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At RAN plenary meeting #86, a study item (SI) for the support of reduced capability NR devices was agreed, the following objective was one of those identified for the SI [1]. 

Study functionality that will enable the performance degradation of such complexity reduction to be mitigated or limited, including [RAN1]:
· Coverage recovery to compensate for potential coverage reduction due to the device complexity reduction. 
Note2: Potential overlap with coverage enhancements study is discussed and resolved in RAN#87.

In this contribution, we provide our initial views on how to proceed with the study of any coverage enhancements necessary for RedCap UEs with potential techniques that could be considered for a channel that needs enhancement. 
Motivations and targets for coverage recovery 
According the identified use cases in [1], the target data rate could range from 2-150Mbps for downlink and 2-50Mbps. Different use case has different target data rate with different requirement on reliability and latency. 
· Industrial wireless sensors: Reference use cases and requirements are described in TR 22.832 and TS 22.104: Communication service availability is 99.99% and end-to-end latency less than 100 ms. The reference bit rate is less than 2 Mbps (potentially asymmetric e.g. UL heavy traffic) for all use cases and the device is stationary. The battery should last at least few years. For safety related sensors, latency requirement is lower, 5-10 ms (TR 22.804)
· Video Surveillance: As described in TS 22.804, reference economic video bitrate would be 2-4 Mbps, latency < 500 ms, reliability 99%-99.9%. High-end video e.g. for farming would require 7.5-25 Mbps. It is noted that traffic pattern is dominated by UL transmissions.
· Wearables: Reference bitrate for smart wearable application can be 10-50 Mbps in DL and minimum 5 Mbps in UL and peak bit rate of the device higher, 150 Mbps for downlink and 50 Mbps for uplink.  Battery of the device should last multiple days (up to 1-2 weeks).

Based on the above requirements, the range of the target data rate is quite broad. A reasonable way is to define several baseline data rates for the evaluation to identify the whether there is an issue for a DL or UL data channel. It is desired that the select baseline data rates can represent the various requirements of different use cases. On the other hand, the number of base data rates should be limited to avoid too much evaluation efforts. In addition to the downlink and uplink data channels, the link performance of the downlink and uplink control channels also need to be investigated. 

In this regard, it would be necessary for RAN1 to converge on two design targets related to coverage recovery:
1. Target coverage (i.e., the target Maximum Coupling Loss (MCL) for the RedCap UE use cases
2. Target data rates at the edge of coverage for the RedCap UE use cases.

For instance, as a first step, it may be reasonable to consider the coverage offered by Rel-15 to define the target coverage or MCL for RedCap, and thus, coverage recovery may involve mitigating the lost coverage performance due to the complexity reduction and relaxed requirements for RedCap UEs. Alternatively, a more aggressive aim may be to facilitate enhanced coverage performance, with target coverage similar to the studies in Coverage Enhancements SI [3].

Further, it is even possible that the exact value of target MCL is different for different use cases. However, it may be reasonable to target a common target MCL but different data rates at edge of coverage for different use cases. 

The data rate requirements quoted above from the SID are defined as “reference data rates” with some requirements on peak data rates for wearables use case, and it needs to be ascertained as to how “reference data rates” are interpreted, including their relationship to required data rates at edge of coverage. For instance, should these data rates be interpreted as median (50%-ile) data rates or “cell-edge” (5%-ile), etc. In our view, these should be treated as median data rates, and thus, target data rates at edge of coverage may be significantly lower than these requirements quoted from the SID.

For given target data rates (e.g., for data channels) or payload (for control channels), the determination of the achievable MCL for different physical channels and their comparison to the target MCL would be a necessary exercise towards identifying the one or more channels that may need enhancements. Link level evaluations are needed to derive the required SINR for each channel. As discussed in a companion contribution [3], for cost/complexity reduction and power saving, a RedCap UE may work in a small bandwidth, a smaller number of RX/TX antennas, potentially limited antenna gains and possibly reduced maximum transmission power. All the factors cause a degradation of link performance. Consequently, it results in degraded MCL for a channel. If a channel cannot meet a target MCL, certain enhancements would need be studied and specified if justified. 

It is worth noting that there is another concurrent study item for coverage enhancement [3]. Though the target data rate and the assumptions on UE complexity/capability could likely be different, it would be beneficial to align some of the evaluation assumptions that may be same/similar. Some of the design choices for the enhancement may also be common to both two study items. 

We provide a preliminary set of evaluation assumptions in Table 1. 
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	Parameters
	Values

	Carrier frequency
	700MHz, 4GHz 

	Bandwidth
	10MHz

	Subcarrier spacing
	15kHz(mandatory), 30kHz (optional)

	UE antenna configuration
	· DL: 1 Rx, FFS 2 Rx
· UL: 1 Tx

	gNB antenna configuration
	· DL: 4 Tx (4 GHz); 2 Tx (700 MHz)
· UL: 4 Rx (4 GHz); 2 Rx (700 MHz)

	Channel and UE velocity
	TDL-A, 30ns, 3km/h

	PDSCH, target data rates @ edge of coverage
	· IWSN: [TBD]
· Video surveillance: [TBD]
· Wearables: [TBD]

	PDSCH related parameters
	· PDSCH duration = 12 – 14 symbols
· 2 DMRS symbols (4th and 10th symbol)
· Max number of HARQ transmission = 1

	PDCCH related parameters
	· DCI size = 40 bits including CRC
· Aggregation level = 16
· CORESET size in time = 2-3 symbols

	PBCH related parameters
	Single shot decoding

	PUSCH, target data rates @ edge of coverage
	· IWSN: [TBD]
· Video surveillance: [TBD]
· Wearables: [TBD]

	PUSCH related parameters
	· DFT-s-OFDM waveform
· PUSCH duration = 12 – 14 symbols
· 2 DMRS symbols (4th and 10th symbol)
· Intra-slot frequency hopping is enabled
· Max number of HARQ transmission = 1

	PUCCH related parameters
	· PUCCH format 1
· UCI size = 1 bit 
· 1 PRB, 14 symbols
· Intra-slot frequency hopping is enabled
· PUCCH format 3
· UCI size = 50 bits 
· 1 PRB, 14 symbols
· Intra-slot frequency hopping is enabled 

	PRACH related parameters
	· PRACH format 0
· 0.1% false alarm target
· Note: PRACH coverage may not need to be evaluated separately for RedCap UEs if Rel-15 coverage performance is targeted

	Timing and frequency offset
	0 as starting point
Residual frequency offset: 0.1ppm


	Receiver
	MMSE-IRC 

	Channel estimation
	MMSE

	UE noise figure
	9 dB

	gNB noise figure
	5 dB

	Performance metrics
	· 10% BLER for PDSCH and PUSCH
· 1% BLER for PDCCH, PBCH and PUCCH format 3
· 1% ACK to NACK miss-detection rate with DTX detection for PUCCH format 1
· 1% miss-detection probability for PRACH



Proposal 1: To identify the potential coverage recovery objectives for a RedCap UE, it is proposed to:
· Define a limited number of target data rates to cover the various use cases for downlink and uplink data channels that need to be satisfied at the edge of coverage. 
· Identify the target coverage, e.g., in terms of target MCL, that may be common or vary across different use cases
· Towards the above, consider coverage recovery for RedCap UEs to target achievable coverage for Rel-15 specifications
· Perform link-level and MCL analyses to determine achievable MCL for different physical channels for the different use cases
· Consider the set of evaluation assumptions in Table 1 in this tdoc as a start point for the discussion.
· Compare the target and achievable MCL values for the different use cases to identify one or more channels that may need enhancement. 
·  
Potential enhancements for RedCap NR UEs
Though the channels that need enhancements need to be first identified based on the evaluations, it is also beneficial to have an early discussion on potential techniques that could be considered for RedCap UE. 

If there is an issue for the coverage of a channel, a straightforward way is to do repetitions in time domain, which in general could be applied to all kinds of channels. In fact, repetitions for PDSCH, PUSCH and PUCCH are already supported since NR Rel-15. Similar mechanisms were adopted for LTE MTC too. Due to the worst link performance of RedCap UE compared to a normal NR UE, it may be expected that the maximum number of supported repetitions for some physical channels may need to be increased compared to the Rel-15 maximum of 8 repetitions, e.g. 16 or more. 

[bookmark: _GoBack]Regarding PDCCH, basically two schemes could be considered to improve link performance. One scheme is to rely on use of compact DCI formats. As the DCI size is decreased, the coverage can improve using same amount of time/frequency resources. The other scheme is to do repetition in time domain. The more repetition, the more transmission power is assigned to a PDCCH, which then improves the link performance. In fact, both two schemes are extensively studied in NR eURLLC in Rel-16. Only the first scheme was specified in Rel-16. We expect similar observations may apply to RedCap UEs as well, especially based on the expectation that PDCCH may not be limiting channel for RedCap UEs. In this regard, the use of DCI formats 0_2/1_2 with appropriate adjustments should be considered as a starting point.

Slot-level repetition is supported in Rel-15. That is, a same SLIV of PDSCH or PUSCH is mapped to multiple consecutive slots. In Rel-16 eURLLC WI, the consecutive repetitions of SLIV is supported for PUSCH. However, considering the combination of latency and reliability targets for RedCap use cases, such a mechanism may be overly complicated for RedCap UEs. For example, if a nominal repetition is crossing slot boundary, an exception handling is needed in the PUSCH rate matching and resource mapping. In fact, Rel-15 also support consecutive repetitions by scheduling a SLIV of full slot to the UE. If coverage is a problem, it could be a typical choice of gNB scheduler to allocate full slot transmission and repetitions for a TB. 

One more point for consideration is semi-static configuration or dynamic indication of the number of repetitions for PDSCH or PUSCH. Rel-16 eURLLC and M-TRP already supports dynamic indication for the repetition of PUSCH and PDSCH. Thus, similar features should be considered as a starting point for indicating the numbers of repetitions dynamically to RedCap UEs.

Proposal 2: the following potential enhancements may be considered to solve the coverage issue of RedCap UE
· Larger number of repetitions could be considered for PDSCH, PUSCH, PUCCH. 
· The repetitions for PDCCH may not be necessary. Consider use of DCI formats 0_2/1_2 with appropriate adjustments as a starting point. 
· For PDSCH and PUSCH, slot aggregation should be considered as basic approach for coverage recovery. 
· Dynamic indication on the number of repetitions for PDSCH and PUSCH could be considered. 
Conclusion
In this contribution, we analyse the use cases of RedCap UE and provide a preliminary set of simulation assumption and also provides potential techniques that could be considered for the enhancement. we make the following proposals. 
Proposal 1: To identify the potential coverage recovery objectives for a RedCap UE, it is proposed to:
· Define a limited number of target data rates to cover the various use cases for downlink and uplink data channels that need to be satisfied at the edge of coverage. 
· Identify the target coverage, e.g., in terms of target MCL, that may be common or vary across different use cases
· Towards the above, consider coverage recovery for RedCap UEs to target achievable coverage for Rel-15 specifications
· Perform link-level and MCL analyses to determine achievable MCL for different physical channels for the different use cases
· Consider the set of evaluation assumptions in Table 1 in this tdoc as a start point for the discussion.
· Compare the target and achievable MCL values for the different use cases to identify one or more channels that may need enhancement. 

Proposal 2: the following potential enhancements may be considered to solve the coverage issue of RedCap UE
· Larger number of repetitions could be considered for PDSCH, PUSCH, PUCCH. 
· The repetitions for PDCCH may not be necessary. Consider use of DCI formats 0_2/1_2 with appropriate adjustments as a starting point. 
· For PDSCH and PUSCH, slot aggregation should be considered as basic approach for coverage recovery. 
· Dynamic indication on the number of repetitions for PDSCH and PUSCH could be considered. 
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