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Introduction
The SID on NR coverage enhancement [1] includes the following objectives (where the de-emphasized text is less relevant to this document).
The objective of this study item is to study potential coverage enhancement solutions for specific scenarios for both FR1 and FR2. The detailed objectives are as follows.
· [bookmark: _GoBack]The target scenarios and services include
· Urban (outdoor gNB serving indoor UEs) scenario, and rural scenario (including extreme long distance rural scenario) for FR1
· Indoor scenario (indoor gNB serving indoor UEs), and urban/suburban scenario (including outdoor gNB serving outdoor UEs and outdoor gNB serving indoor UEs) for FR2.
· TDD and FDD for FR1.
· VoIP and eMBB service for FR1.
· eMBB service as first priority and VoIP as second priority for FR2.
· LPWA services and scenarios are not included.
· Identify baseline coverage performance for both DL and UL for the above scenarios and services based on link-level simulation
· UL channels (including PUSCH and PUCCH) are prioritized for FR1.
· Both DL and UL channels for FR2.
· Identify the performance target for coverage enhancement, and study the potential solutions for coverage enhancements for the above scenarios and services
· The target channels include at least PUSCH/PUCCH 
· Study enhanced solutions, e.g., time domain/frequency domain/DM-RS enhancement (including DM-RS-less transmissions)
· Study the additional enhanced solutions for FR2 if any
· Evaluate the performance of the potential solutions based on link level simulation.

In RAN1#101e, the evaluation methodology for coverage enhancement was discussed. According to the plan for the meeting, documents on coverage enhancement techniques were submitted to RAN1#101e but were not treated.
The document considers potential coverage enhancement techniques that are relevant to PUSCH.
Coverage enhancements for PUSCH 
[bookmark: _Hlk47386123]The following sub-headings introduce potential coverage enhancement techniques for PUSCH for consideration in the study item. While some of the techniques are applicable to both FR1 and FR2, others are applicable mainly to FR2. It is noted when a technique is particularly applicable for FR2.
Repetition / TTI bundling. These techniques have been used in LTE-MTC. These techniques reduce the data rate in the DL and UL and would not be acceptable for many services with a fixed data rate requirement. Repetition could however be applied to VoIP services where transport blocks are not scheduled to a UE in every slot, allowing the unscheduled slots to be used for repetitions [4].
Repetition is only really relevant when the UE is being scheduled with a minimum MCS: if the UE had been scheduled with a non-minimum MCS, coverage could alternatively be improved by simply choosing a lower MCS.
Lower data rate. Operation at a lower data rate improves coverage, similarly to repetition, but operation at a lower data rate may not be acceptable from a service perspective. Operation at a lower rate would mainly be an implementation choice.
Lower MCS. Operation at a lower MCS improves the coding rate, which has some benefits, but has the following drawbacks / limitations:
· Additional coding gain is limited below rate 1/3
· Lowering the coding rate increases the number of physical resource blocks required for the transmission. Increasing the number of physical resource blocks is problematic for the following reasons: (1) the power spectral density of the transmission is lower; (2) to maintain linearity, PA backoff may be applied (according to RAN4 MPR specifications); and (3) spectral efficiency is impacted.

The current NR specifications already support operation at a low coding rate. Operation at these low coding rates is an implementation choice that does not have specification impact. Operation at an even lower MCS should not need to be supported for PUSCH. 
High BLER target operation. Operation at a higher BLER target and relying on re-transmissions allows the system to operate at a lower SNR target, which improves coverage. The drawback of higher BLER target operation is that it increases latency and jitter. Operating at a higher BLER target is an implementation choice that does not impact the specification.
[bookmark: _Hlk47386295]Narrower beams / more antenna elements. More antenna elements at the gNodeB provide higher receiver array gain for PUSCH. The higher receiver array gain improves the PUSCH link budget. To a large extent, the use of more antenna elements and finer beams at the gNodeB is an implementation choice, however it may be necessary to consider whether there are currently sufficient reference signals to support fine beam tuning at low SNR. More antenna elements can also be applied at the UE, increasing diversity and array-gain but at the expense of UE cost and form factor.
Multi-TRP reception. Multi-TRP reception can improve coverage for PUSCH by increasing diversity. Use of multi-TRP techniques is supported in Release-16. Enhancements to multi-TRP operation are better addressed in MIMO work item(s).
DMRS enhancements. More DMRS lead to better channel estimation. Fewer DMRS leave more resource elements available for PUSCH, lowering the PUSCH coding rate, with an associated improvement in SNR performance. The optimal quantity and type of DMRS for different conditions and how this can be dynamically controlled can be studied in this study item.
For FR2, the spatially filtered channels in FR2 may motivate variable DMRS granularity in the frequency domain.
Frequency hopping. In Release-16, NR already supports intra and inter-slot frequency hopping schemes with two hops. It is beneficial for the frequency selective channel with flattish fading across the transmission bandwidth, where the scheduler does not know the channel conditions (if the scheduler knew the channel conditions, it could apply frequency selective scheduling instead). Frequency hopping is also beneficial for interference averaging. The scheduler may not have good knowledge of UL channel conditions at the edge of coverage since measurements on SRS are likely to be less accurate at lower SRS-SNR. 
Various enhancements to frequency hopping can be considered, including (1) supporting at least four hops in order to harvest further gains by taking advantage of existing Rel-16 features such as multiple configured grants for enhancing coverage and reliability; and (2) supporting UE feedback information on which hops are more effective (there is no point having the UE transmit on a frequency hop that is faded).
Time interleaving. Time diversity can be achieved if the transmission time of a channel is greater than the coherence time of the channel. Time diversity can be achieved by time interleaving transmissions. A time interleaving technique would have an impact on latency.
[bookmark: _Hlk47386742]Higher TX power. Higher transmit power directly affects the link budget. One of the reasons that DL channels have significantly better coverage in the DU-eMBB coverage analysis in the IMT-2020 self-evaluation is that the total transmit power in the DL is 21dB greater than in the UL. The maximum UE transmit power is limited by regulations (such as SAR regulations), though it may be that some types of UE (such as vehicular UEs) could transmit more power than other UEs (as is the case in LTE). UEs transmitting with a low UL duty cycle, such as TDD UEs, should also be able to transmit at a higher TX power per active slot while maintaining an average transmit power that is below regulatory requirements. These issues can be considered by RAN4.
Small cells / relays. Coverage can be improved by deploying small cells or relays. However this is not always an attractive solution to a coverage problem as it increases network deployment cost.
[bookmark: _Hlk47386779]Reflective arrays. Reflective array nodes have recently seen extensive research interest in order to enhance coverage and/or mitigate shadowing in FR2 scenarios and could be a low-cost option to enhance coverage.
Sidelink relay. Sidelink relay can provide an opportunistic method of improving coverage, where coverage is provided to a UE via an intermediate UE. Sidelink relays are already under consideration in other working groups. Most of the specification work on sidelink relays would not need to be done in RAN1, since most of the basic sidelink functionality has already been specified. However, RAN1 could consider the coverage implications of the use of sidelink relaying in the study item.
[bookmark: _Hlk47386948]UE TX diversity. For FR2, UE multi-beam-based diversity and related coherence aspects for UE panels can be studied and will likely be addressed in the MIMO sessions.

UE Spherical coverage / UE beam correspondence. Spherical coverage is a particular issue for FR2. Spherical coverage is specified by RAN4 but highly relevant, affecting the probability of TX diversity at the UE side.

In relation to the UE spherical coverage, the beam correspondence (BC) is also a critical metric to determine the network coverage. Though RAN1 generally thinks of BC as a mandatory feature for a UE, RAN4 requirements actually allow certain UEs to use limited uplink beam sweeping to meet the spherical coverage requirement. In addition, all UEs will lose the BC capability when the SINR level drops below a certain level due to the estimation error on L1-RSRP. Therefore, it is important for RAN1 to investigate the BC performance and define necessary enhancements in the low SINR scenario as part of this coverage enhancement SI. Potential enhancements include the UE triggering uplink beam sweeping when the L1-RSRP is below a threshold, increasing the number of UE panels, or defining a power class with more stringent spherical coverage requirements.

Polarization of UL and DL Reference signals. In general, the performance at cell edge heavily depends on the channel knowledge. Channel knowledge for UL transmissions has limitations as of today and depends on reciprocity, beam correspondence, and polarization of possibly both UL and DL reference signals. 
In the Rel-16 specification the polarization aspect of beams is largely overlooked and in general transparent to the operation. The best approach for identification of the best beam-pair is based on that the receiver is expected to receive with dual polarized antennas. This is however not mandatory for a UE or even possible for any beam angle, and when supported by the UE requires two receivers to be active. Yet another drawback with single polarized RSs is that the entire channel is not sounded. It is therefore not possible for a UE to estimate the true potential of a beam-pair. Various techniques to improve CSI can be employed. The different techniques may have different overhead and different levels of complexity and a careful evaluation of the benefit of each technique is needed. Dual polarized reference signals can be implemented in dedicated resources associated with the existing reference signals or integrated with the existing reference signals with backwards compatibility and low to zero overhead. As an example, based on cyclic delay diversity, a delayed reference signal with orthogonal polarization can be transmitted with basically zero overhead.



[bookmark: _Hlk47387157]Based on the discussion above and considering the relative importance of improving the coverage of UL channels, it is proposed that RAN1 focusses on the following aspects for NR PUSCH coverage enhancement.
For FR1 and FR2, the following should be considered:
· DMRS enhancements
· Frequency hopping enhancements
· Time interleaved transmissions
· Relaying, including sidelink relaying

For FR2, the following should be considered in addition:
· Enhancements to improve spherical coverage / beam correspondence, including:
· UE triggering of UL beam sweeping at low SNR
· Increased number of UE panels [RAN4]
· Power class with more stringent spherical coverage requirements [RAN4]
· Reflective arrays
· Polarization aspects of the UL and/or DL reference signals

Proposal 1: For FR1, the following coverage enhancement techniques are considered:
· DMRS enhancements
· Frequency hopping enhancements
· Time interleaved transmissions
· Relaying, including sidelink relaying

Proposal 2: For FR2, the following coverage enhancement techniques are considered:
· DMRS enhancements
· Frequency hopping enhancements
· Time interleaved transmissions
· Relaying, including sidelink relaying
· Enhancements to improve spherical coverage / beam correspondence, including:
· UE triggering of UL beam sweeping at low SNR
· Increased number of UE panels [RAN4]
· Power class with more stringent spherical coverage requirements [RAN4]
· Reflective arrays
· Polarization aspects of the UL and/or DL reference signals

 

[bookmark: _Hlk47387515]Conclusions
This document has considered potential PUSCH coverage enhancement techniques for NR. The following proposals are made:
Proposal 1: For FR1, the following coverage enhancement techniques are considered:
· DMRS enhancements
· Frequency hopping enhancements
· Time interleaved transmissions
· Relaying, including sidelink relaying

Proposal 2: For FR2, the following coverage enhancement techniques are considered:
· DMRS enhancements
· Frequency hopping enhancements
· Time interleaved transmissions
· Relaying, including sidelink relaying
· Enhancements to improve spherical coverage / beam correspondence, including:
· UE triggering of UL beam sweeping at low SNR
· Increased number of UE panels [RAN4]
· Power class with more stringent spherical coverage requirements [RAN4]
· Reflective arrays
· Polarization aspects of the UL and/or DL reference signals
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