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1 Introduction
During the last RAN4 meeting, some conclusions has been reached for advanced receiver for MU-MIMO. In the following section, we will provide the detailed discussions for MU-MIMO demodulation requirements.
2 Discussion
2.1 Sub-topic 1-1 Reference receiver
	Reference receiver
Candidate options:
· Option 1: Down select to R-ML as the reference receiver
· Option 2: Make decision later
· Option 3: Keep open in case requirements are to be defined for up to 4 total layers and with high modulation orders



From our simulation results[2], in almost scenarios, the gain of E-MMSE-IRC is no more than 1dB. Considering E-MMSE-IRC receiver can only bring a little small gain, so we can consider make a down select.
Proposal 1. To consider make down select to R-ML as the reference receiver.
2.2 Sub-topic 1-2 Discussion on the required information
2.2.1 Sub-topic 1-2-2: Required information study
The modulation order information of the co-scheduled UE (Only required for R-ML)
	On the evaluation assumption of modulation order blind detection
· It’s encouraged interested companies to further evaluate following case:
· Also evaluate the following case with more than 1 co-scheduled UEs:
· Target UE: Full CHBW allocation (52PRBs) with MCS 13 rank 1, 2T2R, TDLC300-100, random precoding
· Co-UE1: Partial CHBW allocation (0~25 PRBs) with QPSK rank 1
· Co-UE2: Partial CHBW allocation (26~51 PRBs) with 16QAM rank 1
Additional RRC-based network assistant signaling:
· Introduce RRC signaling to discriminate MCS table with 256QAM or 1024 QAM enable or not for co-scheduled UEs (optional)
Candidate options on the additional assumptions to the R-ML receiver:
· [bookmark: _Hlk135331135]Proposal 1: The total number of layers for target and co-scheduled UE are no more than 4
· Proposal 2: Limit the study to DMRS configurations of dmrs-Type=1 with maxLength=1


Regarding modulation order blind detection, our simulation results as shown in Figure 2-1 and Figure 2-2.
	[image: ]
Figure 2-1. Modulation order detection error rate
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Figure 2-2. Rank 1+1 MCS13 2T2R TDLC300-100 Medium, co-schedule UE: QPSK and 16QAM


From our simulation results, we can observe that modulation order detection error rate decreases with SNR growth and 16QAM has a large error rate than QPSK modulation in low SNR. What’s more, we can observe that modulation order blind detection has almost no performance degradation in Rank 1+1 with two co-schedule UEs. We also provide blind detection simulation results of modulation order in Rank 1+1 with one co-schedule UE in [2]. Hence, we can derive final conclusions on the reliability of blind detection in Rank 1+1 scenario.
Regarding complexity, the R-ML receiver based modulation classification involves search all possible combinations of the modulation order which include QPSK, 16QAM, 64QAM and 256QAM for co-schedule UE(s). Also, the total computational complexity should be 16×(4+16+64+256) for each date RE. We believe this is a huge challenge for UE. 
In other words, if we introduce RRC sinalling to indicate target UE which MCS table is used by co-schedule UE which can limit the number of candidate constellation. Hence, we believe that can reduce the computational complexity.
And for additional assumptions to R-ML receiver, following regulation has been captured in 38.214:
	The UE is not expected to assume co-scheduled UE(s) with different DM-RS configuration with respect to the actual number of front-loaded DM-RS symbol(s), the actual number of additional DM-RS, the DM-RS symbol location, and DM-RS configuration type as described in Clause 7.4.1.1 of [4, TS 38.211]. 


Actually, the default assumption is dmrs-Type=1 with maxLength=1 which can be up to 4 layers. In Rel-18, we expect that total number of layers for target and co-scheduled UE are no more than 4. Hence, no need to consider other DMRS configurations.
Observation 1. Blind detection of modulation order has no performance degradation in Rank 1+1 scenario.
Observation 2. Computational complexity is a bottleneck factor for blind detection. 
Observation 3. Additional RRC Signalling can reduce computational complexity for blind detection.
Proposal 2. To consider DMRS configurations of dmrs-Type=1 with maxLength=1.

Other required information of the co-scheduled UE for both R-ML and E-IRC
	Information
	RAN4 Default assumption
(If N/A, how could be obtained by the UE)
	Signalling if RAN4 default assumption not valid
	Way forward on the signalling details if introduced

	The DMRS port information for the co-scheduled UE
	N/A (Obtained by UE blind detection)
	N/A
	FFS whether additional RRC based assistant signalling can be considered.


	PRB bundling size for the co-scheduled UE
Frequency domain resource allocation for the co-UE within each PRG of the target UE
	UE assume in each its PRG, the resource allocation and precoding of the potential DMRS sequence aligned co-scheduled UE(s) in other DM-RS ports of different CDM group are aligned with PRG=2 or 4.
	Introduce dedicated RRC signalling to indicate whether the default assumptions valid or not
	FFS separate UE capability corresponding the dedicated RRC signaling needed or not

	DMRS power boosting for the co-scheduled UE
	Same as target UE
	Introduce dedicated RRC signalling to indicate whether the default assumptions valid or not
	FFS separate UE capability corresponding the dedicated RRC signaling needed or not

	Time domain resource allocation information of the co-scheduled UE
	Same as target UE
	Introduce dedicated RRC signalling to indicate whether the default assumptions valid or not
	FFS separate UE capability corresponding the dedicated RRC signaling needed or not

	Frequency domain resource allocation for the co-UE across different PRGs of the target UE:
	N/A (Obtained by UE blind detection)
	N/A
	No signalling on frequency domain resource allocation information.

	CSI-RS location of co-scheduled UE (Only required for R-ML)
	UE assumes the target PDSCH is not overlapped with the CSI-RS of the co-scheduled UE
	Down-select to one of the below options in the next meeting:
Option 1: No RRC signalling is needed
Option 2: 1-bit RRC signaling
	



Regarding the required information for R-ML receiver, in our understanding, the objective of all this information is to ensure that R-ML receiver performance has no degradation. And if some this information is different with the RAN4 default assumption, UE may need to fallback IRC receiver. Next, we will analyze all information in detail. 
· DMRS port information for the co-scheduled UE
Regarding the DMRS port information for co-schedule, it has been agreed to obtain by UE blind detection. Another alternative is to consider additional RRC based assistant signalling. In our understanding, MU-MIMO is a dynamic scheduling scenario and the DMRS port information is not only depends on total number of layers to be scheduled but also depends on potential co-scheduled UE’s DMRS port allocation. RRC signalling seems can’t work. Up to now, the total number of ports discussed by RAN4 was no more than 4 ports. Since we think there is no need to consider additional RRC singlling for DMRS port.
Proposal 3. No need to consider additional RRC signaling for DMRS port.
· PRB bundling size for the co-scheduled UE and Frequency domain resource allocation for the co-UE within each PRG of the target UE
Regarding the PRB bundling size for co-schedule UE, RAN4 assumes in each PRG, the resource allocation and precoding of the potential DMRS sequence aligned co-scheduled UE(s) in other DM-RS ports of different CDM group are aligned with PRG=2 or 4. When default is not valid, the scenario can be shown in Figure 2-1 when the PRB bundling size of target UE is more than co-schedule UE. 
[image: ]
Figure 2-1. Target UE and co-schedule UE PRGs are not aligned
In this scenario, target UE doesn’t know the precoding granularity of co-schedule UE. Thus target UE is not expect to do channel estimation in each PRG for co-schedule UE which has different precoding matrix in different PRGs. However some UE may have a capability which can perform channel estimation in each PRB. Also target UE doesn’t need to know the PRB bundling size of co-schedule UE. 
Actually, for per PRB channel estimation, the performance of channel estimation will have a little degradation with the number of samples decrease. Compared to the wrong precoding matrix bring the performance degradation, we believe this degradation is negligible.
In general, per PRB detection is capability which UE has. If UE has a per PRB detection capability, then UE can do R-ML receiver when default assumption is not valid. Otherwise, UE may need to fallback IRC receiver. So if network knows UE capability, when scheduling MU-MIMO transmission, network schedules UE with directed based on UE capability. For UEs that do not support per PRB detection, network should schedule MU that satisfies default assumption as much as possible to ensure UE can perform R-ML receiver. Regarding UEs support per PRB detection, MU transmission can be scheduled regardless of whether default assumption is valid, and UE also can perform R-ML receiver.
To sum up, for PRB bundle size and frequency domain resource allocation, UE capability could be considered with the corresponding dedicated RRC signaling. 
Proposal 4. To consider UE capability with the corresponding dedicated RRC signalling for PRB bundle size and frequency domain resource allocation.
· DMRS power boosting for the co-scheduled UE
Regarding DMRS power boosting, when RAN4 default assumption is not valid which means target UE and co-schedule UE have different DMRS power boosting value. When UE perform channel estimation for co-schedule UE, UE doesn’t know which power value should be scaled for PDSCH. Thus wrong value will bring performance loss. 
Proposal 5. No need to consider UE capability with the corresponding dedicated RRC signalling for DMRS power boosting.
· Time domain resource allocation information of the co-scheduled UE
Regarding time domain resource allocation information, when default assumption is not valid, target UE can’t know the time domain resource allocation information of the co-scheduled UE.  
Proposal 6. No need to consider UE capability with the corresponding dedicated RRC signalling for DMRS power boosting.
· CSI-RS location of co-scheduled UE (Only required for R-ML)
From Network side, if CSI-RS location of co-schedule UE is overlapped with target PDSCH, BS has a capability to configure ZP CSI-RS for target UE in PDSCH data which is a optional capability from our understanding. However, if BS doesn’t configure ZP CSI-RS for target UE, the performance of R-ML receiver will has a degradation in overlapped REs. 
Generally, 1 bit RRC signalling could be considered to indicate target UE whether CSI-RS is overlapped with PDSCH 
Proposal 7. To consider RRC signalling to inform target UE RS location information of the co-schedule UE.


3 Conclusion
In this contribution, we give some discussions on demodulation performance requirements for MU-MIMO, The conclusions are:
Observation 1. Blind detection of modulation order has no performance degradation in Rank 1+1 scenario.
Observation 2. Computational complexity is a bottleneck factor for blind detection. 
Observation 3. Extra RRC Signalling can reduce computational complexity.
Proposal 1. To consider make down select to R-ML as the reference receiver.
Proposal 2. To consider DMRS configurations of dmrs-Type=1 with maxLength=1.
Proposal 3. No need to consider additional RRC signaling for DMRS port.
Proposal 4. To consider UE capability with the corresponding dedicated RRC signalling for PRB bundle size and frequency domain resource allocation.
Proposal 5. No need to consider UE capability with the corresponding dedicated RRC signalling for DMRS power boosting.
Proposal 6. No need to consider UE capability with the corresponding dedicated RRC signalling for DMRS power boosting.
[bookmark: _GoBack]Proposal 7. To consider RRC signalling to inform target UE RS location information of the co-schedule UE.
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