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[bookmark: _Ref152056437][bookmark: _Ref129681832]Introduction
[bookmark: _Hlk144210964]In last RAN plenary meeting (RAN#101), the scope of MIMO enhancements is down-selected as follows: [1] [2]. 
	Topic 1: Beam management enhancements to reduce overhead/latency through UE-initiated/event-driven beam management
· Objective 1. Signalling/mechanism to facilitate UE-initiated beam management procedure including UE-initiated beam reporting/switch
Topic 2: Enhancements to CSI framework to support > 32 (64/128) CSI-RS ports
· Objective 1: Type I codebook enhancements to support > 32 CSI-RS ports
· Objective 2: Type II codebook enhancements to support > 32 CSI-RS ports
· Objective 3: Hybrid beamforming enhancements (CRI based reporting enhancements)
· Note 1: Extension of legacy codebooks and legacy CSI-RS resources
· Note 2: Objective 3 may require further study or clarification.
Topic 3: CJT/DL multi-TRP enhancements
· Objective 1: UE-assisted calibration reporting of delay and frequency/phase offsets for CJT with non-ideal synchronization and backhaul
· Note: Assume legacy CSI-RS design and standalone aperiodic reporting on PUSCH.
Topic 4: UL enhancements
· Objective 1: STxMP enhancements (e.g. Simultaneous TX of PUCCH and PUSCH, Asymmetric panel implementations, mDCI PUCCH + PUCCH, STxMP with up to rank 8, Coherent SFN STxMP)
· Objective 2: Enhancements for UL 3Tx including 3Tx for UL codebook and non-codebook based transmission
Topic 5: Enhancement for asymmetric downlink S-TRP/UL M-TRP scenario assuming intra-band intra-cell non-co-located M-TRP scenarios without changing existing cell definition or defining a new cell
· Objective 1: Extension of Rel-18 2TA mDCI to sDCI assuming legacy PRACH resources
· Objective 2: Separate UL power control for SRS only to downlink S-TRP from SRS to UL M-TRP and introduce path loss measurement to uplink M-TRP
Topic 6: 6Rx/8Rx UE enhancements with lower complexity utilizing two segments of 3/4 Rx antenna units up to 8-layer DL Tx based on legacy codebook and legacy codeword to layer mapping
· Objective 1: SRS antenna port grouping, CSI and codeword association to the segments of receive antenna.


In this contribution, we discuss MIMO evolution in Release 19, and provide our views on the potential enhancements based on the summary in last meeting.
Important scenarios for R19 MIMO evolution 
[bookmark: _Ref151630551]FR1 bands with Large number antenna ports 
As we have discussed in [3], a large number of antennas is expected to be used to provide better coverage and higher spectrum efficiency in FR1 bands. The typical use cases include both FDD and TDD massive MIMO, and for both full digital and hybrid beamforming. 
As shown in Figure 1, the performance of 64 ports is much better than 32 ports, where 26% gain could be observed in the preliminary evaluation. In the simulation, Type-II codebook with simple ports extension is assumed, and other detailed evaluation assumptions can be found in Appendix C. 
[image: ]
[bookmark: _Ref144463393]Figure 1 The performance comparison with 32 Port CSI-RS and 64 Port CSI-RS
To support 64 ports or more in Massive MIMO systems, the design of the CSI feedback needs to be enhanced. It’s worth noting that Rel-18 CJT codebook is designed for multi-TRPs, where the co-phasing and amplitude in the codebooks are specifically designed for inter-TRPs, which cannot be used for single TRP 64 ports.
[bookmark: _Ref151632130]Observation 1: To improve the system performance for massive MIMO, 64 or more antenna ports are required.
For high frequency bands in FR1, such as 4.9G and U6G (i.e., n104), compared to C-band, such bands suffer more severe pathloss and penetration loss. The path loss and penetration loss for U6G is more than 7dB compared to C-band [3], which is even worse in some real channel measurement cases. To meet the requirement of coverage for the high bands in FR1, it is expected a larger antenna array to be used, e.g., 1K antenna elements. In a practical deployment, the cost is also a key issue need to be considered. 
Using digital and analog beamforming, i.e., hybrid beamforming, is a good way of tradeoff between system performance and the cost in a practical deployment. 
[bookmark: _Ref151632133]Observation 2: Hybrid beamforming is a good tradeoff between system performance and the cost in a practical deployment for high bands in FR1.
6/8Rx for UE with low complexity
UE experience improvement is limited if UE side is only with 2/4Rx. To enable successful commercial deployment for 5G-Advaced systems, UE side enhancement with more antennas for better experience should be included in Rel-19. 
Compared to 4Rx receiver, 6/8Rx receiver can effectively increase the number of layers for each UE from 4 to 6/8. And also increasing the capability for spatial combination or interference mitigation for the UE with more antennas. The preliminary SLS simulation results with RU=50% is shown in Figure 2. The simulation assumptions are listed in Appendix D. From Figure 2(a), it can be observed that there is a high probability that the rank exceeds 4 in the massive MIMO cases. The comparison of UPT performance between 8Rx receiver and 4Rx receiver is shown in Figure 2(b), where 8Rx receiver could achieve about 36% performance gain compared with 4Rx receiver. 
          [image: ]                             [image: ]
(a) Rank distribution for 8Rx receiver                    (b) UPT performance gain, 8Rx v.s. 4Rx
[bookmark: _Ref142049029]Figure 2 SLS performance results for 8Rx receiver
Although 6/8Rx is already supported in current specifications, but it is difficult for using in a real deployment, due to the complexity and cost. Compared with the 4Rx, the complexity of the 6/8R receiver increases exponentially with the increase of the number of Rx antennas and layers. To enable 6/8Rx for UEs deployed in the real 5G-Advanced network, the complexity and cost need to be reduced. How to effectively reduce the processing complexity of the receiver is an important issue in promoting the evolution of handheld terminals towards a larger number of receiver antennas.
[bookmark: _Ref151632136]Observation 3: UE enhancements with low complexity 6/8Rx is one of key aspects to enable high data rate in 5G-Advanced systems. 
mmWave with Large antenna array
In mmWave band, there is a large frequency bandwidth, which is beneficial for high data rate for eMBB and is worthy for deployment. But, currently, due to the issue of pathloss and penetration loss, the coverage is a challenge, which impact the use in the real deployment. To enable the successful commercial use of mmWave, the coverage needs to be addressed in Rel-19. 
Using large antenna array is a straight and efficient way to enhance the coverage, which provides large beamforming gain. As shown in Figure 3, more than 2K elements is required for 90% coverage for DL 1Gbps transmission.
[image: ]
[bookmark: _Ref152078996]Figure 3 Coverage enhancement with more antennas 
With large antenna array, it requires a large number of beams for narrow beam sweeping/measurement, which introduce large latency and also mobility issues. So, the latency of beam management needs to be reduced in Rel-19 to support the real deployment of mmWave.
[bookmark: _Ref152078626]Observation 4: Large antenna array is an efficient way to address the coverage issue for mmWave.
Discussion on the Potential enhancements for MIMO in Rel-19
In this section, we discuss the potential enhancements of Rel-19 MIMO based on conclusions from last RAN plenary. Based on the discussion of scenarios in Section 2, the enhancements on large antenna ports for FR1 bands with hybrid beamforming, low complexity of 6Rx and 8Rx, and large antenna array for mmWave are high priority from our understanding. Accordingly, Topic 2 and Topic 6 are more interesting and high priority among the 6 Topics in the summary. Although Topic 1 is related to mmWave enhancements, however, the detailed direction could be further discussed. In the following, we provide our view on the detailed enhancements for each Topic.

Topic 2 CSI Enhancement to support 128 ports
As discussed in Section 2.1, supporting 64 ports or more are beneficial for FR1 bands, and there are two antenna structures, i.e., full digital antennas and hybrid beamforming. 
Currently, there are Type-I codebook for basic cases and Type-II codebook for accurate CSI feedback. For 64 ports or more, Type-II codebook enhancement is more proper to provide accurate CSI for precoding. As shown in Figure 4, 64 ports with Type-I codebook enhancement is much less performance than 64 ports with Type-II codebook enhancement, even less performance than 32 ports with legacy Type-II codebook. The detailed simulation assumptions are given in Appendix C.
[image: C:\Users\z00583471\AppData\Roaming\eSpace_Desktop\UserData\z00583471\imagefiles\571351F3-21AE-40CD-907A-F4E23696913F.png]
[bookmark: _Ref144469274]Figure 4 The performance comparison of 32/64 ports of different codebooks
Since the supported number of ports is already up to 128 in Rel-18 CJT case, so the total number of ports in Rel-19 should be up to 128.
[bookmark: _Ref144469631]Proposal 1: For Topic 2, support both Type-I and Type-II codebook enhancement for 128 ports. 
As discussed in Section-2.1, hybrid beamforming is a good tradeoff between performance and cost for high FR1 bands, such as U6G. In the hybrid beamforming, not the same as FR2, the analog beams in U6G is wider and more feasible for MU pairing. If each UE only reports one best analog beam (i.e., a single CRI and the associated PMI/CQI/RI), it will loss the possibility for MU pairing. It is because different analog beams cannot transmit simultaneously, if UEs report different analog beams, the UEs are only TDM scheduled. To enable MU-MIMO transmission with hybrid beamforming, multiple beams reporting with multi CRIs (e.g., beam group-based reporting with PMI/CQI/RI for multiple beams) need to be used.
As an example, UE1 reported that analog beam-1 and beam-2 are available, meanwhile UE2 reported analog beam-2 and beam-3. Then, gNB can schedule UE1 and UE2 in the analog beam-2 for MU transmission. We provide the preliminary evaluation results in Figure 5 (detailed evaluation assumptions can be found in Appendix E), which shows that 30%~40% gain for using beam group-based reporting than single beam reporting. 
[image: ]
[bookmark: _Ref144469375]Figure 5 Cell average throughput with different transmission schemes 
To be more specific and clearer for the scope, the extension of CRI(s) based CSI reporting with PMI/CQI/RI calculated per CRI for hybrid beamforming should be supported, where the totally number of ports is 128 and each resource with up to 32 ports. 
[bookmark: _Ref152078698]Proposal 2: For Topic 2, support extension of CRI(s) based CSI reporting with PMI/CQI/RI calculated per CRI for hybrid beamforming, with totally up to 128 ports and each resource with up to 32 ports.

Topic 6: Enhancements of low Complexity 6/8R 
A low-complexity 6/8Rx receiver architecture is important for improving UE experience in 5G-Advanced network. As discussed in Section-2, the enhancement for 6/8R is beneficial to enable commercial deployment for 5G-Advanced systems, which is also our priority. 
A simple and straightforward way of low complexity of 6/8Rx is divided into two sub-receivers for independent MIMO detection as shown in Figure 6. Each sub-receiver (i.e., antenna port groups) corresponds to 3 or 4 receiving antennas.
[image: ]
[bookmark: _Ref152055999][bookmark: _Ref152055995]Figure 6 gNB aided low-complexity 8Rx receiver
Compared with the ideal 8Rx receiver, the mentioned low-complexity receiver reduces the complexity by 61% for high rank in our estimation. And, the performance of low-complexity 8Rx receiver is similar to the ideal 8Rx receiver, but significant gain (~60% gain) compared to 4Rx as shown in Figure 7. In the simulation, the two antenna groups are divided according to different polarizations with low interference, and the detailed simulation assumptions are list in Appendix F.
[image: ]
[bookmark: _Ref152060284]Figure 7 Performance of the proposed low-complexity 8Rx receiver
To enable low complexity 6/8R with two sub-receivers, the precoding also needs to be separated for each antenna port groups, i.e., each 3 or 4 receive antennas corresponding to a DL precoding. For TDD system, the DL precoding is based on SRS measurement. So, SRS ports/resources need to be grouped and map to each antenna port group to avoid the precoding from gNB is for cross antenna port groups to receive and processing. For example, 2T8R SRS resources, two 2-ports SRS resources are mapped to one antenna port group, and another two 2-ports SRS resources are mapped to another antenna port group.
Furthermore, to support separate decoding for each sub-receiver, each CW and CQI also need to be mapped to an antenna port group. For CSI reporting based system, e.g., in the cell-edge, two separate PMIs need to be reported for each antenna port group.
[bookmark: _Ref152078702]Proposal 3: For Topic 6, support 6Rx/8Rx UE enhancements with lower complexity up to 8-layer DL transmission, including CSI reporting and SRS grouping for antenna port groups.

Topic 1: Enhancements of beam management
To enable mmWave bands for commercial deployment, the enhancements (i.e., low overhead and low latency) for mmWave with large antenna array to address the issues mobility of beam management is important as discussed in Section 2. 
Since exhaustive searching by beam sweeping is not realistic due to huge resource consumptions and also introduce high latency, one potential solution to reduce the latency of beam management is to introduce CSI (PMI) feedback for sub-array antennas (analog beams) within a TXRU, which corresponding to wider beam width and less beam sweeping. Actually, the CSI (PMI) feedback for analog beams is similar as digital port combination with CSI, instead of large number beam sweeping. The detailed steps of the solution are shown in Appendix A.
As shown in Figure 8, with PMI reporting for analog beams, there are significant performance gain observed, where 16% and 25% gain can be observed for the PMI reporting for analog beamforming. The detailed evaluation assumptions can be found in Appendix B. 
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[bookmark: _Ref152060462]Figure 8 Mobility performance of mmWave large antenna array with analog PMI
In the last RAN plenary summary, UE initiated beam management (UIBM) is discussed to reduce latency of beam management. If UE detect that the serving beam of a cell is weak, UE may initiate beam management procedure to find a qualified beam. Compared to periodic beam sweeping, the overhead and latency of beam management may be reduced. 
However, the UE initialed beam management is conditioned with the serving beam is weak, so it is difficult to use the serving beam to send the reporting information from UE initiated beam management. The quality of beam management is difficult to be guaranteed. Actually, only in the case of FR1 assisted FR2, the reporting information of UE initialed beam management could be feedback from FR1 channels, no matter the quality of FR2 beams. In this case, UE initial beam management may be beneficial.
[bookmark: _Ref152078708]Proposal 4: For Topic 1, we prefer to support PMI reporting for analog beamforming (i.e., combining coefficient of wide analog beams). UE initialed beam management can also be considered.

Topic 3 Enhancements on coherent joint transmission (CJT)
In Rel-18, ideal synchronization and calibration are assumed for the coherent joint transmission. However, in some cases, the frequency/time synchronization and calibration between TRPs may be difficult to be handled by implementation only. Using the over the air calibration with UE measuring and reporting is an efficient way to align the time and frequency in these cases. So, in Rel-19, it is beneficial to introduce UE assisted synchronization and calibration for coherent joint transmission for both ideal and non-ideal backhaul.
Specifically, frequency offset among TRPs results in time-varying phase difference among TRPs. On the other hand, timing offset among TRPs results in phase difference among TRPs on different subcarrier. To address this issue, the UE assisted calibration reporting for phase compensation could be supported to eliminate impact by frequency and timing offset among TRPs without sharing the same clock.
[bookmark: _Ref152078756]Proposal 5: For Topic 3, UE-assisted calibration reporting of time and frequency/phase offsets for CJT with non-ideal synchronization and backhaul could be supported.

Topic 4: Enhancements on UL Transmissions
For UL transmission, up to 8Tx and multi-panel transmission are already supported in Rel-18. In Topic 4, there are two parts, i.e., one is 3Tx enabling, another is to further enhancement of simultaneously transmission with multiple panels. In our understanding, the mentioned further enhancements of simultaneously transmission with multiple panels is not so urgent, which will be long time to be really deployed. 
For 3Tx, in current deployment, 2Tx + 1Tx in different bands is already supported, it is also possible to implement 3Tx in a UE. Compared to most current mobile UE equipped with 2Tx, 3Tx will be beneficial for UL throughput. But, in Rel-19, the scope of 3Tx should be clear and focus, such as limited for non-coherent codebook design, to avoid the discussion in a mess.
[bookmark: _Ref151632196]Proposal 6: For Topic 4, we do not support further enhancement on STxMP. Limiting the scope to non-coherent 3Tx could be considered.
[bookmark: _GoBack]
Topic 5: Enhancements on asymmetric downlink S-TRP/UL M-TRP
In the Het-Net cases, UE may receive DL signaling from Macro base station, and transmit UL in Pico due to UL coverage issues. At these cases, the current power control may result in some issues due to different nodes for UL and DL in the Het-Net cases. In Rel-19, some enhancements on power control could help to improve the cases in Het-Net. 
But, we do not think it make sense to restrict a cell or TRP cannot with DL transmission, so the discussion of UL only cell/TRP should be avoided, and the enhancements need to be limited without any changing on existing cell definition.
[bookmark: _Ref151632208]Proposal 7: For Topic 5, power control enhancement for the Het-Net cases could be supported, but limited as no changing existing cell definition.
Conclusion
In this contribution we discussed the Rel-19 MIMO evolution, and we have the observations as follows: 
Observation 1: To improve the system performance for massive MIMO, 64 or more antenna ports are required.
Observation 2: Hybrid beamforming is a good tradeoff between system performance and the cost in a practical deployment for high bands in FR1.
Observation 3: UE enhancements with low complexity 6/8Rx is one of key aspects to enable high data rate in 5G-Advanced systems. 
Observation 4: Large antenna array is an efficient way to address the coverage issue for mmWave. 
Based on the discussion in the contribution, topic 2 and topic 6 are prioritized from our view, and the detailed proposals are given as follows:
Proposal 1: For Topic 2, support both Type-I and Type-II codebook enhancement for 128 ports. 
Proposal 2: For Topic 2, support extension of CRI(s) based CSI reporting with PMI/CQI/RI calculated per CRI for hybrid beamforming, with totally up to 128 ports and each resource with up to 32 ports.
Proposal 3: For Topic 6, support 6Rx/8Rx UE enhancements with lower complexity up to 8-layer DL transmission, including CSI reporting and SRS grouping for antenna port groups.
For the other topics, the potential enhancements are as follows:
Proposal 4: For Topic 1, we prefer to support PMI reporting for analog beamforming (i.e., combining coefficient of wide analog beams). UE initialed beam management can also be considered. 
Proposal 5: For Topic 3, UE-assisted calibration reporting of time and frequency/phase offsets for CJT with non-ideal synchronization and backhaul could be supported. 
Proposal 6: For Topic 4, we do not support further enhancement on STxMP. Limiting the scope to non-coherent 3Tx could be considered.
Proposal 7: For Topic 5, power control enhancement for the Het-Net cases could be supported, but limited as no changing existing cell definition.
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Appendix A: CSI reporting for Analog beams
The solution is illustrated of CSI reporting for analog beams.
1. The antenna elements for each TXRU are divided into several sub-arrays. For example, 256 antenna elements are divided as 4 sub-arrays, each array with 64 elements. The beam formed by each sub-array is wider than the legacy beam sweeping with 256 elements.
[image: ]
Figure 9 Beams of the divided sub-arrays are wider than that of the TXRUs
2. gNB adds a pre-defined phasing/precoding among the sub-arrays. The pre-defined phasing/precoding is known for both gNB and UE. For example, the pre-defined precoding is [1, 1, 1, 1], [1, 1, -1, -1], [1, -1, -1, 1], and [1, -1, 1, -1].
3. gNB transmits the precoded analog beams for antenna arrays with the pre-defined precoding in TDM manner. 
4. With the predefined precoding, the UE is easy to obtain the “wide” beam of each sub-array, i.e., , where   denotes -th subarray in a TXRU.
5. With the channels for the “wide” beams , UE can estimate the optimum precoding on the analog beams (Combining coefficients of wide beams) , and gNB can use the optimum precoding to obtain the combined beam for DL transmission and UL reception. 
[image: ]
Figure 10 Procedure of beam management based on analog PMI reporting
It is obviously only very limited number of predefined precodings are required for the analog beam measurement. So, with the PMI feedback for analog beams, the latency for beam management could be significantly reduced. As an example, using legacy analog beam sweeping for each TXRU, 16~256 beams are need to be swept in TDM manner, but with the PMI feedback solution for analog beams, only 4 pre-defined precoding/beams need to be TDM transmitted as shown in above. The latency for beam management and CSI-RS overhead are largely reduced, while the mobility will be enhanced for mmWave.

Appendix B: System simulation parameters for mmWave
Table 1 System simulation parameters for mmWave
	Parameter
	Value

	Carrier Frequency
	26GHz

	Subcarrier Spacing
	120kHz

	Channel Model
	According to the TR 38.901

	Scenario
	UMa with 300 m ISD

	Antenna setup and port layouts at gNB
	(M, N, P, Mg, Ng; Mp, Np) =
 (32,16,2,2,1,1,1). (dH, dV) = (0.5, 0.5)

	Antenna setup and port layouts at UE
	(M, N, P, Mg, Ng; Mp, Np) =
 (1,4,2,1,1,1,1), (dH, dV) = (0.5, 0.5)

	BS Tx power
	40 dBm

	BS antenna height
	25 m

	UE receiver noise figure
	10 dB

	MIMO scheme
	SU-MIMO with rank adaptation

	RU
	~60%

	UE distribution
	100% outdoor (0.5km/h, 30km/h, 60km/h)

	UE receiver
	MMSE-IRC

	Network Layout
	7*3 cell, 10 UEs pre cell

	Precoding granularity
	4RB



Appendix C: System simulation parameters for CSI enhancements
Table 2 Simulation assumptions of SLS for FDD ELAA-MM
	Parameter
	Value

	Duplex, Waveform 
	FDD, OFDM 

	Multiple access 
	OFDMA 

	Scenario
	Urban Macro

	Frequency Range
	FR1 only, 2.1GHz, with duplexing gap of 200MHz

	Inter-BS distance
	200m

	Channel model
	According to the TR 38.901 

	Antenna setup and port layouts at gNB
	32 ports: (M, N, P, Mg, Ng; Mp, Np) = (8,8,2,1,1,2,8), (dH,dV) = (0.5, 0.8)λ
64 ports: (M, N, P, Mg, Ng; Mp, Np) = (8,12,2,1,1,4,8), (dH,dV) = (0.5, 0.8)λ

	Antenna setup and port layouts at UE
	2RX: (M, N, P, Mg, Ng; Mp, Np) = (1,1,2,1,1,1,1), (dH,dV) = (0.5, 0.5)λ

	BS antenna height 
	25m 

	UE antenna height & gain
	Follow TR36.873

	UE receiver noise figure
	9dB

	Simulation bandwidth 
	10 MHz

	MIMO scheme
	MU-MIMO with rank adaptation

	CSI feedback 
	Feedback assumption: 
· CSI feedback periodicity (full CSI feedback) :  5ms 
· Scheduling delay (from CSI feedback to time to apply in scheduling) :  4 ms

	Traffic model
	FTP model 1 with packet size 0.5 Mbytes

	Traffic load (Resource utilization)
	70%

	UE distribution
	80% indoor (3km/h), 20% outdoor (3km/h)

	UE receiver
	MMSE-IRC

	Channel estimation
	Realistic



Appendix D: System simulation parameters for 8Rx receiver
Table 3 Simulation assumptions of SLS for 8Rx receiver
	Parameter
	Value

	Duplex, Waveform
	TDD, OFDM

	Carrier Frequency
	3.5G

	Channel Model
	According to the TR 38.901

	Scenario
	UMa with 200 m ISD

	Antenna setup and port layouts at gNB
	(M, N, P, Mg, Ng; Mp, Np) =
 (8,8,2,1,1,4,8). (dH, dV) = (0.5, 0.8) 

	Antenna setup and port layouts at UE
	4R: (M, N, P, Mg, Ng; Mp, Np) =
 (1,2,2,1,1,1,2), (dH, dV) = (0.5, 0.5) 
8R: (M, N, P, Mg, Ng; Mp, Np) =
 (2,2,2,1,1,2,2), (dH, dV) = (0.5, 0.5)

	BS Tx power
	46 dBm

	BS antenna height
	25 m

	UE receiver noise figure
	9dB

	Numerology
	14 OFDM symbol slot, 30kHz SCS

	Modulation 
	up to 256QAM

	MIMO scheme
	SU/MU-MIMO with rank adaptation
Maximum rank = 8 per UE 

	Traffic model
	FTP model 3 with packet size 0.5 Mbytes. 

	RU
	50%

	UE distribution
	80% indoor (3km/h), 20% outdoor (30km/h) 

	UE receiver
	MMSE-IRC

	Network Layout
	7*3 cell, 30 UEs pre cell

	Precoding granularity
	4RB

	Precoding method
	EZF

	SRS channel estimation
	Ideal channel estimation

	DMRS channel estimation 
	Ideal channel estimation


Appendix E: System simulation assumptions for Hybrid Beamforming
Table 4 System simulation parameters for massive MIMO with hybrid beamforming
	Parameter
	Value

	Duplex, Waveform
	TDD, OFDM

	Carrier Frequency
	7 GHz

	Channel Model
	According to the TR 38.901

	Scenario
	UMa with 300 m ISD

	Antenna setup and port layouts at gNB
	(M, N, P, Mg, Ng; Mp, Np) =
 (32, 16, 2, 1, 1, 4, 16). (dH, dV) = (0.5, 0.8) 
4 analog beams 

	Antenna setup and port layouts at UE
	(M, N, P, Mg, Ng; Mp, Np) =
 (1,2,2,1,1,1,2), (dH, dV) = (0.5, 0.5) 

	BS Tx power
	46 dBm

	BS antenna height
	25 m

	UE receiver noise figure
	9 dB

	MIMO scheme
	SU/MU-MIMO with rank adaptation
Maximum rank = 2 per UE 

	Traffic model
	FTP model 3 with packet size 0.5 Mbytes; Full buffer

	RU
	60% for FTP-3

	UE distribution
	80% indoor (3km/h), 20% outdoor (30km/h) 

	UE receiver
	MMSE-IRC

	Network Layout
	7*3 cell, 30 UEs pre cell

	Precoding granularity
	4RB

	Precoding method
	EZF

	Error modeling for DL DMRS channel estimation 
	Based on SINR loss evaluated from LLS



Appendix F: Link level simulation parameters for 8Rx receiver
Table 5 Simulation assumptions of LLS for 8Rx receiver
	Parameter
	Value

	Duplex, Waveform
	TDD, OFDM

	Carrier Frequency
	3.5 GHz

	Channel Model
	CDL-B channel model in TR 38.901

	Delay Spread
	100ns

	BS antenna configuration
	(M, N, P, Mg, Ng; Mp, Np) =
 (8, 8, 2, 1, 1; 4, 8), (dH, dV) = (0.5, 0.8) 

	UE antenna configuration
	(M, N, P, Mg, Ng; Mp, Np) =
 (2, 2, 2, 1, 1; 2, 2), (dH, dV) = (0.5, 0.5) 

	MCS
	Link Adaption

	Bandwidth
	10 MHz/24RB

	Numerology
	14 OFDM symbol per slot, 30kHz SCS

	MIMO Rank
	rank = 5~8 per UE

	UE speed
	3km/h 

	Precoding granularity
	4RB

	Precoding method
	EZF based bidirectional zero forcing

	SRS channel estimation
	Ideal channel estimation

	SRS periodicity
	5ms

	DMRS
	Type 2 DMRS, double-symbol

	DL DMRS channel estimation
	MMSE channel estimation



image3.png
140%

130%

120%

110%

100%

90%

80%

UPT gain, 8Rx v.s. 4Rx, 64Tx, RU=50%

100%

4Rx receiver 8Rx receiver





image4.png
DL coverage ratio @ 1 Gbps

0.8
0.6
0.4
02

34%

256

95%
88%

73%
56% I

512 1024 2048 4096
Array size at g2NB




image5.png
UPT comparison(Up to rank2, 10M, RU=70%)

165%
145%
17%
I
64Tx,32P0rt CSI-RS with 64T, 64port CSI-RS with 64T, 32Port CSI-RS with 64Ty, 64P0rt CSI-RS with

legacy Type-lcodebook  Type-lcodebook legacy Type-li codebook  Type-ll codebook
enhancement enhancement




image6.png
= UE reports only the best beam  mUE reports 4 best beams

14
13
1 I 1 I

Burst@60% RU(0.5Mbyte) Full buffer





image7.png
i
sepgrate beams steering
forieach sub-receiver

X 4Rx cwo

X receiver decoder

antenna port group 0

X 4Rx w1

4 receiver decoder

antenna port group 1
T

SRS ports/CQI/PMI forantenna port group 1





image8.png
Throughput

«10* Antenna grouping:{0,1,2,3},{4,5,6,7}
—&— Ideal 8Rx
| —#— BRx with low complexity
—— 4rx

-5 0 5 10 15 20 25

SNR (dB)

30




image9.png
30km/h 60km/h

Rel-18 Rel-19 Rel-18 Rel-19




image10.png
Baseline

Enhancement





image11.png
TO ™ T2 T3

Haup[0] Hau[1] Haup[0] Haup[1] Hap[0] —Haus[1] Haup[0] —Haup[1]

Houp(2] Houp (3] —Hu[2] —Houp[3] —Hup[2] Houp[3] Howp[2] —Hup(3]

Based on the pre-defined precoding, UE can calculate the
optimum precoding to obtain the best narrow beam

Vsub[0]Hsus [0] Veup[1Haup[1]

Veub[2]Haus [2] Veub[3]Haup [3]





image1.png
UPT comparison(Up to rank2, 10M, RU=70%)
140%

126%

120%

100%

100%
80%
60%
40%
20%

0%
32T,32Port CSI-RS 64T,64Port CSI-RS





image2.png
Rank distribution for 8Rx UEs

Rank = 5,6,7,8
73%





