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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.
· 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.

This document considers potential coverage enhancement techniques for DL channels.
Coverage enhancements for DL channels
It has been observed in the IMT-2020 self-evaluation study [2] that in some scenarios, coverage is limited by DL channels. In [3], we observe the following:
· In some scenarios, UL coverage is less than DL coverage due to the larger transmit power applied in the DL
· In some indoor scenarios (InH-eMBB), DL coverage is worse than UL coverage

Hence, while there is clearly a need to improve the coverage of UL channels, there is also a need to improve the coverage of DL channels in some scenarios.
[bookmark: _Hlk47386123]The following sub-headings introduce potential coverage enhancement techniques for DL channels 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 once a coding rate of 1/3 is reached, there is little additional coding gain to be achieved. Lower MCS also impacts the spectral efficiency.
The current NR specifications already support operation at a low coding rate  and even lower MCS should not need to be supported for PDSCH. For PDCCH, lower coding rate is achieved by operation with a higher aggregation level (see below). 
High BLER target operation. Operation at a higher BLER target for PDSCH 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 require specification.
Narrower beams / more antenna elements. More antenna elements at the gNodeB provide higher transmit array gain. The higher transmit array gain improves the link budget in the downlink for both PDSCH and PDCCH. To a large extent, the use of more antenna elements and finer beams at the gNodeB is an implementation choice, but the use of finer beams might have some impact on beam tracking or beam measurement procedures. More antenna elements can also be applied at the UE, increasing diversity/array gain but at the expense of UE cost and form factor.
Increased number of SSBs. The use of beam refinement gives some flexibility to balance the antenna array gain between e.g. SSB and data channels. Currently the SSB count is limited to 4 SSBs for frequencies below 3 GHz and to 8 SSBs for the remaining part of the FR1 band. Those limitations significantly reduce the flexibility to introduce e.g.  TDD massive MIMO with SRS based precoding. The problem originates from the imbalance caused by massive array gain for the transport channels not being present for the SSBs. It is suggested that the influence of number of SSBs in FR1 is investigated for massive MIMO systems as the coverage otherwise may be limited by the SSBs.

Multi-TRP transmission and reception. Multi-TRP transmission can improve coverage in the DL by increasing diversity. Use of multi-TRP techniques is an implementation choice that is supported in Release-16. SFN operation can improve coverage in the DL. These issues 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 PDSCH or PDCCH, lowering the effective coding rates, 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 may further motivate variable DMRS granularity in the frequency domain.
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.
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.
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 outage and 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. It could be beneficial if the UE could trigger uplink beam sweeping when the L1-RSRP is below a threshold. It could also be beneficial to increase the number of UE panels, or to define a power class with more stringent spherical coverage requirements.

Polarization of SSB. 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 the SSBs. 
In the Rel-16 specification the polarization aspect of SSBs 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 SSBs 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 SSBs with backwards compatibility and low to zero overhead. An example could be to apply cyclic delay diversity, where a delayed version of the reference signal is orthogonally polarized.
Compact DCI. Through transmitting fewer DCI bits in the same physical resource, compact DCI improves processing gain and hence improves SNR performance and link budget. Compact DCI has already been defined for URLLC and its configurability means that it can potentially be used for the purposes of coverage enhancement with little further specification impact. Furthermore, control channels were found to have better coverage than data channels in the IMT-2020 self-evaluation study. Hence compact DCI techniques should be considered to be a low priority in the coverage enhancements SI.
Higher Aggregation Level. Use of a higher aggregation level for PDCCH can improve coverage. This technique can be considered to be a low priority since control channels were not found to be the coverage-limiting factor in the IMT-2020 self-evaluation study.

Table 1 indicates which coverage enhancement techniques are applicable to which downlink channels.

[bookmark: _Ref47466654]Table 1 – Channels to which coverage enhancement techniques are applicable
	Technique
	PDSCH
	PDCCH
	SSB

	Repetition / TTI bundling
	yes
	yes
	-

	Lower data rate
	yes
	-
	-

	Lower MCS
	yes
	-
	-

	Higher BLER target operation
	yes
	-
	-

	Narrower beams / more antenna elements
	yes
	Yes
	yes (if enough SSBs)

	Increased number of SSBs
	-
	-
	yes

	Multi-TRP transmission and reception
	yes
	yes
	yes (if enough SSBs)

	DMRS enhancements
	yes
	yes
	-

	Time interleaving
	yes
	yes
	-

	Small cells / relays
	yes
	yes
	yes

	Reflective arrays
	yes
	[bookmark: _GoBack]yes
	yes (if enough SSBs)

	Sidelink relay
	yes
	yes
	-

	UE spherical coverage / beam correspondence enhancements
	yes*
	yes*
	yes*

	Polarisation of reference signals
	yes*
	yes*
	yes*

	Compact DCI
	-
	yes
	-

	Higher aggregation level
	-
	yes
	-


* can be evaluated by SLS or LLS with random UE orientation

Based on the discussion above, it is proposed that RAN1 focusses on the following aspects for NR coverage enhancements for DL channels in the coverage enhancements SI:
For FR1, the following coverage enhancement techniques should be considered:
· DMRS enhancements
· Time interleaved transmissions
· Relaying, including sidelink relaying

For FR2, the following coverage enhancement techniques should be considered:
· DMRS enhancements
· Time interleaved transmissions
· Relaying, including sidelink relaying
· UE Antenna configuration (antennas/panel, spherical coverage, multi beam capability, beam correspondence)
· Reflective arrays
· Polarization aspects of the SSB

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

Proposal 2: For FR2, the following coverage enhancement techniques should be considered:
· DMRS enhancements
· Time interleaved transmissions
· Relaying, including sidelink relaying
· UE Antenna configuration (antennas/panel, spherical coverage, multi beam capability, beam correspondence)
· Reflective arrays
· Polarization aspects of the SSB


Conclusions
This document has considered potential coverage enhancement techniques for DL channels and makes the following proposals:
Proposal 1: For FR1, the following coverage enhancement techniques should be considered:
· DMRS enhancements
· Time interleaved transmissions
· Relaying, including sidelink relaying

Proposal 2: For FR2, the following coverage enhancement techniques should be considered:
· DMRS enhancements
· Time interleaved transmissions
· Relaying, including sidelink relaying
· UE Antenna configuration (antennas/panel, spherical coverage, multi beam capability, beam correspondence)
· Reflective arrays
· Polarization aspects of the SSB
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