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1. Background and motivation
In Rel-15 NR, the MIMO schemes with up to 8 layers were introduced to boost the DL throughput. Based on UE capability, NW may configure MIMO transmission with up to 8 layers for a UE. According to the existing RRC signaling, the number of MIMO layer can be configured as 1, 2, 3, 4, 5, 6, 7, or 8 [1].

	PDSCH-Config ::=                        SEQUENCE {
    dataScramblingIdentityPDSCH             INTEGER (0..1023)                                                   OPTIONAL,   -- Need S
    dmrs-DownlinkForPDSCH-MappingTypeA      SetupRelease { DMRS-DownlinkConfig }                                OPTIONAL,   -- Need M
    dmrs-DownlinkForPDSCH-MappingTypeB      SetupRelease { DMRS-DownlinkConfig }                                OPTIONAL,   -- Need M

    ...,
    [[
    maxMIMO-Layers-r16                      SetupRelease { MaxMIMO-LayersDL-r16 }                               OPTIONAL,   -- Need M
    minimumSchedulingOffsetK0-r16           SetupRelease { MinSchedulingOffsetK0-Values-r16 }                   OPTIONAL,   -- Need M

    …
}


MaxMIMO-LayersDL-r16 ::=                INTEGER (1..8)




Meanwhile, the existing UE capability signaling allows a UE to report the support of up to 2-layer DL MIMO, up to 4-layer DL MIMO or up to 8-layer DL MIMO [1]. 

	FeatureSetDownlinkPerCC ::=         SEQUENCE {
    supportedSubcarrierSpacingDL        SubcarrierSpacing,
    supportedBandwidthDL                SupportedBandwidth,
    channelBW-90mhz                     ENUMERATED {supported}          OPTIONAL,
    maxNumberMIMO-LayersPDSCH           MIMO-LayersDL                   OPTIONAL,
    supportedModulationOrderDL          ModulationOrder                 OPTIONAL
}


MIMO-LayersDL ::=   ENUMERATED {twoLayers, fourLayers, eightLayers}




For the practical deployment, it is common for smartphones to use 4 Rx or 2Rx antennas for typical bands. Thus, the current commercial smart phones can only support DL MIMO with up to 4 layers. 

Observation 1: The current commercial smart phones can only support DL MIMO with up to 4 layers. 

As hardware and design improve, some advanced smartphones are starting to trend towards using more Rx antennas to improve the DL performance. For example, some foldable phones have already implemented 6 Rx antennas. That brings in the following benefits to 5G system:
· B1: A more advanced receiver exploiting more Rx antennas to mitigate interference for DL MIMO transmission with up to 4 layers that can 
· B2: providing higher peak data rate through supporting higher number of DL MIMO layers (e.g., 5 or 6 layers). Fig.1 illustrates the LLS performance for DL MIMO schemes. “rank4” and “rank6” in the figure refer to the dynamic rank adaptation with up to 4 layers and up to 6 layers, respectively. 

Observation 2: Compared to 4-layer DL MIMO, 6-layer DL MIMO can offer higher data rate and better user experience. 
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Figure 1. Performance comparison of up to 4-layer and up to 6-layer DL MIMO

The benefit B1 can be achieved by advanced implementation of chipset with no spec impact. But, unfortunately, the benefit B2 cannot be obtained under the current specification. According to the existing UE capability signaling, a UE not supporting 8-layer DL MIMO can only report either “twoLayers” or “fourLayers”. With reporting either one, the system is not able to configure 6-layer DL MIMO transmission to the UE, even though the UE is capable of 6-layer DL MIMO. 
During the discussion in the last meeting, there was a proposal that a UE reports the support of 8-layer DL MIMO but will only report the rank with up to 6. However, this implementation-based solution has some problems. The first one is that “cheating” network is not aligned with the basic principle of UE capability in 3GPP. The second one is UE cannot meet some other requirements specified by 3GPP or regulator (e.g., the requirements of 8-layer DL MIMO peak data rate, other test use cases in RAN4/RAN5). 
Observation 3: The current NR spec cannot allow UE to support DL MIMO with up to 6 layers if it cannot support 8-layer DL MIMO. 
 
Based on the above discussion, the main restriction of existing UE capability is the relatively coarse granularity, i.e., only 2-layer, 4-layer and 8-layer are supported.  A finer granularity for the DL MIMO layers will encourage more advanced commercial smart phones to provide higher data rate as UE don’t need to jump from 4 layers to 8 layers directly. 

Observation 4: Allowing smart phones to support 6-layer DL MIMO will encourage UE vendors to provide advanced commercial smart phones with higher data rates. 

2. Solution
Therefore, in order to achieve higher DL throughput by fully exploiting the capability of UE with 6-layer DL MIMO, it is proposed to introduce a new UE capability so that an advanced smart phone with 6 or more Rx antennas can report its support of up to 6-layer DL MIMO transmission.

Proposal 1: Introduce a new candidate value, sixLayers, for the UE capability of supported maximal number of DL MIMO layers to support up to 6-layer DL MIMO transmission
· Prerequisite feature group is FG 2-1
· “Need for gNB to know whether the feature is supported by the UE” is “Yes”
· Reporting type is per FSPC
· “Mandatory/Optional” is Optional with capability signalling
· Note1: R15 NR has already supported the candidate values of twoLayers, fourLayers and eightLayers via the RRC parameter MIMO-LayersDL ::=   ENUMERATED {twoLayers, fourLayers, eightLayers}. It’s up to RAN2 for the signaling design of the corresponding UE capability.
· Send an LS to RAN2 for necessary signalling design

The key point of Proposal 1 is to introduce a new candidate value of UE capability so that UE vendors can provide some new types of advanced smart phones, which is more powerful than the current commercial smart phones. All the configuration mechanisms and transmission schemes are reusing existing ones. That is to say, no new mechanism/scheme/feature is introduced.
 
Observation 5: Proposal 1 doesn’t introduce any new NR feature(s). That is to say, the smart phone will reuse NR existing mechanisms/schemes. 

During the last meeting, some companies suggested RAN4 work for this TEI. As we discussed above, the smart phone will reuse NR existing mechanisms/schemes. In our views, whether/how any RAN4 work is needed or not for legacy NR mechanism/schemes is a separate discussion.

Observation 6: Whether/how any RAN4 work is needed or not for legacy NR mechanism/scheme/feature is a separate discussion. 

3. Conclusion
In this contribution, we discuss how to allow a UE with 6 or more Rx antennas to support up to 6-layer DL MIMO. Based on the discussion, we have the following proposal and observations: 
Proposal 1: Introduce a new candidate value, sixLayers, for the UE capability of supported maximal number of DL MIMO layers to support up to 6-layer DL MIMO transmission
· Prerequisite feature group is FG 2-1
· “Need for gNB to know whether the feature is supported by the UE” is “Yes”
· Reporting type is per FSPC
· “Mandatory/Optional” is Optional with capability signalling
· Note1: R15 NR has already supported the candidate values of twoLayers, fourLayers and eightLayers via the RRC parameter MIMO-LayersDL ::=   ENUMERATED {twoLayers, fourLayers, eightLayers}. It’s up to RAN2 for the signaling design of the corresponding UE capability.
· Send an LS to RAN2 for necessary signalling design

Observation 1: The current commercial smart phones can only support DL MIMO with up to 4 layers. 
 Observation 2: Compared to 4-layer DL MIMO, 6-layer DL MIMO can offer higher data rate and better user experience. 
Observation 3: The current NR spec cannot allow UE to support DL MIMO with up to 6 layers if it cannot support 8-layer DL MIMO. 
Observation 4: Allowing smart phones to support 6-layer DL MIMO will encourage UE vendors to provide advanced commercial smart phones with higher data rates. 
Observation 5: Proposal 1 doesn’t introduce any new NR feature(s). That is to say, the smart phone will reuse NR existing mechanisms/schemes. 
Observation 6: Whether/how any RAN4 work is needed or not for legacy NR mechanism/scheme/feature is a separate discussion. 
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5. Appendix: Evaluation Assumption for LLS

	Parameter
	Value

	Carrier frequency and subcarrier spacing 
	4 GHz , 15 kHz SCS

	System bandwidth
	10MHz

	Channel model
	CDL-B

	Delay spread 
	100ns

	UE velocity
	3km/h, 

	Antennas at UE
	6 RX: (3,1,2), (dH,dV) = (0.5, 0.5)λ 

	Antennas at gNB
	8 ports: (4,1,2,1,1,1), (dH,dV) = (0.5, 0.8)λ
32 ports: (8,2,2,1,1,1), (dH,dV) = (0.5, 0.8)λ

	MIMO receiver
	MMSE

	Precoding
	Type 1 Codebook 
Precoder based on channel reciprocity 
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