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Introduction 
With advancements in hardware and design, modern smartphones increasingly integrate multiple Rx antennas to enhance DL performance. For instance, certain foldable mobile phones have adopted 6Rx antennas. Incorporating 6Rx facilitates a higher peak data rate by enabling support for a higher number of DL MIMO layers compared to 4Rx configurations. On the other hand, due to the higher diversity, it can also help increase the downlink coverage by improving the receiver sensitivity.
In 3GPP Release 18, RAN4 finalized the standardization efforts for enabling 8Rx for CPE/FWA/vehicle/industrial type of UEs. Although 6Rx was proposed and deliberated upon, it was given lower priority during the Rel-18 discussion. To enhance DL coverage and throughput for handheld UEs with larger sizes, RAN4 has approved a new WI to specify requirements for both handheld and FWA UEs [1].

6Rx for handheld and FWA UE
· 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.

The following sections will discuss the objectives specified in the WI with a focus on the 6Rx MIMO layers.


Support of MIMO layers
The last meeting reached a WF on the MIMO layers for 6Rx, it mainly clarified the objectives that are not in the scope of the WI [2]:


1 Sub-topic 3-1:	MIMO layers to be discussed in RF or Demod session?
Agreement: Number of MIMO layers will be discussed in the RF session with involvement of Demod experts.

2 Sub-topic 3-2:	MIMO layer support
Way forward: Further discuss number of MIMO layers support for FWA devices and handhelds considering the following aspects:
-	antenna correlation analysis based on form factor constraints
-	performance simulation in comparison with 4 MIMO layer considering possible implementation constraints


As we have pointed out in the introduction, modern smartphones increasingly integrate multiple Rx antennas to enhance DL performance. Numerous simulation results can be found that show that enabling the support for a higher number of DL MIMO layers can improve the DL peak throughput. 
The number of layers that can be supported depends on the radio channel and a few other factors that need to be studied and analyzed before agreeing to support MIMO 6 layers.

One factor is the receive antenna correlation. When antenna elements are closely spaced, the correlation between them increases.  In the previous 8Rx discussions, the objective is to define the requirement for FWA and CPE UEs. Given their larger form factor compared to that of the handheld UE, the demodulation performance study assumed a low antenna correlation [3]. In the 6Rx WI, the objective is to specify requirements for both FWA and handheld UE. Although the example bands specified in WI are mid-bands and the antenna size can be relatively compact, we understand the difficulty of integrating 6 antenna elements into the handheld deceive without any correlation. 

Observation 1 [bookmark: _Toc166266653]The evaluation of demodulation performance depends on the antenna correlation assumptions.

According to the WF, we have evaluated the PDSCH throughput performance with fixed MCS/rank condition as shown in Table 1, where we reuse the simulation assumption discussed in PDSCH demodulation requirements as much as possible. Figure 1 (a), Figure 2 (a), and Figure 3 (a) show the absolute PDSCH throughput with low, medium, and high antenna correlation conditions, respectively. We have also shown the relative throughputs in Figure 1 (b), Figure 2 (b), and Figure 3 (b), to evaluate the achieved peak throughput. We have also selected TDLA30-10 which is usually configured for PDSCH demodulation requirements with higher layers and/or MCS.

[bookmark: _Ref166162266]Table 1	Simulation parameters for evaluation of MIMO layers in 6Rx UE.
	Parameters
	Values

	Propagation channel
	TDLA30-10 (TDL-A, delay spread 30ns, Doppler frequency 10Hz)

	Antenna configuration
	8Tx, 6Rx

	Antenna correlation
	low, middle, high (See TS 38.101-4 Table B.2.3.2.2-1)

	MCS
	QPSK 1/3 (MCS4)
16QAM 1/2 (MCS13)
64QAM 1/2 (MCS19)

	MIMO layers
	4 and 6

	Precoding
	Follow PMI with Rel-15 Type-I codebook 

	PDSCH DMRS configuration
	Type 1, 1+1
Single symbol for 4 layers
Double symbol for 6 layers

	Receiver type
	MMSE-IRC
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	(a) Absolute throughput
	(b) Relative throughput


[bookmark: _Ref166162284]Figure 1	PDSCH fixed MCS/rank link-simulation results with low correlation.
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	(a) Absolute throughput
	(b) Relative throughput


[bookmark: _Ref166162286]Figure 2	PDSCH fixed MCS/rank link-simulation results with medium correlation.
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	(a) Absolute throughput
	(b) Relative throughput


[bookmark: _Ref166162287]Figure 3	PDSCH fixed MCS/rank link-simulation results with high correlation.

With the low antenna correlation condition, as shown in Figure 1, it is observed the 6 layers achieve higher throughput compared with 4 layers for QPSK/16QAM. In the case of 64QAM, MIMO 4 layers results show higher throughput due to its inability to achieve the peak throughout. 


Observation 2 [bookmark: _Toc166266654][bookmark: _Toc166264650][bookmark: _Toc166264720]With TDLA30-10 low antenna correlation condition, it is observed the performance gain with 6 layers over 4 layers for QPSK and 16QAM. 

With the medium and high antenna correlation conditions, the 4 layers results show higher throughput compared with 6 layers results, regardless of modulation order as shown in Figure 2 and Figure 3. It is observed that QPSK with 6 layers achieves higher throughput than 4 layers with the medium correlation with SNR > 16dB, however, the gNB might still schedule higher modulation order like 16QAM due to the favorable SNR condition. Therefore, we don’t see any performance gain with 6 layers with medium/high antenna correlation conditions compared with 4 layers. 

Observation 3 [bookmark: _Toc166266655]With TDLA30-10 medium and high antenna correlation conditions, it is not observed the performance gain with 6 layers compared with 4 layers.

From the link simulation results, we don’t observe the performance gain with 6 layers compared with 4 layers for medium/high antenna correlation conditions which could be applicable for handheld devices. On the other hand, we still see the performance gain of 6 layers for lower antenna correlation condition which could be applicable for FWA/CPE type device. 

Another factor is the likelihood of getting a rank 6 channel in a practical deployment scenario. Rank distributions depend on SINR distribution and propagation conditions. E.g. In a deployment scenario with a larger ISD and rural or suburban area, the likelihood of getting a higher rank is low. With a relatively small ISD and dense urban area, the probability of getting a higher rank is probably high.
Therefore, it should be studied how likely it is to have a rank 6 channel and whether the increased processing requirement and overhead to support 6 layers in the baseband is worth the performance gain and standardization effort. 


According to the current RRC signaling, the number of MIMO layers can be configured as 1, 2, 3, 4, 5, 6, 7, 8. However, the existing UE capability signaling only allows a UE to report to 2, 4, and 8-layer DL MIMO [4]. If agreed to be introduced, one potential solution would be to introduce/add a new candidate value, i.e. 6-layer.


This WI considers both the handheld and FWA/CPE devices, and considering their differences in the form factor, the correlation concerning the real antenna arrangement in the device varies. From the analysis provided above, we could observe that, with low antenna correlation conditions, MIMO 6 layers could yield performance gain compared to 4 layers. However, under conditions of medium and high antenna correlation conditions, such performance enhancements were not observed. Furthermore, support of 6 layers also depends on the likelihood of getting a rank 6 channel in the practical deployment scenarios with different ISD. Therefore, we made the following proposal.


Proposal 1 [bookmark: _Toc166266656]Support of MIMO 6 layers should be evaluated considering the impact of antenna correlation as well as the feasibility and probability of achieving a rank 6 channel in the practical deployment scenario.






Conclusion
In the previous sections, we made the following observations: 
Observation 1	The evaluation of demodulation performance depends on the antenna correlation assumptions.
Observation 2	With TDLA30-10 low antenna correlation condition, it is observed the performance gain with 6 layers over 4 layers for QPSK and 16QAM.
Observation 3	With TDLA30-10 medium and high antenna correlation conditions, it is not observed the performance gain with 6 layers compared with 4 layers.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Support of MIMO 6 layers should be evaluated considering the impact of antenna correlation as well as the feasibility and probability of achieving a rank 6 channel in the practical deployment scenario.
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