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Introduction
It is well-known that Sub-3GHz spectrum has the advantages of small penetration loss and wide coverage. Historically, different spectrum blocks were auctioned for all kinds of RAT usage (e.g., GSM/UMTS/LTE) at different time phases. Typically, almost all the operators in the world own multiple Sub-3GHz bands (e.g., 700MHz, 800MHz, 900MHz, 1.8GHz and 2.1GHz bands) for cellular deployment and the bandwidth of each spectrum block is narrow since operators compete for the spectrum. 


Figure 1. Example of coverage with different bands
Additionally, as licenses for 2G/3G spectrum gradually expire or 2G/3G business is gradually declining, it is highly possible that operators will deploy NR in these valuable bands in the future either through with another RAT or completely re-farming to NR. Furthermore, there are two key aspects that facilitate operators refarming Sub-3GHz spectrum to NR FDD.
[image: ]
Figure 2. Overall trend in user number of some region
First of all, advanced solutions like type II codebook in NR Rel-15 can significantly improve spectral efficiency and network capacity compared to LTE system, e.g. NR FDD 32 Tx exceeds by more than 3 times the performance of LTE 4Tx. Therefore, enhancement to FDD MIMO is an important incentive for operators to refarm LTE FDD to NR FDD.
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Figure 3. Performance between LTE FDD and NR FDD
Secondly, Rel-15/16 NR specifications support LTE-NR coexistence with 15 kHz subcarrier spacing. Such feature enables operators to deploy or smoothly migrate spectrum to NR, even if legacy LTE still exists in Sub-3GHz bands. In particular, it allows efficiently utilizing spectrum resource by traffic-adaptive bandwidth sharing between NR and LTE. 
In this contribution, we discuss the motivation and potential technical solutions on Sub-3GHz NR FDD enhancement to further improve the efficiency from the following two aspects, one is enhancement on FDD MIMO, the other one is spectrum aggregation and sharing.
Discussion
Enhancement on FDD MIMO Sub-3GHz
As mentioned above, in order to improve NR FDD performance, advanced codebook was specified in NR, e.g. Type II codebook in Rel-15 and DFT-based compression in Rel-16. However, there are still obstacles in current design which cannot facilitate FDD MIMO deployment, especially Massive MIMO deployment, in real commercial systems for operators, such as lower UE implementation complexity and much lower feedback overhead. One potential way to achieve such target is to utilize partial reciprocity in FDD system, including angle and delay from the channel.
In order to facilitate NR re-farming in low bands (e.g. below 3GHz), further enhancement of NR FDD MIMO should be considered, we propose to specify the following enhancement for NR Rel-17 FDD MIMO enhancement.
· CSI enhancement exploiting FDD channel partial reciprocity
In NR Rel-15, Type II codebook was supported, which is based on linear combination of multi-beam with high accuracy. This solution needs to feedback coefficients per sub-band, which brings 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 gap between ideal feedback and codebook in R15&R16, e.g. 26% @ R15 and 17% @ R16 as shown in Figure 4. In addition, these solutions bring a bit higher implementation complexity at UE side due to coefficient calculation per sub-band and perform SVD operations per subband.  
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Figure 4 Performance of different CSI schemes

Furthermore, reciprocity of FDD channel was studied in 3GPP and the corresponding channel reciprocity model for FDD was captured in TR36.897 [1] in RAN1 #80bis [2]. 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. However, only reciprocity of angle was utilized in previous schemes. However, based on the study, analysis and measurement in academia and industry, some other property or parameters that can be reciprocal or partially reciprocal between FDD DL and UL channel. For example, in addition to reciprocity in angle, the delay is also considered to be reciprocal between uplink and downlink channel in FDD system in [3]. 
In order to verify the reciprocity of FDD channel, we provide some analysis and measurement. In the measurement data validation, the channel in frequency band 1(FU) and frequency band 2(FD) was obtained, noted as HU and HD, in which FD-FU=150MHz. Then some angle and delay related information estimated from HD were used to reconstruct channel HD, noted as the reconstructed channel . Subsequently, the correlation between precoders derived respectively from  and HD are calculated, shown as the Blue line in Figure 5. From the Blue line, it can be observed that the correlation is very high, which means  can approach HD. The correlation is not equal to 1 because the angle and delay related information used to reconstruct channel is limited. 
We use angle & delay related information from HU instead of these information from HD to reconstruct channel HD, noted as the reconstructed channel . The correlation between precoders derived respectively from  and HD is also calculated, shown as the Red line in Figure 5. It can be observed that the Red line is very close to the Blue line, which means  is closely approaching . So by using angle & delay related information to reconstruct channel HD, these information from HU can replace the information from HD, which means the angle and delay information of HU and HD has good reciprocity.
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Figure 5 Measurements of FDD Channel Reciprocity
From the analysis and validation by measurement data, we have the following observation.
Observation 1: Good reciprocity in angle and delay exists between FDD DL and UL channel. 
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]As mentioned above, based on the research and measurement of academia and industry, in addition to reciprocity in angle, more property/parameters of FDD channel were observed reciprocal, e.g. delay between FDD UL and DL channel. In order to utilize these reciprocity for CSI acquisition, the FDD channel reciprocity in these property/parameters should be modelled in 3GPP. Hence the FDD channel reciprocity model should be studied to identify more channel property /parameters with reciprocity. For example, study whether the channel reciprocity modelling for FDD in TR36.897 [1] is still suitable for new reciprocal property/parameters, if not, necessary modification/adjustment works on the FDD channel reciprocity modelling should be specified in Rel-17. So we have the following proposal on channel reciprocity modelling in Rel-17.
Proposal 1: Perform study on channel reciprocity modelling for Sub-3GHz FDD to identify more channel information/parameters with reciprocity for enhancement on FDD based partial reciprocity
Considering additional partial reciprocity of FDD channel, e.g. the reciprocity of delay between DL and UL channel, CSI with super high resolution at gNB can be obtained to improve the performance of FDD system, which can be further enhanced in R17. Based on some initial analysis and evaluation, it is a promising way to achieve a target of more than 90% of ideal feedback as shown in Figure 4, by utilizing more channel reciprocity information for FDD. Moreover, since more reciprocal channel information can be obtained by gNB from UL channel, the UE only needs to handle and feedback the channel information without reciprocity, which can significantly reduce the uplink overhead and implementation complexity at UE side. Therefore, based on FDD partial reciprocity, CSI acquisition scheme can be enhanced from the following aspects.

· Specify CSI enhancement based on FDD partially reciprocity, including the following enhancements
· Codebook enhancement, e.g. based on FDD partial reciprocity for targeting to achieve the performance with ideal feedback and further reduce feedback overhead
· Study and, if needed, specify SRS and/or CSI-RS enhancements for partial reciprocity measurements 
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: Support further enhancement on CSI acquisition based on FDD channel partial reciprocity targeting at the performance of ideal feedback.
Spectrum Aggregation and Sharing
· L1 control overhead reduction and capacity improvement
L1 control overhead is one bottleneck for the efficiency and capacity in Sub-3GHz. Firstly, different from LTE, dedicated DMRS is introduced in NR PDCCH. It leads to each CCE consisting of 72RE, which is twice that of LTE. As a result, it causes lower capacity than LTE given the same narrow bandwidth in Sub-3GHz. In addition, NR CA is one solution for single-operator to utilize scattered spectrum. However, L1 DL control overhead is high considering narrow bandwidth of each cell (e.g., 5MHz or 10MHz) since PDCCH per cell is needed and there are many repeated redundant information (CRC, TPC bits, RA header, etc.). Moreover, in Rel-16 MR-DC WI, N DCIs in one slot to schedule N TBs across N slots was agreed for CA contiguous data transmission. Due to the SCS difference (e.g. 15 kHz in Sub-3GHz and 120 kHz in FR2), cross-carrier scheduling become restrictive and the overhead is similarly too large since one 15 kHz slot corresponds to eight FR2 slots. Meanwhile, operators may deploy LTE-NR spectrum sharing where the capacity for NR PDCCH may be limited to just 1 symbol considering 2 LTE PDCCH/CRS symbols. Under this scenario, NR PDCCH coverage/capacity is more restricted. Besides, with multi-TRP transmission, PDCCH overhead will double. Therefore, L1 control overhead reduction should be studied to improve the spectrum utilization efficiency, system capacity, control coverage and reduce blocking probability for the above single carrier, multiple carriers and sharing cases, e.g. to allow scheduling multiple carriers with single PDCCH, or scheduling multiple slots with single PDCCH.
Proposal 3: Specify L1 control overhead reduction and capacity improvement, taking into account single carrier, multi-carriers and LTE-NR sharing scenario.
· Multi-carrier operation enhancement for scattered spectrum
As aforementioned, there are some single-operator who owns multiple non-continuous small spectrum blocks at Sub-3GHz band. Based on statistics, there are more than 50% operators with at least two spectrum chunks at Sub-3GHz band. Figure 6 shows an example on Germany spectrum and UK spectrum. In Germany, Mobile Network Operator 1 (MNO1) owns inter-band scattered spectrum, i.e., one spectrum block of 10MHz bandwidth in 700MHz, 800MHz and 900MHz band, respectively. In UK, MNO1 also has three spectrum blocks within 900MHz, whose bandwidth is 5MHz, 4.6MHz and 7.8MHz, i.e., intra-band scattered spectrum. In addition, spectrum block of 5.8MHz bandwidth in 1.8GHz band and spectrum block of 14.8MHz bandwidth in 2.1GHz band also exist. Actually, MNO2 has the similar situation.
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[bookmark: _Ref2311450]Figure 6 Example of scattered spectrum in Sub-3GHz band.
Observation 2: Spectrum in Sub-3GHz band includes scattered spectrum within a band and across bands.
From the perspective of NR, one possible solution for utilizing this narrow and non-continuous spectrum is to apply carrier aggregation. However, in addition to L1 control overhead issue mentioned before, common channel overhead is also relative high for narrow spectrum since at least one SSB per band is needed. On the other hand, NR DL common channel leads to restrictive scheduling in the spectrum chunk where legacy GSM/UMTS/LTE exists. Besides, restricting PDSCH (codeblock) in the narrow bandwidth also limits the diversity and coding gain. Allowing UE with same experience as single “wideband” cell over scattered spectrum can be the target of multi-carrier operation enhancement. To evaluate the performance from system perspective, Figure 7 shows the simulation results where three 10MHz blocks are assumed for NR. Suitable aggregation level is choosen to achieve 1% IBLER for PDCCH depending on SNR. 12 UEs with full buffer traffic per cell and PF scheduling algorithm is used. The results show that ~18% gain can be achieved through L1 overhead reduction and PDSCH across carriers. Meanwhile, NR allows to configure two overlapped carriers to utilize irregular spectrum. For example, two 5MHz carriers with 2.6MHz overlapped spectrum can be configured for a UE to fully use 7.4MHz block of MNO2 in 900MHz band shown in Figure 6. For the case, the performance disadvantage of two PDCCH/PDSCH for 7.4MHz block will be more obvious.
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Figure 7 Simulation results for scattered spectrum in Sub-3GHz band.
Observation 3: ~18% gain can be achieved through multi-carrier operation enhancement.
To utilize Sub-3GHz scattered spectrum, CA framework can be as a starting point. On this basis, standard effort can be simplified and there is no need to change how RF requirements are defined. Then, multiple-carrier operation enhancement, e.g., configuration of a serving cell over multiple component carriers, SSB-less carrier for inter-band case or PDSCH across carriers, can be studied. 
Proposal 4: Study and, if needed, specify on potential multi-carrier operation enhancements to efficiently utilize scattered spectrum, e.g., common channel overhead reduction, PDSCH across carriers, etc.
Based on the above discussion, we propose to specify enhancements to improve NR spectrum utilization efficiency in Sub-3GHz as follows:
· Specify L1 control overhead reduction and capacity improvement, taking into account single carrier, multi-carriers and LTE-NR sharing scenario
· Study and, if needed, specify control overhead reduction, e.g. to allow scheduling multiple carriers with single PDCCH, or scheduling multiple slots with single PDCCH, etc.
· Study and, if needed, specify PDCCH capacity enhancement.
· Study and, if needed, specify enhancements to efficiently utilize narrow and non-continuous spectrum, e.g. by common control overhead reduction, PDSCH scheduling enhancement, etc.
Conclusion
This contribution provided an analysis of the potential working items on Sub-3GHz enhancements, and made the following observations and proposals for NR Rel-17 WI
Proposal 1: Perform study on channel reciprocity modelling for Sub-3GHz FDD to identify more channel information/parameters with reciprocity for enhancement on FDD based partial reciprocity
Proposal 2: Support further enhancement on CSI acquisition based on FDD channel partial reciprocity targeting at the performance of ideal feedback.
Proposal 3: Specify L1 control overhead reduction and capacity improvement, taking into account single carrier, multi-carriers and LTE-NR sharing scenario.
Proposal 4: Study and, if needed, specify on potential multi-carrier operation enhancements to efficiently utilize scattered spectrum, e.g., common channel overhead reduction, PDSCH across carriers, etc.

Observation 1: Good reciprocity in angle and delay exists between FDD DL and UL channel. 
Observation 2: Spectrum in Sub-3GHz band includes scattered spectrum within a band and across bands.
Observation 3: ~18% gain can be achieved through multi-carrier operation enhancement.
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Relative throughputs of LTE FDD and NR FDD
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