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1. Introduction
Discussion on Rel.17 MIMO enhancements scope has been ongoing over the email reflector. A list of candidate enhancements items are summarized in a document provided by the moderator. A total of eight high-level enhancements areas are identified, where each area is further divided into sub-items with more detailed targets and objectives.  This contribution presents our views on Rel.17 MIMO enhancements. 
2. Discussion 
The Rel.17 MIMO enhancement may include left-over items from Rel.16, and new items specifically targeting Rel.17. Given the long list of candidate topics (Table 1) and the obvious time limitation, prioritization should be given to topics that address critical issues found in early NR deployment, or emerging features of significant performance benefits, high deployment interests and market urgency. Simple extension without significant performance benefits should be avoided, and overlapping with other work/study items should be avoided. 
Detailed views on some of the high-priority items from our perspectives are provided below for further discussion. 
Table 1: candidate enhancement items identified during email discussion

	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) 

	
	Extension of BM for aiding “seamless” (efficient and fast) inter-cell mobility, also considering MTRP aspect(s) and RA 

	
	UE-initiated/L1-event-driven BM

	
	Beam sweeping based UL/DL transmission

	
	Standalone aperiodic TRS and its associated QCL

	
	Enhanced DRX related to BFD

	
	BFR for MTRP

	
	Enhanced multi-CC BFR 

	2 (UL MP)
	Enabling STxMP (simultaneous transmission across multiple panels)

	
	Enabling fast panel selection 

	
	Panel-specific UL timing and power control 

	
	Enhancements for non-collocated panels

	3 (MTRP)
	Enabling features for PDCCH/PUSCH/PUCCH reliability and latency reduction using DL MTRP/MP

	
	CSI optimized for DL MTRP/MP

	
	Enhancement to CW to layer mapping

	
	DL SPS for PDSCH for single- and multi-TRP

	
	Enabling simultaneous PUSCH/PUCCH, PUCCH/PUCCH 

	
	Non-linear precoding based transmission scheme for single- and multi-TRP

	4 (UL MIMO)
	SRS coverage and capacity enhancement including triggering, switching, sounding, and/or precoded SRS, potential overhead reduction, bundling 

	
	DL control signaling and precoded SRS for high resolution UL/DL precoding with partial reciprocity

	
	DL control signaling for UL frequency selective precoding

	
	Dual-stage codebook for 4TX and 8TX 

	
	Support for 8-port PUSCH transmission

	
	Enabling UL dense deployment, including UL TC/PC, SRS

	
	UL DMRS bundling (coverage improvement)

	
	Power imbalance and/or PAPR reduction (which channels?)

	
	DFT-SOFDM with >1 layers

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

	5 (FDD Rec CSI)
	CSI measurement and reporting (including codebook) exploiting partial FDD reciprocity, including channel modeling study 

	
	Low complexity non-linear precoding

	6 (HiMob)
	CSI feedback/prediction (to tackle CSI aging, including enabling Doppler shift compensation and Doppler domain “compression”), fast QCL update

	
	SRS coverage and capacity enhancement including triggering, latency reduction 

	
	Enhanced TRS for high mobility 

	
	DL DMRS TD bundling (aiding channel estimation)

	
	Enhanced PTRS (e.g. density)

	7 (CSI time)
	Enhanced CSI processing timeline and CPU utilization 

	
	A-CSI triggering in MSG2 (early CSI for MIMO)

	8 (FWA)
	VRB-to-PRB mapping for enhanced frequency diversity


2.1. Enhanced multi-beam operation (item 1 “eBM” & item 2 “UL MP”)
Analog beamforming is a hallmark feature for FR2 mmWave band to achieve satisfactory coverage, link reliability and throughput. Assuming each antenna panel formulates a single analog beam that covers a narrow angular spread, multi-panel transmission/reception is often considered mandatory in order to achieve cell-wide coverage. Multi-panel Tx/Rx has been implicitly supported in Rel.15, although based on implementation to a large extent. Standardized enhancements targeting multi-panel Tx was discussed early in Rel.16 but did not result in much fruition, largely due to lack of common views on the priority of technical issues and solutions. However, some conclusions/agreements on UE architecture were reached in RAN1, which serve a good basis for continuation of further study. 
Given the importance of FR2 band to some markets and operators, continuation of multi-panel enhancement should be naturally included in Rel.17. To expedite the progress, enhancements could be based on the agreed UE architecture in Rel.16. Priority can be given to UL, where coverage limitation is more severe and challenging for real-life UE product. Specifically, enhancement could take into account different transmission schemes enabled by multi-panel architecture, including single-panel transmission and multi-panel joint transmission. 

· For single-panel transmission, efficient panel selection should be studied as a part of “enhanced analog beamforming” to improve system performance, reduce NW latency and improve scheduling flexibility. Fast panel selection should aim to reduce panel switching latency and minimize service interruption time due to potential sudden beam quality degradation. Both UEs with and without beam correspondence should be taken into account. 

· For joint transmission (STxMP), similar issues (e.g. panel selection and fast panel/switching) also need to be addressed, although in a more challenging setup. The return however is more promising in our view, as joint transmission typically results in higher throughput, wider coverage and less UL beam blockage. UE power consumption and inter-cell interference due to simultaneous actuation of multiple Tx panels should be taken into account.
· In Rel.16, a single timing advance configuration is allowed per UE, while multiple RRC-provided power control configurations are allowed, each possibly associated to a panel (through implementation). Given that the propagation path associated with each UL panel may be significantly different in terms of delay and pathloss, panel-specific TA and power control may need to be addressed to more accurately compensate for the actual channel. This also relates to multi-TRP reception where each UL panel may target a different receiving TRP.
· One issue identified during Rel.16 is that the current high-level DL/UL beam management procedures are somewhat diverging, resulting in unnecessary implementation complexities and system overhead/latency. A potential enhancement is to simplify the DL/UL beam management procedure in a more unified manner, taking advantage of some of the already existing well-defined mechanism in Rel.15, to create a more synergized BM framework that benefits both specification and implementation. This also paves the way for future BM enhancements. 
· Another issue of the current NR design is that SSB for beam management and mobility does not allow the configuration of PCI of a non-serving cell. Discussion on enhancements of SSB-based beam measurement / mobility for inter-cell scenario has been raised as potential area in Rel.17. From offline discussion it appears that the intended enhancement is to enable PCI configuration to SSB (for inter-cell beam/mobility measurement). With a clearly defined scope, this enhancement may have small impact to RAN1 and could be considered in Rel.17. Impact to RAN2/RAN3 may also need to be taken into account. 
2.2. Multi-panel enhancement (item 3 MTRP)

Rel.16 multi-TRP functionality mainly target PDSCH for throughput and coverage. Both single-PDCCH and multi-PDCCH based schemes are supported. Both eMBB and URLLC scenarios are supported, by various inter-TRP multiplexing schemes (e.g. SDM, FDM, inter-slot and intra-slot TDM) that give NW flexibility to optimize for various performance metrics (e.g. latency, reliability, and throughput).
MTRP enhancement in Rel.17 should be extended to other DL/UL channels other than PDSCH, to bring up the overall system performance. 
· For DL, multi-TRP enhancement to PDCCH should be considered, as control channel is often more critical than data channel. Enhancement should focus on link reliability and coverage. Capacity enhancement through (e.g. SDM) is a less important issue in our view.
· For UL, PUSCH and PUCCH are two high priority channels that could benefit from multi-TRP reception.  Simultaneous PUSCH and PUCCH transmission in a CC/BWP should also be considered, in particular for UEs with multi-panel transmission capability. In scenarios with near-ideal backhaul and/or high-mobility, fast RX Fast TRP selection/switching may also be studied to support seamless NW coverage. One potential use case is V2X scenario where UL transmission property (e.g. beam, panel, timing and power control) needs to be rapidly adapted based on the most suitable receiving road side unit. 
2.3. UL enhancement (item 4 “UL MIMO”)
Previous MIMO enhancements in LTE/NR were heavily focused on DL, while UL MIMO has been stagnant for years with performance lagging behind. It is desirable to bring UL performance on par with DL for a more balanced user experience, especially considering emerging application with UL-heavy traffic and/or QoS requirements (e.g. real-time video surveillance, V2X, AR/VR, sidelink, IAB). 
In terms of applicable band, UL-MIMO in Rel.17 should include both FR1 and FR2. Given that most FR2 UL-MIMO enhancements are related to multi-panel beamforming in item 1/2, Rel.17 UL-MIMO enhancement may be more focused in digital beamforming, which are applicable to both FR1/FR2 scenarios. 
Potential enhancement areas include the following. 

· The LTE UL bandwidth is limited to 20MHz and wideband precoding is supported. As NR progresses to 100MHz in FR1 and 400MHz in FR2, channel frequency selectivity can be much more prominent and narrow-band precoding to exploit frequency selectivity is worthwhile. Relevant scenarios include near stationary UE devices and lightly loaded cells (e.g. office and residential). Although implementation based solution such as precoded SRS may partially attain frequency-selection precoding gain, they tend to impose certain deployment restrictions (e.g. channel reciprocity in DL/UL band) and implicitly mandate specific UE implementation. More flexible approaches with less implementation restriction should be supported to benefit in a wider range of scenario (e.g. FDD) and devices. 
· Current NR UL supports maximum 4 UL SRS/PUSCH ports, which is the same as LTE (and hence similar UL spectrum efficiency).  To further set apart 5G from 4G, enhancement to 8 UL layers/ports is a straightforward extension. Applicable scenarios are high-capability UE devices, such as UL relay nodes (e.g. stadium / shopping center), AR/VR, IAB, etc. New SRS design, possible codebook enhancements and/or precoding mechanism, and DMRS extension are issues related to this area.
· HiMob has been raised as an important issue for some operators. The main direction of enhancement, from our understanding, appears to be NW-side enhancement (e.g. Doppler pre-compensation) to mitigate Doppler effect seen at the UE. Related technical solutions are SRS coverage/capacity improvement including faster triggering / latency reduction, time-domain bundling for SRS/DMRS, and Doppler pre-compensation based on SRS. These are heavily related to UL MIMO and could be combined under the UL-MIMO umbrella, if the final HiMob scope ends up being UL-centric. 
3. Summary
This contribution presented our views on Rel.17 MIMO enhancements scopes. From our perspectives the following are high-priority/high-impact items based on tradeoff between market urgency, system benefits and work feasibility. 
· Enhanced multi-beam operation (item 1 “eBM” & item 2 “UL MP”)

· Multi-panel enhancement (item 3 “MTRP”)

· UL enhancement (item 4 “UL MIMO” including item 6 “HiMob”)
