported for one or more DL multi-TRP schemes?
· Question 3: Whether this new signaling in DCI is supported when the RRC parameter maxNrofCodeWordsScheduledByDCI is configured as 2? 
· Question 4: Whether the new signaling in DCI is supported when the RRC codeBlockGroupTransmission is configured?
· Question 5: Whether the new signaling in DCI is supported when Rel-18 DMRS is configured?
· Question 6: In the content corresponding to “Bit field mapped to index” =6, whether or not the phrase “In each individual PRB allocated to the target UE, the following condition is satisfied” should be replaced by “In each individual PRB PRG allocated to the target UE, the following condition is satisfied”?
· Question 7: For “Bit field mapped to index” =1/2/3/4/5, does “empty PRB without co-scheduled UE” is allowed “in all the PRBs” of the target UE.




We do not see any issues with RAN1’s understanding of the RAN4 requested DCI signalling.
RAN1 has decided to introduce the RAN4 requested DCI signalling and have a list of questions for RAN4 to clarify the signalling.

We have the following comments for the questions from RAN1:
Question1: Whether this new signaling in DCI is introduced in DCI format 1_2 in addition to format 1_1?
DCI format 1_2 is supposed to be a compact DCI format, so in that respect it would not be common to introduce the new DCI signlling in DCI format 1_2. Still we do not see an issue also introducing the DCI in DCI format 1_2. We see it as a RAN1 decision if the new signalling in DCI is also introduced in DCI format 1_2.
Question2: Whether this new signaling in DCI is supported for one or more DL multi-TRP schemes?
For S-DCI mTRP: There is no support of MU-MIMO with mTRP. 38.214 spec. clarifies that indices of {9,10,11} and {12 or 31} are used for mTRP transmission. UE shall assume all remaining ports are not scheduled for other UE.
For M-DCI mTRP, there is no limitation in the specification, so here it can be supported.
RAN4 has not specifically considered mTRP, however there is no particular reason to exclude mTRP.
Question3: Whether this new signaling in DCI is supported when the RRC parameter maxNrofCodeWordsScheduledByDCI is configured as 2?
We see no issue to support the scenario where new signaling in DCI is supported when the RRC parameter maxNrofCodeWordsScheduledByDCI is configured as 2. This should in the end be a RAN1 decision.
Question4: Whether the new signaling in DCI is supported when the RRC codeBlockGroupTransmission is configured?
codeBlockGroupTransmisssion is a HARQ scheme, not a transmission scheme, hence we see no impact on the demodulator/baseband feature. It will be fine to let RAN1 can make a decision here.
Question5: Whether the new signaling in DCI is supported when Rel-18 DMRS is configured?
Since Rel-18 DMRS Demod is not completed yet and Rel-18 will have more layers and complex MU-MIMO combinations we prefer to focus on Rel-17 for now.
Question6: In the content corresponding to “Bit field mapped to index” =6, whether or not the phrase “In each individual PRB allocated to the target UE, the following condition is satisfied” should be replaced by “In each individual PRB PRG allocated to the target UE, the following condition is satisfied”?
This topic is discussed later in this contribution (see section 2.3 Issue 1-2-2-2). It is our view, that since we already have agreement of default assumptions securing PRG alignment between target and coUEs, we should keep the DCI with PRB granularity.
Question7: For “Bit field mapped to index” =1/2/3/4/5, does “empty PRB without co-scheduled UE” is allowed “in all the PRBs” of the target UE.
For index 1/2/3/4/5 we are fine with: “empty PRB without co-scheduled UE” is allowed “in all the PRBs” of the target UE.

We have contributed a draft LS response to RAN1 (see [4]).
We have provided our proposed RAN4 response in a separate LS contribution.

Additional assumptions to the R-ML receiver
In RAN4#108 it was discussed which additional assumptions would be needed for the R-ML receiver (see [1]). It was agreed to introduce test cases with DMRS configuration type with length 1 however the UE capability and applicability are still open for discussion.
	 Issue 1-1-2: Additional assumptions to the R-ML receiver 
· From R-ML receiver feature introduction perspective (e.g., applicable scenarios/assumption for signaling introduction):
· Option 1: define the applicability of the corresponding test cases for three types of UEs respectively based on UE declaration.
· Type 1: 2Rx UEs which can process up to 2 layers across target and co-scheduled UEs with R-ML receiver
· Type 2: 4Rx UEs which can process up to 2 layers across target and co-scheduled UEs with R-ML receiver
· Type 3: 4Rx UEs which can process up to 4 layers across target and co-scheduled UEs with R-ML receiver
· Option 2: define the applicability of the corresponding test cases for the three types of UEs respectively based on UE capability reporting.
· Other options are not precluded
· FFS any restriction needs or not including DMRS pattern, and maximum number of layers need to handle with R-ML receiver 
· From RAN4 requirements test set-up perspective, introducing test cases, with DMRS configuration type 1 with length 1




The 3 types of UEs described in the WF [1] will be sufficient to cover the following NW configurations:
· Type 1 and 2: target UE will have 1 layer and co-UE will have 1 layer.
· Type 3 will have the combinations target UE having 1-3 layers with co-UE having 3-1 layers respectively.
To enable the NW scheduler to effectively match the UEs it will be helpful if the UE signals capability based on the 3 defined types. Only having UE declaration for the testcases will not provide any assistance to the NW scheduler.
The current available options are in our understanding enough to cover the needed configurations. 
It would be helpful for the NW’s capability of optimizing scheduling if UE provides capability signalling instead of UE declaration for the testcases.
RAN4 to agree to the following 3 target UE types:
- Type 1: 2Rx UEs which can process up to 2 layers across target and co-scheduled UEs with R-ML receiver
- Type 2: 4Rx UEs which can process up to 2 layers across target and co-scheduled UEs with R-ML receiver
- Type 3: 4Rx UEs which can process up to 4 layers across target and co-scheduled UEs with R-ML receiver
Introduce UE capability signalling for UE to inform NW on how many layers it can process.

Required information of the co-scheduled UE for both R-ML and E-IRC
The DMRS port information for the co-scheduled UE
In RAN4#108 it was discussed if the RRC signalling would be introduced to inform the UE about the maximum number of ports for the co-scheduled UEs (see [1])
	 Issue 1-2-1-1: The DMRS port information for the co-scheduled UE
· Candidate options on additional RRC based assistant signalling:
· Option 1: No need to consider additional RRC signaling for DMRS port
· Option 2: Introduce the assistant RRC signalling such as upper bound on number of ports of co-scheduled UEs to be detected



Introduction of RRC signalling to indicate the upper bound on number of ports for co-scheduled UE will limit the NW scheduling. RRC signalling is not dynamic, hence NW will have to comply to the signalled value even if there is a change in what the NW can achieve. Due to this, we see it likely, that the NW will signal the maximum number of ports always.
NW will likely signal maximum number of ports always to ensure full flexibility.
Do not consider additional RRC signalling for DMRS port (option 1).

The PRB bundling size and frequency domain resource allocation for the co-UE within each PRG of the target UE
In RAN4#108 it was discussed how to request the signalling to indicate whether the default assumptions are valid or not ([1])
	 Issue 1-2-1-2: The PRB bundling size and frequency domain resource allocation for the co-UE within each PRG of the target UE
· Updated RAN4 default assumption:
· For the target and any co-scheduled UEs in different CDM groups and with the same DMRS sequence, the target UE assumes the precoding and resource allocation of the co-scheduled UE are the same in the PRG-level grid configured to the target UE when PRG=2 or 4.
· On RRC signaling details:
· Option 1: Define RRC bit to indicate assumption information when the related RRC bit is set to true or false 
· Option 2: Introduce dedicated RRC signalling to indicate whether the default assumptions valid or not, up to RAN2 decision on the details
· Option 3: Define RRC signalling to indicate the above assumption information is valid or not
· Not introduce separate UE capabilities to proposed 1-bit RRC signalling

Issue 1-2-1-3: The DMRS power boosting for the co-scheduled UE
· On RRC signaling details:
· Option 1: Define RRC bit to indicate assumption information when the related RRC bit is set to true or false 
· Option 2: Introduce dedicated RRC signalling to indicate whether the default assumptions valid or not, up to RAN2 decision on the details
· Option 3: Define RRC signalling to indicate the above assumption information is valid or not
· Not introduce separate UE capabilities to proposed 1-bit RRC signalling

Issue 1-2-1-4: Time domain resource allocation information of the co-scheduled UE
· On RRC signaling details:
· Option 1: Define RRC bit to indicate assumption information when the related RRC bit is set to true or false 
· Option 2: Introduce dedicated RRC signalling to indicate whether the default assumptions valid or not, up to RAN2 decision on the details
· Option 3: Define RRC signalling to indicate the above assumption information is valid or not
· Not introduce separate UE capabilities to proposed 1-bit RRC signalling





The issue remaining to be resolved is how to inform RAN2 about the signalling if default assumptions does not hold. It is our understanding that it is up to RAN2 how to princely implement the signalling, hence RAN4 shall not directly indicate a number of bits as well as the exact content (like true/false). Instead RAN4 can describe the functionality of the signalling needed.
For the signalling to indicate if default assumptions are valid or not (i.e. if NW does not secure the default assumptions) it is enough to inform RAN2 about what signalling is needed so RAN2 can decide how to implement the signalling.
The default assumption will need to be clearly described to RAN2 and RAN2 can then introduce signalling to indicate if the specific assumption does not hold.
Default assumptions must be clearly informed to RAN2 to be included as part of the new RRC signalling description.
Inform RAN2 about the details for the default assumptions so RAN2 can include the details in the signalling description.
Introduce dedicated RRC signalling to indicate whether the default assumptions valid or not, up to RAN2 decision on the details (Option 2)

Frequency domain resource allocation type for the co-UE and the target UE
In RAN4#108 it was discussed if the UE can assume the same frequency domain resource allocation type for target and co-UE (see [1]):
	 Issue 1-2-1-5: Frequency domain resource allocation type for the co-UE and the target UE
· Candidate options
· Option 1: UE assume the same frequency domain resource allocation type for target and co-UE, and introduce 1-bit RRC signalling to indicate if default assumption not valid
· Option 2: Not to have this assumption



UEs should be able to blind detect FDRA and DMRS ports of co-UEs with PRG granularity because that is the only way to detect interference FDRA when multiple co-UEs are involved. And UEs capable of PRG level FDRA detection do not need to assume certain FDRA type for co-UEs.
UEs should detect co-UE FDRA with PRG granularity and PRG level detection does not require assumption of certain FDRA type.
RAN4 to not consider assumption of FDRA type being the same between target and co-UE (option 2).

[bookmark: _Ref144937709]Required information of the co-scheduled UE for R-ML only
The modulation order information of the co-scheduled UE (DCI based assistant signaling)
In RAN4#108 it was discussed if the alignment of target UE and co-UE for DCI indexes 1-5 should be aligned on PRG level instead of PRB level (see [1])
	 Issue 1-2-2-2: The modulation order information of the co-scheduled UE (DCI based assistant signaling)
· Candidate options on wording updates to the previous approved LS to RAN1:
· Option 1:
· For indexes 1-5, In all the PRGs allocated to the target UE have co-scheduled UE(s), which has the same DMRS sequence as the target UE, scheduled with QPSK/16QAM/… transmission.
· For indexes 1-6, revise ‘PRB’ to ‘PRG’




In RAN4#108 it is agreed that the default assumption is to have the target UE and co-UEs aligned on PRG level. If NW indicates default assumption does not hold, UE must assume alignment on PRB level might occur. In case the DCI signalling for index 1-6 is changed so it indicates alignment on PRG level, the NW will not be able to utilize index 1-5 in case default assumption on PRG level does not hold. Based on this, we would like to keep the current definition and not revise from PRB to PRG.
There is already an agreement to have default assumption that target UE and co-UE are aligned on PRG level.
In case default assumption to align target UE and co-UE on PRG level does not hold and the DCI signalling is changed for indexes 1-6 from PRB to PRG, the only DCI signalling the NW can use will be index 0 and 7.
Keep the existing agreement for the DCI signalling to align on PRB level. This will ensure also indexes 1-5 can be used in case the default assumption of target UE and co-UEs being aligned on PRG level is invalidated by RRC signalling.

The modulation order information of the co-scheduled UE (RRC based assistant signaling)
In RAN4#108 it was discussed how to signal the maximum modulation order of the coUE (see [1]):
	 Issue 1-2-2-3: The modulation order information of the co-scheduled UE (RRC based assistant signaling)
· Candidate options on RRC based assistant signaling details:
· Option 1: 2-bit RRC signaling to indicate MCS table or maximum modulation order of co-UEs
· Option 2: 1-bit RRC signalling to indicate whether the 1024-QAM MCS table is used or not for the co-scheduled UE
· Option 3: 1 bit indicates that in the whole cell, max MCS table for all the UEs is below 1024QAM




One of the options is to indicate for the whole cell, all the UEs will be below 1024QAM. Such an indication will effectively limit the cell’s capacity to differentiate and possible inform different UEs about the highest MCS table used.
Indicating that for the whole cell the max MCS table for all UEs are below 1024QAM will limit the flexibility of the scheduler and possible future network capabilities.
It is our understanding that UEs will be able to detect co-UE MO up to 64QAM but detecting 256QAM and higher will be more challenging for the UE.
It is our understanding that MO detection will be possible at least up to and including 256QAM, hence it is our preference to provide 1 bit RRC signalling to indicate whether the 1024QAM MCS table is used or not for the co-UE (option 2).
Introduce 1 bit RRC signalling to indicate whether the 1024QAM MCS table is used or not for the co-UE (option 2).

Additional evaluation on modulation order blind detection
In RAN4#108 following was discussed regarding aided blind detection of modulation order
	 Issue 1-2-2-4: Additional evaluation on modulation order blind detection
· Interested companies can further evaluate the performance impact with ZP-CSI-RS aided blind detection under phase II performance requirements introduction phase




In our view it is essential to discuss some of the default assumptions and UE capabilities regarding the MO blind detection. To be able to detect MO of the multiple co-UEs with type 0 FDRA (Figure 1 a.) requires blind detection of MO with PRG granularity. We believe that all UEs might not be capable of this.
[image: ]
[bookmark: _Ref146532110]Figure 1 a) Non-contiguous Type 0 FDRA of 2 co-UES b) Contiguous type 1 FDRA allocation of 2 co-UEs
In case of type 0 FDRA allocation of multiple co-UEs, the blind MO detection requires PRG granularity.
If the target UE is not capable of MO detection with PRG granularity it will have to detect the presence of 2 co-UEs and their individual FDRA, before it can detect the MO of each co-UE. 
UEs not capable of blind MO detection with PRG granularity, must detect the number of co-UEs and their individual FDRA.
As can be seen from Figure 1, Type 0 FDRA allocation of co-UEs will complicate the detection of number of co-UEs and PRB mapping of each co-UE.
Type 0 FDRA allocation complicates blind detection of number of co-UEs and PRB mapping of each co-UE.
One way to ease MO detection in such cases is to allocate only contiguous type 1 FDRA for each co-UE (Figure 1 b.) and make a default assumption that only type1 FDRA allocations are used for co-UEs.
[bookmark: _Ref146641804]RAN4 to consider default assumption of only type 1 FDRA allocation of co-UEs, in case of target UEs which are capable of blind MO detection are signaled DCI value 6.
Another assumption that can be made to ease MO detection is that there is only one co-UE per layer. For scheduling multiple co-UEs which are spatial multiplexed or with the assumption in Proposal 9: it will be beneficial to extend the UE blind detection capability as follows:
a) UEs capable of blind MO detection with granularity of PRG =2/4
b) UEs capable of blind MO detection within each type 1 FDRA allocation.
c) UEs capable of single blind MO detection per layer.
d) UEs capable of only one blind MO detection across all layers and FDRA allocation.
Further evaluate if UE blind MO detection capability can be extended to include: 
a) UE capable of blind MO detection with granularity of PRG =2/4
b) UEs capable of blind MO detection within each type 1 FDRA allocation.
c) UEs capable of single blind MO detection per layer.
d) UEs capable of only one blind MO detection across all layers in a slot.
Lastly, to reduce the complexity of MO detection one can also provision ZP-CSI-RS in MU-MIMO slots for aiding MO detection. We provide a low complexity detection scheme which can detect MO of co-UEs by only evaluating the ZP REs within each detected interference layer.
Low complexity MO detection scheme
The 3GPP OFDM modulation schemes e.g., QPSK, 16-QAM, 64-QAM, 256-QAM etc., can be represented in a two-dimensional IQ-constellation diagram.
· Each M-QAM symbol is represented by a single constellation point. After channel equalization of each interference layer these IQ points are clustered together in the constellation diagram forming a signature or “fingerprint”, which has unique characteristics for each of the possible M-QAM modulation schemes, where M is the modulation order to be determined.
· To estimate the order of the modulation scheme, a custom detection constellation grid can be constructed for identification of the constellation fingerprint of the received symbols. 
· A custom grid can be constructed by including additional grid points that e.g. are located halfway between the grid points for a particular maximum possible modulation order, Mmax. 
· To be able to reliable classify the modulation order a histogram "fingerprint" can be generated based on the mapping of the equalized I/Q data points to the custom grid point with the shortest distance.
· After correlating the histogram with the reference M-QAM histograms, the Modulation Order can be classified as the MO with the highest correlation value.
A custom grid with 225 points is obtained when Mmax = 64 QAM is chosen as maximum MO (MCS Table 1). The complexity of this is dependent on the size of the custom grid and grows linearly with number of layers as compared to exponential growth of ML based approach.
The same grid can also be used for generating reference histograms for 256 QAM (MCS Table 2). Although there is a penalty in terms of detection performance as compared to using a custom grid with higher resolution for MCS Table 2.
By scheduling a single symbol ZP-CSI-RS with a density of 0.5, the results of MO detection for QPSK and 16 QAM are presented below. Figure 2a. shows the case of a single co-UE with Rank 1, while Figure 2b. shows the case of 2 co-UEs with Rank 1, QPSK  and Rank 1, 16QAM respectively.
[image: ][image: ]
[bookmark: _Ref146716369]Figure 2 Modulation order detection performance with 26 ZP-CSI-RS REs
Note detection is performed solely based on the 26 ZP-REs available in a slot, using a 225-point custom grid, assuming MCS Table 1 and generic SNR independent reference histograms. Performance can be further improved by –
a) Scheduling higher density ZP-CSI-RS
b) Using SNR specific reference histograms.
We have provided a low complexity MO detection scheme which gives reasonably good performance with few ZP-CSI-RS REs and whose complexity grows linearly with number of layers.
The same scheme can also function without ZP-CSI-RS although the performance is reduced by 3.5 dB on average as can be seen in Figure 3. The scheme is modified to:
· Consider all REs in slot which have significant interference power after equalization.
[image: ]
[bookmark: _Ref146720208]Figure 3 MO detection performance without ZP-CSI-RS
Again, performance can be improved if SNR specific reference histograms are used.
Lastly, we expect usage of ML based approach for MO detection can improve the performance of ZP-CSI-RS aided detection.
ZP-CSI-RS aided blind MO detection performance can be further improved by using ML based approach.

UE capability aspects
Capability signalling for advanced receiver for MU-MIMO
In RAN4#108 the UE capability aspects were discussed (see [1]):
	 Issue 1-3-1: Capability signalling for advanced receiver for MU-MIMO
· Supporting MU-MIMO advanced receiver is an optional feature with capability signaling
· On UE capability signalling details:
	Candidate contents of R-ML capability definition
	If defined, by capability signalling or by UE declaration
	Note

	R-ML with modulation order blind detection
	Option 1: By capability signalling
Option 2: By UE declaration
	

	Maximum number of layers of co-UE or total number of layers for joint detection
	Option 1: By capability signalling
Other options not precluded
	

	Maximum number of DMRS ports for blind detection
	Option 1: By capability signalling
Other options not precluded
	If needed, FFS whether can be derived by subtracting the scheduled MIMO layers for the target UE from maxNumberMIMO-LayersPDSCH

	Maximum modulation orders of interfering DMRS ports supported
	Option 1: By capability signalling
Other options not plecluded
	






UE Capability signalling is very helpful for the NW scheduler to determine the best MU MIMO configuration. Only having UE declaration will not provide information to the NW about UE capabilities but rather just ensure testcases are passed. The NW does not keep a record of which testcases a UE has passed.
UE capability signalling will provide information which the NW can utilize to optimize the MIMO configuration.
Introduce UE capability signalling to inform about UE supporting R-ML with modulation order blind detection.
Introduce UE capability signalling to inform about maximum mumber of DMRS ports supported by the UE for blind detection.
Introduce UE capability signalling to inform about maximum modulation orders of interfering DMRS ports supported by the UE.

Capability granularity and details for the R-ML capability signalling
In RAN4#108 the question of capability granularity for R-ML was brought up (see [1]):
	 Issue 1-3-2: Capability granularity and details for the R-ML capability signalling
· Candidate options:
· Option 1: Align with the Rel-17 MMSE-IRC for MU-MIMO, i.e., per UE, no FDD/TDD difference, FR1 only.
· Option 2: Introduce per CC per band per band combination (Per-FSPC) UE capability for Rel-18 MU-MIMO receiver




Each UE supporting R-ML should be able to support R-ML on all bands and band combinations supported by said UE. We do not see a reason to have granularity of “per CC per band per band combination” and selecting this high granularity will also have to be reasoned to RAN2 (see[3]). We strongly support to align with Rel-17 MMSE IRC for MU-MIMO to indicate the support to be per UE.
If a UE is capable of R-ML we assume that it will have the capability for all bands and band combinations supported by the UE.
Align with the Rel-17 MMSE-IRC for MU-MIMO, i.e., per UE, no FDD/TDD difference, FR1 only (Option 1)

LS to RAN2 on UE capability and network assistant signalling for advanced receivers
Based on the agreements for RRC signalling as well as the still pending agreements we have uploaded an LS proposal “R4-2315907 - LS on UE capability and network assistant signalling for advanced receivers”.
RAN4 to use the draft LS provided in R4-2315907 as baseline for the LS to RAN2 requesting RAN2 to introduce UE capability and NWA signalling.

[bookmark: _Toc116995848]Conclusion
[bookmark: _Toc116995849]This paper presents Nokia's views on various open issues with relation to receiver assumptions and NWA signalling for advanced receivers.
We have the following observations and proposals:
Reference receiver assumptions
1. We do not see any issues with RAN1’s understanding of the RAN4 requested DCI signalling.
We have provided our proposed RAN4 response in a separate LS contribution.
Additional assumptions to the R-ML receiver
The current available options are in our understanding enough to cover the needed configurations.
It would be helpful for the NW’s capability of optimizing scheduling if UE provides capability signalling instead of UE declaration for the testcases.
1. RAN4 to agree to the following 3 target UE types:
- Type 1: 2Rx UEs which can process up to 2 layers across target and co-scheduled UEs with R-ML receiver
- Type 2: 4Rx UEs which can process up to 2 layers across target and co-scheduled UEs with R-ML receiver
- Type 3: 4Rx UEs which can process up to 4 layers across target and co-scheduled UEs with R-ML receiver
Introduce UE capability signalling for UE to inform NW on how many layers it can process.

Required information of the co-scheduled UE for both R-ML and E-IRC
The DMRS port information for the co-scheduled UE
NW will likely signal maximum number of ports always to ensure full flexibility.
Do not consider additional RRC signalling for DMRS port (option 1).
The PRB bundling size and frequency domain resource allocation for the co-UE within each PRG of the target UE
Default assumptions must be clearly informed to RAN2 to be included as part of the new RRC signalling description.
Inform RAN2 about the details for the default assumptions so RAN2 can include the details in the signalling description.
Introduce dedicated RRC signalling to indicate whether the default assumptions valid or not, up to RAN2 decision on the details (Option 2)
Frequency domain resource allocation type for the co-UE and the target UE
UEs should detect co-UE FDRA with PRG granularity and PRG level detection does not require assumption of certain FDRA type.
RAN4 to not consider assumption of FDRA type being the same between target and co-UE (option 2).

Required information of the co-scheduled UE for R-ML only
The modulation order information of the co-scheduled UE (DCI based assistant signaling)
There is already an agreement to have default assumption that target UE and co-UE are aligned on PRG level.
In case default assumption to align target UE and co-UE on PRG level does not hold and the DCI signalling is changed for indexes 1-6 from PRB to PRG, the only DCI signalling the NW can use will be index 0 and 7.
Keep the existing agreement for the DCI signalling to align on PRB level. This will ensure also indexes 1-5 can be used in case the default assumption of target UE and co-UEs being aligned on PRG level is invalidated by RRC signalling.
The modulation order information of the co-scheduled UE (RRC based assistant signaling)
Indicating that for the whole cell the max MCS table for all UEs are below 1024QAM will limit the flexibility of the scheduler and possible future network capabilities.
It is our understanding that UEs will be able to detect co-UE MO up to 64QAM but detecting 256QAM and higher will be more challenging for the UE.
It is our understanding that MO detection will be possible at least up to and including 256QAM, hence it is our preference to provide 1 bit RRC signalling to indicate whether the 1024QAM MCS table is used or not for the co-UE (option 2).
Introduce 1 bit RRC signalling to indicate whether the 1024QAM MCS table is used or not for the co-UE (option 2).
Additional evaluation on modulation order blind detection
In case of type 0 FDRA allocation of multiple co-UEs, the blind MO detection requires PRG granularity.
UEs not capable of blind MO detection with PRG granularity, must detect the number of co-UEs and their individual FDRA.
Type 0 FDRA allocation complicates blind detection of number of co-UEs and PRB mapping of each co-UE.
RAN4 to consider default assumption of only type 1 FDRA allocation of co-UEs, in case of target UEs which are capable of blind MO detection are signaled DCI value 6.
Further evaluate if UE blind MO detection capability can be extended to include: 
e) UE capable of blind MO detection with granularity of PRG =2/4
f) UEs capable of blind MO detection within each type 1 FDRA allocation.
g) UEs capable of single blind MO detection per layer.
h) UEs capable of only one blind MO detection across all layers in a slot.
Low complexity MO detection scheme
We have provided a low complexity MO detection scheme which gives reasonably good performance with few ZP-CSI-RS REs and whose complexity grows linearly with number of layers.
ZP-CSI-RS aided blind MO detection performance can be further improved by using ML based approach.

UE capability aspects
Capability signalling for advanced receiver for MU-MIMO
UE capability signalling will provide information which the NW can utilize to optimize the MIMO configuration.
Introduce UE capability signalling to inform about UE supporting R-ML with modulation order blind detection.
Introduce UE capability signalling to inform about maximum mumber of DMRS ports supported by the UE for blind detection.
Introduce UE capability signalling to inform about maximum modulation orders of interfering DMRS ports supported by the UE.
Capability granularity and details for the R-ML capability signalling
If a UE is capable of R-ML we assume that it will have the capability for all bands and band combinations supported by the UE.
Align with the Rel-17 MMSE-IRC for MU-MIMO, i.e., per UE, no FDD/TDD difference, FR1 only (Option 1)

LS to RAN2 on UE capability and network assistant signalling for advanced receivers
RAN4 to use the draft LS provided in R4-2315907 as baseline for the LS to RAN2 requesting RAN2 to introduce UE capability and NWA signalling.
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