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Introduction

This document firstly considers those complexity reduction techniques that require coverage recovery and then considers coverage recovery techniques applicable to Redcap devices:
· Repetition
· DCI
· Frequency hopping
· Initial access procedure

[bookmark: _Ref47623124]Complexity reduction techniques requiring coverage recovery
Table 1 indicates which complexity reduction techniques are expected to require coverage recovery. The table indicates that coverage recovery is not required for UL channels. DL coverage is expected to be impacted by reduction in the number of receive antennas and reduction in UE bandwidth.
[bookmark: _Ref47473428]Table 1 – Coverage recovery requirements for complexity reduction techniques
	Complexity reduction technique
	UL coverage recovery
	DL coverage recovery

	HD-FDD
	Coverage improved
	Coverage improved

	Reduced number of antennas
	Not affected when reference UE has 1TX
	Several dB required to compensate for combining and diversity losses

	Reduced bandwidth
	Not affected. 
	Potentially impacted due to frequency diversity loss. Also impacted by power loss if PSD constant for gNB transmissions



Observation 1: Coverage recovery for Redcap devices is needed on DL channels. 

Repetition 
[bookmark: _Hlk47386123]Repetition is a good way for improving coverage, as used in LTE MTC. A small to moderate amount of repetition should be sufficient to mitigate the coverage reduction caused by a reduced capability device. The larger repetition quantities that can be applied in LTE-MTC are not envisaged, since only coverage recovery and not coverage enhancement is the goal.
[bookmark: _GoBack]In the UL, repetition improves coverage but at the cost of reduced data rate and usage of more system resources. However, as observed in the previous section, the coverage loss for Redcap devices is occurs in the DL. For the DL, repetition improves coverage, but if repetition is performed in the frequency domain, the data rate is not impacted. If repetition is performed in the time domain, the data rate is reduced, but some Redcap applications are tolerant to the reduced data rate (e.g. by changing the bit rate of a video codec).
Proposal 1: Repetition is supported for coverage recovery in Redcap.

The details of the repetition scheme can be considered in a follow-on work item. The repetition scheme should consider the time domain resource over which repetition is applied: whether slots are repeated or OFDM symbols are repeated. The repetition scheme should also consider compatibility with other coverage enhancement techniques, such as frequency hopping. 

DCI 
More compact DCI formats operate at lower SNR and hence can help to recover coverage. Given that the Redcap device is less complex than a Rel-16 device, we expect that there will be less configuration and allocation signaling in the DCI and the DCI size can naturally be reduced. For further reduction in the DCI size, the compact DCI for URLLC could be taken as a starting point.

Frequency Hopping 
In Release-16, NR already supports intra and inter-slot frequency hopping schemes with two hops for PUSCH. 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. 
For a Redcap UE that that has a reduced bandwidth capability, additional frequency diversity could be obtained in the DL through PDSCH or PDCCH frequency hopping. 
The detailed design of the frequency hopping scheme should be considered during the work item phase. At this stage, some design guidelines for the frequency hopping scheme should be identified. These include:
0. The bandwidth of the frequency hopping pattern should be wider than the coherence bandwidth of the channel.
0. It should be possible to multiplex (1) two different physical channels to two different UEs, where both channels are frequency hopped and (2) one physical channel that is frequency hopped with another physical channel that is not frequency hopped.
0. The hopping sequence should complete within the time during which a transport block is transmitted. This would be achieved either with intra-slot frequency hopping or with inter-slot frequency hopping for a transport block that is repeated across slots.
0. The frequency hopping pattern should be aligned with the redundancy version cycling pattern, such that a redundancy version does not repeatedly land on the same hop. If a redundancy version repeatedly lands on a hop that is faded, the effective coding rate is increased, impacting decoding performance. 
0. The gNB should be able to dynamically terminate the frequency hopping based on UE feedback. There is no point hopping to a frequency location that is faded.

Proposal 2: Redcap coverage recovery supports frequency hopping, where the frequency hopping supports the following:
0. Hopping bandwidth is wider than coherence bandwidth of the channel
0. Frequency hopped channels can be multiplexed with either other frequency hopped channels or with channels that are not frequency hopped
0. Hopping sequence completes during the transmission time of a (repeated) transport block
0. Hopping pattern ensures that a redundancy version is applied to different hops
0. Frequency hopping can be dynamically terminated by the gNB based on UE feedback

Initial Access Procedure 

The following agreements related to the operating bandwidth in FR2 are shown below:
In RAN1#101e:
Agreements: 
· For FR1, study at least 20MHz maximum UE bandwidth at least for initial access
· Other bandwidths FFS
· For FR2, study 50MHz and 100 MHz maximum UE bandwidth at least for initial access 
· Other bandwidths FFS
In RAN1#102e:
Agreements: 
For RedCap UEs, the target data rates for link budget evaluation for FR2 are as follows:
· 25Mbps for BW 50MHz/100MHz on DL and 5Mbps in UL
· Optionally, 12.5Mbps for BW 50MHz as the target data rate for DL, assuming the same DL PSD as that of BW 100MHz
Note: in case of 50MHz BW, the maximum supported DL data rate is half that of the 100MHz BW in DL

This section considers the issue of the reception of CORESET0 for a redcap UE operating in FR2 with 50 MHz bandwidth. 
UE needs to decode PBCH to obtain information to receive CORESET0 and then decode SIB1. In the current configuration, we identified that some CORESET0 configurations may lead to a bandwidth of more than 50 MHz. In some other configuration, especially on SSB and CORESET0 with multiplexing pattern 3, the aggregated bandwidth can be significantly larger than 50 MHz. If the UE only decoded a 50MHz portion of this aggregated bandwidth, decoding performance would be degraded and coverage would be impacted. Hence, a new configuration of CORESET0 that fits within 50 MHz is required.
Observation 2: Some CORESET0 configuration may lead to a bandwidth more than 50 MHz.
The new configuration of CORESET0 should consider the limited operating bandwidth of a redcap UE and also the need for coverage recovery. We consider coverage recovery can be obtained by increasing the aggregation level and/or introduction of repetition. In order to facilitate this, increasing the number of symbols is required.
Proposal 3: Support increasing the number of OFDM symbol for PDCCH for a redcap UE.
Proposal 4: Investigate the suitable CORESET0 configuration for redcap UE. 
The configuration of CORESET0 is carried in PBCH. Adding a new CORESET0 configuration in PBCH is not feasible as the number of bits in PBCH is extremely limited. Introduction of a complete new SSB may not be a preferred way as it is not part of the SID. One proposal is to reuse the existing mechanism of conveying CORESET0 configuration. In the legacy, PBCH contains the following CORESET0 information elements:
PDCCH-ConfigSIB1-controlResourceSetZero – 0 - 15 indices (4 bits)
PDCCH-ConfigSIB1-searchSpaceZero – 0 - 15 indices (4 bits)
We consider the above information elements can be reused for a redcap UE. For example, if the selected index is index 4 then legacy UE uses the current legacy configuration, whereas the redcap UE will interpret this as a new configuration. There may be other possible solutions to address this essential issue.
Proposal 5: Investigate ways of conveying CORESET0 configuration for redcap UEs considering the backwards compatibility with the legacy PBCH.
[bookmark: _Hlk47387515]Conclusions
This document has considered coverage recovery techniques for NR Redcap devices. The following observations and proposals are made:

Observation 1: Coverage recovery for Redcap devices is needed on DL channels. 
Proposal 1: Repetition is supported for coverage recovery in Redcap.
Proposal 2: Redcap coverage recovery supports frequency hopping, where the frequency hopping supports the following:
0. Hopping bandwidth is wider than coherence bandwidth of the channel
0. Frequency hopped channels can be multiplexed with either other frequency hopped channels or with channels that are not frequency hopped
0. Hopping sequence completes during the transmission time of a (repeated) transport block
0. Hopping pattern ensures that a redundancy version is applied to different hops
0. Frequency hopping can be dynamically terminated by the gNB based on UE feedback

Observation 2: Some CORESET0 configuration may lead to a bandwidth more than 50 MHz.
Proposal 3: Support increasing the number of OFDM symbol for PDCCH for a redcap UE.
Proposal 4: Investigate the suitable CORESET0 configuration for redcap UE. 
Proposal 5: Investigate ways of conveying CORESET0 configuration for redcap UEs considering the backwards compatibility with the legacy PBCH.
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