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1 [bookmark: _Ref5850594]Introduction

On the Rel.17 enhancement for NR MIMO, the following initial guidance is given from the chairman in RAN#84 [1]:
· Enhancements motivated by current commercial deployments 
· Expand use cases
·  E.g. Support for cases with high speed mobility, better support for FDD

The assigned email discussion was carried out in three phases:
· Phase I: targeted scenarios
· Phase II: features 
· Phase III: toward drafting the WID, list of goals for enhancement


2 [bookmark: _Ref21810528]Phase I (targeted scenarios): summary

In the first phase of this email discussion (targeted scenarios), companies are to provide their inputs on the following issues pertaining to the Rel.17 NR MIMO enhancements: 
1. Targeted commercial deployments (e.g. frequency band, duplexing scheme, cellular topography)
2. Targeted use cases (e.g. UE mobility assumption, vertical/application) 
3. (If applicable) Targeted improvement over Rel.15/16 for the associated deployment scenarios and/or use cases

Based on the detailed inputs provided in Section 5.1, the following eight categories of targeted scenario (listed in Table 1) can be identified. The description for each category of targeted scenario is given in the following format:
 
Targeted improvement over Rel.15/16
· Targeted commercial deployments
· Targeted use cases

The eight categories of targeted scenario will serve as a starting point and be used as a framework for Phase II (features) discussion. After the inputs for Phase II are collected, these categories can be further refined, if needed.  

[bookmark: _Ref21810493][bookmark: _Ref21795884]Table 1 Phase I summary

	Scenario #
	Targeted scenario
	Companies supporting its high priority

	1
	Large reduction in signalling latency/overhead for DL/UL multi-beam operation, with its potential use to aid inter-cell mobility
· Primarily FR2 TDD
· High-speed UEs (highway); Indoor or outdoor-to-indoor quasi-stationary (FWA, CPE) requiring larger number of beams
	Apple, AT&T, Ericsson, Fraunhofer/HHI, IDC, Lenovo/MotM, LGE, MediaTek, Nokia, NTT Docomo, Qualcomm, Samsung, Sony, Verizon, vivo, IITH, IITM, CEWIT, Tejas Networks, Reliance Jio, Saankhya Labs
(23)

	2
	Enhanced UL throughput/coverage and reliability/robustness via UL multi-beam operation for UEs equipped with multiple panels 
· Primarily FR2 TDD
· General deployment scenario
	CMCC, IDC, Lenovo/MotM, LGE, MediaTek, Mitsubishi, Nokia, NTT Docomo, OPPO, Qualcomm, Samsung, Sony, Verizon, vivo, ZTE, CATT, AT&T
(18) 

	3
	Enhanced throughput/coverage and reliability/robustness (e.g. URLLC, IIOT) for multi-TRP/panel transmission for channels other than PDSCH, with its potential use to aid inter-cell mobility and/or simultaneous TX/RX
· FR1 FDD, FR1 TDD, FR2 TDD
· NW/gNB equipped with multi-TRP/panel, indoor hotspot 
	AT&T, CATT, China Telecom, China Unicom, CMCC, Ericsson, Huawei, Intel, Lenovo/MotM, LGE, MediaTek, Mitsubishi, Nokia, NTT Docomo, OPPO, Qualcomm, Samsung, Spreadtrum, Verizon, vivo, Vodafone, ZTE 
(23)

	4
	Enhanced UL transmission schemes (codebook and/or non-codebook) as well as improved SRS coverage/capacity and triggering for enhanced reciprocity-based DL operation and increased UL throughput/coverage
· FR1 FDD, FR1 TDD, FR2 TDD 
· General deployment scenario potentially up to 8 TX antenna ports, including dense UL (distributed RX points)
	BT, CATT, China Unicom, CMCC, DT, Ericsson, IITH, IITM, CEWIT, Tejas Networks, Reliance Jio, SaankhyaLabs, Intel, IDC, Lenovo/MotM, MediaTek, Mitsubishi, NTT Docomo, OPPO, Orange, Qualcomm, Samsung, TIM, Verizon, vivo, Vodafone, ZTE
(28)

	5
	Feasibility study on FDD partial reciprocity to improve CSI feedback (accuracy and/or overhead)
· FR1 FDD
· Deployment scenarios utilizing gNB with large # TX antenna ports  
	AT&T, BT, China Telecom, China Unicom, DT, Futurewei, Huawei, IITH, IITM, CEWIT, Tejas Networks, Reliance Jio, SaankhyaLabs, Nokia, Orange, Qualcomm, Spreadtrum, TIM, Verizon, vivo, ZTE, CATT, Fraunhofer/HHI, Vodafone 
(25)

	6
	Feasibility study on enhancing transmission scheme, CSI acquisition/measurement and demodulation performance (e.g., Doppler shift pre-compensation, Doppler component-related CSI feedback, enhancements on robust channel estimation and its accuracy) for UEs under high speed conditions: 
· Primarily FR1 TDD and FR1 FDD
· Highway (vehicular speed), 
· Conventional speed up to 250kmph extending to HST (up to 500kmph)
	China Unicom, CMCC, DT, Fraunhofer/HHI, Huawei, IITH, IITM, CEWIT, Tejas Networks, Reliance Jio, SaankhyaLabs, Intel, MediaTek, NTT Docomo, Orange, Qualcomm, ZTE, UIC, Volkswagen AG, AT&T, Vodafone
(22)

	7
	Enhanced CSI acquisition (including beam reporting) via improving CSI measurement and reporting timeline (especially for aperiodic CSI/CSI-RS) 
· FR1 FDD, FR1 TDD, FR2 TDD 
· General deployment scenario
	Ericsson, Lenovo/MotM, Nokia, Verizon, ZTE, Vodafone, IITH, IITM, CEWIT, Tejas Networks,Reliance Jio, SaankhyaLabs
(13)

	8
	Increased data rate for fixed wireless access (FWA)
· FR1 FDD, FR1 TDD, FR2 TDD
· Indoor as well as outdoor-to-indoor quasi-stationary (FWA, CPE)
	Futurewei, Nokia, Verizon 
(3)




As observed in Table 1, the above eight targeted scenarios include both FDD and TDD, as well as FR1 and FR2. In addition, from the views expressed by several operators (see Table 4), FR1 and FR2 are of equal importance. 

Conclusion:
· Eight categories of targeted scenario are identified in Table 3 and will be used as a framework to collect inputs for Phase II. These categories can be refined later, if needed, based on the outcome of Phase II. 
· From operators’ point of view, both FR1 and FR2 are of equal importance/priority. 


3 Phase II (features) - summary

In the second phase, companies are to provide their inputs on features (schemes) pertaining to their proposed targeted scenarios. 

The detailed inputs and summary provided in Section 5.2 can be abbreviated as follows (same content as but only features with larger number of interested companies per scenario are shown). 

[bookmark: _Ref24551790][bookmark: _Ref24551782]Table 2 Phase II abbreviated summary

	Scenario
	Feature
	Supportive companies

	1 (eBM)
	Features to facilitate efficient and fast multi-beam operation, including streamlined BM components (DL/UL beam selection/switching, DL/UL TCI, restriction on QCL update, default beams, utilizing beam correspondence) 
	Apple, AT&T, Convida, Ericsson, Huawei/HiSi, Fraunhofer/HHI, Futurewei, Lenovo/MotM, Mediatek, Mitsubishi, Nokia/NSB, NTT Docomo, Qualcomm, Samsung, Sony, Verizon, vivo, (IITH, IITM, CEWIT, Tejas Networks, Reliance Jio, Saankhya Labs)
{27}

	
	Extension of BM for aiding “seamless” (efficient and fast) inter-cell mobility, also considering MTRP aspect(s) and RA 
	Apple, Ericsson, Intel, Lenovo/MotM, Nokia/NSB, Qualcomm, Samsung, Verizon, vivo, IITH, IITM, CEWIT, Tejas Networks, Reliance Jio, Saankhya Labs
{17}

	
	UE-initiated/L1-event-driven BM
	Apple, LGE, Lenovo/MotM, Mediatek, Qualcomm, Samsung, Spreadtrum, Verizon, vivo
{10}

	2 (UL MP)
	Enabling STxMP (simultaneous transmission across multiple panels)
	AT&T, CATT, China Telecom, CMCC, Convida, IDC, Intel, Lenovo/MotM, LGE, Mitsubishi, Nokia/NSB, NTT Docomo, Qualcomm, Samsung, Sony, Spreadtrum, Verizon, ZTE
{20}

	
	Enabling fast panel selection 
	Apple, AT&T, CATT, Convida, IDC, Lenovo/MotM, Mitsubishi, Nokia/NSB, NTT Docomo, OPPO, Samsung, Spreadtrum, Verizon, vivo 
{16}

	
	Panel-specific UL timing and power control 
	IDC, Lenovo/MotM, LGE, NTT Docomo, Verizon, vivo, ZTE
{8}

	3 (MTRP)
	Enabling features for PDCCH/PUSCH/PUCCH reliability and latency reduction using DL MTRP/MP
	Apple, AT&T, CATT, China Telecom, China Unicom, CMCC, Convida, Ericsson, Futurewei, Huawei/HiSi, IDC, Intel, Lenovo/MotM, LGE, Mediatek, Mitsubishi, Nokia/NSB, NTT Docomo, OPPO, Orange, Qualcomm, Samsung, Spreadtrum, Verizon, vivo, ZTE
{29}

	
	CSI optimized for DL MTRP/MP
(*) In addition, IITH, IITM, CEWIT, Tejas Networks, Reliance Jio, Saankhya Labs proposed to add “explicit CSI and interference feedback”
	AT&T, China Telecom, CMCC, Ericsson, Futurewei, IDC, Mediatek, Nokia/NSB, NTT Docomo, Qualcomm, Samsung, Spreadtrum, Verizon, vivo
{15}


	4 (UL MIMO)
	SRS coverage and capacity enhancement including triggering, switching, sounding, and/or precoded SRS, potential overhead reduction, bundling 
	Apple, BT, China Unicom, CMCC, DT, Ericsson, Futurewei, Intel, Lenovo/MotM, Mediatek, Nokia/NSB, OPPO, Orange, Qualcomm, Mitsubishi, Samsung, Sony, Spreadtrum, vivo, ZTE, (IITH, IITM, CEWIT, Tejas Networks, Reliance Jio, Saankhya Labs)
{28}

	
	DL control signaling and precoded SRS for high resolution UL/DL precoding with partial reciprocity
	Nokia/NSB, Qualcomm, Samsung, (IITH, IITM, CEWIT, Tejas Networks, Reliance Jio, Saankhya Labs)
{10}

	
	DL control signaling for UL frequency selective precoding
	CATT, IDC, Lenovo/MotM, Mediatek, OPPO, Samsung, vivo, ZTE
{9}

	5 (FDD Rec CSI)
	CSI measurement and reporting (including codebook) exploiting partial FDD reciprocity, including channel modeling study 
(*) In addition, IITH, IITM, CEWIT, Tejas Networks, Reliance Jio, Saankhya Labs proposed to add “explicit CSI and interference feedback”
	AT&T, BT, CATT, China Telecom, China Unicom, CMCC, Convida, DT, Huawei/HiSi, Fraunhofer/HHI, Futurewei, Intel, Nokia/NSB, OPPO, Orange, Spreadtrum, TIM, vivo, Vodafone, ZTE, (IITH, IITM, CEWIT, Tejas Networks, Reliance Jio, Saankhya Labs)
{29}

	6 (HiMob)
	CSI feedback/prediction (to tackle CSI aging, including enabling Doppler shift compensation, Doppler-domain “compression”), fast QCL update
(*) In addition, IITH, IITM, CEWIT, Tejas Networks, Reliance Jio, Saankhya Labs proposed to add “enhanced PTRS design”
	AT&T, China Unicom, CMCC, Continental Automotive GmbH, DT, Fraunhofer/HHI, Futurewei, Mediatek, Mitsubishi, NTT Docomo, OPPO, Orange, Qualcomm, TIM, UIC, VAG, vivo, ZTE
{19}

	7 (CSI time)
	Enhanced CSI processing timeline and CPU utilization 
	Ericsson, Lenovo/MotM, Vodafone, ZTE
{5}




The following can be observed from the abbreviated summary in Table 2. 
· Note that only features with sufficiently large number of interested companies are included here for further down-selection in the WID drafting process. In other words, this list will be the starting point and can be further delineated to ensure that the items included in the “Goal” are as specific as possible.
· For WID preparation, the above scenario-based feature grouping can be rearranged to minimize overlap and improve WI organization and management. For example:
· The features in scenario 6 and 7 are CSI-related (since enhanced CSI processing timeline should be beneficial for high-speed scenarios) and therefore can be merged.
· SRS enhancement in scenario 4 is a sizeable item in itself (note that there could be some SRS work pertaining to high speed UEs, cf. scenario 6). Likewise, the other two features in scenario 4 pertain to DL control signalling for UL codebook-based transmission enhancements.
· When stating their views on a certain feature, companies may differ in terms of the required work, i.e. “specify/support”, “study and if needed specify”, or “study”. This level of description will be incorporated later in the WID drafting process as it is premature to discuss such designations at this phase. For instance, whether a particular item is sufficiently mature for the designation “specify” (or even “study and if needed specify” needs to be commonly understood among the interested companies. It also depends on the final wording and scope for a particular item/feature. 

Conclusion: Based on the inputs from interested companies in Phase 1 and 2, 
· The list of features in Table 2 will be the starting point for drafting the WID proposal. 
· The above scenario-based feature grouping will be rearranged to minimize overlap and improve WI organization and management.
· As the WID drafting progresses, the work designation such “specify”, “perform study and if needed specify”, or “study” will be decided.


4 Phase III (list of goals) – drafting WID

Based on the outcome of Phase I and II as well as additional inputs for Phase III, the following set of goals are proposed for the WID.

	[RAN1]
1. Enhancement on multi-beam operation, mainly targeting FR2 while also applicable to FR1: 
a. Identify and specify features to facilitate more efficient (lower latency and overhead) DL/UL beam management to support higher intra- and L1/L2-centric inter-cell mobility and/or a larger number of configured TCI states:
i. Common beam for data and control transmission/reception for DL and UL, especially for intra-band CA
ii. Unified TCI framework for DL/UL beam indication
iii. Enhancement on signaling mechanisms for the above features to improve latency and efficiency, such as more dynamic usage of control signaling (as opposed to RRC)
b. Identify and specify features to facilitate UL beam selection for UEs equipped with multiple panels:
i. UL beam indication based on the unified TCI framework
ii. Enabling STxMP (simultaneous transmission across multiple panels)
iii. Enabling fast panel selection beyond what is feasible in Rel.15/16 NR
c. Study UE-initiated or L1-event-driven beam management for reducing latency and probability of beam failure event
2. Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
a. Identify and specify features to improve reliability and robustness for channels other than PDSCH (that is, PDCCH, PUSCH, and PUCCH) using multi-TRP and/or multi-panel, with Rel.16 reliability features as the baseline 
b. Identify and specify features to enable inter-cell multi-TRP operations
c. Evaluate and, if needed, specify enhancements for simultaneous multi-TRP transmission with multi-panel reception
3. Enhancement on improving SRS coverage and capacity, targeting both FR1 and FR2:
a. Identify and specify enhancements on aperiodic SRS triggering
b. Specify SRS switching for up to 8 antennas (e.g., xTyR, x <=4, 4 < y <= 8)
c. Evaluate and, if needed, specify mechanism(s) to enhance SRS coverage including SRS time bundling and increased SRS repetition
d. Evaluate and, if needed, specify SRS enhancement(s) for enabling high-resolution DL and/or codebook-based UL precoding assuming TDD reciprocity
4. Evaluate (including quantifying the performance-overhead tradeoff under realistic scenarios including both directive and omni-directional UE antennas) and, if needed, specify UL transmission enhancements and, if needed, specify DL control signaling support, mainly targeting FR1, for enabling:
a. High resolution codebook-based UL precoding assuming TDD reciprocity
b. UL frequency selective precoding
5. Enhancement on CSI measurement and reporting:
a. Evaluate and, if needed, specify CSI reporting for DL multi-TRP and/or multi-panel transmission, including CSI for URLLC use cases, targeting both FR1 and FR2
b. Study CSI measurement and reporting (e.g. for Type II port selection codebook enhancement) where information related to angle(s) and delay(s) are estimated at the gNB based on SRS by utilizing DL/UL reciprocity of angle and delay, and the remaining DL CSI is reported by the UE, mainly targeting FR1. The solution(s) should be applicable to FDD bands
c. Study reporting mechanism(s) for CSI overhead reduction and for tackling CSI aging assuming high speed UEs (such as high-speed train and vehicular scenarios), mainly targeting FR1

Study if the requirements on link recovery procedure is suitable for FR2 serving cells [RAN2, RAN4]




The following common designations are used for the work description. They are not used to signify the importance of the items, but rather to clearly delineate the nature of works involved in each item. 
1. “Identify and specify”: The problem has been clearly understood based on studies performed in the previous releases. Some candidate solutions are also known (although this does not preclude new solutions from being proposed). The need for solving the problem is also known.
2. “Evaluate and, if needed, specify”: The problem has been clearly understood based on studies performed in the previous releases. Some candidate solutions are also known (although this does not preclude new solutions from being proposed). However, the benefits reaped from solving the problem still needs to be (re)evaluated and (re)assessed, either under the same or revised sets of scenarios. 
3. “Study”: A relatively new problem has been identified and its possible solutions (while contemplated) still need to be formulated. The benefits reaped from solving the problem still needs to be evaluated and assessed.

A list of additional inputs from companies is compiled in Table 7 of section 5.3.


5 Detailed inputs

5.1 [bookmark: _Ref21795359]Phase I 

The detailed inputs from different companies are captured in the following table.

[bookmark: _Ref22422231]Table 3 Targeted scenarios for Rel.17 NR MIMO enhancements
	Company
	View 

	Apple
	Our view of Rel-17 MIMO enhancement target scenarios 
· FR1 and FR2 overhead and latency reduction 
a. UE event-based beam measurement reporting: Periodic and semi-persistent measurement report cannot adapt to the unpredictable beam quality change efficiently, while aperiodic measurement report requires NW to have information about the UE beam condition to begin with. This limitation and insufficiency should be addressed in Rel-17. 
b. UE assistance information feedback in terms of preferred beam management procedure and configuration etc. 
c. SRS overhead reduction for FR1 and FR2
d. NW configuration to assist UE initial beam search for FR2
· Solutions to address specific FR2 deployment/implementation constraint 
a. Solutions for MPE issue
b. For FR2 CA, restrictions on beam configuration across multiple CCs when simultaneous transmissions and reception are required, for intra-band CA, and potentially inter-band CA 
· FR2 reliability and data rate (spectral efficiency) improvement
a. FR2 mobility enhancement
b. UL URLLC solution enhancement, focusing on TDM solution.
c. UL transmit beam refinement enhancement 
d. Specify UE’s QCL assumption for undefined behavior for FR2

	AT&T
	Targeted scenarios for Rel. 17 MIMO enhancements:
1. MIMO performance improvements for FDD sub-6GHz bands: 
· Massive MIMO enhancements with low UE complexity to improve system performance for FDD bands, which are the prevalent sub-6GHz bands for NR deployment
· Techniques that leverage FDD reciprocity should be investigated to enable such enhancements
· Techniques that leverage low-complexity non-linear precoding should be explored   
2. Feedback compression and overhead reduction for high mobility scenarios 
· Massive MIMO with high mobility could benefit from techniques to reduce feedback overhead through exploiting feedback compression 
3.Throughput and reliability enhancements with multi-TRP 
· Multi-TRP NCJT for FR2
· Multi-TRP/Panel enhancements on the UL and the DL for URLLC/eMBB 
4. Multi-Beam enhancements: 
· Multi-panel enhancements for use cases such as IAB, and V2X, and applications such as multi-TRP in FR2
· Overhead and latency reduction in FR2 needed for a range of use cases such as URLLC and V2X

	BT
	Targeted commercial deployments & aspects: 
1.	FR1 FDD MIMO: mechanisms to support utilization of any partial reciprocity for MU-MIMO;
2.	FR1 TDD MIMO: SRS coverage aspects and support of MU-MIMO transmission schemes; 
3.	Handling of limited UL power/bandwidth in providing DL MU-MIMO gains on wide FR1 carriers (e.g. when UL is only available in part of a wide TDD carrier.).
4.	Stationary and mobility, i.e., vehicular devices, scenarios should be investigated to enable such enhancements.

	CATT
	· UL enhancement
· UL performance is lagging behind DL and should be the focus of Rel.17. Areas of enhancement should include FR1/FR2, both SU/MU to suit various cell loading conditions. SU enhancement may target new indoor/outdoor use cases with high throughput requirement and advanced terminal capability (e.g. IAB, AR/VR, V2X, data centre), and MU could focus on ultra-high user density, highly stationary indoor scenarios (e.g. stadium, office). Potential enhancements include frequency-selective precoding (to exploit wider BW), higher-order UL MIMO for different user densities.   
· Multi-panel/TRP enhancement (UL):
· Multi-panel in both indoor/outdoor: Focus on FR2, with consideration of FR1, targeting coverage and reliability. Potential enhancements include system flexibility, over-the-air signal overhead, and joint transmission (including panel selection) for both PUSCH and PUCCH. Simultaneous PUCCH/PUSCH may also be studied.
· Multi-TRP mainly in outdoor scenarios: Receiver coordination (joint reception and/or TRP selection) aspects in applicable scenarios, e.g. V2X w/ RSU coordination. 
· Multi-TRP (DL) 
· Focus on coverage, reliability and throughput in eMBB/URLLC, for both data and control channels, including advanced CSI feedback for overhead/robustness enhancements in FDD/TDD and low/high-speed scenarios, where single-TRP may be considered a special case. Data channel could focus on reliability in URLLC where left-over issues from Rel.16 may continue. PDCCH deserves more study in Rel.17 in terms of throughput, robustness and coverage. 

	China Telecom
	Targeted scenarios/use cases for Rel-17 NR MIMO:
1. Both TDD and FDD should be considered. CSI feedback mechanism should be enhanced for FDD.
2. Further enhancements for multi-TRP/panel should be considered, including CSI enhancements.

	China Unicom
	Targeted scenarios for Rel. 17 MIMO enhancements:
1. MIMO performance enhancement for FDD sub-3GHz bands. 
•Spectrum efficiency enhancement for NR FDD bands should be comparable with NR TDD bands with the same antenna configurations.
•FDD partial reciprocity mechanism, e.g. channel angle and delay reciprocity, for MIMO should be studied.
•CSI feedback mechanism supporting MU MIMO with low complexity should be considered.
2. TDD and FDD MIMO enhancement for high speed UE, and UE speed is up to 500km/h in high speed trains system.
3. General enhancement for Multi-TRP and multi beam in R17.

	CMCC
	Targeted scenarios for Rel.17 NR MIMO enhancements:
1. NR enhancements for high speed train (HST) scenario: HST scenario is one of the most important 5G NR deployment scenarios as captured in TR 38.913. Currently, we are deploying the 5G network for HST with up to 500 km/h speed at FR1 (e.g., 2.6 GHz). The typical HST scenario is illustrated in the following figure, where multiple RRHs connected to one BBU with fiber and share the same cell ID in order to reduce the number of handovers and improve user experience as much as possible. SFN based transmission scheme is usually used in this scenario, e.g., in our 4G network. However, there could be some challenge and performance degradation for SFN based transmission since the UE simultaneously experiences at least two different or even opposite Doppler shift (e.g., sometimes one is about +1.1 kHz, the other is about -1.1 kHz) caused by SFN deployment. Therefore, some enhancements are needed to improve the data transmission reliability. 
· One possible enhancement could be performing Doppler shift estimation and pre-compensation at the gNB side for SFN based downlink transmission. The basic procedure is as following: 1) UE first estimates the downlink frequency offset based DL RS, e.g., TRS; 2) Then UE will adjust its uplink frequency and transmit SRS, etc; 3)gNB will estimate the uplink frequency offset based on UL SRS, etc., and pre-compensate the frequency offset for PDSCH transmission; 4) At the UE side, ideally UE will receive PDSCH with no frequency offset. However, the DL TRS based on which UE estimates the downlink frequency offset could be transmitted in different ways. One way is that the TRS is transmitted with SFN based method; another way is that different RRH transmit different TRS. With different ways there might be different pros and cons, and this should be studied and potential specification impact should be identified. 
· Another possible enhancement is to consider some other enhanced transmission schemes, e.g., scheme 1b or 1c discussed in Rel-16 for multi-TRP for URLLC. 
[image: ]
Figure: SFN deployment for high speed train (the RRH Railway track distance, the distance between RRHs and Cell ISD are just for examples)
2. TRS enhancement for TDD FR1: When we talking about 5G deployment for verticals, two of most important requirements are uplink data rate and latency. These two metrics are greatly related to the TDD UL-DL configuration. One important TDD UL-DL configuration that we plan to use in our 4.9GHz NR network for vertical application is 1ms periodicity with D-S configuration (e.g, 2GP:12UL for the special slot) and SCS 30KHz, since this configuration can provide good latency performance and good tradeoff between DL and UL data rate. However, the current specification does not support TRS configuration for this TDD UL-DL configuration in FR1, since there are not two consecutive slots. One possible enhancement could be to extend the TRS configuration for FR2 to FR1, that is, for frequency range 1 the UE may be configured with one or more NZP CSI-RS set(s), where a NZP-CSI-RS-ResourceSet consists of two periodic CSI-RS resources in one slot or with a NZP-CSI-RS-ResourceSet of four periodic NZP CSI-RS resources in two consecutive slots with two periodic NZP CSI-RS resources in each slot. Another possible enhancement is that UE is allowed to be configured with four periodic NZP CSI-RS resources in two consecutive available downlink slots with two periodic NZP CSI-RS resources in each slot.
3. SRS enhancement: SRS is important for beam management, UL channel estimation, and DL CSI acquisition. However, the flexibility of SRS is limited in Rel-15/16, e.g., only one SRS resource set can be configured with higher layer parameter usage set to 'codebook'. When periodic SRS resource set is configured, if the periodicity is small, the accuracy of channel estimation can be guaranteed, but the overhead is increased, conversely, if the periodicity is large, the overhead is reduced at the expense of accuracy. In order to tradeoff between accuracy and overhead, a periodic SRS resource set with large periodicity and an aperiodic SRS resource set should be allowed to be configured to the same UE. Other issues related to SRS enhancement can also be considered in Rel-17, e.g., SRS capacity enhancement. 
4. Multi-TRP enhancement: Further multi-TRP enhancement for eMBB (both indoor and outdoor) and URLLC (especially for indoor scenario) could be considered with multi-TRP/panel configuration. For both eMBB and URLLC, Rel-16 has mainly specified multi-TRP based PDSCH enhancement, some aspects such as multi-TRP based PDCCH/ PUSCH/PUCCH, separate/joint CSI reporting are also very important and can be considered in Rel-17. 
5. Multi-beam enhancement: Multi-panel based UE implementation is a typical feature for NR devices, especially for FR2 UE. The beam directions and channel conditions are usually different for multi-panels, which can be used to improve the robustness and provide significant throughput improvement. Therefore, the enhancement related to simultaneous transmission/reception across multiple UE panels could be considered in Rel-17. Besides, due to the time limitation in Rel-16, remaining issues related to L1-SINR based beam measurement may be left to finish in Rel-17.

	Deutsche Telekom
	Target scenarios for Rel.17 MIMO enhancements:
1. UL MIMO enhancements both in terms of coverage and capacity; initially targeting on sub 6 GHz TDD deployments
2. DL MIMO performance for sub 6 GHz FDD deployments, to investigate FDD DL/UL partial channel reciprocity, e.g. channel angle and delay reciprocity 
3. Enhancement for MU-MIMO with moderate/high mobility UE, it should consider CSI improvements w/o increasing UL overhead such as CSI enhancements that include Doppler-domain feedback compression to improve network efficiency/system performance for UE mobility scenarios.

	Ericsson
	Targeted scenarios and use cases. In sub-bullets, the targeted improvement.
1. Multi-beam latency and overhead reductions in (FR2/TDD)
a. Improvement of mobility across cells
2. Early CSI and improved CSI timeline, general enhancement i.e. (FR1+FR2, FDD+TDD)
a. Very fast enabling of MIMO reception after connection setup
b. Reduced latency in aperiodic CSI acquisition timeline
3. Optimizations targeting MU-MIMO (FR1/TDD)
a. Coverage by time bundling
b. SRS capacity and SRS triggering efficiency
4. Multi-TRP and URLLC use case in indoor factory scenario (IIOT) assuming ideal BH (FR1/TDD/FDD+FR2/TDD) 
a. Including reliability and robustness enhancements related to channels other than PDSCH
b. PDCCH overhead reduction for URLLC use cases, e.g. PDSCH SPS for multi-TRP
5. General spectral efficiency enhancements (FR1+FR2, FDD+TDD)
a. Power balancing for PDSCH & PUSCH DMRS
b. Enhanced frequency diversity for each individual PDSCH code blocks

	Fraunhofer/HHI
	Targeted scenarios/use cases for Rel. 17 MIMO: 
1. FR1/FR2 UE mobility scenarios: 
· UE mobility at FR1 (e.g., for vehicular UE type): At FR1, in current deployments, the DL performance already drops down significantly when the UE moves at moderate speeds (e.g., 30 km/h), even for rank-1 transmissions. Based on the Rel. 16 CSI framework, frequent CSI (PMI/CQI) measurements/reporting is required in UE mobility scenarios due to fast-fading channel variations caused by the high Doppler spread. This comes at the cost of increased UE complexity, high UE battery consumption and decreased network efficiency (due to increased use of UL/DL resources for control data). 
· UE mobility at FR2 (e.g., for pedestrian UE type): At FR2, even a small movement of the UE translates to several wavelengths, implying significant time-variations and potential deep fades of the channel. Even after beam-alignment between the network and the UE, the Doppler spread of the channel is significant for slowly moving UEs (e.g., 5 - 10 km/h), resulting in a severe performance loss when the Rel. 16 CSI framework is used for CQI measurements and reporting. 
 CSI enhancements that include Doppler-domain feedback compression to improve network efficiency/system performance for UE mobility scenarios at FR1 and/or FR2 should be taken into account in the Rel. 17 WI.
2. UL coverage/throughput enhancements (e.g., for urban micro scenario) over LTE for the NR bands/bandwidths. 
3. Multi-beam enhancements in FR2 that reduce latency and overhead for UE mobility scenarios.

	FUTUREWEI
	Targeted scenarios to be considered for R17 NR MIMO:
1. MIMO performance for TDD sub 6GHz band: as the most important bands for initial NR deployments, MIMO performance for TDD sub 6GHz bands is of most importance. Massive MIMO will be first deployed for these bands and the potential of massive MIMO is yet to be fully realized there. One potential technique is to utilize TDD reciprocity for advanced interference avoidance/mitigation between the TRPs and yield significant performance benefits. Note that there is no work for TDD MIMO in Release 16.
2. FDD massive MIMO enablers: to motivate FDD band re-farming as well as improve system performance. One area for investigation is FDD DL/UL channel reciprocity and how it may be utilized.
3. Fixed wireless access and WTTx: use cases with stationary channel provides some unique properties to be exploited for high performance MIMO which is at the same time very desirable for the associated heavy traffic demand. In addition, the devices in these use cases are also likely to have much higher capability in terms of number TX/RX antennas, power supply, and processing capability which enable more advanced features.
4. Potential field problem from real deployments if identified for FR2 system can be addressed. After further enhancements in R16, beam management mechanism should generally be stable without significant changes in Release 17. Real and urgent issue can be fixed through TEI.

	Huawei
	DL MIMO performance enhancement in FDD bands for sub-3GHz spectrum should be the first priority, to bring the spectral efficiency of NR in FDD to the same level as NR in TDD (compared with the same number of antennas). Performance should be enhanced for dense urban, as well as suburban areas. CSI feedback should be enhanced to support MU MIMO in FDD with comparable UE computational complexity as in TDD. CSI acquisition based on channel angle and delay reciprocity should be explored as a solution.
In addition to FDD MIMO enhancement, the following scenarios and use cases can also be considered.
Enhancement targeting TDD MU-MIMO with high speed UE: NR should provide consistent experience for UE with various speeds, e.g. in vehicles at speeds of 30km/h~90km/h. This requires frequent SRS transmission, however, common TDD network configurations usually have limited orthogonal SRS resources, which leads to long SRS periodicity and thus cause serious performance loss for high rank SU and MU-MIMO. Thus, SRS enhancement for MU-MIMO with high mobility UE should be considered in Rel-17.
Interference measurement for multi-TRP/panel transmission: interference measurement is very important for improving performance of multi-TRP transmission, which hasn’t been discussed and specified in R16 due to limited TU. Further enhancement to enable interference measurement among multi-TRPs in R17 should be considered.
Real-world issues observed from initial deployments of FR2: urgent real-world issues that need to be addressed in Rel-17 are yet to be seen, so these issues can be considered on a case-by-case basis and prioritized as time allows, e.g. for multi-beam operation under TDD in dense urban micro/macro deployments. When addressing these beam-related issues, low-latency high-throughput (e.g., online gaming) and high-reliability (e.g., motion control) services should be taken into account.

	IITH, IITM, CEWIT, Tejas Networks, Reliance Jio
	MIMO Enhancements
· Techniques to include non-linear precoding, its impacts on data channels and reference signals must be studied. This will significantly enhance NR SE.
· Study the impact of TDD/FDD reciprocity in improving MIMO/beamforming performance
· Reciprocity based MIMO enhancements for carrier aggregation
High Speed UE and Train Scenarios
· Enhance the DL reference signals and UL reference signals (CP-OFDM and DFT-s-OFDM) for high speed scenarios with speeds up to 500 kmph.
Enhanced Interference Measurement and Feedback
· Interference measurement and feedback be improved in NR for enhancing the performance of MU-MIMO. Feedback reduction and compression techniques can be explored as part of this study.
· The channel will remain nearly static for fixed and low speed scenario. However, the interference can vary due to various factors like MU-MIMO, scheduling of resources in adjacent gNB, etc. Explore the possibility of interference only feedback report for the above case.
UL Coverage in NR
· UL coverage in NR has a problem as identified by several companies. More study is necessary to enhance the UL transmissions for Rel-17 to enhance NR UL coverage
SRS enhancements
· SRS triggering enhancements to improve coverage and throughput 

	Intel
	Rel-17 NR should support enhancements for multi-TRP deployment scenarios. In particular, enhancements related to support of inter-cell mobility / high speed in the non-tightly synchronized deployment scenarios allowing DL reception with relaxed Rx timing from TRPs (exceeding CP) of PDSCH/CSI-RS and UL transmission with large timing advance difference for UCI transmission in FR2; enhancements to multi-panel simultaneous transmission from UE in FR2 for eMBB scenarios; further enhancement to multi-TRP / panel transmission of PUCCH/PUSCH for URLLC scenarios and other SE enhancements for NC-JT such as enhanced beam reporting for HetNet, CSI, etc.

As continuation of PAPR enhancements work from Rel-16 eMIMO, Rel-17 NR should support coverage related enhancements for UL in both FR1 and FR2. For example, DFT-s-OFDM support could be extended to more than 1 MIMO layer to facilitate UL MIMO transmission (e.g., 2 MIMO layers) with improved MPR, more than 1 DM-RS port should be introduced for PUCCH Format 4 with pi/2-BPSK for efficient usage of the resources, TD-OCC for SRS with repetition should be used to increase SRS capacity in coverage limited scenarios, etc.

Rel-17 NR should support overhead reduction for the reference signals in FR2. For example, overhead reduction for TRS in FR2 with large number of beams and PTRS in DFT-s-OFDM and should be considered.  

Rel-17 NR should also support efficient operation of higher order modulations in high frequency bands and high speed scenarios. For example, enhanced PTRS structures supporting phase noise or Doppler tracking with granularity of fraction of OFDM symbol should be introduced for CP-OFDM waveform.

RAN1 should also study other areas for the enhancements in Rel-17 targeting normative work in Rel-18. The possible areas for research are CSI with compression in Doppler domain, CSI with partial reciprocity, etc.

	InterDigital
	In our views, Rel-17 MIMO work should primarily continue the work on important scenarios that were left out from Rel-15 and 16. Followings are brief descriptions of the scenarios and use cases:
· UE multi-panel activation/deactivation has important implications for FR2 uplink transmission reliability, where agile panel activation and switching plays an important role for UE power saving and robust uplink transmission.
· As uplink coverage seems to be more constrained than downlink, MIMO techniques including multi-TRP for uplink to enhance uplink coverage and reliability can be studied.
· Simultaneous multi-beam uplink transmission is an important enabler for supporting Multi-TRP uplink transmission. Aspects related to beam measurement, timing and power control needs to be investigated.
· Frequency-selective precoding for uplink transmission should be supported to utilize benefits of CP-OFDM waveform for uplink transmission.
As for topics not yet discussed in NR, we believe aspects related to mobility such as mobility support in Multi-TRP, and also CSI support for high mobility should be on the second tier of importance.

	Lenovo, Motorola Mobility
	Targeted scenario and use cases:
· Enhancement to FR2 operation including: Multi-panel/TRP transmission including SRS enhancement, Multi-panel UE TX/RX, multi-beam latency and overhead reduction including support for high speed UE
· CSI enhancement (FR1/FR2) including quick CSI acquisition (CSI processing timeline reduction including fast CSI feedback after connection setup) and better CSI feedback quality including compression techniques.
· UL/DL coverage enhancement (FR1/2)
· Multi-TRP Enhancement to URLLC for non-PDSCH including PUCCH/PDCCH/PUSCH, FR2 support 

	LGE
	Targeted scenarios/use cases
1. FR2 scenarios with diverse multi-panel UE implementations: many of UE implementation in FR2 use multiple panels for ensuring spatial coverage (e.g. bi-directional panels for handheld devices). Depending on UE shape, size, outer design, and application, diverse multi-panel implementation in terms of the number of panels, panel location, line loss/delay between panels/modem, PA capability/structure, and the capability of simultaneous Tx/Rx across multiple panels should be taken into account. Especially, the simultaneous use of multi-panels for Tx/Rx will alleviate many issues in real deployments such as frequent BM signaling and limited UL coverage due to the MPE issue. 
2. FR2 indoor hotspot scenario with multi-TRP/panel cooperation: in indoor hotspot scenario, which is one of the important deployment scenarios for FR2, inter-TRP/panel beam coordination is an important tool for improving reliability, throughput and capacity. Ideal backhaul can be a baseline assumption in this scenario.
3. FR1/FR2 scenarios with vehicle UEs: as vehicle UE is one of the most important UE types for NR, antenna/RF and mobility assumption of the vehicle UEs need to be taken into account for DL/UL MIMO enhancements while sidelink can be discussed in the other WI.

	MediaTek
	1. Performance improvement for FR2 through
a. Enhancement for multi-beam operations
i. Further optimization for DL/UL beam management: e.g., L1-event triggering, MPE issue.
ii. Multiple-panel UL transmission: e.g., panel selection and simultaneous multi-panel transmission and the operations considering M-TRP.
2. Robustness improvement for FR2 and better URLLC support through
a. Multi-TRP transmission
i. Further enhancement including complexity optimization for URLLC, and eMBB scheme.
ii. Enhancement for PDCCH/PUCCH/PUSCH channels via M-TRP transmission/reception
iii. Operation in FR2: e.g., PTRS support for M-TRP transmission, M-TRP with more than two TRPs.
iv. CSI enhancement for M-TRP, considering both ideal and non-ideal backhaul cases
3. General data path enhancement
a. Improvement of power and bandwidth efficiency
b. Power balance of reference signal
c. Sub-band precoding for UL
4. High speed scenario
a. CSI enhancement for accurate link adaptation in high speed scenarios

	Mitsubishi Electric
	-Multi TRP URLLC evaluation using IIoT scenarios for both FR1 and FR2, if needed, enhancement to improve reliability
-Multi-panel enhancement targeting mobile UEs
-Uplink coverage enhancement for SRS for both FR1 and FR2. Target use cases include IIoT scenarios.

	Nokia
	Enhancements for IIOT/URLLC use cases: 
· In Rel-16 the Multi-TRP enhancements for URLLC use cases are expected to cover only PDSCH, and hence enhancements for other DL and UL channels should be considered for Rel-17 (FR1 and FR2).
General beam management and coverage enhancements: 
· In Rel-16 there was no consensus on how to address MPE issue from a beam management perspective, as well as no consensus on definition of multi-panel UE framework in general. Given that MPE has severe impacts on coverage in FR2 it is critical to consider beam management enhancements to mitigate the impacts of MPE on FR2 performance. 
Multi-TRP and multi-beam enhancements in general: 
· Multi-TRP operation has been defined in Rel-16, but due to lack of multi-panel UE framework only limited support is available in FR2. Hence, enhancements to multi-TRP operation should be considered, including CSI enhancements (FR1 and FR2), as well as a proper multi-panel UE framework. 
Enhancements for fixed wireless operations (including IAB and CPE-like devices):
· Given the relevance of fixed wireless access in 5G, higher-order MIMO operation can be considered, e.g. for IAB and CPE-like devices. 
· Take into account feedback from operators to address issues found in early deployments, if any.
Other CSI enhancements:
· CSI computation latency reduction, e.g. for high-speed and URLLC scenarios
· Study potential enhancements to UL signalling to facilitate reciprocity-based operation, including partial-reciprocity for FDD and FR1. 

	NTT DOCOMO
	DOCOMO deployed NR in both FR1 and FR2 (3.7GHz, 4.5GHz, 28GHz). We believe it is important to improve UL coverage and performance, and further enhancement of Multi-TRP/panel and multi-beam are important. Also, we believe it is necessary for NR to support high mobility in FR1, and CSI enhancement for high mobility will be important (the main target is 100~150 km/h for express trains, but we would like to support up to 300~500 km/h for high speed trains).

Targeted use cases:
1. UL coverage and performance improvement:
1-1) UL dense deployment (dense deployment of UL Rx points within a Macro cell to minimize UL pathloss and UL Tx power) in both FR1/2
1-2) UE-panel-specific control including UL simultaneous transmission of multiple beams with multiple active UE panels in FR2
[image: ]
Figure. UL dense deployment
2. Reliability/performance enhancement of Multi-TRP/panel in both FR1/2
2-1) Support not only for PDSCH but also PDCCH/PUCCH/PUSCH for reliability enhancement
2-2) More number of TRPs for reliability enhancement
2-3) Remaining issues of NCJT (e.g. CSI enhancement, DMRS enhancement for single PDCCH)
3. Multi-beam enhancement mainly in both FR1/2 
3-1) Further low latency and low overhead beam selection 
4. CSI enhancement for high mobility in FR1 (The main target is around 100~150 km/h, but we would like to support up to 300~500 km/h）

	OPPO
	Targeted scenarios and use cases for R17 NR MIMO:
1. Further enhancements for multiple TRPs/panels, including FR2:
1) Reliability enhancement of PDCCH/PUCCH/PUSCH based on multiple TRPs/panels
2) Multiple DCI based PDSCH for URLLC enhancement for more flexible resource allocation
3) DMRS/PTRS/TRS related issues.
4) Simultaneous TX/RX of signal/channel from/to different TRPs to improve transmission efficiency
5) Multiple TRP transmission optimization for FR2 
2. Enhancement for UE with multiple panels for reception in FR2
1) Simultaneous reception of multiple panel-UE in Multi-TRP/panel case 
2) Low-latency and low-overhead multi-beam operation for scenarios of URLLC, DRX and mobility
3. Potential enhancements for requirements of commercial deployments 
1) Further enhancement for UL coverage and throughput
2) SRS Capacity enhancement, e.g., more symbols can be used for SRS
3) Higher order UL MIMO with more antenna ports.

	ORANGE
	1. MIMO FDD enhancements in sub 3 GHz
2. Impact of speed, both moderate speed (i.e. 30 – 90 km/h) and high speed (up to 300 km/h), mainly for FR1
3. Interference Cancellation at the UE Rx side to reduce the interference between UE paired in MU-MIMO (NAICS)
4. UL MIMO enhancements, both for coverage and capacity, in SU-MIMO and MU-MIMO modes

	Qualcomm
	1. Multi-beam operation enhancement: Targeted scenarios are fast and robust multi-beam operation at FR2.  The potential improvement includes minimizing the chance of full BFR, supporting more stringent requirements in high-speed/URLLC/DRX; and improving the UL performance considering the MPE limits.  In addition, any leftover from Rel-16 should be included.  
2. Multi-TRP/multi-panel enhancement: Given that the focus of Rel-16 was on PDSCH for reliability enhancements and in general mostly on FR1, the remaining aspects of reliability/URLLC including PDCCH/PUCCH/PUSCH channels are important to be considered for both FR1 and FR2.  In addition, simultaneous Rx/simultaneous Tx for both FR1 and FR2 taking into account CSI and beam report aspects are important in general, especially for enhanced reliability/diversity in the presence of TRP blocking. Ideal backhaul can be the baseline assumption especially for indoor hotspot deployment for URLLC use cases.  Considerations related to the overall system operation for multi-TRP should be also taken into account.
3. Optimization for reciprocity and high speed: Targeted scenarios are medium-to-high mobility scenarios (e.g. automotive, high speed trains), and scenarios with partial/weak reciprocity (across frequency or antennas) including FDD reciprocity cases.  For such targeted scenarios, potential improvements could include DL & UL RS enhancements (DMRS time bundling to reduce channel extrapolation errors), and improved CSI measurement/reporting (e.g., CSI (including L1-RSRP) prediction and reporting, and exploiting potential angle/delay reciprocity, etc.). 
4. UL/DL coverage enhancement: Targeted scenarios are low-geometry scenarios both in FR1 and FR2.  The improvement of UL and DL coverage can be achieved through time-domain combining of RS (e.g. combining DMRS with DMRS or with SRS to improve channel estimation), through enhancement for PUCCH formats with more than 2-bits payload, through repetitions for DL/UL channels (with beam sweeping for FR2), and through multi-TPR techniques. 
5. Spectral efficiency enhancement: Enhancements for achieving improved DL/UL spectral efficiencies for both FR1 and FR2 and TDD/FDD (e.g. for scenarios with medium-to-high geometry).  Such spectral efficiency enhancements could be achieved through potential improvements in the frequency diversity and interleaving, through targeted enhancements for UEs with 6 or 8 Rx, through simultaneous Tx of uplink physical channels/RS (e.g. PUCCH + PUSCH in inter/intra-band CA or on the same CC).

	Samsung
	Rel.17 NR MIMO enhancements should target the following scenarios:
1. High speed UEs @FR2, e.g. UEs moving at vehicular highway speed (80mph)
A. Although Rel.16 support for multi-beam operation includes several features to reduce latency via MAC CE signaling, more efficient latency/overhead reduction can be achieved from more pervasive improvement on the frameworkand building blocks for beam management
B. Inter-cell mobility (HO) can be enhanced by using beam management components for mobility procedures.
2. UL coverage improvement: Disparity between DL and UL coverage at FR2 is evident in real deployments, not only data but also control channels. Even in FR1, UL coverage is the bottle neck causing bad user experience due to the increasing carrier frequency of NR compared with LTE (e.g. from ~1.5GHz to ~3.5GHz in South Korea).
3. Reliability and throughput enhancements via multi-TRP/-panel for indoor hotspot: Since Rel.16 enhancements on multi-TRP/-panel have been mainly done for PDSCH reception perspectives, full benefits of multi-TRP/-panel cannot be utilized for channels other than PDSCH especially at high frequency range.

	Sony
	1. Targeted commercial deployments 
As for current commercial deployment@FR2(e.g.28GHz with 400MHz band width) for indoor UE is important. We are concerned about both DL and UL coverage issues. 

2. Targeted use cases 
-Use case (1): AR/VR (Simultaneous 13ms periodic DL eMBB and 1ms UL URLLC)
AR (Augmented Reality), VR (Virtual Reality) and Network Game are important applications for us. Especially for VR application, when a user wears an HMD (head mounted display), according to the user’s head movement/rotation, multi-view point switching signaling happens which needs to be conveyed using UL resources immediately. According to the multi-view point switching signaling, the network side server performs rendering (to rebuild video contents according to the indicated multi-view point switching signaling), then transmits high throughput video data using DL eMBB.

HMD IMU (Inertial Measurement Unit) refresh rate 1kHz requires 1ms periodic UL URLLC.
HMD Display refresh rate 75 Frame Per Second requires 13ms periodic DL eMBB.

Both 1ms periodic UL URLLC and 13ms periodic DL eMBB are needed to work together simultaneously for one application.

-Use case (2): Live Contents Production System (UL eMBB with very high reliability)
 Live Contents Production System consists of the following three steps.

Step1: Recording contents (e.g. football in a stadium, reporting from the scene of the incident) using a camcorder and transmitting the contents to a production system in the network using UL eMBB.
Step2: Real time video authoring (Editing, Effect, Mixing, Switching, Graphics Insertion etc.) in the production.
Step3: Live distribution to a huge number of content consumers using internet unicast/ legacy broadcast/ legacy satellite broadcast.

The step1 requires UL eMBB with very high reliability. When beam link failure happens on the UL eMBB for the Live Contents Production system, a huge number of content consumers would suffer from degraded video.

3.  Targeted improvement over Rel.15/16 for the associated deployment scenarios and/or use cases. 
(1) To improve indoor coverage, narrow beamforming is required which needs many beam candidates. During the beam management, such a large number of beam candidates requires many frequency/time resources, which cause resource overhead issues.
(2) As for the VR/AR application requirement (Use case (1)), in current specifications, the grant free UL transmission (for multi-view point switching) in conjunction with DL eMBB (Network side rendering of resulting video) in a bandwidth part can be supported well based on TDD and single beam management. The current solution is very limited to this. The solution needs to be expanded, e.g. FR2 FDD and beam management coordination for UL and DL for one application. 
(3) As for Live Contents Production (Use case (2)), simultaneous multi UL eMBB using UE side multi-antenna panel is required to improve UL eMBB reliability. 

	Spreadtrum
	1.  MIMO enhancement for FR1 with utilizing partial reciprocity: including CSI enhancement to achieve lower complexity and feedback overhead and so on.
2.  Further enhancements for multiple TRPs/Panels for both FR1 and FR2: Considering only PDSCH enhancement for reliability has been done in Rel-16, the remaining physical channels (PDCCH/PUCCH/PUSCH) enhancement for reliability should be done in Rel-17 to achieve all of the benefits. The remaining issues for multi-TRP+eMBB, if existing, should also be solved in Rel-17.
3.  Multi-beam enhancement for FR2: including UE event-driven beam reporting, enhancements for UE with multi-panel simultaneous transmission and reception.
4.  UL coverage and throughput enhancement for both FR1 and FR2: Potential enhancements include more flexibility mechanism for AP SRS, more symbols for SRS, frequency selective precoding and so on.

	Sprint
	Priority scenarios for Rel-17 NR MIMO:
1. UL and DL MIMO enhancements for FR1 TDD. This should include MU-MIMO enhancements such as those suggested by Ericsson's scenario 2.  
2. Agree with Deutsche Telekom scenario 2 regarding partial reciprocity
3. We also agree w/ CATT that UL is lagging behind DL and would like to see UL MIMO closer to DL MIMO performance.

	TIM
	Targeted scenarios for Rel. 17 MIMO enhancements:
1. MIMO performance improvements for FDD in the range 1.4-2.6 GHz
2. improve UL performance (throughput, coverage) for TDD operation (focus on FR1, but also FR2)

	UIC (International Union of the Railways)
	NR MIMO CSI enhancements for conventional train speed levels of ≤120km/h, 160km/h, 200-249km/h and high train speed levels of 250-360km/h, 420km/h and 500km/h: Enhancements on robust channel estimation and its accuracy and CSI feedback for high train speed scenarios to combat Doppler caused by multi-path propagation.

	Verizon
	Verizon deploys both FR1 and FR2 – without doubt, both of them are important to us. Based on our experience gained from commercial deployments and extensive lab/field trials so far, it is clear that FR2 MIMO has more urgent need for enhancement, i.e., compared to FR1 MIMO, FR2 MIMO has much more room to improve for the basic network performance – coverage, mobility, capacity and power saving. We believe FR2 was not treated thoroughly in R16 due to certain factors and we respectfully ask RAN1 to pay adequate attention to FR2 in R17 for the benefit of the whole industry. We appreciate the comments from many industry partners who also identified the need for FR2 MIMO enhancement.
1. Targeted commercial deployments (e.g. frequency band, duplexing scheme, cellular topography)
Both FR1 (FDD and TDD) and FR2. FR2 has more urgent need for further enhancement. Outdoor, outdoor to indoor and indoor.
2. Targeted use cases (e.g. UE mobility assumption, vertical/application) 
UE speed:  stationary UE & FWA; pedestrian; 45mph (miles per hour) residential; 85mph typical highway with moderately optimized deployment; 120mph railway with optimized deployment.
FR2 for fundamental performance KPIs on coverage, mobility, efficiency/capacity and power saving. 
FR1 targeting efficiency.
3. (If applicable) Targeted improvement over Rel.15/16 for the associated deployment scenarios and/or use cases
The following is our view on FR2:
Generic view:
1. UE speed –  we would like R17 MIMO being designed to meet a set of targets (see above). These are based on customer expectations and are critical for achieving commercial success using mmWave.
2. Coverage – while DL coverage also needs enhancement, FR2 UL is clearly short by many dBs compared to DL. We have observed many coverage problems due to MIMO operation and we don’t believe R16 fixed enough of them. We would like to see the coverage extended for high throughput users (e.g., HD video, XR etc.) and for lower data rate (e.g., 20kbps) to be able to maintain the connection at a distance closer to LTE level. It is not easy for us to share information at this point because it takes time to distinguish public vs. proprietary information – it should be easier when we start to discuss specifics. But the message is clear – there is no question that MIMO must be enhanced for better coverage, especially for UL.
3. Efficiency – we have many FWA devices which are practically “stronger” than typical UEs. For example, we would like to have real 4-layer DL via 2 concurrent beams. We also want to a strong MIMO solution for IAB.
4. Handover with multiple beam operation need to be considered
Some specific technical view
1. R15 beam management is very cumbersome, especially UL. We don’t believe R16 will be enough. For example, we feel the level of change it made is not sufficient. We would like to see some more fundamental changes e.g., in UL beam management (mainly to simplify). E.g., we like to see UE given more responsibilities in UL beam management. We also like to see UL QCL more directly configured, much like DL. MIMO for those access messages may need to be revisited. In short, we want fast and robust beam management and it should address both data transmission (during transmission and link setup) and access. We believe there are a lot of things can be done in this area to further significantly reduce the gap between what is achieved and what should be achieved for FR2.
2. We have doubt how well multiple TRP/multiple panel defined in R16 works for FR2, if at all. We would really like to make sure R17 taking a serious look at them. For example, for FR2, TRP and panels are inherently related. It may be a good idea to sometimes consider them together instead of always being considered separately in 2 different sessions.
3. We need to consider the combinations of things – e.g., with CA/DC, multi-panel/multi-TRP with mobility, etc.
4. We need to make sure URLLC performance is adequate for FR2 
5. CSI-based MIMO setup may need improvement. 
The following is what we are looking for @FR1:
Our biggest need for FR1 mimo enhancement is efficiency enhancement
1. Dynamic spectrum sharing with LTE
2. Leveraging channel reciprocity to improve FDD MIMO
3. URLLC related enhancement – e.g., overhead reduction

	vivo
	4. Reliability, latency and throughput improvement, multi-TRP@FR1: Enhancement of other physical channels than PDSCH for multi TRP+URLLC; intra-cell mobility enhancement with multi-TRP;
5. Reliability, latency and throughput improvement, multi-TRP+multi-beam@FR2: Efficient support of URLLC, intra-/inter-cell mobility enhancement using multi-TRP+multi-beam operation, exploiting multiple panels at UE 
6. UL enhancement including coverage and throughput/efficiency @FR1/FR2: Enhancement of UL MIMO taking real deployment issues including coverage, power imbalance, efficiency (interference mitigation), types of terminals into account 
7. Reciprocity/partial-reciprocity @FR1: Enhancement of sub-6 GHz including TDD/FDD reciprocity, partial reciprocity to lower complexity and feedback overhead.

	Vodafone
	Target scenarios:
· FDD in FR1 – we should study enhancements sub-3GHz bands) – urban and suburban macro for bands around 2GHz in particular
· Reduced overhead to enhance UL coverage.
· Vehicular mobility enhancement for FR1 to improve 
· URLLC: 
· Reliability enhancement for multi-TRP other channels in FR1
· At least making sure that there are not unnecessary scheduling restrictions blocking transmission of URLLC traffic.


	Volkswagen AG
	Target scenarios for Rel.17 MIMO enhancements:
1. FR1
2. Reliability improvements especially for Doppler shift / spread compensation
3. Vehicular UE (2RX only) need to be considered

	ZTE
	Target scenarios, use cases and potential enhancements for Rel-17 MIMO are listed as follows:
1. UL coverage/throughput enhancement for FR1 (both FDD and TDD)
a. Enhancement on UL transmission scheme: UL coverage is lower than DL in general. There is strong need of enhancing UL transmission schemes to improve UL coverage and throughput especially considering standalone NR deployment in FR1. 
b. Enhancement on SRS: SRS coverage and capacity enhancement for both TDD and FDD, especially for cell-edge UEs in FR1. Better flexibility for aperiodic SRS triggering can also be considered. SRS enhancement is important to both UL and DL transmission considering partial/full channel reciprocity in FDD/TDD.  
2. Reliability and throughput enhancement for multi-panel use cases in FR2 and MU-MIMO use cases in both FR1 and FR2
a. Improvement of DL simultaneous reception: Rel-15/16 prohibits the NW to realize the gain from UEs operating with multi-panel modes. This gain should be realized in Rel-17 by enabling UE to have simultaneous DL reception across multiple panels.
b. Improvement of UL simultaneous transmission: Enabling multi-beam simultaneous transmission across multiple UE panels should be supported in Rel-17 to improve UL coverage in FR2, which is essential. 
c. Improvement of NW throughput from MU-MIMO in both FR1 and FR2: The gain of SINR based beam reporting in Rel-16 is limited by poor support of MU case. This gain can be realized in Rel-17 by enhancing the interference-aware BM targeting for MU-MIMO. 
3. Reliability and throughput enhancement with multi-TRP and multi-panel transmission for both FR1 and FR2
a. Enhancement on PDCCH, PUCCH, PUSCH reliability for URLLC, where ideal backhaul among coordinated TRP/panels are assumed. Both FR1 and FR2 should be included. In FR2, blockage should be considered. In FR1, high speed scenarios should be considered.
b. Further enhancement for single PDCCH based Multi-TRP/panel transmission in FR2. Phase noise for the coordinated TRP/panels should be considered.
4. Resolve the issues which restricts achievement of good performance in diversified use cases like eMBB or URLLC.
a. Enhancements on UE processing timeline/CPU for fast CSI reporting, esp. considering intra-UE multiplexing of eMBB and URLLC.
5. UE mobility related enhancements considering up to 500km/h UE speed.
a. 5G application in high-speed train scenario is important to operators. Details of enhancements can include CSI feedback/prediction, channel/beam tracking, QCL update, etc.
6. CSI feedback/prediction which can bring significant performance gain or overhead reduction in scenarios with partial channel reciprocity for both FDD and TDD in FR1
a. Aspects like FDD channel reciprocity and machine learning based techniques can be taken into account.



In addition, some discussion on FR1 and FR2 took place later where three operators expressed their views. The discussion is summarized in Table 4.    

[bookmark: _Ref22415768]Table 4 Operator’s view on FR1 and FR2
	Company
	View 

	China Unicom
	FR1 TDD and FR1 FDD bands in sub-6GHz (e.g. n78, n1) are very important scenarios for our network deployment and evolution. So we have submit(ted) these scenarios in previous email discussion, and we think these scenarios should be considered in higher priority for R17.
Later, responding to NTT Docomo and Verizon, China Unicom retracted the earlier, saying that they “do not have intention to deprioritize any scenario” 

	NTT Docomo
	Both FR1 and FR2 are very important for the targeted scenarios/use cases of Rel.17 MIMO

	Verizon
	Agree with DOCOMO and consider any notion of one of them being more important than the other at this stage ill-informed and against 3GPP principle.
It is materially obvious that FR2 MIMO needs further enhancement to improve the basic coverage (/throughput) and mobility. It is a fundamental network performance issue that applies to all uses and scenarios. 

	AT&T
	Both FR1 and FR2 are important. Enhancements to operations in both bands are needed and essential to be considered in Rel. 17. There is no reason or need to prioritize one over the other. The phase 2 proposals on features will definitely help cement the importance of the enhancements to both bands.



In addition, Qualcomm also shared the view voiced by NTT Docomo, Verizon, and AT&T (that both FR1 and FR2 are equally important).


5.2 [bookmark: _Ref24515293]Phase II 

The detailed inputs from different companies are captured in the following table.

Table 5 Features for Rel.17 NR MIMO enhancements
	Company
	View 

	Samsung
	· Scenario 1:
· Investigate the possibility and, if needed, specify streamlining of Rel.15/16 basic components for beam management to facilitate more efficient DL/UL beam selection, including common QCL framework for DL and UL beam indication using TCI-based framework
· Specify mechanism(s) to enable beam management for aiding inter-cell mobility 
· Scenario 2:
· Investigate the benefit and, if needed, specify features to enable simultaneous transmission across multiple panels (STxMP) for UL coverage enhancements 
· Specify mechanism(s) to enable fast UL panel selection 
· Scenario 3:
· Specify enhancement(s) on PDCCH/PUCCH/PUSCH reliability and latency by using multiple panels at gNB and/or UE as well as multiple TRPs, including 
· Reception/transmission across multiple panels/TRPs of multiple PDCCHs or PUCCHs or PUSCHs with different QCL assumptions, focusing on repetition-based scheme and low-overhead beam sweeping mechanism
· Investigate the benefit and, if needed, specify CSI and beam management enhancements for two or more TRPs/panels
· Scenario 4:
· Specify DL control signaling enhancement for UL frequency-selective precoding (frequency selective TPMI)
· Investigate the benefit and, if needed, specify dual-stage codebook for 4TX and 8TX
· Specify DL control signaling and SRS enhancement to enable reciprocity-based high-resolution precoding

	LGE
	· Scenario 1:
· Support beam sweeping based DL/UL transmission for achieving beam-level diversity
· Study and potential support UE-event driven/based beam management for faster and more efficient DL beam management
· Scenario 2: 
· Support UL simultaneous transmission across multiple UE Tx panels (STxMP)
· Support UE Tx panel-specific UL power and timing control 
· Study and potential enhancement for UEs with non-co-located panels
· Scenario 3:
· Support enhancement on PUCCH/PUSCH/PDCCH reliability by considering multi-TRP/panel at gNB and multi-panel at UE
· Support further enhancement on PDSCH for multi-TRP/panel transmission including CSI feedback, CW-layer mapping, BFR/BM enhancement

	ZTE
	Our interested features are as follows.
Scenario 4:
· Enhancement on UL Tx schemes (codebook and non-codebook) for increasing coverage/throughput, targeted for FR1, incl. frequency selective precoding, and related control signaling enhancement
· SRS coverage and capacity enhancements targeted for FR1, incl. more flexible aperiodic SRS triggering, more SRS ports, sounding partial frequency resources and simultaneous transmission between SRS and other UL channels
Scenario 3:
· Enhancement on multi-TRP/panel transmission for URLLC, incl. PDCCH, PUSCH, PUCCH reliability enhancement
Scenario 6:
· High-speed train enhancement incl. CSI feedback/prediction, channel/beam tracking, QCL update, etc. M-TRP based reliability enhancement can also be considered. It may also be applied to mobility scenarios other than high-speed train.
Scenario 2:
· Enabling multi-beam simultaneous transmission across multiple UE panels, incl. related UL power control and panel/antenna group-specific beam reporting.  Although this feature is primarily for FR2, some of enhancements may be applicable to FR1 as well.
Scenario 5: 
· Study partial reciprocity based enhancements, target for FR1, incl. CSI measurement and reporting enhancement and related SRS/CSI-RS enhancements. ML/AI aspects can also be considered in the study. The schemes should be applicable to both FDD and TDD when full reciprocity is not available. 
Scenario 7:
· Enhancement of CSI processing timeline for fast CSI feedback, target for FR1, incl. enhancement on CPU occupation for fast CSI report, esp. considering intra-UE multiplexing

	Ericsson
	The five scenarios and features we see the highest potential for enhancements are listed in the following, in order of priority. Note that these are mainly related to issues found in product implementation and network deployments. The main scope of Rel.17 is in our view to deal with those “real life” issues as NR is now being deployed and such inefficiencies are being reported. Please also note that all enhancements are equally applicable to FR1 and FR2, and these bands are equally important from business and deployment perspective. It should be noted that if specifications are enhanced with FR2 in mind, the applicability to FR1 often comes as a degenerate, “special case”.  

· Scenario 1 (FR2 (applicable also for FR1), general scenario)
· Justification: Mobility in a beam based network is challenging and requires RRC reconfigurations when UE moves across cells Another issue is beam selection for the UE in FR2. Currently, the UE TX beam selection can follow the RX beam selection but not vice versa, which may lead to excessive latency in beam based operation. Currently, long DRX cycles may be difficult to use in FR2, due to abrupt channel changes, e.g. blocking, around the corner effects etc. Enhancements of beam management in association with DRX would be useful.     
· Scope: 
· Specify mechanism(s) (applicable to both FR1 and FR2) to enable beam management for aiding seamless inter-cell mobility across different cells using primarily MAC CE. As this involves inter-cell operation, the work is performed in close cooperation with RAN2 and RAN4. 
· Extend TCI framework so that UL measurements can also be used for indicating a UE RX beam. 
· Increase the use of aperiodic RSs: introduce standalone aperiodic TRS and specify “action times” for QCL/spatial relations based on aperiodic RS.
· Investigate performance improvements for UEs in DRX, e.g., related to beam failure detection

· Scenario 4 (FR1 and FR2 uplink, general)
· Justification: Uplink coverage for SRS and DMRS is a bottleneck for NR and a limiting factor to UL operation and DL reciprocity-based operation. In addition, the use of SRS is cumbersome, and leads to inefficient use of double configured SRS resources and congestion in PDCCH to trigger aperiodic SRS. 
· Scope: 
· Enhance SRS to be at least on par with LTE functionality, e.g. extend an SRS resource for up to 14 symbols, for improved coverage and faster frequency hopping or antenna switching. 
· Consider more flexible aperiodic SRS (e.g. in frequency resource allocation) for dedicated uplink band soundingConsider time bundling across slots for channel estimation of SRS and DMRS to improve UL RS coverage. 
· Specify the re-use of an SRS resource set configured for usage=’codebook’ also for UL channel sounding purposes (i.e. currently “antennaswitching” is needed for this purpose, even for xT=yR case) to avoid double configuration and overhead of SRS resources. 
· Enhance the triggering offset flexibility of SRS (e.g. DCI indicated delay) in order to avoid PDCCH congestion

· Scenario 3 (FR2 (applicable also for FR1)+ URLLC use case)
· Justification: Multi-TRP transmission needs to be further enhanced to achieve the URLLC objectives and for IIOT use cases. Enhancements should primarily target FR2 operation and mTRP as FR1 operation in most cases is a special case of FR2 features. Likewise, single TRP URLLC is a special case of multi-TRP and can easily be configured whenever multi-TRP is supported.  Overall link adaptation for URLLC with multi-TRP needs to be better understood, hence, studies of CSI enhancements is needed. Moreover, robustness, reliability for PDCCH, PUCCH and PUSCH in FR2 (as well as FR1) with multi-TRP has not yet been addressed by 3GPP. In addition, many URLLC services are known to rely on periodic transmission, therefore DL SPS and its extension for multi-TRP is an important feature for URLLC, while it is currently missing from NR. In addition, receiving NC-JT transmissions from TRPs of different cells was not completed in Rel.16. However, we expect that the enabling of such operation would come for free by introducing the mechanism aiding seamless inter-cell mobility across cells proposed for Scenario 1.
· Scope: 
· Specify enhancement(s) on PDCCH/PUCCH/PUSCH reliability and latency in FR2 for multi-TRP case and multi-panel case at UE (using TDM:ed panel transmission), where specified solutions can be used also in single TRP case and/or in FR1. 
· Specify DL SPS for PDSCH for single and multi-TRP, applicable to FR1 and FR2. 
· Investigate the benefit and, if beneficial, specify CSI enhancements for multi-TRPtargeting URLLC operation


· Scenario 7 (FR1 and FR2, general) Note: May be merged with Scenario 6
· Justification: During connection setup there is a large latency before MIMO can be used. This is a problem and reduce the benefits of advanced antenna systems, especially in small packet based traffic characteristics. In addition, only basic CSI processing timeline requirements were defined in Rel-15, which enforced much larger scheduling offset compared to regular PUSCH. In particular, the UE needs 6 slots between grant and PUSCH carrying the CSI report for 30kHz SCS. This, together with the fact that UEs are not supporting out of sequence grants ripples over to both DL and UL scheduling. Hence, the UE is when triggering aperiodic CSI-RS reports blocked for all PUSCH transmissions if they are not scheduled before the slot where aperiodic CSI was triggered which leads to severe inefficiencies in real networks. 
· Scope: 
· Introduction of advanced CSI processing capability or streamlined CSI requirement for single CSI report triggering
· Utilize the currently reserved CSI request bit in Msg2 to trigger a MIMO CSI report so that spatial multiplexing can commence as soon as possible to a connected UE.

· Scenario 8 (FR1 and FR2, general)
· Justification: There is a large performance loss due to lack of frequency domain diversity for large scheduling BWs and high data rates due to poor distribution of a CB across scheduled BW. This is likely to be even more exaggerated if 1024 QAM is introduced in NR. 
· Scope: Introduce enhanced VRB-2-PRB interleaving mode, to solve the issue

	OPPO
	· Scenario 3
· Specify the enhancement of PDCCH/PUCCH/PUSCH for M-TRP scenarios to improve the reliability
· Specify further enhancement of BFR for M-TRP
· Study and, if needed, specify multiple DCI based PDSCH for URLLC enhancement for more flexible resource allocation 
· Study further enhancement of M-TRP transmission for FR2
· Scenario 4
· Specify mechanisms to support up to 8-port PUSCH
· Specify SRS capacity enhancement
· Study and, if needed, specify frequency-selective precoding for UL
· Study and, if needed, specify mechanisms for UL coverage/throughput enhancement
· Scenario 5
· Study and, if needed, specify further enhancement for FR1 FDD, e.g., exploiting partial-reciprocity 
· Scenario 2
· Study and, if needed, specify mechanisms to support fast UL Tx panel selection

	FUTUREWEI
	Our interested features are as follows in priority order:

Scenario 5: FDD partial reciprocity (supported by 9 operators)
· FDD massive MIMO enablers to motivate FDD band re-farming as well as improve system performance. 
· One area for investigation is FDD DL/UL channel reciprocity and how it may be utilized

Scenario 4: Enhancement of SRS for TDD performance (supported by 8 operators)
· As the important bands for initial NR deployments, MIMO performance for TDD sub 6GHz bands is of most importance. Massive MIMO will be first deployed for these bands and the potential of massive MIMO is yet to be fully realized there. Note that there is no work for TDD MIMO in Release 16.
· One potential technique is to utilize TDD reciprocity for advanced interference avoidance/mitigation between the TRPs and yield significant performance benefits.
· Features include SRS enhancements in terms of capacity, triggering flexibility, and precoding

Scenario 3: Multi-TRP/panel enhancements for URLLC/IIoT (supported by 6 operators)
· Multi-TRP/panel transmission other than PDSCH for URLLC use cases
· Other relevant enhancements for multi-TRP transmission for URLLC including CSI
· This work can be done under URLLC WI especially considering the control channel designs

Scenario 6: MU-MIMO performance with mobility (supported by 6 operators)
· MU-MIMO performance improvement with UE mobility is very important
· Potential features include SRS enhancements in terms of capacity, latency, and triggering flexibility; and utilization of doppler domain information feedback

Scenario 1: Significant re-design of R15/16 beam management for FR2 (supported by 3 operators)
· Based on operator inputs, for FR2, there may be significant issue on “basic network performance – coverage, mobility, capacity and power saving”. To justify a need for some fundamental changes to R15/16 beam management designs, analysis of “the gap between what is achieved and what should be achieved for FR2” should be performed first.
· If the gap analysis reveals significant KPI gaps and identifies fundamental shortcomings of R15/16 beam management framework, the focus then should be systematic redesign to achieve these basic network performances instead of incremental enhancements.

For other scenarios:
· Scenario 2: if re-design/significant changes of beam management is needed after study, scenario 2 (multi-panel UEs) should be included in scenario 1.
· Scenario 7: as there is not enough interest from phase 1, it needs not be a separate scenario but can be considered for URLLC or mobility scenarios.
· Scenario 8: as there is not enough interest from phase 1, fixed wireless access needs not be a separate scenario but can be considered as a good use case for FR2 in Scenario 1.

	CMCC
	Scenario 6:
· Enhancement on Doppler shift estimation and pre-compensation at the gNB side for SFN based downlink transmission. e.g., specify necessary signaling to support Doppler shift pre-compensation at gNB side. 
· Enhancement of transmission scheme, e.g., consider similar schemes like scheme 1b or 1c discussed in Rel-16 for multi-TRP for URLLC in this scenario to improve the robustness and/or data rate. 
Scenario 4:
· SRS flexibility, coverage and capacity enhancements, including flexible configuration of different time domain SRS resource sets, flexible aperiodic SRS triggering, and SRS capacity enhancement for MU-MIMO, reuse SRS resources among different usages to reduce overhead.
Scenario 3:
· Enhancement on multi-TRP/panel transmission for eMBB, including PDCCH/PUCCH/PUSCH, and CSI reporting enhancement.
· Enhancement on multi-TRP/panel transmission for URLLC, including PDCCH/PUSCH/PUCCH reliability and SE enhancement.
Scenario 5:
· Feasibility study on FDD partial reciprocity to improve CSI feedback (accuracy and/or overhead)
Scenario 2:
· Support simultaneous transmission/reception across multiple UE panels.
· Enhancement on DL beam reporting for simultaneous transmission/reception across multiple UE panels.

	NTT DOCOMO
	Our interested features are as follows:
· Scenario 4:
· Specify (T)RP specific or UE-panel specific UL power and timing control for UL dense deployment (dense deployment of UL Rx points within a Macro cell to minimize UL pathloss and UL Tx power) in both FR1/2.
· Study and, if needed, specify SRS and UL beam management enhancement for UL dense deployment in FR2.
· Scenario 2: 
· Specify UL simultaneous transmission across multiple UE panels
· Specify UE-panel-specific control for UL transmission to enable fast and efficient panel switching/activation/deactivation
· Scenario 3:
· Specify PDCCH/PUCCH/PUSCH reliability enhancement by using multiple TRPs
· Specify further reliability enhancement by using more than two TRPs
· Study and, if needed, specify the remaining issues of Rel-16 multiple TRPs/panels, e.g. CSI enhancement, etc. 
· Scenario 1:
· Specify further enhancement on UL and/or DL transmit beam selection specified in Rel-16 to reduce latency and overhead
· Scenario 6:
· Specify RS enhancement for high mobility (up to 500km/h) in FR1, including smaller intervals of TRS symbols, smaller TRS transmission periodically
· Specify CSI enhancement for high mobility (up to 500km/h) in FR1, including CSI acquisition enhancement, doppler compensation options including pre-compensation possibly assisted by spatial post-compensation etc.

	Huawei, Hisilicon
	[bookmark: OLE_LINK4]The scenarios that we see with highest priority are (in order of decreasing priority): 5, 1, 6, 3, 2. Our detailed views on these scenarios and comments on the other scenarios are provided below, including proposed clarifications on the definition of the scenarios. Note also that while we support enhancements on coverage, we think those should be more broadly considered in the work area on NR coverage enhancements.

Scenario 5 is missing a performance target (every scenario should have one performance target in its definition), which should be enhanced DL spectral efficiency. We don’t see a reason to limit the scenario to gNB with large number of Tx antenna ports.

Scenario 5 (revised): Enhanced DL MIMO spectral efficiency in FDD, by CSI enhancement based on FDD partial reciprocity
- FR1 FDD
- General deployment scenario

Based on studies, analysis and measurements in academia and industry, some property/parameters are reciprocal between FDD DL and UL channels, e.g. angle and delay. CSI acquisition scheme can be enhanced based on Rel-15/16 type II codebook extension, providing significant performance gain over Rel-15/16 and reducing UE implementation complexity (for example UE CSI acquisition could become similar to TDD using both SRS and precoded CSI-RS).

The proposed objectives for scenario 5 are:
· Study channel reciprocity modelling for FDD, followed by necessary changes to channel models for proper representation of partial reciprocity for FDD
· Specify CSI enhancement based on FDD angle and delay reciprocity, including codebook enhancement, e.g. based on FDD angle and delay reciprocity, for improving DL spectral efficiency of FDD and/or reducing feedback overhead
· If needed, specify enhancements on reference signals, e.g. SRS and/or CSI-RS

Scenarios 1 and 3 both include multiple performance targets, which is confusing in scenario definition. Enhanced inter-cell mobility could be a separate scenario, unless the intent was just to highlight that this would be obtained as a by-product (but not the main performance target) of solutions that would address the targets of scenarios 1 and 3. In this case, we would suggest removing inter-cell mobility from the scenario 1 definition. The main target of scenario 1 is reduction in signalling latency/overhead for DL/UL multi-beam operation.
 
Scenario 3 is targeting leftovers for multi-TRP/panel gNB, for which the main remaining targets in Rel-16 is reliability for PDCCH/PUSCH/PUCCH, so there is a clear overlap with the work area on URLLC. So scenario 3 should primarily be defined as enhanced support for multi-TRP/panel gNB, with main performance target as reliability for PDCCH/PUSCH/PUCCH. Ericsson’s edit on scenario 3 should more clearly identify that multi-TRP/panel applies to gNB.

Scenario 6: whether this requires a study may depend on the targeted solutions. Some solutions may or may not require a study phase, e.g. enhanced to SRS multiplexing capacity to allow more UEs to transmit SRS more frequently. We think this scenario primarily addresses high-speed UEs not in trains, including UEs with speeds that are not very high (such as 30 km/h).
 
Scenario 6 (revised): enhancing CSI acquisition/measurement and demodulation performance for high-speed UEs 
- Primarily FR1 TDD and FR1 FDD
- Highway (vehicular speed)
 
Scenario 2: This scenario is actually defined by a (non-supported) deployment configuration (multi-panel UE) rather than by a performance target since multiple performance KPIs could be improved by supporting multiple panels at the UE. So the scenario definition should be for introducing support for multi-panel UEs to enable DL/UL multi-beam operation, with all the benefits that come with it.
 
Scenario 2 (revised): support of UEs equipped with multiple panels
-  Primarily FR2 TDD
-  General deployment scenario
-  Benefits in UL throughput/coverage and reliability/robustness

Scenario 4: we think coverage enhancements should be targeted by the NR work area on coverage enhancements, since solutions may be more general (and possibly include) MIMO enhancements. This scenario 4 definition is currently focused on solutions (UL Tx schemes, improved SRS) rather than being defined by a performance target, although only a handful of companies provided their views on solutions in phase 1 (so the phase 1 summary can only be incomplete in that respect). If the performance target is to increase UL throughput/coverage then this should be the scenario definition. With the above clarification that scenario 2 targets support for multi-panel UEs, then it would be clear that scenario 2 will improve UL throughput/coverage in FR2 TDD, thus scenario 4 is mostly relevant for FR1 FDD and FR1 TDD, and should be considered as part of the work area on NR coverage enhancements. 
 
Scenario 4 (revised): UL throughput/coverage enhancements
- FR1 FDD, FR1 TDD 
- General deployment scenario
- To be considered for NR coverage enhancements

The revision of scenario 4 definition from Ericsson is even more confusing since the scenario would have two performance targets that are completely unrelated, and thus would bias the priority discussion that we need to have later. Scenario 4 should clearly not be defined as targeting improvement for both UL and DL, or it should be split into two different scenarios.

Note that Huawei did not provide feedback related to scenario 4 as summarized in phase 1, so listing Huawei as supporting the solutions listed in the scenario 4 definition is incorrect (although we support NR coverage enhancements).

	Spreadtrum
	Our interested features are as follows:
Scenario 3:
· Specify enhancement on PDCCH/PUCCH/PUSCH for multi-TRP/panel transmission including improved reliability and robustness 
· Specify further enhancement on PDSCH for multi-TRP/panel transmission, including CSI feedback, BFR
Scenario 5:
· Perform study and, if needed, specify partial reciprocity based enhancement on CSI for low feedback overhead
Scenario 2:
· Perform study and, if needed, specify enhancement(s) on UL Tx panel selection
· Perform study and, if needed, specify enhancement(s) on UL multi- panel simultaneous transmission and reception
Scenario 4:
· Perform study and, if needed, specify enhancement(s) on UL transmission scheme
· Specify SRS enhancement on capacity and coverage
Scenario 1:
· Specify enhancement(s) on UE event-driven beam reporting for low latency and overhead

	Apple
	Our interested features for the following scenarios are 
Scenario 1:
1. Enhanced support of beam restriction (common beam) for intra-band/inter-band CA to address UE/NW implementation and deployment
2. UE event-based beam measurement reporting: Periodic and semi-persistent measurement report cannot adapt to the unpredictable beam quality change efficiently, while aperiodic measurement report requires NW to have information about the UE beam condition to begin with. This limitation and insufficiency should be addressed in Rel-17. 
3. UE assistance information feedback in terms of preferred beam management procedure and configuration etc. 
4. FR2 mobility enhancement
5. NW configuration to assist UE initial beam search for FR2
6. UL transmit beam refinement enhancement
Scenario 2:
1. Solutions for MPE issue to improve coverage and throughput
Scenario 3:
1. UL URLLC solution enhancement, focusing on TDM solution.
Scenario 4:
1. SRS overhead reduction for FR1 and FR2

	Nokia/Nokia Shanghai Bell
	Scenario 1:
· Study and potentially specify extension to TCI framework to provide common beam indication/QCL framework for both DL and UL
· Study and potentially specify simplified beam management procedures which requires less frequent RRC reconfiguration.
Scenario 2: 
· Enhance beam management procedures including beam reporting for UL beam selection to address critical MPE issue for UL coverage enhancement
· Support panel specific UL beam selection via common TCI framework
· The enhanced beam monitoring/reporting may support faster beam changing, simultaneous multi-beam transmission, or other schemes.
· Enable multi-beam operation to support SDM/FDM/TDM UL transmission across multiple UE Tx panels to enhance PUCCH and PUSCH robustness/reliability.
Scenario 3:
· Support the remaining items on M-TRP/panel transmission for PDSCH which are not finalized in REL-16.
· Enhance the Multi-TRP/panel transmission for PDSCH in FR2 considering also UEs with multiple panels.   
· Enable the inter-cell M-TRP/panel transmission for PDSCH by enhancing the TCI/QCL framework. 
· CSI enhancements (including beam reporting) for M-TRP/panel operation, including joint CSI feedback, reducing overhead/latency for CSI feedback, and enhancing group-based beam reporting to support multi-panel UEs. 

· Enhance reliability/robustness for M-TRP/panel transmission for PDCCH by also considering backward compatibility on supporting REL-16 M-TRP URLLC schemes defined for PDSCH.
· Enhance reliability/robustness for M-TRP/panel transmission for PUCCH/PUSCH. 
Scenario 4: 
· Study potential of Enhanced SRS framework to increase SRS coverage, SRS capacity, UL throughput and to enable high-resolution reciprocity-based downlink precoding (TDD only). Decision on specification should be subject to the results of the study. Possible directions are:
· configuration of multiple SRS resource sets with different time behavior including sets with the same usage (e.g., usage=codebook/noncodebook) 
· more flexible triggers to better accommodate scheduler constraints,
· larger number of ports to support higher UL throughput 
· longer SRS transmission (more than 4 symbols, e.g., for multi-TRP sounding), 
·  [lower priority] use of non-orthogonal SRS resources (TDD only)
· Study of SRS enhancements should also target the possibility of supporting high-resolution uplink precoder applications, e.g., TPMI, for large number of layers. In this context, suitable DL signaling to feedback CSI information, e.g., TPMI, from gNB to UE (FDD) should be studied. Decision on specification should be subject to the results of the study. 
Scenario 5: 
· Study feasibility and standards impact of exploiting partial reciprocity in FR1 FDD. The study should make sure that system configurations are first identified for partial reciprocity-based solutions to make technical sense, e.g. considering different SCS, BWP, SRS bandwidth configurations, as well as identifying meaningful UL/DL spectrum pairs and deployment scenarios. 

	Qualcomm
	· Scenario 1 (Beam management enhancements):
· Specify mechanism(s) to enable low overhead and/or low-latency beam management, including 
· L1-event-triggered beam reporting, 
· fast beam selection for C-DRX,
· fast beam switching for high-speed/URLLC, and 
· standalone aperiodic TRS.
· Specify enhancements on beam failure recovery for beam failure detection/recovery (BFD/BFR) across multiple component carriers, and interaction between BFD and radio link failure (RLF).
· Specify enhancements on beam management in RACH and HO, including 
· early beam reporting and early beam failure indication in contention-based RACH processes, 
· Msg repetition and beam sweeping,
· QCL periodization for limited active QCLs, and
· DL/UL resource prioritization.
· Specify enhancements to beam management for semi-persistent scheduling (SPS)/configured grant (CG) and for MPE, including enhanced repetition, beam sweeping, and beam update.
· Specify enhancements on default beam to decouple from PDCCH beam.
· Scenario 3 (Multi-TRP/multi-panel enhancements):
· Specify enhancements on PDCCH/PUCCH/PUSCH reliability.
· Specify enhancements on UE feedback, including
· joint CSI feedback for multi-TRP SDM scheme,
· fast feedback for TCI state/TRP selection and switching.
· Specify features to enable simultaneous receiving (RX)/transmission (TX), including
· simultaneous transmission of PUSCH & PUCCH and PUCCH & PUCCH for both FR1 and FR2,
· metrics for selection of simultaneous RX/TX beams, and
· group-based beam management.
· Specify enhancements for system operation for multi-TRP, e.g., per-TRP RLF/BFR.
· Specify necessary signaling and procedure enhancements to enable transmission from inter-cell multi-TRP with different PCIs, including
· TCI state configuration and indication, and
· non-serving cell L1-RSRP measurement and reporting. 
· Specify enhancements to enable multi-TRP operation on unlicensed bands.
· Scenario 4 (UL/DL coverage/throughput enhancement):
· Specify CSI enhancement to exploit partial reciprocity for enhanced reciprocity-based DL operation.
· Improve performance when there’s a mismatch in UL/DL frequency and/or in Tx/Rx.
· Specify enhancements to enable reference signal (DMRS and SRS) bundling across time to improve UL/DL channel estimation.
· Specify enhancements to PUCCH (with >2 bits payload) and PUSCH (with small payload) for UL coverage improvement, e.g., sequence-based transmission to enable non-coherent detection.
· Specify enhancements to improve reciprocity-based DL operation with up to 8 RX antennas, including SRS enhancements and interference measurement improvement.
· Specify mechanism(s) to improve spectral efficiency, including
· reference signal overhead reduction,
· enhanced frequency-domain interleaving, and
· support of 1024 QAM.
· Scenario 6 (Enhancements for high-speed UEs):
· Specify DL DM-RS time-domain bundling to improve DL channel estimation.
· Specify necessary CSI-RS and CSI enhancements to tackle CSI aging.

	CATT
	Scenario 2: 
· Specify UL multi-beam enhancements for fast TX panel selection, RS overhead reduction, multi-panel joint transmission (PUSCH), and potential simultaneous transmission of UL signals
Scenario 3: 
· Specify multi-TRP coverage/capacity enhancements for PDCCH/PUCCH 
Scenario 4: 
· Specify UL throughput /coverage enhancement, including frequency selective precoding and supporting features
· Study and if needed, specify extension to 8 antenna port
Scenario 5:
· Study and if needed, specific DL CSI enhancement exploiting channel reciprocity
Scenario 6:
· If time permits, study feasibility, performance and implementation impact for high-speed scenario

	Lenovo, Motorola Mobility
	Scenario 1:
· Enhance beam management and beam failure recovery with fast beam tracking, fast beam switching, across multiple CC, and UE report driven beam management and switching for latency and reliability enhancement
· Mobility enhancement with FR2
Scenario 2:
· Simultaneous TX/RX with multiple UE panels
· Mechanism for fast panel selection, panel specific power control, and beam related issues with MPE. 
Scenario 3:
· Further enhancement to PDSCH
· Enhancement to PUSCH/PDCCH/PUCCH, enhancement to RS
· Enhancement specific to FR2 and MPE
Scenario 4:
· Enhancement to UL TX (codebook and non-codebook) including 8TX ports, subband precoding
· SRS enhancement for both FR1/2
· Interference mitigation for TDD
Scenario 7:
· Fast CSI acquisition for both FR1 and FR2.
· Improved CSI measurement and reporting timeline.

	Sony
	· Scenario 1
· Design to reduce overhead and latency for beam management for multi-panel/TRP, including QCL design for CSI-RS resource sets from multi-panels/TRP.
· Design to reduce overhead and latency for SSBs and RACH occasions.
· Joint UL/DL beam management
· Scenario 2
· Simultaneous uplink multi antenna panel transmission scheme (or more efficient panel diversity transmission scheme) for eMBB
· Enhancement on beam failure recovery
· Immediate beam recovery scheme
· Efficient antenna panel and beam selection for beam failure report
· Scenario 4
· For SRS coverage/capacity improvement, UE panel capability awareness at the network, including polarization aspects.
· Study the UE beam correspondence utilization constraint and necessary signalling in low SNR/SINR conditions. 

	Fraunhofer/HHI
	Scenario 6:
 Specify enhancements on CSI feedback and necessary RS extensions for UE mobility scenarios at FR1 (and FR2, if time permits) including Doppler-component feedback to improve network efficiency/system performance and to reduce CSI feedback overhead. 
· We think that compensating only for a Doppler shift is not sufficient in high-speed scenarios; Doppler spread/spectrum-related information for CSI reporting needs to be considered as well. 
· We point out that not only highway (vehicular speed) and HST (up to 500kmph) scenarios should be considered; other UE mobility scenarios (~30 km/h) should be taken into account as well.

Scenario 1: 
 Specify enhancements on UL/DL beam indication based on a separate UL spatial relation framework that can exploit the UE’s beam correspondence capability.
· The spatial relations for various UL channels/RSs are explicitly indicated in Rel. 16 via higher layer. From our perspective, it is possible to go further and exploit the UE’s beam correspondence abilities to implicitly derive UL beams from DL channels/RSs without explicit signaling.
· It is beneficial to separate the spatial relation indication from power control (in the case of PUCCH) to better exploit beam correspondence and implicitly derive UL beam directions from DL channels/RSs.

Scenario 5: 
· Feasibility study on FDD partial reciprocity to improve CSI feedback (accuracy and/or overhead).
· Study of FDD reciprocity taking RF impairments into account. 
· Accurate modelling of the channel is important for this study. Available channel models need to be checked if they are sufficiently accurate in modelling the frequency-dependency of the channel for the FDD scenario (e.g., frequency-dependent channel clusters and antennas). 

	MediaTek
	· Scenario 1:
· Specify mechanism for triggering beam management procedure based on L1 events
· Specify CSI-RS enhancement to allow for TX/RX beam switching faster than per symbol duration
· Scenario 2:
· Study potential RAN1 solutions solving the MPE issue
· Specify Multiple-panel UL transmission: e.g., panel selection and simultaneous multi-panel transmission and the operations considering M-TRP.
· Scenario 3:
· Further enhancement including complexity optimization for URLLC, and eMBB scheme.
· Enhancement for PDCCH/PUCCH/PUSCH channels via M-TRP transmission/reception
· Operation in FR2: e.g., PTRS support for M-TRP transmission, M-TRP with more than two TRPs.
· CSI enhancement for M-TRP, considering both ideal and non-ideal backhaul cases
· Scenario 4:
· Specify sub-band precoding for uplink to improve coverage
· Specify the enhancement of SRS
· to increase the resource capacity while maintaining uniform cross correlation
· and to extend the SRS in time domain to increase coverage 
· Scenario 6:
· Study the feasibility of exploiting MIMO channel’s time domain correlation in reducing CSI overhead and/or improving MIMO link adaptation accuracy

	vivo
	Scenario #3:
· Specify reliability and latency enhancement of PDCCH/PUCCH/PUSCH channels with single/multiple UE panels including FR1 and FR2
· Specify, beam management enhancement e.g. TRP-specific BFR, default beam operation per TRP for FR2
· Study, if needed specify, PMI/non-PMI based CSI feedback enhancement 
· Study enhancement of DL SPS and UL configured grant operations
Scenario #1:
· Specify mechanism to reduce latency for mobility in FR2, including the following:
· L1 beam management enhancement for mobility, including both DL and UL enhancement;
· Beam failure detection enhancement, including beam failure detection latency reduction;
· UL/DL beam sweeping based transmission and reception;
· Event triggered DL and UL BM procedure to reduce overhead and latency;
· Specify latency reduction mechanism for fast Scell activation;
Scenario #2:
· Panel selection/activation/switching for power saving
· Including UE initiated panel switching on/off
· Panel specific power control
· Simultaneous reception via multiple UE panels
Scenario #4:
· Enhancement of UL transmission schemes, control signaling including FR1 and FR2:
· Specify control signalling enhancement to support frequency selective precoding in UL to improve efficiency
· Specify mechanism to reduce PAPR, power imbalance in UL
· Investigate, if needed specify, mechanism to improve UL receiver performance, coverage
· [bookmark: OLE_LINK1]Streamlining/enhancement of SRS including overhead reduction, flexible A-SRS triggering
Scenario #5:
· Study performance enhancement for TDD/FDD with channel reciprocity/partial-reciprocity for FR1
Scenario #6:
· Study, if needed, specify mechanisms to enhance performance of high-speed scenarios in FR1 and FR2

	Mitsubishi Electric
	Scenario 1 : Enhancement for beam management and beam switching for high mobility
Scenario 2 : Multi-panel support, panel specific transmission/control for uplink, 
Scenario 3 : PUSCH/PUCCH/PDSCH reliability enhancement
Scenario 4 : SRS coverage and capacity enhancement both for FR1 and FR2
Scenario 6 : Enhancement for beam switching for high mobility support, DMRS, SRS CSI-RS enhancement for high mobility, PTRS enhancement for OFDM, Multi-TRP/panel support for HST in FR2, Doppler shift compensation

	Volkswagen AG
	Scenario 6:
· Focus not only on high speed train scenarios but consider also vehicular communication at speeds above 30km/h.
· Doppler spread needs to be considered to the same extend than Doppler shift in this vehicular mobility scenarios.
· Vehicular UE can have 2Rx only. Therefore 2Rx should be part of the consideration. 
· Minimize CSI feedback redundancy
· Work on MIMO enhancements for FR2 only if time permits

	ORANGE
	· Orange supports the following scenarios
· Scenario 5: Enhanced DL MIMO spectral efficiency in FDD, by CSI enhancement based on FDD partial reciprocity
· Scenario 3: Enhanced throughput/coverage and reliability/robustness (e.g. URLLC, IIOT) for multi-TRP/panel transmission for channels other than PDSCH
· Scenario 4: Enhanced UL transmission schemes (codebook and/or non-codebook) as well as improved SRS coverage/capacity and triggering for enhanced reciprocity-based DL operation for and increased UL throughput/coverage
· Scenario 6: CSI acquisition/measurement and demodulation performance (e.g., Doppler shift pre-compensation) for high-speed UEs
Besides, RAN4 minimum performance requirements for uplink channels also need to be clarified in TS38.104  Rel. 15, before agreeing on coverage and capacity enhancement for UL MIMO.

	AT&T
	Scenario 5: 
· Investigate and specify massive MIMO enhancements with low UE complexity to improve system performance for FDD bands
· Investigate and specify techniques that leverage full or partial FDD reciprocity to improve performance in FDD bands with increased number of Tx antennas
· Leverage improved feedback techniques to investigate low-complexity non-linear precoding 

Scenario 6:
· Investigate and specify techniques for feedback enhancements, such as feedback compression through exploring the doppler and delay domains for applications such as high mobility, for FDD and TDD bands

Scenario 1: 
· Specify enhancements to enable lower overhead and latency beam management procedures for applications such as URLLC, V2X, and IAB
· Specify enhancements to enable lower latency beam failure recovery procedure through early beam failure indication and recovery and better interworking between the beam failure recovery procedure and the RLM/RLF procedure, for applications such as URLLC, and multi-TRP

Scenario 2:
· Specify features to enable simultaneous transmission across multiple panels (STxMP) for UL coverage enhancements 
· Specify mechanism(s) to enable fast UL panel selection 
· Specify multi-beam enhancements to support SDM and simultaneous transmit/receive across multiple panels for applications such as IAB

Scenario 3: 
· Specify multi-TRP NCJT enhancements for FR2 including CSI feedback enhancements, and multi-beam enhancements
· Specify multi-TRP/Panel enhancements for PDCCH/PUCCH/PUSCH for URLLC
· Specify enhancements on CSI feedback such as DMRS based CSI feedback for improved reliability

	Vodafone
	Some specific features for a subset of the scenarios we proposed:
· Scenario 5: Support to study the FDD partial reciprocity benefits for FDD FR1, as an initial phase of any MIMO work item.
· Scenario 4: Look at improving UL PUSCH efficiency to overcome link imbalance with DL.
· Scenario 7: At least ensure that URLLC data does not get blocked by CSI reporting timelines.

	Convida Wireless
	Scenario 3:
· Specify enhancement(s) of throughput/coverage/reliability/robustness by using multiple TRPs/panels, incl. inter-cell, at the network side and/or multiple panels at the UE:
· Enhancements for PDCCH/PUSCH/PUCCH
· Enhancements for BM and BFR.
Scenario 2:
· Investigate the benefit and, if needed, specify features to enable simultaneous transmission across multiple panels (STxMP) for UL coverage enhancements 
· Specify mechanism(s) to enable fast UL panel selection
· Study and, if needed, specify enhancement for UEs with non-co-located panels
Scenario 5:
· Study FDD partial reciprocity, for potential application in CSI/BM overhead reduction.
Scenario 1:
· Specify further enhancement on UL and/or DL transmit beam selection to reduce latency and overhead

	China Unicom
	China Unicom supports following scenarios.
Scenario 5: support to study the FDD partial reciprocity to improve CSI feedback (accuracy and/or overhead) for FDD FR1. 
· gNB should support for large number of TX antenna ports.
Scenario 6: support to study on supporting for UEs under high speed conditions (speed is up to 500km/h). 
· e.g. enhancement on Doppler shift estimation and pre-compensation for HST and highway.
Scenario 4: SRS enhancement for coverage and capacity for both NR TDD and FDD.
Scenario 3: Enhanced throughput/coverage and reliability/robustness (e.g. URLLC, IIOT) for multi-TRP/panel transmission for channels other than PDSCH. E.g. PDCCH/PUCCH/PUSCH.

	China Telecom
	Scenario 5:
· Investigate potential partial channel reciprocity for FDD system.
· Enhancement on CSI feedback mechanism.
Scenario 3:
· Enhancement on other channels for multi-TRP/panel transmission, e.g. PUCCH, PUSCH, PDCCH.
· Enhancement on separate/joint CSI feedback for multi-TRP/panel transmission.
· Enhancement on URLLC for multi-TRP/panel transmission.
Scenario 2:
· Enhancement on simultaneous transmission/reception across multiple UE panels.

	InterDigital
	Scenario 2: Enhanced UL throughput/coverage and reliability/robustness via UL multi-beam operation for UEs equipped with multiple panels 
· Investigate supporting mechanisms for simultaneous multi-beam transmission, including aspects related to power and timing control
· Specify procedures for fast UL panel activation, selection and switching 

Scenario 3: Enhanced throughput/coverage and reliability/robustness (e.g. URLLC, IIOT) for multi-TRP/panel transmission for channels other than PDSCH, with its potential use to aid inter-cell mobility and/or simultaneous TX/RX
· Investigate enhancements for PDCCH/PUCCH/PUSCH reliability by multi-panel transmission for URLLC
· Study potential enhancements for PDSCH, including enhanced CSI feedback and improved transmission schemes (multi-dimensional modulation) 

Scenario 4: Enhanced UL transmission schemes (codebook and/or non-codebook) as well as improved SRS coverage/capacity and triggering for enhanced reciprocity-based DL operation and increased UL throughput/coverage
· Study and specify low overhead TPMI indication and the related control signaling for frequency selective UL precoding
· Study potential enhancements for uplink codebook, including dual-stage precoding

	BT
	We do not have a strong preference on the specific features as long as they achieve practical gains in the scenarios of interest. Points below are general suggestions.
· Scenario 4:
· SRS coverage enhancement through time domain repetition and/or frequency-domain precoding;
· Study and if needed specify mechanisms to enhance performance UE configurations with xTyR where x <y; 
· Scenario 5
· Study, and if needed specify, performance enhancements from any common information available from multiple frequency bands available to a UE;

	TIM
	As BT, TIM does not have a strong preference on specific features as long as they achieve practical gains in the scenarios of interest. Moreover, we should avoid spending effort on unrealistic scenarios, e.g. high numbers of antennas in uplink for UE, given that many device and chipset manufacturers are pushing to simplify the devices such as smartphones.
Scenario 4 – specify enhancement of UL transmission schemes, control signalling (FR1 and FR2), in particular with configurations with xTyR where x <y (focus on x=1, 2)
Scenario 5 – specify solution to enhance performance of FDD MIMO in FR1, for example partial reciprocity in FR1 FDD
Scenario 6 – specify mechanisms to enhance performance of high speed scenarios (focus on FR1), e.g. CSI acquisition/measurement and demodulation performance

	IITH, IITM, CEWIT, Tejas Networks, Reliance Jio, Saankhya Labs
	Scenario 1:
· UL beam selection latency needs to be reduced in codebook and non-codebook based UL transmission.  
· Common beam management framework for UL and DL should be adopted for smooth intercell mobility.
· Support for non-linear precoding-based transmission schemes for single-TRP/panel and multiple TRP/panel scenarios.

Scenario 4: 
· Explicit CSI feedback for reciprocity-based DL operation in TDD and FDD systems. 
· SRS enhancements to improve fast triggering, enhanced UL coverage
· Explicit interference feedback for improve MU-MIMO operation in both single TRP/panel and multiple-TRP/panel operation.
· Enhance UL throughput performance via enhanced codebooks.
· Fix loopholes in low PAPR DMRS sequence design.

Scenario 5:
· Explicit CSI feedback-based enhancements for single and multiple TRP operations and exploit reciprocity.
· FDD massive MIMO performance enhancements with low UE complexity by exploiting FDD channel reciprocity should be explored. 

Scenario 6:
· PTRS density enhancements for high speed users using DFT-s-OFDM

Scenario 7:  
· Enhanced CSI acquisition scheme to support non-linear precoding for single TRP/ Panel and multi TRP/Panel cases to be studied.
· The channel will remain nearly static for fixed and low speed scenarios. However, the interference can vary due to various factors like MU-MIMO, scheduling of resources in adjacent gNB, etc. Explore the possibility of interference only feedback report for the above case.

	Verizon
	As an operator, like BT, in general we also do not have a strong preference on a specific feature’s technical details as long as they achieve similar gains in real deployment scenarios with reasonable cost and complexity implication. And based our experience with real deployment, we may have gained some good understanding in some areas towards which feature is more likely to succeed and which is more likely to fail or end up unused and wasted. It is for this reason and to this level that we want to contribute to 3gpp and benefit from its work.
The area in need the most urgent enhancement in general in our view is clearly scenario 1. (no, it doesn’t mean it is more important - it just needs more urgent repair work 😊)
Scenario 1:
In the coverage enhancement WI, we asked for a thourough evaluation of FR2 coverage. We think it is a very important task that can be taken either in this WI or that coverage enhancement WI (we prefer in that coverage enhancement WI). However, we don’t want Rel-17 to delay any enhancement work, because FR2 coverage clearly needs to improve based on field deployment experience. We noticed mmWave can provide good coverage distance in free space in a static LOS environment, but not in a real changing environment where 5G mmWave service is often unavailable or often disrupted by e.g., random blockage. There is also the obvious issue of reliable support for typical mobility. Beam management inefficiency is understood by us and our industry partners to be the main reason. We support a major enhancement effort for FR2 beam management in Rel. 17. 

We see potential enhancements in many areas. Some examples are:
· Support streamlining UL beam management by e.g., adopting a QCL framework similar to DL beam management based on TCI framework.
· Further reduce the use of RRC messages for beam management by simplifying the procedure and relying more on UE beam correspondence and UE intelligence, e.g., further exploiting UE beam correspondence to UL more flexibility to manage its beams and UE event-driven beam reporting.
· Enhance intra-cell mobility support by e.g., multiple candidate beams, fast beam tracking/switching/recovery, and extend beam management across cells support inter-cell mobility. Our target is 45mph residential and 85 mph highway. Multi-TRP/panel can be part of the solution.  But we are looking for full solution for single TRP/panel and for EN-DC, NR-NR DC.
· Enhance beam management for power saving – e.g., for CDRX, WUS detection, etc. though e.g., multiple-beams, optimized RS.
· Faster & more robust & UE power friendly beam management for e.g., paging, initial access, measurement report, etc.
Again, the above are just some of the areas we feel having a good chance to produce meaningful enhancement. We are interested in other areas as well.

Scenario 3:
· We think it is also for eMBB, at least for throughput/coverage and maybe a little bit of reliability/robustness
· Enhance the management procedure for the multi-panel/multi-TRP configurations. We prefer 2 (or more) simultaneous analog beams be explicitly supported because it makes future effort both in standard and in real product and field optimization easier.
· Study enhancement of PDCCH/PUCCH/PUSCH reliability and latency by e.g., repetition and different QCL assumptions
· CSI and beam management enhancements for two or more TRPs/panels
· Since this targets URLLC/IIOT, and we may want to add cloud gaming and XR, typical traffic patterns need to be taken into account
· Power consumption and certain level mobility support should not be ignored

Scenario 2: 
· Study multiple-panel transmission and multiple-panel activation & single-panel transmission mainly for higher data rate and robustness, though mobility and power saving should also be considered
· We are supportive of explicit panel management, and think tx/rx multiplexing, power control and MPE issue, among others, should be considered.


Scenario 8:
[bookmark: _GoBack1]Quasi-station FWA/ CPE is an important commercial deployment scenario that we believe should be considered in the WI. The stationary property should be exploited in this MIMO WI as well as in that coverage enhancement WI (e.g., allowing cross-slot channel estimation) to support better multi-beam simultaneous tx/rx, beam refinement, MPE, power control, power saving, etc. We are OK with merging this scenario with other scenarios by having FWA/CPE applications considered there.

	Intel
	Scenario 1: Large reduction in signalling latency/overhead for DL/UL multi-beam operation, with its potential use to aid inter-cell mobility
· Specify enhancements related to support of inter-cell mobility / high speed in the non-tightly synchronized deployment scenarios allowing DL reception with relaxed Rx timing from TRPs (exceeding CP) of PDSCH/CSI-RS and UL transmission with large timing advance difference for UCI transmission in FR2
· Specify beam management enhancements (e.g., decoupled DL and UL beam reporting) for dense deployment of UL Rx points within a Macro cell and HetNet deployment scenarios
· Specify overhead reduction for TRS in FR2 (e.g., A-TRS, cross CC QCL Type A indication, etc.) 

Scenario 2: Enhanced UL throughput/coverage and reliability/robustness via UL multi-beam operation for UEs equipped with multiple panels 
· Specify enhancements to multi-panel simultaneous transmission from UE in FR2 for eMBB scenarios 

Scenario 3: Enhanced throughput/coverage and reliability/robustness (e.g. URLLC, IIOT) for channels other than PDSCH, with its potential use to aid inter-cell mobility and/or simultaneous TX/RX
· Specify further enhancement to multi-TRP / panel transmission of PUCCH/PUSCH for URLLC scenarios 
 
Scenario 4: Enhanced UL transmission schemes (codebook and/or non-codebook) as well as SRS coverage/capacity and triggering for increased UL throughput/coverage
· Specify TD-OCC for SRS with repetition should be used to increase SRS capacity in coverage limited scenarios, etc.
· Specify DFT-s-OFDM support with more than 1 MIMO layer to facilitate UL MIMO transmission (e.g., 2 MIMO layers) with improved MPR
· Specify more than 1 DM-RS port for PUCCH Format 4 with pi/2-BPSK for more efficient usage of the resources

Scenario 5: Feasibility study on FDD partial reciprocity to improve CSI feedback (accuracy and/or overhead)
· Study CSI enhancements for NR, e.g. with CSI compression in Doppler domain, CSI with partial reciprocity without normative work in Rel-17 

Scenario 6: Enhancing transmission scheme, CSI acquisition/measurement and demodulation performance (e.g., Doppler shift pre-compensation) for high-speed UEs
· Specify enhanced transmission scheme (e.g., consider similar schemes like scheme 1c discussed in Rel-16 for multi-TRP for URLLC) for HST-SFN scenario to improve the robustness and/or data rate. 

	UIC (International Union of the Railways)
	Scenario 6: NR MIMO CSI enhancements should cover and be specified for:
· conventional train speed levels of ≤120km/h, 160km/h, 200-249km/h
· high train speed levels of 250-360km/h
· 420km/h and 500km/h
Enhancements on robust channel estimation and its accuracy and CSI feedback for high train speed scenarios to combat Doppler specifically Doppler Spread caused by multi-path propagation have to be specified.



The above inputs can be summarized as follows. In the summary, some proposals (e.g. enhancements for SPS or CG, support for 1024 QAM, scheme 1b/1c URLLC, UL coverage enhancement remotely related to MIMO) fall outside the area of FeMIMO and hence are not included. Proposals that lack specificity (too generic, e.g. UL transmission scheme enhancement, enhancements for MPE, PUSCH coverage enhancement) are not included either. 

Table 6 Phase II summary

	Scenario
	Feature
	Supportive companies

	1 (eBM)
	Features to facilitate efficient and fast multi-beam operation, including streamlined BM components (DL/UL beam selection/switching, DL/UL TCI, restriction on QCL update, default beams, utilizing beam correspondence) 
	Apple, AT&T, Convida, Ericsson, Huawei/HiSi, Fraunhofer/HHI, Futurewei, Lenovo/MotM, Mediatek, Mitsubishi, Nokia/NSB, NTT Docomo, Qualcomm, Samsung, Sony, Verizon, vivo, (IITH, IITM, CEWIT, Tejas Networks, Reliance Jio, Saankhya Labs)
{27}

	
	Extension of BM for aiding “seamless” (efficient and fast) inter-cell mobility, also considering MTRP aspect(s) and RA 
	Apple, Ericsson, Intel, Lenovo/MotM, Nokia/NSB, Qualcomm, Samsung, Verizon, vivo, (IITH, IITM, CEWIT, Tejas Networks, Reliance Jio, Saankhya Labs)
{17}

	
	UE-initiated/L1-event-driven BM
	Apple, LGE, Lenovo/MotM, Mediatek, Qualcomm, Samsung, Spreadtrum, Verizon, vivo
{10}

	
	Beam sweeping based UL/DL transmission
	LGE, vivo
{2}

	
	Standalone aperiodic TRS and its associated QCL
	Ericsson, Intel, Qualcomm 
{3}

	
	Enhanced DRX related to BFD
	Ericsson, Verizon 
{2}

	
	BFR for MTRP
	AT&T, Convida, LGE, OPPO, Spreadtrum, vivo 
{6}

	
	Enhanced multi-CC BFR 
	Qualcomm 
{1} 

	2 (UL MP)
	Enabling STxMP (simultaneous transmission across multiple panels)
	AT&T, CATT, China Telecom, CMCC, Convida, IDC, Intel, Lenovo/MotM, LGE, Mitsubishi, Nokia/NSB, NTT Docomo, Qualcomm, Samsung, Sony, Spreadtrum, Verizon, ZTE
{20}

	
	Enabling fast panel selection 
	Apple, AT&T, CATT, Convida, IDC, Lenovo/MotM, Mitsubishi, Nokia/NSB, NTT Docomo, OPPO, Samsung, Spreadtrum, Verizon, vivo 
{16}

	
	Panel-specific UL timing and power control 
	IDC, Lenovo/MotM, LGE, NTT Docomo, Verizon, vivo, ZTE
{8}

	
	Enhancements for non-collocated panels
	Convida, LGE
{2}

	3 (MTRP)
	Enabling features for PDCCH/PUSCH/PUCCH reliability and latency reduction using DL MTRP/MP
	Apple, AT&T, CATT, China Telecom, China Unicom, CMCC, Convida, Ericsson, Futurewei, Huawei/HiSi, IDC, Intel, Lenovo/MotM, LGE, Mediatek, Mitsubishi, Nokia/NSB, NTT Docomo, OPPO, Orange, Qualcomm, Samsung, Spreadtrum, Verizon, vivo, ZTE
{29}

	
	CSI optimized for DL MTRP/MP
	AT&T, China Telecom, CMCC, Ericsson, Futurewei, IDC, Mediatek, Nokia/NSB, NTT Docomo, Qualcomm, Samsung, Spreadtrum, Verizon, vivo
{15}

	
	Enhancement to CW to layer mapping
	LGE
{1}

	
	DL SPS for PDSCH for single- and multi-TRP
	Ericsson, vivo
{2}

	
	Enabling simultaneous PUSCH/PUCCH, PUCCH/PUCCH 
	Qualcomm 
{1}

	
	Non-linear precoding based transmission scheme for single- and multi-TRP
	(IITH, IITM, CEWIT, Tejas Networks, Reliance Jio, Saankhya Labs)
{6}

	4 (UL MIMO)
	SRS coverage and capacity enhancement including triggering, switching, sounding, and/or precoded SRS, potential overhead reduction, bundling 
	Apple, BT, China Unicom, CMCC, DT, Ericsson, Futurewei, Intel, Lenovo/MotM, Mediatek, Nokia/NSB, OPPO, Orange, Qualcomm, Mitsubishi, Samsung, Sony, Spreadtrum, vivo, ZTE, (IITH, IITM, CEWIT, Tejas Networks, Reliance Jio, Saankhya Labs)
{28}

	
	DL control signaling and precoded SRS for high resolution UL/DL precoding with partial reciprocity
	Nokia/NSB, Qualcomm, Samsung, (IITH, IITM, CEWIT, Tejas Networks, Reliance Jio, Saankhya Labs)
{10}

	
	DL control signaling for UL frequency selective precoding
	CATT, IDC, Lenovo/MotM, Mediatek, OPPO, Samsung, vivo, ZTE
{9}

	
	Dual-stage codebook for 4TX and 8TX 
	IDC, Samsung, (IITH, IITM, CEWIT, Tejas Networks, Reliance Jio, Saankhya Labs)
{8}

	
	Support for 8-port PUSCH transmission
	CATT, Lenovo/MotM, OPPO, Samsung
{5}

	
	Enabling UL dense deployment, including UL TC/PC, SRS
	Intel, NTT Docomo
{2}

	
	UL DMRS bundling (coverage improvement)
	Ericsson, Qualcomm 
{2}

	
	Power imbalance and/or PAPR reduction (which channels?)
	Vivo, (IITH, IITM, CEWIT, Tejas Networks, Reliance Jio, Saankhya Labs)
{7}

	
	DFT-SOFDM with >1 layers
	Intel
{1}

	
	> 1 DM-RS port for PUCCH Format 4 with pi/2-BPSK
	Intel
{1}

	5 (FDD Rec CSI)
	CSI measurement and reporting (including codebook) exploiting partial FDD reciprocity, including channel modeling study 
	AT&T, BT, CATT, China Telecom, China Unicom, CMCC, Convida, DT, Huawei/HiSi, Fraunhofer/HHI, Futurewei, Intel, Nokia/NSB, OPPO, Orange, Spreadtrum, TIM, vivo, Vodafone, ZTE, (IITH, IITM, CEWIT, Tejas Networks, Reliance Jio, Saankhya Labs)
{29}

	
	Low complexity non-linear precoding
	AT&T
{1}

	6 (HiMob)
	CSI feedback/prediction (to tackle CSI aging, including enabling Doppler shift compensation and Doppler domain “compression”), fast QCL update
	AT&T, China Unicom, CMCC, Continental Automotive GmbH, DT, Fraunhofer/HHI, Futurewei, Mediatek, Mitsubishi, NTT Docomo, OPPO, Orange, Qualcomm, TIM, UIC, VAG, vivo, ZTE
{19}

	
	SRS coverage and capacity enhancement including triggering, latency reduction 
	Futurewei, Huawei/HiSi, Mitsubishi
{4}

	
	Enhanced TRS for high mobility 
	NTT Docomo
{1}

	
	DL DMRS TD bundling (aiding channel estimation)
	Qualcomm 
{1}

	
	Enhanced PTRS (e.g. density)
	Mitsubishi, (IITH, IITM, CEWIT, Tejas Networks, Reliance Jio, Saankhya Labs)
{7}

	7 (CSI time)
	Enhanced CSI processing timeline and CPU utilization 
	Ericsson, Lenovo/MotM, Vodafone, ZTE
{5}

	
	A-CSI triggering in MSG2 (early CSI for MIMO)
	Ericsson
{1}

	8 (FWA)
	VRB-to-PRB mapping for enhanced frequency diversity
	Qualcomm, Ericsson
{2}



5.3 [bookmark: _Ref26204984]Phase III 

The detailed inputs for the initial goal list of goals from the email moderator are captured in the following table.

[bookmark: _Ref26204934][bookmark: _Ref26204927]Table 7 Comments on the initial goal list from the email moderator

	Company
	Input

	AT&T (offline)
	Add “...by the UE, along with possible UE-assisted calibration mechanism, mainly…” in goal 5b.
· Reason: In addition to hi-res CSI, some assistance for calibration can yield significant benefit

	CMCC
	Add goal 2d: Identify and specify features to enable Doppler shift pre-compensate at each TRP and improve spectrum efficiency/robustness of PDSCH for SFN based high-speed train scenario (i.e., Multi-TRP with ideal backhaul), e.g., enable independent MCS adjustment for Rel-16 single-DCI based Multi-TRP transmission, enable SDM based scheme 1c discussed in Rel-16 multi-TRP for URLLC
· Reason: Very important deployment scenario at least in China and Japan, and specific solution is proposed to limit the scope. For UEs near the window (LoS-like channel), spectrum efficiency could be improved, while for UEs far from the window (NLoS-like channel), robustness needs improvement. This is different from URLLC scenario.
· Potential RAN1 spec impact includes signaling to ensure that NW and UE have the same knowledge on the TRS used by the UE to modulate carrier frequency of UL signal

	Apple
	1) Add goal 1b v: Solutions to address MPE issue for both panel selection and, potentially, beam selection within panel 
a. Reason: large UL coverage loss due to MPE, propose specific solution to limit the scope
2) Goal 1c: change” study” to “identify and specify” 
a. Reason: Already “discussed” in Rel.15/16, important feature 
3) Concern on STxMP (goal 1b i) 

	Qualcomm
	1) Add goal 1d: Evaluate and, if needed, specify optimized beam selection to improve default PDSCH beam decoupled from PDCCH beam
a. Reason: When PDSCH and PDCCH beams (TCI states) are different, using lowest CORESET index as the reference for PDSCH default beam can result in wider beam than necessary 
2) Add “…reception, including group-based beam reporting, priority rules in case of multiple QCL-TypeD, and BFR/RLM.” in goal 2c
a. Reason: the 3 beam management aspects have been discussed in Rel.16 and are well understood
3) Add goal 3e: Study DL signaling enhancement for partial SRS sounding across antenna ports and frequency
a. Reason: a second solution to address spatial and/or FD mismatch without requiring additional HW(s) (as in SRS switching and FH)

	Intel
	1) Add goal 1e: Identify and specify enhancements to multi-beam operation for advanced FR2 deployment scenarios (e.g., HetNet, dense deployment of UL Rx points within a Macro cell, etc.)
2) Goal 3b is not related to SRS coverage and capacity, perhaps should be classified as enhancement for DL MIMO
3) Add “… (e.g., enhancements targeting support of inter-cell delays of more than CP in FR2)” in goal 2b
4) Add goal 3f: Specify enhancements to increase SRS capacity by using TD-OCC over SRS repetitions

	Huawei
	1) Change “study” to “study and specify” for goals 5b and 5c
2) Add goal 3f: Identify and specify enhancements on SRS multiplexing capacity while limiting impact on SRS periodicity, e.g. by increasing the number of base sequences
a. Reason: Another venue to increase capacity without UL overhead
3) Expressing concern on the proposed new goal 5d from Ericsson/ZTE (impact on UE capability)

	Ericsson
	1) Add goal 5d: Identify and specify improved CSI timeline and CPU occupation for triggered CSI report(s) or advanced CSI timeline capability
a. Reason: The substantially larger timeline requirement for CSI than for regular UL data creates several problems for the UL/DL scheduler. The PUSCH resource for a user that require CSI transmission need to be pre-booked 6 slots in advance, which effectively gives much higher priority for CSI than for UL data
2) Goal 1b seems to require some RAN4 works such as EVM (need to take this into account)
3) Goal 1b iv: concern on scope (e.g. including HARQ etc.)
4) Goals 1c, 3d, 5b: concern on benefits and/or type(s) of enhancements
5) On “Study” items, the outcome should be captured in a TR
6) Questioning the need for the proposed new goal 5e from NTT Docomo 
7) Questioning the RAN1 spec impact for the proposed new goal 2d from CMCC

	NTT Docomo 
	1) Add goal 4c: UL enhancement for dense deployment of UL Rx points within a Macro cell, including Rx point specific UL power control without DL path-loss reference RS from the Rx points
a. Reason: new deployment scenario of interest
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2) Add goal 5e (and expanding goal 5 to include DL RS enhancement): Identify and specify smaller intervals of TRS symbols and smaller TRS transmission periodically than Rel.15/16 for high mobility (up to 500km/h) in FR1
a. Current TRS interval is not sufficient for high-speed train

	ZTE
	1) Add goal 1b vi (and expanding goal 1b to generic multi-beam enhancement) in place of goal 2c:  Enhancement on group based beam reporting, also expanding “STxMP” to include simultaneous reception
2) Support adding goal 3f from Intel and goal 3e from Qualcomm, suggesting to generalize goal 3c to include 3e from Qualcomm as follows: Identify and specify mechanism(s) to enhance SRS coverage
3) Goals 2b, 3d, and 4a: concern on benefits and/or types of enhancements
4) Support adding goal 5d from Ericsson with revised text (see Ericsson’s input)

	LGE
	1) Expressed general concern on expanding the scope beyond the initial goal list (agree on principles 1 and 2 from the email moderator)
2) In general OK with goal 2d from CMCC, perhaps sufficient to remove “other than PDSCH” in goal 2 instead of adding 2d
3) In general OK with ZTE proposal to add beam-group reporting as long as it is intended for MPUE. Also OK with simultaneous reception but seeing no need for explicitly including it in the WID.

	Vivo 
	1) Goals 1b: concern on UE implementation impact
2) Goal 2b can be combined with 1a
3) The proposed new goal 2d: consider enabling multi-DCI based PDSCH repetition, joint schemes between scheme 4 and other URLLC schemes, also enhancement of non-PMI based MIMO transmission in high speed scenario
4) Goals 3b, 3c, 3d: concern on benefits given the availability Rel.16 NR-U SRS allowing 14-symbol SRS
5) Goals 4a, 4b: concern on benefit
6) Add goal 4c: enhancement of PUSCH receiver efficiency e.g. by UL interference alignment
7) Goal 5a: which scenario? Proposing indoor massive distributed antenna system with ideal backhaul
8) Goal 5c: non-PMI based MIMO transmission
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