[bookmark: _GoBack]3GPP TSG-RAN WG1 Meeting #101	R1- 2004354
e-Meeting, May 25th – June 5th, 2020

Agenda Item:	8.4.2
Source:	Ericsson
[bookmark: OLE_LINK2]Title:	Potential areas for coverage enhancement
Introduction
In this contribution, we consider potential areas of enhancement to remediate coverage bottlenecks found in [1] and [2]. As the bottlenecks observed were primarily for the uplink, the discussion focuses there. UL coverage solutions specifically targeting VoNR that may require higher layer enhancement as well as physical layer approaches are discussed. Mechanisms to improve downlink coverage without increasing downlink resource usage or latency are also considered.
Discussion
As observed in [1] and [2], for the uplink, PUSCH data, and perhaps uplink control for FR1 may be coverage bottlenecks. It was also found that downlink channels bearing control information were not coverage bottlenecks, although for FR2 10 Mbps PDSCH data may be more limiting than some uplink data. While coverage may not be limited for lower data rate PDSCH, it may be inefficient particularly when accurate CSI is not available, requiring large amounts of resource for a relatively small TBS.
Observation:
· PUSCH data and, to a lesser degree, uplink control appears to be the primary coverage bottlenecks
· Downlink control is not generally a coverage bottleneck
· Maintaining PDSCH coverage without accurate CSI may require relatively high amounts of downlink resource
Proposal:
· Focus further study of coverage enhancements on PUSCH data and uplink control 
· Further study downlink enhancements exploiting the early availability of CSI

Potential areas of enhancement for uplink coverage
The following uplink coverage enhancement techniques may be considered 
· Improvements to low PAPR transmission
High power efficiency waveforms were a key part of LTE where DFT-S-OFDM was used exclusively for the uplink, and this has evolved further in NR, where CP-OFDM, DFT-S-OFDM, and Pi/2 BPSK transmission is supported. Enhancements to waveforms that further optimize the power efficiency of UL transmissions should be studied. However, such studies should be careful to determine the net achievable improvements in PA backoff, and avoid simplistic characterizations such as those that only use PAPR.
· Multi-antenna techniques
NR is at the stage now where UEs that have multiple transmit antennas are becoming more common. Therefore, there is increasing commercial potential for improved coverage from multi-antenna transmission in UEs.
Full power for UL MIMO transmission has been specified in Rel-16 and provides substantially better coverage (up to 3 or 6 dB) for non-coherent UEs that are of current commercial interest. Further enhancements allowing better performance for additional PA architectures of commercial interest can be considered.
An open loop transmit diversity scheme has also been listed as a candidate enhancement during the development of the coverage enhancements study item description. There is ongoing work in RAN4 on specifying transparent transmit diversity as well. In either of these cases, the power of Tx chains can combine to improve coverage, and there may also be some diversity gain, depending on the amount of diversity available from other sources.
Regardless of the multi-antenna scheme used to improve coverage, it is essential to focus on realistic scenarios that provide coverage gain at the system level. ‘Corner case’ evaluations of e.g. high code rates but that also assume poor CSI should be avoided, sources of diversity available from receive antennas, frequency hopping should be used, and benefits of HARQ should be taken into account.
· Msg3 coverage enhancement
Retransmission can be used to provide coverage for Msg3 in Rel-15. However, it is somewhat cumbersome to do so. In order to retransmit Msg3, the UE must successfully receive both Msg2 for the initial grant as well as the PDCCH addressed to TC-RNTI for the retransmission. This may mean the network has to transmit both a Msg2 and a UL grant for TC-RNTI, which is wastes PDCCH overhead. Retransmission will also increase latency, from e.g. transmission and decoding times.
Mechanisms such as Msg3 repetition can be relatively simple ways to improve Msg3 coverage, and so should be considered.
Proposal:
· Consider at least the following areas for UL coverage enhancement:
· Improvements to low PAPR transmission 
· Multi-antenna techniques 
· Msg3 coverage enhancement
Potential areas of enhancement for spectrally efficient downlink coverage 
One simple approach to providing coverage is to use a sufficiently low coding rate on the downlink, which increases both the amount of energy delivered to the UE as well as maximizing the coding gain. However, this is a relatively expensive way to achieve downlink coverage.
NR can provide large amounts of array gain via digital or analog beamforming without increasing the amount of downlink resource, and so is a spectrally efficient way to achieve coverage. Array gain brought by proper beamforming leads to higher received signal power and higher SNR at UE, which can improve coverage. NR R15/16 supports CSI reporting after an RRC connection is established, which can be used for beamforming. During the RACH procedure, a Tx and Rx beam pair between UE and network is maintained as the one used for Msg1 transmission and reception. If an early CSI report is available during random access, array gain can improve coverage of downlink channels during random access without the increased overhead needed by low code rate PDSCH transmission.
To achieve the array gain, the network must have sufficient channel state information. If the PDSCH packet size is large enough, there will be adequate time for the UE to signal the CSI to the network, and the initially inefficient transmissions will not overly degrade the net spectral efficiency. If PDSCH packet sizes are smaller, then there may not be enough time to obtain the CSI without excessive latency or RRC signalling overhead. Therefore, an early CSI report especially benefits small PDSCH packets.
The UE configurations used early in radio link setups will generally need to be quite simple, since RRC signalling will take some time to provide to the UE and the network may have limited knowledge of the UE’s capabilities. Therefore, the use cases envisioned here are for basic CSI reporting, such as L1-RSRP CSI based on a small number of CSI-RS ports. Therefore, we expect that early CSI reporting should require minimal calculation effort for the UE .
Observation:
· Early CSI availability can provide downlink coverage for small PDSCH packet sizes and during initial access without excessive latency, RRC signalling overhead or excessive downlink resource
· Early CSI calculation use cases imply minimal calculation effort for the UE.
Proposal:
· Study techniques to provide CSI during random access
Coverage Enhancements for Voice
Voice (VoNR) is one of the important services that operators provide to users in the NR RAT. It is essential that VoNR coverage is on par with other RATs such as UTRAN/EUTRAN which have been traditionally providing voice services. VoNR allows a UE to use voice service in NR network which has been primarily designed for data services. The UE can simultaneously use both the services (voice and data) without having to change its access network; for example, without the need of CS fallback. The IP Multimedia SubSystem (IMS) Network facilitates VoIP services in cellular network, and so can be considered as a master controller.
IMS network using the Session Initiation Protocol (SIP) enables a UE to establish call connections. The SIP signaling component requires its own bearer (with an associated unique IP address) as the IMS network is separate from the LTE/NR network and comes with its own APN. The bearer has its own QCI. 
[bookmark: _Hlk40269903]Before a VoNR session starts, SIP signalling needs to be exchanged between UE and IMS Network. The size of the SIP message, such as the INVITE message is about 2KB. Since the normal transport block size for VoNR is roughly an order of magnitude smaller (on the order of a few hundred bits), SIP messages can require better radio conditions or more uplink resource than the voice packets. If radio conditions are sufficiently poor, such as at the edge of coverage in the 7km RMa scenario of [1], the SIP message can limit coverage or may lead to substantial call setup latency. For example, if at most a 30 kbps data rate is available to a cell edge UE, a 2KB packet would take roughly 0.5 seconds to transmit (neglecting higher layer overhead). Therefore, a coverage extension mechanism may be needed to improve call setup latency at the cell edge in arduous coverage scenarios.
It is also beneficial to identify that a UE is going to initiate a SIP/VoIP service and that the optimization is needed for the UE, i.e. the UE is in poor coverage. For idle mode, UE may use mo-Voice in RRCSetupRequest to notify that an SIP message may be sent, however if the UE is in good coverage the UL data rate may not be problem. However, at cell edge it may be challenging, thus some coarse indication of early CSI saying UE is in poor coverage could be used for the gNB to identify if any specific action is required for coverage extention (repetitions, robust MCS, compression etc). Further, in connected mode, a UE without a valid timing advance that would not be able to be configured with CSI reporting could notify the indication of poor coverage and some means by which gNB can understand UE wants to send large data; for example by checking logical channel group or buffer status report etc.
SigComp is a solution for compressing messages generated by application protocols with a primary driver to compress SIP messages. There is the possibility to use also RAN PDCP Uplink Data Compression (UDC) to compress the SIP packets. However, if the SIP packets are encrypted or IPSecurity Tunnel (IPSec) has been used then it is not possible to compress at PDCP level. Hence, it is beneficial to compress before encryption and that is only possible at the application layer.
Observation:
· SigComp can compress SIP packets at application layer before encryption is used. This feature should be considered for Voice coverage enhancement. It has better potential i.e. suitable for all scenarios regardless of whether packets are encrypted or unencrypted. 
· Early CSI may also benefit the Voice Service. Having accurate CSI for a UE in poor coverage that wants to send a large UL SIP packet such as INVITE can allow the network to apply schemes such as beamforming, frequency selective scheduling, robust modulation and coding schemes, etc.
It will further benefit if CT1/SA4 suggest to RAN groups what SIP message packet sizes can expected, and at what rate they will arrive in order to successfully transmit the SIP messages that occurs during a call. Knowing the packet size and arrival rate will be helpful particularly for the voice call set up, but also other messages in voice call. This would help to cross-verify the data rate vs coverage requirements and further determine what steps (enhancements), if any, are necessary to fulfil the requirements.
Proposal:
· Indicate to CT1 and SA4 that 2KB SIP message sizes may impact VoNR coverage or setup latency in arduous coverage scenarios and ask if SigComP functionality can be supported to reduce SIP message overhead.
· Ask CT1/SA4, what SIP message packet sizes and arrival rates can be expected.
Summary
In this contribution, we considered potential classes of coverage enhancement techniques. As the bottlenecks observed were primarily for the uplink, the discussion focused there. Uplink coverage solutions specifically targeting VoNR that may require higher layer solutions as well as physical layer approaches were discussed. Mechanisms to improve downlink coverage without increasing downlink resource usage or latency were also considered.
We have following observations based on the discussions.
Observations:
· PUSCH data and, to a lesser degree, uplink control appears to be the primary coverage bottlenecks
· Downlink control is not generally a coverage bottleneck
· [bookmark: _Hlk40445844]Maintaining PDSCH coverage without accurate CSI may require relatively high amounts of downlink resource
· Early CSI availability can provide downlink coverage for small PDSCH packet sizes and during initial access without excessive latency, RRC signalling overhead or excessive downlink resource
· Early CSI calculation use cases imply minimal calculation effort for the UE.
· SigComp can compress SIP packets at application layer before encryption is used. This feature should be considered for Voice coverage enhancement. It has better potential i.e. suitable for all scenarios regardless of whether packets are encrypted or unencrypted. 
· Early CSI may also benefit the Voice Service. Having accurate CSI for a UE in poor coverage that wants to send large UL SIP packet such as INVITE, can allow the network to apply schemes such as beamforming, frequency selective scheduling, robust modulation and coding schemes etc.
Based on the observations and discussions, we have following proposals.
Proposals:
· Focus further study of coverage enhancements on PUSCH data and uplink control on PUSCH or PUCCH
· Further study downlink enhancements exploiting the early availability of CSI
· Consider at least the following areas for UL coverage enhancement:
· Improvements to low PAPR transmission 
· Multi-antenna techniques 
· Msg3 coverage enhancement
· Study techniques to provide CSI during random access
· Indicate to CT1 and SA4 that 2KB SIP message sizes may impact VoNR coverage or setup latency in arduous coverage scenarios and ask if SigComP functionality can be supported to reduce SIP message overhead.
· Ask CT1/SA4, what SIP message packet sizes and arrival rates can be expected.
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