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Introduction
In RAN Meeting #84, MIMO enhancement was regarded as a work areas with email discussion to start in Sept. in the endorsed document RP-191551 [1], in which FDD was listed as an important case.
· [MIMO_enh]
· Enhancements motivated by current commercial deployments 
· Expand use cases
· E.g. Support for cases with high speed mobility, better support for FDD
Sub-3GHz spectrum is very scarce and if bands in this spectrum can be re-farmed to NR, the coverage of NR, spectrum efficiency of sub-3GHz, NR RTT latency, and network energy savings will be greatly improved. In order to facilitate sub-3GHz re-farming, enhancements for FDD are needed in Rel-17. In addition to enhancing NR MIMO in sub-3GHz FDD, some other cases also should be considered and enhanced in Rel-17 NR MIMO, e.g. TDD in FR1 and FR2.
In this contribution, the motivation and potential technical solutions (including FDD MIMO enhancement and spectrum aggregation and sharing) on sub-3GHz FDD enhancement are first discussed. Then some other issues of NR MIMO are discussed, including SRS enhancement, enhancement on UE uplink MIMO power control for un-equalized Tx power, non-linear precoding and FR2 enhancements.
Discussion
Sub-3GHz FDD enhancements
NR supports abundant sub-3GHz spectrum for FDD, which includes 14 NR operating bands and spreads over 700MHz, 800MHz, 900MHz, 1.8GHz, 2.1GHz and 2.6GHz [2], as shown in Table 1. Typically, almost all the operators in the world own multiple sub-3GHz bands for cellular deployment. Especially for 1.8GHz and 2.1GHz, hundreds of operators have deployed FDD network in these two bands. Re-farming these sub-3GHz bands to NR would improve the coverage of NR, the spectrum efficiency of sub-3GHz, the NR RTT latency, and the network energy efficiency. Details of the beneficial effects from re-farming sub-3GHz to NR will be described in the following paragraphs. 
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Table 1. NR operating bands in FR1

First of all, advanced solutions like type II codebook in NR can significantly improve spectral efficiency and network capacity compared to LTE system, e.g. Rel-15 NR FDD 4Tx can provide 30% performance gain over Rel-14 LTE FDD 4Tx. An additional 30% gain could be achieved by further enhancements. Rel-15 NR FDD 32Tx exceeds by more than 3 times the performance of Rel-14 LTE 4Tx. Further enhancements could increase this gain to 5 times. Therefore re-farming sub-3GHz to NR can improve the performance-price ratio of the spectrum below 3GHz, especially combined with massive MIMO.
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Figure 1. Performance between LTE FDD and NR FDD
Secondly, it is well-known that sub-3GHz spectrum has the advantage of small path loss and penetration loss, which can be illustrated by Figure 2. In the case of Figure 2, 1.8GHz has 5.7dB path loss gain and 6.0dB penetration loss gain compared with 3.5GHz. Moreover, considering the difference between 1.8GHz and 3.5GHz slot durations, number of antennas (affecting the BS antenna gain and multi-antenna gain), 1.8GHz (4Rx) PUSCH can provide 10.4dB coverage gain over 3.5GHz (64Rx) PUSCH at the same target UL edge throughput. Therefore, sub-3GHz spectrum has a natural advantage in coverage. Re-farming sub-3GHz to NR is a lower-cost approach for realizing deep coverage with NR.
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Figure 2. Example of coverage gap between 1.8GHz and 3.5GHz
Thirdly, since FDD system does not require time domain resource allocation between UL and DL, the data to be transmitted doesn’t need to wait UL or DL slot, which improves latency. A theoretical evaluation value on RAN RTT latency is given in Figure 3. It is shown that the latency of FDD system is 40% shorter than TDD system with 30KHz SCS and mini-slot scheduling, which makes FDD system suitable for URLLC services.
Additionally, Rel-15/16 NR specifications support LTE-NR coexistence. Such feature enables operators to deploy or smoothly migrate spectrum to NR, even if legacy LTE still exists in sub-3GHz bands. In particular, it allows efficiently utilizing spectrum resource by traffic-adaptive bandwidth sharing between NR and LTE.
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Figure 3. Example of RAN RTT Latency between FDD and TDD
Though the performance of FDD was improved significantly in Rel-15/16, there still are obstacles in current solutions which cannot facilitate NR FDD deployment in real commercial systems for operators, such as UE implementation complexity and feedback overhead. In order to maximize the commercial value of sub-3GHz and remove the obstacles of re-farming, further enhancements on sub-3GHz FDD are needed in Rel-17. In this section, we discuss the potential technical solutions to further improve the efficiency from the following two aspects, one is enhancement on FDD MIMO based on FDD partial reciprocity, the other one is spectrum aggregation and sharing.Enhancement of sub-3GHz FDD MIMO 
In NR Rel-15, Type II codebook is supported, which is based on linear combination of multi-beam with high accuracy. This solution needs to feedback coefficients per sub-band, which creates large uplink overhead. Based on Type II codebook of Rel-15, DFT-based compression was introduced in NR Rel-16, which utilizes the channel correlation in frequency domain. By using the correlation, DFT-based compression can significantly reduce the uplink overhead. Although Type II codebook and DFT-based compression could improve the performance, there is still a large space to improve the performance of codebook in R15&R16. In addition, these solutions require higher implementation complexity at UE side due to coefficient calculation per sub-band and SVD operations per sub-band. The UE implementation complexity for CSI feedback is also significantly higher than for TDD bands. 
The Dl/UL reciprocity of FDD channel was studied in 3GPP and the corresponding channel reciprocity model for FDD was captured in TR36.897 [3] in RAN1 #80bis [4]. As a result, some CSI schemes based on FDD channel partial reciprocity have been discussed and specified in 3GPP, e.g. type II port selection codebook. However, only reciprocity of angle was utilized in previous schemes. In fact, based on the study, analysis and measurement in academia and industry, some other property or parameters can be reciprocal or partially reciprocal between FDD DL and UL channels. For example, in addition to reciprocity in angle, the path delay, which is only related to light speed and the path length, is also considered to be reciprocal between uplink and downlink channel in FDD system in [5]. In the meantime, an over-the-air (OTA) test was set up in [6] to assess the system performance of the downlink reconstruction that utilized the parameter reciprocity in practical FDD wireless communication scenarios. The OTA results showed that the channel reconstructed by the parameter reciprocity is close to that obtained from linear minimum mean square error (LMMSE) estimator, and higher accuracy can be achieved by increasing the number of antennas. 
In order to further verify the FDD UL and DL channel multipath delays' reciprocity properties, we have conducted channel measurement in many kinds of scenarios (such as, UMA, Indoor, etc). Some analysis of FDD UL & DL channel's multipath delay reciprocity property are shown as the following figures, which are based on our real channel measurement data analysis. It should be noted that the frequency duplex spacing between the UL & DL channel is 100 MHz for all of the channel measurement data. Moreover, the channel measurement data used in these figures is arbitrarily selected in the dataset since all of the data are analyzed and have the similar results.
The power delay profile (PDP) in the campus scenario is shown in Fig 4. The x-axis and y-axis are delay and normalized power (which is normalized by the PDP’s total power), respectively. Herewith, the PDP is averaged among all the gNB antennas’ PDP in order to decrease the leakage interference among multipath. It can be shown from Fig.4 that the dominant path’s delay for DL and UL PDP is equivalent.
The second and third measurement scenarios are UMA and UMI scenarios, respectively. It can be seen that the dominant path’s delay for DL and UL PDP is equivalent in these two scenarios as well. Here, we define such the measurement scenarios as UMA and UMI scenarios according to UMA and UMI definitions in [7].
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Figure 4.UL & DL PDPs in Campus Scenario (LOS case and NLOS case are left and right sub figure, respectively)
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Figure 5. UL & DL PDPs in UMA Scenario (LOS case and NLOS case are left and right sub figure, respectively)
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Figure 6. UL & DL PDPs in UMI Scenario (LOS case and NLOS case are left and right sub figure, respectively)
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Figure 7. UL & DL PDPs in office Scenario (LOS case and NLOS case are left and right sub figure, respectively)
Figure 7 is the typical LOS and NLOS PDP in the office scenario. It also shows that the dominant path’s delay for DL and UL PDP is equivalent.
In Fig.8 the UL and DL’s PDPs in car factory are shown. It can be seen that the shape of PDP in factory is not similar to the previous cases, and it is not dominated by one strong path with an exponentially decaying PDP. This is because that there are many reflections and diffractions caused by metal surface in the factory. Even in such rich scattering environment, it can be also shown that the dominant path’s delay for DL and UL PDP are equivalent as well.
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Figure 8. UL & DL PDPs in Factory Scenario (LOS case and NLOS case are left and right sub figure, respectively)
Observation 1: Good reciprocity in delay exists between FDD DL and UL channels in various environments, when the FDD UL&DL frequency duplex space is 100 MHz.
[bookmark: OLE_LINK7]As discussed above, based on the research and measurement of academia and industry, in addition to reciprocity in angle, more property/parameters of FDD channel were observed reciprocal, such as delay between FDD UL and DL channels. In order to utilize these reciprocity for CSI acquisition, the FDD channel reciprocity in these property/parameters should be modelled in 3GPP. Hence the FDD channel reciprocity model should be studied to identify more channel property /parameters with reciprocity. For example, study whether the correlation modelling for multi-frequency in TR38.901 [8] is suitable for the identified reciprocal property/parameters, if not, necessary modification/adjustment works on the FDD channel reciprocity modelling should be specified in Rel-17. So we have the following proposal on channel reciprocity modelling in Rel-17.
Proposal 1: Channel reciprocity for sub-3GHz FDD should be studied to identify more reciprocal parameters, at least to verify delay, if needed, followed by necessary modification/adjustment works of FDD channel reciprocity modelling.
Considering additional partial reciprocity of FDD channel, e.g. the reciprocity of delay between DL and UL channel, CSI acquisition scheme can be easily enhanced based on Rel-15/16 type II codebook to further improve the performance of FDD system. For example, based on deployed network with Rel-16, the angle and delay reciprocity can be easily obtained by extending port selection codebook. Specifically, as mentioned above, for Rel-15/16 port selection codebook, only reciprocity of angle was considered. Similatly, by introducing the reciprocity of delay, the frequency domain codebook can also be replaced by a port selection codebook in Rel-17. Therefore, CSI acquisition scheme based on angle and delay reciprocity can be realized by extending type II codebook soomthly based on Rel-15/16 network.
Observation 2: The CSI acquisition scheme based on angle and delay reciprocity can be realized by extending type II codebook.
By utilizing delay reciprocity between UL channel and DL channel, gNB can obtain channel information in frequency domain by using delay reciprocity through UL channel, rather than only depend on UE feedback, which means gNB can enjoy more freedom to obtain CSI with super high resolution in frequency domain. The proposed scheme can provide 28% performance gain over Type II codebook of Rel-15 and 13% performance gain over DFT based compression of Rel-16, as shown in Figure 9. Moreover, the UE only needs to handle and feedback the part of the channel information that is not represented by reciprocity, which can significantly reduce the uplink overhead and implementation complexity at UE side, especially reducing the number of SVD calculations. It can be found in Figure 10 that the computational complexity of the proposed scheme is only 8% that of Rel-16.
As a result, we propose to enhance CSI acquisition schemes based on FDD channel partial reciprocity targeting for the performance of ideal feedback.
Proposal 2: In order to facilitate sub-3GHz refarming, FDD MIMO should be enhanced in Rel-17, e.g., CSI acquisition based on FDD channel angle and delay reciprocity.
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Figure 9. Performance of different CSI schemes
Observation 3: The CSI acquisition scheme based on angle and delay reciprocity can provide significant performance gain over Rel-15 and Rel-16, e.g. 28% and 13% on cell average respectively.
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Figure 10. An example of complexity for different CSI schemes
Observation 4: The CSI acquisition scheme based on angle and delay reciprocity can significantly reduce UE implementation complexity, e.g. 8% complexity of Rel-16.
Spectrum Aggregation and Sharing
Rel-15 and Rel-16 NR specifications provide good support for spectrum re-farming with DSS (dynamic spectrum sharing between NR and LTE) in Sub-3GHz, e.g., by enhancing rate-matching (mapping) of NR signals and channels. It may be difficult to significantly further enhance DSS capacity based on the same principles in single-carrier case as we are reaching the limit of what can be rate-matched. However, there could still be much room for improvement in the context of NR CA + DSS in Rel-17.
On the one hand, L1 control signal is still one bottleneck for the efficiency and capacity. Different from LTE, dedicated DMRS is introduced in NR PDCCH. It leads to each CCE consisting of 72RE, which is twice that of LTE. As a result, it limits capacity, especially in Sub-3GHz with limited number of antennas. In addition, NR CA is one solution for single-operator to utilize multiple re-farmed spectrum blocks. Wherein L1 DL control channel occupies a significant percenrage of resource considering narrow bandwidth of each cell (e.g., 5MHz or 10MHz) since PDCCH per cell is needed and there are many repeated redundant information (CRC, TPC bits, RA header, etc.). For the spectrum with LTE-NR coexistence, the available resource is futher limited due to collision avoidance with LTE PDCCH and CRS. Therefore, DL control enhancements should be studied in the context of NR CA + DSS to improve the spectrum utilization efficiency and system capacity. For example, moving PDCCH out of the DSS carrier would help minimize control overhead on the DSS carrier and benefits in terms of UE power consumption reduction.
Furthermore, Rel-15 NR specifications restrict the support of Scell without SSB to intra-band CA case. Usually, many operators own multiple inter-band spectrum blocks as shown in Figure 11. Under this case, at least one SSB per band is needed. This NR DL common channel leads to restrictive scheduling in the spectrum chunk where legacy LTE exists. For example, as shown in Figure 12, there is no avaible occasion (4 continuous symbols) for 15 kHz SSB to avoid collision with LTE CRS in FDD band. To solve this issue, support of SSB-less NR carrier in a group of inter-band CA NR carriers, where the SSB-less carrier could be a DSS carrier, should be considered. This would provide additional benefits in terms of network power consumption reduction and also be a first step towards supporting DSS in bands smaller than 5 MHz.
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Figure 11. Spectrum Example in Sub-3GHz band
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Figure 12. Collision between NR SSB and LTE CRS
In a word, to provide further data capacity for the DSS carrier and simplify network deployment, moving PDCCH and SSB out of the DSS carrier should be considered as one solution in the context of NR CA + DSS. To evaluate the performance from system perspective, three possible deployment options are provided in Figure 13 and the corresponding simulation results are given in Figure 14. Compared to deployment 1, deployment 2 has significant NR capacity gain due to more available spectrum for NR with spectrum sharing. More importantly, deployment 3 has additional ~18% gain thanks to moving PDCCH and SSB out of the DSS carrier and more flexible mapping of PDSCH.
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Figure 13. Example of deployment possibility for three bands (bandwidth of each block is 10MHz)
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Figure 14. Simulation results for CA+DSS.

Proposal 3: Specify DL control enhancments for CA and support of SSB-less NR carrier in a group of inter-band CA NR carriers.
Based on the above discussion, we propose to specify the enhancements identified for Sub-3GHz FDD of NR. The detailed objectives are as follows.
· Specification support in the following areas [RAN1]
· Perform study on channel reciprocity modelling for sub-3GHz FDD, if needed, followed by necessary modification/adjustment works for enhancement based on partial reciprocity for FDD
· Specify CSI enhancement based on FDD angle and delay reciprocity, including the following enhancements
· Codebook enhancement, e.g. based on FDD angle and delay reciprocity for targeting to improve the FDD performance and further reduce feedback overhead
· Study and, if needed, specify enhancements on reference signals, e.g. SRS and/or CSI-RS optimization
· DL control enhancements for CA, e.g. including scheduling multiple cells with a single PDCCH where one of the scheduled carriers could be a DSS carrier
· Support of SSB-less NR carrier in a group of inter-band CA NR carriers, where the SSB-less carrier could be a DSS carrier.
· Specify higher layer support of enhancements listed above [RAN2]
· Specify core requirements associated with the items specified by RAN1 [RAN4]
Other issues of NR MIMO enhancements
SRS enhancement
For TDD system, SRS is a key feature to support high system throughput. SRS can be used for several important functionalities, such as UL CSI acquisition, DL CSI acquisition based on channel reciprocity, UL/DL beam management and positioning. In NR, more SRS transmission can be expected, which means more time/frequency/code resources for SRS. 
For example, multi-panel of UE is an important feature in FR2 to deal with blockage issue and enhance coverage and reliability. With the increase of the number of panels, more SRS transmission is needed to acquire the UL/DL CSI or BM information per UE. Considering four panels per UE, and four ports per panel, if limited number of orthogonal SRS resources (e.g., four cyclic shifts and 4 combs) are available per OFDM symbol, at most 14 UEs can be scheduled to transmit SRS in a UL slot, where all symbols of the slot are allocated for SRS. Having 14 symbols for SRS is very expensive in TDD system, since PUCCH/PUSCH capacity will be seriously compromised. Besides, in a hot spot area with hundreds of active UEs, only 14 UE can transmit SRS per UL slot, which increases the overall CSI/BM acquisition latency, from the network perspective, which makes it hard to meet the requirement of latency-sensitive services.
With a more common network configuration, only two or four symbols are allocated for SRS in special slots. Then to support the SRS transmission from hundreds of multi-panel UEs, a very long SRS periodicity is inevitable. When a UE moves with moderate speed, like 10~30km/h, the long periodicity causes outdated CSI and compromises DL/UL throughput seriously. Although aperiodic SRS can be triggered to get fresh CSI, additional SRS resource is needed, if existing resources for SRS is in shortage, which again causes the UL system capacity issue.
Observation 5: An increasing number of SRS transmission can be expected in the future. Increasing the time-frequency resource of SRS compromises uplink system throughput. 
Therefore, under the constraint of limited time/frequency resources for SRS, one way to increase SRS capacity is to increase the SRS resources in a non-orthogonal way. For example, increasing the number of SRS base sequences can be considered. NR Rel-15/16 follows 30 groups of bases sequences in LTE. If two or more base sequences of the same length are available in each cell, then more UEs can transmit SRS on the same time-frequency resource of SRS. Then, a shorter SRS periodicity can be achieved. Or, if aperiodic SRS is triggered, the aperiodic SRS from one UE and original periodic SRS from other UE can also be multiplexed. Therefore, introducing two or more base sequences in a cell does not exploit additional time/frequency resource for SRS, guaranteeing the UL system capacity. However, the interference due to two or more base sequences might degrade the channel estimation performance to some degree, compared to orthogonal SRS multiplexing.
To guarantee the channel estimation accuracy, the new base sequences should have very low cross correlation, especially for bases sequences used in the same cell. Backward compatibility should be considered as well. 
Proposal 4: In Rel-17, consider increasing SRS base sequences, targeting at increasing SRS capacity without reducing UL system capacity, and taking into account channel estimation performance when using multiple base sequences on the same time/frequency resource.
In addition to the capacity issue, the channel estimation accuracy from SRS should also be considered. Channel estimation across slots increase the SNR and thus helps estimation accuracy. However, UE may introduce time-varying random phase due to its hardware implementations, e.g., PA adjustment, and PLL adjustment. The varying random phase causes the effective channel measured by SRS at gNB to change drastically even though the real channel does not change. Thus, directly combining the measured effective channel in different slots can cause degraded channel estimation performance. To enable such a SRS bundling based channel estimation, how to track such a random phase needs to be considered.
One way is to introduce a tracking RS to track the above mentioned random phase. In frequency domain, this tracking RS can have a much lower density than SRS. In time domain, the RS can be transmitted with a shorter periodicy than the channel coherence time. In this way, the gNB can track the random phase and achieve better performance when estimating channel from SRS across slots.
Proposal 5: In Rel-17, consider to introduce a low density uplink RS to track the time-varying random phase introduced by UE, to enhance across-slot based channel estimation performance.
Enhancement on UE uplink MIMO power control for un-equalized Tx power
In order to enhance the performance for UL transmission, 5G NR speficied UL MIMO transmission from Rel-15. For typical UE implementation, the different uplink RF chains and the connected antennas are deployed at the different ends of the UE form factor. In most of the use cases in real life, because of the hand holding and head blocking different antennas are blocked by different body losses, which leads to rather different effective transmission power from the different antennas in the UE to the gNB, as described in Figure 15. Analyzed based on big data, about 20% UEs suffer from antenna un-equalization problem with more than 10dB difference between two antennas.
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Figure 15. Different effective transmission power from different antennas
In Rel-15, the UL Tx power is split equally to different antenna ports, which leads to the un-equalized received power by the gNB from different UE antennas, and further leads to the decrease of throughput in cell center and the decrease coverage at cell edge. From link level evaluation, 1dB-3dB gain is observed if the uplink transmission power can be adjusted according to the different body losses experienced at different antennas. Based on the observations, we propose to consider enhancements to uplink MIMO transmission to address the un-equalized Tx power issue.
Non-linear precoding
It is well known that the non-linear precoding schemes are able to provide higher spectral efficiency compared to linear precoding methods due to better ability for interference suppression. During NR Rel-15 study item phase, several companies proposed to study non-linear precoding e.g., DPC based precoding techniques, linear and non-linear hybrid precoding techniques. Unfortunately, there has been no further discussion and conclusion on non-linear precoding in NR Rel-15 work item and NR Rel-16. So the transmission scheme, signalling, RS design, and interference measurement in NR MIMO in Rel-15 and Rel-16 are adopted based on the assumption of linear precoding. 
With the rapid development and popularization of NR, the demand of MU-MIMO multiplexing capacity and user experience is increasing, especially for highly clustered users in heavily loaded networks, it is hard for the traditional linear precoding techniques to meet the high-load requirement. In order to meet the demand of MU-MIMO and guarantee the system throughput performance, the non-linear precoding should be discussed and specified NR Rel-17. 
As a result, we propose to specify non-linear precoding schemes in Rel-17 to further increase the MU-MIMO throughput.
FR2 enhancement
FR2 enhancement should prioritize to solve issues identified in practical deployment and to further improve mmWave application experiences. Some issues probably will be discussed in Rel-16 leftover, while there are also some other aspects that need to be considered in Rel-17, which are not covered in the scope of Rel-16. Generally speaking, FR2 enhancement in Rel-17 should strive to achieve the following objectives. 
· Overhead and latency reduction for BM: The overhead and latency in FR2 is thought to be much higher than FR1, mainly coming from two aspects: narrow beam sweeping operation at both BS and UE and frequent RRC configuration/reconfiguration. Rel-16 mainly focuses on latency/overhead reduction from higher-layer signaling perspective, while further improvement seems possible and necessary considering the fact that there still exist some redundant design and restrictions. For example, joint DL/UL or P2/P3 beam training via a single trigger without a reconfiguration of QCL for P3 CSI-RS resources based on UE reported SSBRI/CRI during a previous P2 procedure. In addition, it was specified in Rel-16 that when UE performs SSB based L1-RSRP measurement in FR2, scheduling restriction applies to RS symbols to be monitored, which highly increase the overhead, and hence multiplexing of SSB(s) and UE-specific PDSCH in some cases should be considered. Furthermore, LF assisted HF BM also seems attractive. The measurement results in a lower frequency carrier (e.g., <6GHz) can be used to reduce FR2 SCell activation latency, and to support BM without SSB sweeping, which can reduce a large amount of BM overhead. Finally, FR2 is regarded as a promising band to satisfy the critical requirement for URLLC, due to large BW and short symbol duration. Current BM framework focuses on the eMBB use case without specific considerations on URLLC requirements, and hence extremely low latency BM should be studied by exploring the characteristics of URLLC.
· UE experience improvement especially in case of mobility/rotation: in Rel-16, a lot of restrictions are made on UE beam usage due to limited TU, which actually causes UE experience degradation in case of mobility/rotation. These aspects should be discussed in Rel-17.
1. The UE is the first to know the beam quality degradation in downlink and can optimize Rx beam usage by itself. Therefore, it is preferable to allow the UE to initiate beam training.
2. Some kind of TX beam correlation information at BS is beneficial to assist the smart beam selection at UE in order to avoid the overall candidate beam set failure in case of mobility/rotation. Rel-17 should define clear rules about the TX beam correlation at BS and the relevant BM procedure.
3. Simultaneous multi-panel reception is less challenging in the perspective of power consumption compared with the simultaneous multi-panel transmission precluded in Rel-16. It will bring significant performance enhancement for the deep fading UEs where beam diversity can be exploited. In addition, it also improves reliability for URLLC applications. Therefore at least UE multi-panel simultaneous reception should be introduced in Rel-17 as an optional mode, with necessary network control and power consumption in consideration.
· System capacity enhancement: The beam based multi-user spatial multiplexing in FR2 is rather typical in practical deployment for the purpose of system capacity. For TDD based FR2, SRS based precoding for multi-user multiplexing seems rather straightforward, similar as FR1. However, for the most widely used AIP (Antenna In Package) RF architecture, the precoding for multi-user interference mitigation has to rely on the PMI feedback, due to the unfavorable TX/RX reciprocity. For FR2, the channel after analog beamforming is compressed in spatial domain and becomes evenly distributed in DFT domain, meaning that the compression in DFT as Rel-16 will drop many non-negligible components. For Type II port selection codebook, the CSI-RS port selection codebook assumes the BS has some prior knowledge about the channel (e.g. by UE sounding) in order to determine the beamforming coefficients for each CSI-RS port, which is not always available in the practical deployment. On the other hand, high precision CSI feedback is important for high capacity transmission scenarios (e.g. WTTx), where high MCS are required to achieve high spectral efficiency. Therefore, the beamforming friendly codebook design for FR2 should be considered in Rel-17 to improve the CSI accuracy.
· UE power saving specific to FR2: Although power saving is being discussed in Rel-16, the study relevant to FR2 is delayed. The UE power consumption in FR2 is much higher than FR1 due to the frequent beam sweeping operation. It is one of the most crucial factors for successful FR2 commercial deployment to address the power-hungry beam operation at UE, especially for the hand-held devices. In Rel-17, UE power saving specified for FR2 should be studied. The principle is to support some simplified BM mechanism during UE DRX cycle, and maintain beam alignment between BS and UE with the minimum beam training/measurement activities. In addition, the UE multi-panel simultaneous operation has to take the UE power saving into consideration.
In addition to the Rel-16 FR2 leftover, Rel-17 should consider the following FR2 technology enhancement in Table 2.
	Objectives
	Potential standardization work

	Overhead and latency reduction for beam management
	Beam management simplification with minimum RRC signaling involvement

	
	Multiplexing of SSB(s) and UE-specific PDSCH

	
	Low frequency assisted mmWave beam management without SSB 

	
	Extremely low latency BM for URLLC application

	UE experience improvement in case of mobility and rotation
	UE initiated beam training

	
	Network assisted UE beam selection/training

	
	UE multi-panel simultaneous reception

	System capacity enhancement
	Beamforming friendly codebook design

	UE power saving for FR2
	Beam management in case of DRX


Table 2 Potential standardization impacts of FR2 enhancement
Form the above analysis, the objectives for NR MIMO enhancements include:
· Perform study on channel reciprocity modelling for sub-3GHz FDD, if needed, followed by necessary modification/adjustment works for enhancement based on partial reciprocity for FDD
· Specify CSI enhancement based on FDD angle and delay reciprocity, including the following enhancements
· Codebook enhancement, e.g. based on FDD angle and delay reciprocity for targeting to improve the FDD performance and further reduce feedback overhead
· Study and, if needed, specify enhancements on reference signals, e.g. SRS and/or CSI-RS optimization
· Support uplink RS efficiency enhancement, taking into account:  
· Increase the number of SRS base sequences, considering extremely low intra-cell interference and backward compatibility.
· Specify a low-density uplink RS to track random phase introduced by UE, to enhance across-slot based channel estimation performance.
· Specify enhancements to MIMO transmission to address the UL/DL un-equalization and the un-equalized Tx power issue.
· Specify non-linear precoding schemes in Rel-17 to further increase the MU-MIMO throughput
· Specify enhancements for FR2 such as those listed in Table 2
Conclusion
This contribution provided an analysis of the potential working items on NR MIMO and sub-3GHz enhancements, and made the following observations and proposals for NR Rel-17 WI.
Proposal 1: Channel reciprocity for sub-3GHz FDD should be studied to identify more reciprocal parameters, at least to verify delay, if needed, followed by necessary modification/adjustment works of FDD channel reciprocity modelling.
Proposal 2: In order to facilitate sub-3GHz refarming, FDD MIMO should be enhanced in Rel-17, e.g., CSI acquisition based on FDD channel angle and delay reciprocity.
Proposal 3: Specify DL control enhancments for CA and support of SSB-less NR carrier in a group of inter-band CA NR carriers.
Proposal 4: In Rel-17, consider increasing SRS base sequences, targeting at increasing SRS capacity without reducing UL system capacity, and taking into account channel estimation performance when using multiple base sequences on the same time/frequency resource.
Proposal 5: In Rel-17, consider to introduce a low density uplink RS to track the time-varying random phase introduced by UE, to enhance across-slot based channel estimation performance.
Observation 1: Good reciprocity in delay exists between FDD DL and UL channels in various environments, when the FDD UL&DL frequency duplex space is 100 MHz.
Observation 2: The CSI acquisition scheme based on angle and delay reciprocity can be realized by extending type II codebook.
Observation 3: The CSI acquisition scheme based on angle and delay reciprocity can provide significant performance gain over Rel-15 and Rel-16, e.g. 28% and 13% on cell average respectively.
Observation 4: The CSI acquisition scheme based on angle and delay reciprocity can significantly reduce UE implementation complexity, e.g. 8% complexity of Rel-16.
Observation 5: An increasing number of SRS transmission can be expected in the future. Increasing the time-frequency resource of SRS compromises uplink system throughput. 
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