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1. Introduction
After RAN#85 meeting email discussion was organized with a target to identify deployment scenarios and potential enhancements for NR MIMO operation in Rel-17. Based on the discussion the submitted proposals were classified into eight scenarios as follows:
	Scenario #
	Targeted scenario

	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

	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

	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 

	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)

	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  

	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)

	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

	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)


Based on the identified scenarios and subsequent phase of the email discussion, the following high-level enhancements were also proposed for Rel-17 NR MIMO:
	1. Enhancement on multi-beam operation, mainly targeting FR2 while also applicable to FR1
1. Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2
1. Enhancement on improving SRS coverage and capacity, targeting both FR1 and FR2
1. Evaluate (including quantifying the performance-overhead tradeoff under realistic scenarios) and, if needed, specify UL transmission enhancements and, if needed, specify DL control signaling support, mainly targeting FR1, for enabling
1. Enhancement on CSI measurement and reporting
1. 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


In this contribution we provide our views on the details of the potential enhancements that should be included in the scope of NR MIMO work in Rel-17.
2. Discussion 
Rel-15/16 MB operation is designed considering conventional deployment scenarios with homogenous types of TRPs. However, in dense urban scenario efficient operation of FR2 would require deployment of TRPs with small inter-site distance that may not be always cost efficient. To facilitate efficient FR2 operation with reasonable cost, the deployment with heterogenous types of TRPs should be considered. In particular, low-cost TRPs with smaller Tx power (e.g. due to smaller number of Tx antenna elements) or TRPs supporting only Rx capability should be considered. The corresponding low-cost TRPs can be connected to macro-TRP using ideal backhaul links to facilitate multi TRP operation. Support of such deployment would require modifications to the beam management procedures including UL power control and beam reporting as shown in figure below. More specifically, it might be possible that optimal links for DL and UL transmission may not be the same, due to Tx power difference of the TRPs in DL and the same Tx power of the UE in UL. We show how it is applicable to in the figure below where the downlink coverage is provided by the macro and the uplink coverage is provided by the low-power/cost TRP. To allow efficient NR operation in such deployment scenarios, multi-beam operation should be enhanced in Rel-17. 


					
Proposal:
· Identify and specify enhancements to multi-beam operation for cost efficient FR2 deployment scenarios (e.g., HetNet, dense deployment of UL Rx points within a Macro cell, etc.)
In LTE CoMP, UE performance defined using timing offset in [-0.5, 2] us range which is much tighter than TDD synchronization requirement of 3 us. Note that receive timing offset = BS sync error difference + propagation delay difference. The 0.5 us timing offset can arise from 150 m difference in UE-eNB distance. FFT window placement according to [-0.5, 2] us receive timing offset in LTE is shown below:
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In RAN1#95 it was noted that for the sake of discussion, the UE may assume that the UE may receive DL transmission from multiple TRP within a CP with single/multiple FFT windows. In higher SCS due to symbol length scaling, FFT window positioning flexibility reduces. As a result, receive timing offset requirements may get tighter and allowed UE-gNB distance difference gets limited for multi-TRP reception as shown in the table below:
	SCS
	CF
	CP length (us)
	TDD sync req. (us)
	Rx timing offset (us)
	UE-gNB dist. diff. (m)

	15 kHz
	< 6 GHz
	4.7
	3
	0.5
	150

	120 kHz
	30 GHz
	0.587
	3
	0.0625
	19
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The above receive timing offset limitation is especially constraining for inter-cell multi-TRP deployments with non-collocated gNBs.	It is, therefore, proposed to study the relevant enhancements allowing to relax the corresponding restrictions in multi-TRP scenarios. 
Proposal:
· Identify and specify features to enable inter-/intra-cell multi-TRP operations including enhancements targeting support of inter-cell delays of more than CP in FR2 to relax the existing constraints of multi-TRP deployments

The high-speed train (HST) deployment scenario is one of the key NR scenarios considered by multiple operators. The typical HST deployments are expected to have multiple TRPs deployed across the railways and have a fiber connection to a single baseband processing unit. In such deployments typically all TRPs are transmitting DL signals in an SFN manner (i.e. joint transmission scheme). Such SFN operation is mainly used to minimize the RLF issues, which may happen due to frequent handover between neighbouring cells in scenarios with non-SFN (single TRP) transmission. However, it is well known that the respective SFN propagation conditions are very challenging to be efficiently handled at the UE side due to presence of 2 strong channel taps with opposite Doppler shifts. Frequency offset tracking and channel estimation become sub-optimal and UEs typically experience demodulation performance degradation comparing to non-SFN operation scenarios.  
The initial NR HST performance requirements are currently being defined as a part of an ongoing Rel-16 NR HST WI [RP-191512, CMCC]. The objectives of this WI are to specify the performance requirements for FR1 scenarios with up to 500km/h train speed. Several enhanced transmission schemes were assessed in addition to the regular SFN transmission as a part of this WI [R4-1915926]. In particular, the schemes similar to scheme 1c discussed in Rel-16 for multi-TRP for URLLC were considered (e.g. schemes with SFN data transmission and non-SFN TRS or DMRS transmission). The analysis in [R4-1911003] has shown that the proposed enhancements may provide improved robustness and increased throughput performance comparing to a simple SFN joint transmission scheme. The respective enhanced schemes have physical layers specification impacts and recommended to be further studied/specified in RAN1. Moreover, frequency offset compensation can be also achieved by reporting Doppler spread information to TRPs, e.g., by using CSI reporting framework and using this information for Doppler shift pre-compensation. 

Proposal:
· 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. Study and specify if needed CSI enhancements targeting Doppler shift / spread pre-compensation at TRPs for HST scenarios.
Rel-15 NR supports SRS repetitions to improve coverage of SRS via joint estimation of the uplink channel at gNB over multiple SRS symbols. SRS repetition, however, comes at the cost of the reduced SRS capacity. One approach to improve the number of SRS that can be transmitted over given number of SRS symbols is to use time domain orthogonal cover code (TD-OCC) over SRS repetitions as shown in figure below. 


Given that legacy SRS transmission with repetition may be considered as special case of TD-OCC multiplexing with orthogonal code containing all ones, the proposal mechanism of increasing SRS capacity by using additional TD-OCC code is backwards compatible and allows to increase the capacity at least proportionally to the number of SRS repetitions. 
Proposal:
· Specify TD-OCC over SRS repetitions to improve SRS coverage and capacity

3. Conclusions
In this contribution we provide details of the possible enhancements that should be considered for Rel-17 NR MIMO work item.  Based on the discussion the following proposals were made:
· Identify and specify enhancements to multi-beam operation for cost efficient FR2 deployment scenarios (e.g., HetNet, dense deployment of UL Rx points within a Macro cell, etc.)
· Identify and specify features to enable inter-/intra-cell multi-TRP operations including enhancements targeting support of inter-cell delays of more than CP in FR2 to relax the existing constraints of multi-TRP deployments
· 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. Study and specify if needed CSI enhancements targeting Doppler shift / spread pre-compensation at TRPs for HST scenarios.
· Specify TD-OCC over SRS repetitions to improve SRS coverage and capacity
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