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1 Introduction
A new WID on RF enhancements for NR FR1/FR2 and EN-DC has been created for Release 19. The WID covers three main areas: High power UE (HPUE) for CA in terrestrial network (TN), power boosting and/or MPR reduction, and 6Rx for handheld and FWA UEs. The main objectives for 6Rx, as highlighted in the WID [1], are captured below:
Specify the core requirements to enable 6Rx for higher frequency bands (>2.5GHz) targeting at support of handheld UE for NR FR1 single carrier scenario
· Example bands: n41, n77/n78, n79, n104
· Support 4 MIMO layers at least, and study the gain and feasibility and if feasible, support 6 MIMO layers
· Specify the Rx requirements including reference sensitivity requirements for support 6Rx
· Note: the specified requirements can be applicable to both handheld UE and FWA devices
· Specify the requirements to support SRS antenna switching including t1r6, t2r6, t3r6, t4r6 depending on UE capability
· Study the issue of insertion loss imbalance across SRS ports, and if justified, specify the corresponding solution
Study the issue of insertion loss imbalance across SRS ports, and if justified, specify the corresponding













In this discussion paper, we share our initial views on the maximum number of MIMO layers for 6Rx handheld UEs. Enabling 6Rx for large form-factor handheld UEs has the potential of improving DL coverage and throughput. However, it is important to understand if supporting 6 layers vs. 4 layers can produce practical throughput gains. We discuss our views below.
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One of the main objectives of this WID is 1) to support 4 MIMO layers as a baseline, and 2) study the gain and feasibility of supporting 6 MIMO layers with 6Rx. Again, increasing the number of antennas to 6Rx for larger form-factor UEs may have the potential of improving DL coverage, but having more antennas in the same panel in a limited area will make it challenging with respect to MIMO. In general, achieving full rank requires good antenna isolation and low correlation, which would be difficult to maintain to scale good MIMO performance.
Observation #1: Achieving full rank requires good antenna isolation and low correlation, which is challenging to obtain when increasing the number of receive antennas to 6Rx.
It is rather clear that most of the gain of a 6Rx UE will come from diversity gain. However, a demodulation performance analysis is needed to say whether 6 MIMO layers would have practical, specifically at the high throughput regime.
Observation #2: The gains between 6Rx vs 4Rx in terms of diversity are clear, but demodulation performance analysis at high throughput conditions needs to be carried between 6Rx / 6L vs 6Rx / 4L.
At high throughput condition, RAN4 should align on the minimum condition for this study. In terms of channel model, a typical choice for requirement in the high throughput regime is TDLA30-10. In terms of modulation order, we believe that it is only meaningful to consider 256QAM.
Proposal #1: For high throughput conditions consider TDLA30-10 and 256QAM modulation as baseline.
On another point, as discussed in the previous WF, the most important assumption that companies need to agree is the assumed MIMO correlation. We believe that for a practical analysis, and without relying in too many implementation details, RAN4 could reuse the existing 3GPP MIMO correlation models. With this, we can observe the relative performance gain and get an order of magnitude of what we would observe with practical implementations. 

Observation #3: RAN4 could reuse the existing 3GPP MIMO correlation models to capture the effect of the limited form factor constraint.
Another important detail is that there’s no precoder defined for 6x6. Hence, the study should consider 4Tx6Rx and 8Tx6Rx for 4 layer transmission and 6 layer transmission respectively.
Observation #4: For the Rank 6 transmission scenario, there is actually no codebook defined for 6Tx.
Proposal #2: RAN4 should consider 4Tx-6Rx and 8Tx-6Rx as the antenna configurations for 4-layer and 6-layer transmissions respectively.
As per the WID, the specified requirements can be applicable to both handheld UE and FWA devices, which means that only define one set of requirements will be defined, and it should be applicable for both. This, because as per current specification, we cannot do distinction between types of UE devices. This also means that in principle, the 6 MIMO layers capability cannot be precluded from one type of device. In summary, to roughly model the impact of the issues mentioned above, we believe that at least ULA Medium should be considered, if not ULA High. 
Observation #5: As per WID, the specified requirements can be applicable to both handheld UE and FWA devices.
Proposal #3: RAN4 should define a single set of requirements, taking handheld UE as the baseline.
Proposal #4: RAN4 should discuss down select between ULA High and ULA Medium MIMO correlation to model the effect of more antennas in a limited form factor.
In terms of simulation results, RAN4 should start aligning during the current meeting such that a decision can be reached in RAN4#112.
Proposal #5: RAN4 to consider the following baseline PDSCH simulation assumptions.
Table 1: Baseline simulation assumptions for PDSCH performance
	Parameter
	Value

	Duplex mode
	FDD/TDD

	TDD pattern
	7D1S2U
S=6D:4G:4U

	SCS(kHz)/Bandwidth (MHz)
	TDD: 30/40

	MIMO layer and Antenna configuration
	Rank 4: 4x6
Rank 6: 8x6

	Propagation condition and antenna correlation
	ULA Medium ( = 0.3,  = 0.9)
ULA High ( = 0.9,  = 0.9)

	MCS
	256QAM Table: MCS20, MCS22, MCS24

	PDSCH configuration
	Mapping type
	Type A

	
	k0
	0

	
	Starting symbol (S) 
	2

	
	Length (L)
	12

	
	PRB bundling type
	Static

	
	PRB bundling size
	2

	PDSCH DMRS configuration
	DMRS Type
	Type 1

	
	Number of additional DMRS
	1

	
	Maximum number of OFDM symbols (maxLength) for DL
	Single-symbol / Double-symbol

	TRS configuration
	Symbol#{5, 9}

	PT-RS
	Not configured

	NZP-CSI-RS configuration
	row 6

	Overhead
	0

	N1 and N2 configurations for 8Tx cases
	Use (N1,N2) = (4,1), (O1, O2) = (4,1)

	Coodebook for PDCCH for PDSCH tests with 4Tx and 8Tx
	Keep same number of Tx for PDSCH and PDCCH during PDSCH test. Set “codebookMode” to 1

	Special slot (S slot) scheduling
	Not schedule PDSCH in special slot

	Number of HARQ Processes
	TDD: 8

	HARQ ACK/NACK bundling
	Not configured 

	Maximum HARQ transmissions
	4

	Redundancy version coding sequence
	{0,2,3,1}

	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

	Tx EVM (Explicitly modeled in the simulation)
	256QAM:3%

	Test metric
	SNR@70% max Throughput


 (Other common parameters, refer to TS 38.101-4: Table 5.2-1: Common test parameters for PDSCH)

With the above in mind, it is good to remember that from demodulation performance point of view it’s important to determine at what SNR throughput gains can be observed relative to 4 MIMO layers. In practice, should be well below of 30dB according to current standard criteria of practicality and testability. Moreover, the simulation results need to also confirm that full throughput can be achieved.
In any case, performance gains should be meaningful if compared to a potential increase in modem implementation complexity. Since bringing 6 MIMO layers brings a substantial increase in cost and complexity (RF front-end design, support for 2 codeword transmission, etc.), should be up to UE implementation whether to support or not.
Proposal #6: The support of 6 MIMO layers should remain optional.
3 Conclusions
Our observations and proposals are summarized below:
Observation #1: Achieving full rank requires good antenna isolation and low correlation, which is challenging to obtain when increasing the number of receive antennas to 6Rx.
Observation #2: The gains between 6Rx vs 4Rx in terms of diversity are clear, but demodulation performance analysis at high throughput conditions needs to be carried between 6Rx / 6L vs 6Rx / 4L.
Observation #3: RAN4 could reuse the existing 3GPP MIMO correlation models to capture the effect of the limited form factor constraint.
Observation #4: For the Rank 6 transmission scenario, there is actually no codebook defined for 6Tx.
Observation #5: As per WID, the specified requirements can be applicable to both handheld UE and FWA devices.
Proposal #2: RAN4 should consider 4Tx-6Rx and 8Tx-6Rx as the antenna configurations for 4-layer and 6-layer transmissions respectively.
Proposal #3: RAN4 should define a single set of requirements, taking handheld UE as the baseline.
Proposal #4: RAN4 should discuss down select between ULA High and ULA Medium MIMO correlation to model the effect of more antennas in a limited form factor.
Proposal #5: RAN4 to consider the following baseline PDSCH simulation assumptions.
Proposal #6: The support of 6 MIMO layers should remain optional.

4 References
[1] RP-240720 “New WID: UE RF enhancements for FR1/FR2 and EN-DC, Phase 4”, by RAN4 chair (Huawei), 3GPP TSG-RAN Meeting #103, Maastricht, Netherlands, March 18-21, 2024
