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1. Introduction
In Rel-15 and Rel-16, NR has witnessed two versions of standardization work to establish high-throughput and flexible MIMO framework. Generally, MIMO is an essential technology to guarantee DL/UL coverage and achieve high network performance. It is expected that after the completion of Rel-16, there will still be some leftover issues which degrade the performance of the supported Rel-16 features. Further, early deployment of NR has provided us some clues on the need of MIMO enhancement in different use cases, e.g., eMBB or URLLC. 
Before RAN#86, two phases of email discussion have been carried on in RAN reflector. After that, the following eight scenarios have been identified as potential enhancement targets for Rel-17.
· Scenario 1: Large reduction in signalling latency/overhead for DL/UL multi-beam operation, with its potential use to aid inter-cell mobility.
· Scenario 2: Enhanced UL throughput/coverage and reliability/robustness via UL multi-beam operation for UEs equipped with multiple panels
· 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
· 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
· Scenario 5: Feasibility study on FDD partial reciprocity to improve CSI feedback (accuracy and/or overhead)
· Scenario 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
· Scenario 7: Enhanced CSI acquisition (including beam reporting) via improving CSI measurement and reporting timeline (especially for aperiodic CSI/CSI-RS)
· Scenario 8: Increased data rate for fixed wireless access (FWA)
Based on these aspects, we give our views on the potential working scope of some scenarios above. 
2. Rel-17 MIMO evolution principle
Rel-16 NR eMIMO WI was planned to deliver the following features.
· Type II CSI enhancement to facilitate MU-MIMO
· Enhancement to support Multi-TRP/panel transmission
· Multi-beam enhancement considering multiple UE panels
· Beam report based on L1-SINR
· Low-PAPR RS for DL and UL
· Full power UL transmission
For the time being, it can be expected that some items may only support a part of the planned features due to lack of time, e.g., Multi-TRP/panel transmission, multi-beam considering multi-panel UE. The unfinished part of these features will degrade their performance. Hence the Rel-17 MIMO evolution should consider to finish these items to achieve high performance. 
Another aspect is that after early deployment of NR, some issues, which restrict achievement of good performance or exploring NR in different use cases like eMBB or URLLC, start appearing in the field. We think NR MIMO in Rel-17 should target to resolve these issues.
Proposal 1: NR MIMO evolution in Rel-17 should consider the following principles
· Finish leftovers which are important to ensure good performance of the features introduced in Rel-16.
· Resolve the issues which restrict achievement of good performance in diversified use cases like eMBB or URLLC after early NR deployment.
3. Potential work scope of Rel-17 MIMO
We list some potential items which concur with the above principles in the following context. The scenarios are listed following our priority order.
3.1 Scenario 4: UL enhancement
3.1.2 SRS enhancement
Triggering flexibility
SRS is an important and powerful tool to derive DL/UL CSI for high-performance precoding and link adaptation. In current NR framework, flexibility of SRS is much lower than other RS, e.g., CSI-RS, which causes a lot of restriction in transmission of SRS or other UL channel/signal. 
Currently, triggering offset of an AP SRS resource set can only be configured by RRC. The definition of triggering offset is irrelevant of UL or DL slots. To be specific, for a configured X triggering offset and DCI slot n, SRS is transmitted in slot n+X. However, this slot n+X may not be a UL slot, so the SRS may not be transmitted. This limits the choice of possible PDCCH and SRS locations. Per our analysis in [1], for typical slot format “DDDSU”, the possible candidate PDCCH and SRS locations can only have 8 cases. This would lead to either PDCCH capacity issue or SRS capacity issue for multiple UEs in a cell.
Further, slot format can be dynamically updated by DCI format 2-0. When SFI is changed by DCI, the RRC configured slot offset for SRS may not be suitable anymore. An example is shown in Fig. 1. 
[image: ]
a) Triggering offset =2 is suitable for this SFI
[image: ]
b) Triggering offset =2 is not suitable for this SFI
Fig. 1 An example of SRS triggering offset and SFI indication
This will either restrict SRS triggering or SFI indication on slot format. Hence we think it’s needed to resolve this restriction by allowing dynamic SRS triggering slot offset indication.
Coverage
SRS coverage is critical for both UL MIMO and CSI acquisition based on reciprocity. Hence we think Rel-17 needs to enhance SRS coverage for better UL and DL performance. 
[image: ][image: ]There are some possible approaches for the SRS coverage enhancement direction. The detailed approach can be discussed and decided during the work item. For example, one possible solution is to allow gNB configure more flexible frequency location for SRS. UE can firstly just be configured with a subset of RBs in a sub-band. After gNB measure all the sub-bands, it can configure a subset of sub-bands with full RBs as shown in Figure 2. This two-step sounding will reduce the frequency resources UE needs to sound in each SRS transmission, thus SRS coverage can be improved with power boosting. 
(a) Without frequency hopping,                                              (b) With frequency hoping
Figure 2 Partial frequency (sub-band) 2-step sounding  
Another issue is that in current NR, SRS cannot be transmitted simultaneously with other UL channel/signals. This would lead to coverage issue for cell-edge UEs. The reason is that available time domain resource to transmit SRS with hopping or repetition for cell-edge UEs is quite limited, if UL channels/signals cannot be transmit simultaneously for cell-center UEs. Further, for grant-free PUSCH, 2-symol-periodicity PUSCH is supported to meet URLLC requirements. Hence, this PUSCH can be located in most of the symbols in one slot, where it’s barely possible to transmit SRS in the remaining symbols. This restricts the configuration of both 2-symbol period grant free PUSCH and SRS, and prevents the latency requirement for URLLC based on GF-PUSCH to be satisfied. It’s needed to enhance simultaneous transmission of SRS and other UL channel/signals.
Capacity
Current NR just allow SRS in the last 6 symbols in a slot. For each SRS resource, all the ports can only be differentiated by comb and CS. This limits the capacity of SRS. Hence we think it’s needed to enhance SRS capacity by using more time-domain resources for SRS and more flexible port differentiation. 
In addition, to overcome the unbalanced coverage between UL and DL, UE needs more antennas to perform finer beamforming or frequency-selective precoding. This would lead to an increase of SRS capacity, i.e., more SRS resources to perform more UL beam training, or more SRS ports to achieve gain from frequency-selective precoding. 
Last, for DL CSI acquisition, UE can only sound the channel for up to 4 layers. However, up to 8 layers are supported for single UE. To mitigate this gap, it’s beneficial to allow UE sounding the 8-layer channel for DL CSI acquisition, esp. for those UEs with 8Rx antennas. 
Hence we think it’s required to enhance SRS capacity in Rel-17 to enable gNB configuring more than 4 SRS resources in one set and/or more than 4 SRS ports in one resource to improve UL coverage. Potential solutions we can consider includes more SRS symbols (e.g., allow transmitting SRS before PUSCH), TD-OCC among SRS symbols, larger comb value, etc.
3.1.1 UL frequency selective precoding
Early NR deployment shows that UL coverage is lower than DL coverage [2]. One potential solution to the UL coverage issue is to equip UE with more antennas to perform frequency-selective precoding. Hence we think it’s beneficial to investigate the gain of UL frequency selective precoding for 4 or more UE antennas based on codebook based and/or non-codebook based UL transmission. The dual-stage codebook is a good solution to potentially achieve the performance gain of frequency selective precoding. 
To support the frequency selective codebook, control signalling needs to be enhanced to balance the UL precoding performance and DCI overhead. Potential solutions include two-step DCI and/or two-DCI. For the former, the existence and overhead of the 2nd-step DCI can be controlled by the 1st-step DCI. The latter can be two DCIs scheduling two FDMed PUSCH, so the DCI overhead for each can be reduced. Some existing design for multi-DCI in multi-TRP can be extended to support this two-DCI design. The control signalling design should balance several aspects, including frequency selective precoding gain, DCI overhead and UE complexity to monitor/decode PDCCH.
3.2 Scenario 3: Multi-TRP/panel enhancement
The target scenario of multi-TRP/panel enhancement is that gNB can be equipped with multiple TRPs or panels to obtain higher throughput, higher reliability, better deployment flexibility and so on. 
Rel-16 supports both single-PDCCH and multi-PDCCH based solutions for multi-TRP/panel transmission. Only very basic functionality is completed in Rel-16 time frame. A set of technical components helpful to achieve high performance for both single-PDCCH and multi-PDCCH based solution can not be completed. These details include CSI measurement/reporting enhancement for single-PDCCH, and optimized CSI feedback, PUSCH, SRS for multi-PDCCH. 
Another technical aspect which is an important left-over issue in Rel-16 is multi-TRP/panel for URLLC. The main target for these enhancements is to improve reliability of different channels, e.g., PDSCH, PDCCH, PUSCH, PUCCH, etc. However, it ends up with that only PDSCH reliability enhancement is supported. If that is the case, we should keep enhancing reliability of PDCCH/PUSCH/PUCCH in Rel-17 to make the entire system work, so that more vertical use cases can be implemented by NR URLLC.
3.3 Scenario 6: High mobility enhancement
High speed train is an important deployment scenario in a lot of areas globally. Rel-15 NR can provide basic features to facilitate data transmission in high speed train, for example, additional DMRS symbols, etc.. However, the previous MIMO normative work has never customized MIMO features for this scenario. Hence the performance of this scenario is far from optimal. 
High mobility impacts system performance on multiple aspects, including CSI/channel aging, Doppler effect on channel tracking and QCL parameters, etc. Therefore, MIMO enhancement on high mobility scenarios can include aspects like CSI feedback/predict, QCL update and beam/channel tracking. In addition, the above mentioned M-TRP based reliability enhancements can also take the high mobility scenarios into account.
3.4 Scenario 2: Multi-beam enhancement
Multi-beam operation is an essential feature to overcome large path loss in higher frequency bands. 
In Rel-16, RAN1 cannot deliver the feature of UE multi-panel transmission as planned. If multiple UE panels can be transmitted simultaneously, finer beamforming or more MIMO layers can be achieved, which gives UL better performance. During the study on the different MPUE assumptions, it has been shown that multi-panel simultaneous transmission provides significant performance gain [3][4]. Hence we think it’s important to support that multiple panels can be activated at a time and one or more panels can be used for transmission and reception.
To facilitate UE multi-panel transmission and reception, some related enhancement details need to be included, e.g., panel-specific power control, group based CSI/beam reporting, and simultaneous transmission and reception of different channel/signals. Some further details, e.g., how same or different signals/channels are multiplexed in different panels, need to be addressed in the work item as well.
3.5 Scenario 7: Fast CSI processing enhancement
NR Rel-15 has supported fast CSI reporting to facilitate URLLC use cases, which is known as CSI delay requirement 1 in current specification. By triggering fast CSI reporting, gNB can acquire CSI with extreme low latency, so that it can schedule the urgent URLLC traffic in a short time. Fast CSI reporting is realized by using the following Z/Z’ table (Table 5.4-1 in TS 38.214) for UE CSI processing, where Z is the time gap between PDCCH and the triggered CSI report, and Z’ is the time gap between associated CSI-RS and the triggered CSI report.
Table 1. Z/Z’ table for fast CSI reporting
	[image: C:\Users\10190484\AppData\Local\Temp\ksohtml\wps3EBF.tmp.png]
	Z [symbols]

	
	Z
	Z'

	0
	10
	8

	1
	13
	11

	2
	25
	21

	3
	43
	36


It can be seen that using fast CSI reporting, gNB can acquire self-contain CSI. However, considering UE processing resources to calculate CSI report in such short delay, NR restricts that fast CSI reporting has to occupy all the UE CSI processing units (CPUs). This critical restriction basically makes fast CSI reporting less useful in real deployment. Specifically, it prevents network to acquire fast CSI when eMBB and URLLC services are multiplexed in the same UE. 
[image: ]
Fig. 3 CPU occupancy considering URLLC and eMBB multiplexing
An example is shown in Fig. 3, where a UE has 5 CPUs in total. In this example, gNB triggers a CSI report in Slot 0 for eMBB service, and the CSI report is scheduled in Slot 3. Based on current specification, this CSI report occupies one CPU from Slot 0 to Slot 3. In Slot 2, gNB needs to trigger a CSI report for an urgent URLLC traffic burst. However, this CSI cannot be triggered as in slot 2, one CPU is already occupied. This CSI is going to be treated as a normal CSI instead of a fast CSI. This would impose larger latency for URLLC. It is a significant issue for meeting the latency requirement of URLLC, which needs to be resolved by enhancement of UE processing for fast CSI reporting.
Based on the above discussion, we have the following proposal. 
Proposal 2: Consider the following aspects in the Rel-17 MIMO working scope
· UL enhancement
· 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
· Enhancement on multi-TRP/panel transmission
· Enhancement on multi-TRP/panel transmission for URLLC, incl. PDCCH, PUSCH, PUCCH reliability enhancement
· Enhancement on CSI measurement and reporting for multi-TRP/panel transmission
· High mobility enhancement
· 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.
· Enhancement on multi-beam operation  
· Enabling multi-beam simultaneous transmission and reception 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
· Fast CSI processing enhancement
· Enhancement of CSI processing timeline for fast CSI feedback, incl. enhancement on CPU occupation for fast CSI report, esp. considering intra-UE multiplexing
4. Study for future MIMO evolution
4.1 AI and its application on MIMO
The scope discussed in the previous section is considered to be the major scope for normative work in Rel-17. If time budget is allowed, it can be considered to prepare for the future MIMO evolution by starting up some studies in Rel-17.   One area which has recently drawn a lot of interest is artificial intelligence (AI).  The potential benefits of AI are 
· Acquiring more accurate feedback with less signaling overhead  
· Reduced DL control signalling overhead
· To help network make quicker and wiser decision
· These potential benefits translate to better system performance e.g. in terms of throughput and reliability
Figure 4 illustrates the four possible AI models which may need standardization impact.  
[image: ]
Fig. 4 Potential standardization impact due to AI
[bookmark: _GoBack]MIMO is one of the areas to be considered for AI application in PHY layer.  One example of AI application is CSI prediction based on partial channel reciprocity e.g. in FDD case as illustrated in Fig.5. This would concur with the target and use cases in Scenario 5. It can be observed that:
· FDD channels also have reciprocity in the sense of UL and DL essential paths which are often sparse. By using machine learning or prediction techniques, FDD DL CSI can be obtained via channel reciprocity with limited UE feedback.
·  Potential enhancement can be parameterized CSI feedback for limited subcarriers
[image: ]
Fig. 5 CSI prediction in frequency domain for CSI acquisition
Another example is beam/CSI tracking considering high speed scenarios.  
· AI model: Action for now(t0) or prediction for future(t1,t2...) for one UE is deduced based on measurement/event from related UEs jointly by taking their history(t-1,t-2...) and position stamp (p+m) into account.   e.g. scheduling/beam tracking at gNB
· UE may predict future event/measurement (t1) by running AI algorithm based on measurements in the past (t-1,t-2).  Predicted result is fed back to gNB  e.g. mobility/CSI prediction at UE

[image: ]
Fig. 5 CSI/beam tracking in high speed scenarios.

Proposal 3: If time budget is allowed, consider study on CSI/beam prediction techniques including machine learning based techniques, targeting scenarios like FDD partial reciprocity.
5. Conclusions 
In this contribution, we give our views on NR MIMO evolution in Rel-17 with the following proposals.
Proposal 1: NR MIMO evolution in Rel-17 should consider the following principles
· Finish leftovers which are important to ensure good performance of the features introduced in Rel-16.
· Resolve the issues which restrict achievement of good performance in diversified use cases like eMBB or URLLC after early NR deployment.
Proposal 2: Consider the following aspects in the Rel-17 MIMO working scope
· UL enhancement
· 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
· Enhancement on multi-TRP/panel transmission
· Enhancement on multi-TRP/panel transmission for URLLC, incl. PDCCH, PUSCH, PUCCH reliability enhancement
· Enhancement on CSI measurement and reporting for multi-TRP/panel transmission
· High mobility enhancement
· 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.
· Enhancement on multi-beam operation  
· Enabling multi-beam simultaneous transmission and reception 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
· Fast CSI processing enhancement
· Enhancement of CSI processing timeline for fast CSI feedback, incl. enhancement on CPU occupation for fast CSI report, esp. considering intra-UE multiplexing
Proposal 3: If time budget is allowed, consider study on CSI/beam prediction techniques including machine learning based techniques, targeting scenarios like FDD partial reciprocity.
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