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1 Introduction

Fixed wireless access (FWA), a type of wireless communication performed between fixed locations, is a promising technique to provide connections for fixed broadband, since it has the advantage of lower-cost but easier and more rapid deployment compared to other fixed solutions, e.g., digital subscriber line (DSL) and fibre. 
FWA is not a new concept in 5G. FWA services have already been provided worldwide through the 4G era. At the end of 2020, about 492 mobile operators had launched 4G FWA services, which account for approximately 50% of all mobile operators worldwide. When it comes to the 5G era, both FWA networks and subscribers increase at a rapid pace. Till January 2021, about 40% of the 135 5G commercial networks worldwide provide FWA services, which is a relatively high proportion at this early stage [1]. For operators, 5G has strengthened the service delivery of broadband via FWA and promoted the FWA subscribers to a relatively high level, which leads to a significant increment in revenue from home broadband business [2].
In this contribution, we first discuss the motivation of 5G FWA including the use cases and requirements, and then provide views on potential enhancements for Rel-18.
2 Discussion 

2.1 Motivation
2.1.1 Use cases of FWA
Due to the utilization of massive MIMO and larger bandwidth, 5G can support higher data rate and provide more connections than 4G, which enables FWA to target at broader opportunities. 5G FWA can be used to not only offer basic internet connection for areas with limited services for home internet access, but also provide better experience for home broadband in developed countries. Moreover, it is also suitable to connect offices and work spaces for small and micro enterprises. The typical use cases of FWA are listed below.
· Connecting the unconnected: There are a huge number of households that are still without any home broadband connection, especially in rural areas. Particularly in Sub-Saharan Africa, fixed broadband penetration is typically below 2%. In these areas with low home broadband penetration, 5G FWA can be utilized to provide the first connection to homes with low cost. 
· Accelerating broadband development: In countries with established broadband connections, there are opportunity for 5G FWA to boost the download speeds for the households in DSL-dominated areas. For instance, in accordance with the European broadband policy, it is targeted to provide connections offering at least 100Mbps for all European households by 2025 [3]. The DSL is not able to satisfy the requirement as its average speed is only half of 100Mbps. While 5G FWA is a promising choice to achieve the required data rate by a low-cost but rapid deployment.
· To small/micro enterprises: Since 5G is capable of delivering connection to PCs, laptops and other work devices, there are some special demands to be served by 5G FWA, where offices and work spaces tend to be temporary [1].
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(1) Connecting the unconnected          (2) Accelerating broadband development             (3) To small/micro enterprise
Figure 1. Typical use cases for 5G FWA

2.1.2 Spectral efficiency for FWA
As stated by GSMA [1], it is particularly important for mobile operators to improve the efficiency of deploying FWA services from the commercial perspective. Due to the scarcity of spectrum resources, the metric to evaluate the efficiency for a certain service is usually the revenue per Hz. The revenue per Hz is mainly affected by the three following parameters, where it is proportional to ARPU and spectral efficiency while being inversely proportional to DOU.
· Spectral efficiency

· Average revenue per user (ARPU)

· Data of usage (DOU)
Among the three parameters, spectral efficiency is the dominant factor, since the ARPU and DOU are rather constant for a certain service. Obviously, improving spectral efficiency is beneficial to enhance the network capability to support a larger number of FWA subscribers, and is also beneficial to improve the user experience. This will evidently increase the number of FWA users so as to drive the revenue per Hz for FWA in an upward direction [1]. 
Moreover, for the EU requirement of 100Mbps per household for home broadband connection, it can be observed that 5G is able to achieve 100Mbps user experience data rate in average according to the results provided in TR 37.910 [4]. But it should also be noticed that to fulfill the requirement, the deployment (such as bandwidth, antenna configuration, frame structure and etc.) needs to be carefully considered. As a result, significant restriction would be imposed on network deployment. If the spectral efficiency can be increased, then less bandwidth would be needed, which will enable a more flexible deployment of FWA services.

Observation 1: Improving spectral efficiency is beneficial to increase the revenue per Hz and enable more flexible deployment for fixed wireless access. 
2.2 Potential Enhancements
2.2.1 DMRS overhead reduction
In current 5G NR, the DMRS of PDSCH is configurable for efficient channel estimation for eMBB UEs in different levels of mobility. For UEs of high mobility, both front-loaded and additional DMRS can be used within a single slot for PDSCH transmission. For UEs with low mobility, e.g., in the speed of 3 km/h, the network can configure only front-loaded DMRS to avoid excessive DMRS overhead. 
However, the scenario of FWA has not been considered, where the channel is stationary without Doppler shift for fixed location terminals. Therefore, the channel coefficients across multiple slots for a single UE are almost constant with very little variation. But current specification requires that each slot-based PDSCH should be associated with at least one or two front-loaded DMRS within every slot. The DMRS placed in each slot is redundant in the case of scheduling multiple PDSCH transmissions in consecutive slots for fixed wireless access. 
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Figure 2. Illustration of DMRS overhead reduction
As an example shown in Fig. 2, when a UE is scheduled to receive PDSCHs in 4 consecutive slots, there will be eight DMRS symbols in total in case a front-loaded DMRS of two symbols for each slot is configured following current specification. For fixed wireless access scenario, where there is no Doppler shift, it is actually sufficient to only retain the DMRS in the first slot for channel estimation and the DMRS of the following three slots are removed. Then up to 6 symbols of resources can be saved for PDSCH transmission. 
The performance for different DMRS densities in time domain are evaluated, where the UE speed is set to be 1 km/h. The results are illustrated in Figure 3. It can be observed that the performance loss at 10% BLER for the case of 2 DMRS symbols within 4 or 8 slots is negligible, compared to the case of 2 DMRS within every slot. Therefore, more than 15% improvement in spectral efficiency can be obtained if DMRS is transmitted every 4 or more slots. Hence, it is proposed to adopt more adaptive DMRS configuration, which can fully match the characteristic for FWA scenario.
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Figure 3. BLER vs SNR for different DMRS densities in time domain
Observation 2: The downlink spectral efficiency can be improved by more than 15% if DMRS of PDSCH can be 2 symbols within 4 or more slots.
2.2.2 Advanced receiver for interference cancelation
The connection for home broadband is the most typical use case for FWA, where the proportion of video-type services is much higher than that of eMBB. Such a distinction leads to higher data for FWA than that for eMBB users. In some areas, the data of usage of FWA users reaches 3 times that for the average eMBB user. From Fig. 4, it can be observed that 3 times higher data of usage will reduce the median SINR by more than 5dB. (Simulation assumptions: BS 64T64R, UE 2T4R, 7*3 cell, 10UE/cell, FTP model with packet size of 0.5MB and 1.5MB). This result indicates that the interference from both intra-cell and inter-cell in FWA dominated network is more severe than that in eMBB dominated network.
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Figure 4. CDF of post SINR for different packet size (Data of usage)
In current 5G NR specifications, there is an indication of CDM groups without data in DCI, which can be utilized to tell the UE about potential interferers. With such information, UE can adopt the interference handling receivers, such as E-MMSE-IRC, with instantaneous interference information via blind detection for all possible DMRS ports. However, the approach with blind detection is of extremely high complexity at UE side, especially when the number of paired layers at gNB side is larger than 8. For instance, if a UE is scheduled for a single layer transmission of PDSCH, and the network indicates that the number of CDM groups without data is 3, then the UE has to blindly detect all other 11 DMRS ports to enable interference handling, which is hard to implement at UE side. Therefore, the MMSE-IRC receiver is a practical choice for UE. According to the simulation results in Fig. 5, it is observed that using E-MMSE-IRC receiver can obtain more than 10% performance gain in cell average spectral efficiency, compared to an MMSE-IRC receiver. 
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Figure 5. Evaluation for cell average spectral efficiency for different UE receivers.
Hence, it is suggested to enhance the IRC receiver for FWA scenario. For instance, one possible direction can be to introduce additional signalling of assistance information to enable low complexity UE receivers with interference cancellation, which is similar to what was specified in Rel-14 MUIC. 
Observation 3: The downlink spectral efficiency can be improved by more than 10% if UE can adopt interference cancellation receivers, such as E-MMSE-IRC, with accurate information of interference, compared to MMSE-IRC receiver.
Proposal: Specify mechanisms for improving spectral efficiency for fixed wireless access in Rel-18. Candidate techniques include:

· Downlink DMRS overhead reduction with multi-slot PDSCH scheduling

· Assistance information for UE advanced receiver such as E-MMSE-IRC
3 Conclusions

This contribution discussed the use cases and requirement of FWA, and views on potential enhancements to improve spectral efficiency for FWA were also provided. The following observations and proposal are given:
For motivation:
Observation 1: Improving spectral efficiency is beneficial to increase the revenue per Hz and enable more flexible deployment for fixed wireless access.  

For potential enhancements:
Observation 2: The downlink spectral efficiency can be improved by more than 15% if DMRS of PDSCH can be 2 symbols within 4 or more slots.
Observation 3: The downlink spectral efficiency can be improved by more than 10% if UE can adopt interference cancellation receivers, such as E-MMSE-IRC, with accurate information of interference, compared to MMSE-IRC receiver.
Proposal: Specify mechanisms for improving spectral efficiency for fixed wireless access in Rel-18. Candidate techniques include:

· Downlink DMRS overhead reduction with multi-slot PDSCH scheduling

· Assistance information for UE advanced receiver such as E-MMSE-IRC
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