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Introduction
Based on the guidance from chairman and the online/offline inputs in RAN Meeting #85, Rel-17 NR MIMO enhancement email discussion was divided into 3 stages:
·	Phase-1: Targeted scenarios (use cases, deployments)
·	Phase-2: Potential enhancements (features) 
·	Phase-3: Toward WID drafting 
Phase 1 discussion was finished on October 5 and identified eight categories of targeted scenarios, in which FDD MIMO enhancement based on partial reciprocity was taken as a separate scenario (Scenario 5) and supported by 25 companies. Phase 2 discussion was finished on November 9 and captured 7 scenarios with 13 features, in which CSI measurement and reporting exploiting partial reciprocity was the only feature under Scenario 5 (FDD reciprocity CSI) and supported by 29 companies. Now the Phase 3 is under discussed, and the moderator provided the drafting WID including 5 objectives, in which FDD MIMO enhancement based on partial reciprocity was a sub-feature under Objective 5 (5.b), only for study in Rel-17 in spite of the amount of support expressed for this scenario and the need to specify such enhancements in Rel-17..
In this contribution, our views on the drafting WID for Rel-17 NR MIMO are provided. Measurement results of FDD partial reciprocity are also provided. 
Discussion
Views on draft WID from the work area moderator
The moderator provided the drafting WID for Rel-17 NR MIMO Phase 3 discussion, which including the 5 objectives in Table 1.
	Draft WID for Rel-17 NR MIMO

	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: [27 companies]
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: [23 companies]
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 
iv. Panel-specific UL timing and power control
c. Study UE-initiated or L1-event-driven beam management for reducing latency and probability of beam failure event [10 companies]

	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 [29 companies]
b. Identify and specify features to enable inter-cell multi-TRP operations [17 companies]
c. Evaluate and, if needed, specify enhancements for simultaneous multi-TRP transmission with multi-panel reception [Not discussed in Phase II]

	3. Enhancement on improving SRS coverage and capacity, targeting both FR1 and FR2: [28 companies]
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) 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 [10 companies]
b. UL frequency selective precoding [9 companies]

	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 [15 companies]
b. Study CSI measurement and reporting (including codebook) where angle(s) and delay(s) are estimated at the gNB based on SRS, and the remaining DL CSI is reported by the UE, mainly targeting FR1 [29 companies]
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 [19 companies]


Table 1. The Drafting WID for Rel-17 NR MIMO
Based on companies’ views from the Phase 2 discussion, the number of supporting companies is added under each sub-feature. From the number of supporting companies, the top 5 sub-features can be observed.
Observation 1: From the view of supporting companies’ number, top 5 sub-features are
· 5b (CSI measurement and reporting enhancement based on partial reciprocity)
· 2a (Multi-TRP for PDCCH/PUSCH/PUCCH reliability)
· 3 (SRS coverage and capacity enhancement)
· 1a (DL/UL beam management enhancement)
· 1b (UEs equipped with multiple panels)

In the current version of drafting WID, some modification is needed on 3c, 5b and 5c, which can be found in Table 2 with yellow highlights. For Objective set 5, there is no reason to only study CSI enhancements in Rel-17, so objectives under CSI enhancements should be modified to study and specify. The study phase is about selection of technical solutions and not about feasibility. In order to avoid limiting the scope of solutions, some clarification for the objective on partial reciprocity of angle and delays is needed. In addition, we would also like to clearly emphasize that the solution should be applicable to FDD bands. For Objective set 3 targets both SRS coverage and capacity, but none of the sub-bullets target capacity. So we added one sub-bullet to target SRS capacity enhancements. As explained in our earlier feedback, we think that SRS capacity enhancements should not come at the expense of longer SRS periodicity.

	Modification on Drafting WID for Rel-17 NR MIMO

	3. Enhancement on improving SRS coverage and capacity, targeting both FR1 and FR2: 
c. [bookmark: _GoBack]Specify enhancements to increase multiplexing SRS capacity, e.g. by using TD-OCC over SRS repetitions or by increasing the number of base sequences, while limiting impact on SRS periodicity

	5. Enhancement on CSI measurement and reporting:
b. Study and specify 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 solutions should be applicable for FDD bands.
c. Study and specify 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


Table 2. Modification on drafting WID 
Based on the above discussion, we have the following proposal on modification for CSI based on FDD partial reciprocity.
Proposal 1: The drafted WID for Rel-17 NR MIMO should be modified on 3c, 5b, and 5c as in Table 2.
	
Measurement results of FDD partial reciprocity
NR supports abundant sub-3GHz spectrum for FDD, which includes 14 NR operating bands and spreads over 700MHz, 800MHz, 900MHz, 1.8GHz, 2.1GHz and 2.6GHz [1], as shown in Table 3. Typically, almost all the operators in the world own multiple sub-3GHz bands for cellular deployment. Especially for 1.8GHz and 2.1GHz, hundreds of operators have deployed FDD network in these two bands. Re-farming these sub-3GHz bands to NR would improve the coverage of NR, the spectrum efficiency of sub-3GHz, the NR RTT latency, and the network energy efficiency. Details of the beneficial effects from re-farming sub-3GHz to NR can be found in [2].
Though the performance of FDD was improved significantly in Rel-15/16, there still are obstacles in current solutions which cannot facilitate NR FDD deployment in real commercial systems for operators, such as UE implementation complexity and feedback overhead. In order to maximize the commercial value of sub-3GHz and remove the obstacles of re-farming, further enhancements on sub-3GHz FDD are needed in Rel-17. In this section, we discuss FDD MIMO enhancement based on FDD partial reciprocity to further improve the efficiency. In NR Rel-15, Type II codebook is supported, which is based on linear combination of multi-beam with high accuracy. This solution needs to feedback coefficients per sub-band, which creates large uplink overhead. Based on Type II codebook of Rel-15, DFT-based compression was introduced in NR Rel-16, which utilizes the channel correlation in frequency domain. By using the correlation, DFT-based compression can significantly reduce the uplink overhead. Although Type II codebook and DFT-based compression could improve the performance, there is still a large space to improve the performance of codebook in R15&R16. In addition, these solutions require higher implementation complexity at UE side due to coefficient calculation per sub-band and SVD operations per sub-band. The UE implementation complexity for CSI feedback is also significantly higher than for TDD bands.
The Dl/UL reciprocity of FDD channel was studied in 3GPP and the corresponding channel reciprocity model for FDD was captured in TR36.897 [3] in RAN1 #80bis [4]. As a result, some CSI schemes based on FDD channel partial reciprocity have been discussed and specified in 3GPP, e.g. type II port selection codebook, of which the technology hypothesis is spatial statistic covariance matrix (angle domain) reciprocity between DL and UL channel. In fact, based on the study, analysis and measurement in academia and industry, some other property or parameters can be reciprocal or partially reciprocal between FDD DL and UL channels. For example, in addition to reciprocity in angle, the path delay, which is only related to light speed and the path length, is also considered to be reciprocal between uplink and downlink channel in FDD system in [5]. In the meantime, an over-the-air (OTA) test was set up in [6] to assess the system performance of the downlink reconstruction that utilized the parameter reciprocity in practical FDD wireless communication scenarios. The OTA results showed that the channel reconstructed by the parameter reciprocity is close to that obtained from linear minimum mean square error (LMMSE) estimator, and higher accuracy can be achieved by increasing the number of antennas. 
In order to further verify the FDD UL and DL channel multipath delays' reciprocity properties, we have conducted channel measurement in many kinds of scenarios (such as, UMA, Indoor, etc). Some analysis of FDD UL & DL channel's multipath delay reciprocity property are shown as the following figures, which are based on our real channel measurement data analysis. It should be noted that the frequency duplex spacing between the UL & DL channel is 100 MHz for all of the channel measurement data. Moreover, the channel measurement data used in these figures is arbitrarily selected in the dataset since all of the data are analysed and have the similar results.
The power delay profile (PDP) in the campus scenario are shown in Fig 1 and Fig 2. The x-axis and y-axis are delay and normalized power (which is normalized by the PDP’s total power), respectively. Herewith, the PDP is averaged among all the gNB antennas’ PDP in order to decrease the leakage interference among multipath. It can be shown from Fig.1 and Fig 2 that the dominant path’s delay for DL and UL PDP is equivalent.
[image: ][image: ]
Figure 1.UL & DL PDPs in Campus Scenario 1 (LOS case and NLOS case are left and right sub figure, respectively)
[image: ][image: ]

Figure 2.UL & DL PDPs in Campus Scenario 2 (LOS case and NLOS case are left and right sub figure, respectively)
The measurement results of UMA scenario can be seen in Fig 3. It can be seen that the dominant path’s delay for DL and UL PDP is equivalent as well. Here, we define such the measurement scenarios as UMA scenario according to UMA definition in [7].
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Figure 3. UL & DL PDPs in UMA Scenario (LOS case and NLOS case are left and right sub figure, respectively) 
Figure 4 is the typical LOS and NLOS PDP in the office scenario. It also shows that the dominant path’s delay for DL and UL PDP is equivalent.
[image: ][image: ]
Figure 4. UL & DL PDPs in office Scenario (LOS case and NLOS case are left and right sub figure, respectively)
In Fig.5 the UL and DL’s PDPs in car factory are shown. It can be seen that the shape of PDP in factory is not similar to the previous cases, and it is not dominated by one strong path with an exponentially decaying PDP. This is because that there are many reflections and diffractions caused by metal surface in the factory. Even in such rich scattering environment, it can be also shown that the dominant path’s delay for DL and UL PDP are equivalent as well.
[image: ][image: ]
Figure 5. UL & DL PDPs in Factory Scenario (LOS case and NLOS case are left and right sub figure, respectively)
It can be seen that the dominant path’s delay for DL and UL PDP is equivalent in these scenarios. From the analysis and validation by measurement data, we have the following observation.
Observation 2: Good reciprocity in delay exists between FDD DL and UL channels in various environments, when the FDD UL&DL frequency duplex spacing is 100 MHz.
Considering additional partial reciprocity of FDD channel, e.g. the reciprocity of delay between DL and UL channel, CSI acquisition scheme can be easily enhanced based on Rel-15/16 type II codebook to further improve the performance of FDD system. By utilizing delay reciprocity between UL channel and DL channel, gNB can obtain channel information in frequency domain by using delay reciprocity through UL channel, rather than only depend on UE feedback, which means gNB can enjoy more freedom to obtain CSI with super high resolution in frequency domain. The proposed scheme can provide 28% performance gain over Type II codebook of Rel-15 and 13% performance gain over DFT based compression of Rel-16, as shown in Figure 6. Moreover, the UE only needs to handle and feedback the part of the channel information that is not represented by reciprocity, which can significantly reduce the uplink overhead and implementation complexity at UE side, especially reducing the number of SVD calculations. It can be found in Figure 7 that the computational complexity of the proposed scheme is only 8% that of Rel-16.
[image: ]
Figure 6. Performance of different CSI schemes
[image: ]
Figure 7. An example of complexity for different CSI schemes
As a result, we propose to enhance CSI acquisition schemes based on FDD channel partial reciprocity targeting for the performance of ideal feedback.
Proposal 2: In order to facilitate sub-3GHz re-farming, CSI acquisition based on FDD channel angle and delay reciprocity should be optimized and specified in Rel-17.
Conclusion
This contribution provided views on the drafting WID and measurement results of FDD partial reciprocity. Based on the above discussion, the following proposals and observations are made.
Proposal 1: The drafted WID for Rel-17 NR MIMO should be modified on 3c, 5b, and 5c as in Table 2.

Proposal 2: In order to facilitate sub-3GHz re-farming, CSI acquisition based on FDD channel angle and delay reciprocity should be optimized and specified in Rel-17.

Observation 1: From the view of supporting companies’ number, top 5 sub-features are:
· 5b (CSI measurement and reporting enhancement based on partial reciprocity)
· 2a (Multi-TRP for PDCCH/PUSCH/PUCCH reliability)
· 3 (SRS coverage and capacity enhancement)
· 1a (DL/UL beam management enhancement)
· 1b (UEs equipped with multiple panels)

Observation 2: Good reciprocity in delay exists between FDD DL and UL channels in various environments, when the FDD UL&DL frequency duplex spacing is 100 MHz.
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