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Introduction
As part of Rel-18 Study Item on MIMO Evolution for Downlink and Uplink [1], 3GPP has agreed on a list of goals. The fourth objective is devoted to CSI enhancement for coherent JT (CJT):
	4.	Study, and if justified, specify enhancements of CSI acquisition for Coherent-JT targeting FR1 and up to 4 TRPs, assuming ideal backhaul and synchronization as well as the same number of antenna ports across TRPs, as follows:
· Rel-16/17 Type-II codebook refinement for CJT mTRP targeting FDD and its associated CSI reporting, taking into account throughput-overhead trade-off




This contribution focuses on CJT and proposes enhancements related to type II codebook, TRP selection and evaluation scenarios, with emphasis on sub-1 GHz deployment.  

Motivation
Low frequency bands, in particular bands sub-1GHz, define the baseline coverage of the cellular networks. Low frequency bands have the advantage of exhibiting low propagation and penetration loss. These bands can, however, quickly become a bottleneck as they are expected to cover many users, with a relatively limited bandwidth availability.   One of the main practical limitations for massive MIMO in sub-1 GHz is the form factor in a traditional base station deployment. The limits on how many antennas can be deployed in a conventional base station location, coupled with the need to considerably improve the coverage and capacity, makes a prime target for considering multi-TRP coherent Joint transmission enhancements for these bands.). Coherent JT mTRP downlink transmission can improve average throughput and coverage in commercial deployment. However, the potential gain of CJT is constrained by the availability of high-resolution CSI and tight synchronization among mTRPs. 

CSI Enhancements for Coherent JT
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Figure 1: CJT with 4 TRPs
R16 Type II codebook can provide high resolution CSI feedback for mTRP CJT, however further enhancement and optimization are needed because:  
· M-TRP CJT (up to 4 TRPs) increases the overhead and may become cumbersome and impact resource utilization since the UE needs to report CSI to multiple TRPs. Therefore, joint optimization is needed for type II CSI feedback
· How does the UE calculate the PMI feedback per TRP: Independent determination/calculation of CSI feedback for each channel {H1,1, H2,1, H3,1, H4,1} (depicted in Figure 1) may cause mutual interference and compromise the performance. For example, consider a scenario where the channels {H1,1, H2,1, H3,1, H4,1} are correlated, then the independent calculation of PMI feedback does not account for the mutual interference and may reduce the spectral efficiency. 
· Depending on the implementation, a mTRP CJT transmission may be treated as a multi-panel transmission. The panels in this case, depending on the deployment scenario, might not be uniformly separated, or have the same transmission capabilities, nevertheless a multi-panel framework to the enhancements of type II CSI feedback, such that the CJT type II CSI codebook enhancements can be designed with a hierarchical approach, with type II codebook design decoupled for individual channels transmissions and concatenated with an inter-TRP co-phasing information. 

Proposal 1: Study joint optimization for R16/17 Type II codebook in CJT mTRP to reduce overhead, improve resource utilization, and reduce potential mutual interference 

Proposal 2: Consider enhancements to Rel. 16/17 type II CSI codebook with a hierarchical approach such that individual type II CSI codebooks are designed per TRP transmission with an inter-TRP coherence information 

In the CJT mTRP scenario, the UE will receive joint transmission from 2 or multiple TRPs, the question is how the selection scheme works for the other cooperating TRPs (1,2, or 3 TRPs)
· Is it based on RSRP or any other measurements?
· Should it be joint decision from m-TRPs or individual per TRP?
· Should be a threshold to ensure adequate performance?
Proposal 3: m-TRP (sub) set selection should be addressed

Evaluation Assumptions

For the performance evaluation of type II CSI enhancements for coherent JT, it is important to consider a UMa use case with a sub 1GHz frequency as a primary target for evaluation.
To show the benefits of coherent JT, especially at frequencies sub 1 GHz, both inter-site and intra-site deployments should be considered as part of the evaluations. As the work item limits the scope of mTRP CJT to up 4 TRPs with equal number of ports, a deployment scenario where n radio units deployed within the coverage area of a gNB, where n =  {2, 3, 4} can be a starting point for evaluation.
For the UMa deployment, a 16 port layout assumption at the TRP can be used as a starting point. Single TRP transmission with Rel. 16 type II CSI codebook can be considered as a baseline.
Proposal 4: a UMa deployment @700MHz should be considered for mTRP CJT evaluations
Table 1 summarizes key simulation assumptions in the type II CSI codebook enhancements for CJT. 
 
Table 1 SLS Assumptions for CSI enhancements
	Parameter
	Value

	Duplex, Waveform 
	FDD, OFDM 

	Scenario
	Dense Urban (Macro only) is a baseline. 
Other scenarios (e.g. UMi@2 GHz, Indoor) are not precluded.

	Carrier Frequency
	700MHz

	Inter-BS distance
	500m 

	Channel model
	According to the TR 38.901 

	Antenna setup and port layouts at gNB
	(M, N, P, Mg, Ng; Mp, Np)
16 ports: (8,4,2,1,1,2,4), (dH,dV) = (0.5, 0.8)λ 
· 
Other configurations are not precluded.

	Antenna setup and port layouts at UE
	2RX: (1,1,2,1,1,1,1), (dH,dV) = (0.5, 0.5)λ 

	BS antenna height 
	25m 

	Modulation 
	Up to 256QAM 

	Number of RBs
	52 for 15 kHz SCS

	Simulation bandwidth 
	10 MHz with 15kHz

	MIMO scheme
	SU/MU-MIMO with rank adaptation as a baseline


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

Feedback assumptions for CSI enhancements need to be reported

	Traffic model
	FTP model 1 with packet size  0.5 Mbytes
Other FTP model is not precluded

	Traffic load (Resource utilization)
	Companies are encouraged to report the MU-MIMO utilization.

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

	UE receiver
	MMSE-IRC as the baseline receiver

	Feedback assumption
	Realistic

	Channel estimation
	Realistic

	Baseline for performance evaluation
	Rel-16 Type II Codebook is the baseline for performance and overhead evaluation for overhead reduction. 

	Evaluation Metric
	· Average throughput, 5% throughput
· CSI feedback overhead




Conclusion
In this contribution, we propose the following:
Proposal 1: Study joint optimization for R16 Type II codebook in CJT scenario to reduce overhead, improve resource utilization, and reduce potential mutual interference 
Proposal 2: Consider enhancements to Rel. 16/17 type II CSI codebook with a hierarchical approach such that individual type II CSI codebooks are designed per TRP transmission with an inter-TRP coherence information 
Proposal 3: m-TRP Selection should be addressed
Proposal 4: a UMa deployment @700MHz should be considered for mTRP CJT evaluations
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