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1. Introduction
In RAN#86 meeting, a new SID for reduced capability NR devices has been discussed and agreed that [1]:
The study item includes the following objectives:

Identify and study potential UE complexity reduction features, including [RAN1, RAN2]: 

•
Reduced number of UE RX/TX antennas

•
UE Bandwidth reduction 

Note: Rel-15 SSB bandwidth should be reused and L1 changes minimized 

•
Half-Duplex-FDD 

•
Relaxed UE processing time 

•
Relaxed UE processing capability 

Note1: The work defined above should not overlap with LPWA use cases. The lowest capability considered should be no less than an LTE Category 1bis modem.

Study UE power saving and battery lifetime enhancement for reduced capability UEs in applicable use cases (e.g. delay tolerant) [RAN2, RAN1]: 

•
Reduced PDCCH monitoring by smaller numbers of blind decodes and CCE limits [RAN1].

•
Extended DRX for RRC Inactive and/or Idle [RAN2]

•
RRM relaxation for stationary devices [RAN2]

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. 

Study standardization framework and principles for how to define and constrain such reduced capabilities – considering definition of a limited set of one or more device types and considering how to ensure those device types are only used for the intended use cases [RAN2, RAN1].

Study functionality that will allow devices with reduced capabilities to be explicitly identifiable to networks and network operators, and allow operators to restrict their access, if desired [RAN2, RAN1].

Note2: Potential overlap with coverage enhancements study is discussed and resolved in RAN#87.

Note3: Coexistence with Rel-15 and Rel-16 UE should be ensured

Note4: This SI should focus on SA mode and single connectivity
In this contribution, we provide the coverage evaluation results of DL/UL physical channels for RedCap UE, and the impact and performance gap caused by the hardware complexity reduction is analyzed. Furthermore, the potential enhancement techniques are discussed for DL/UL physical channels respectively. 
2. Discussion
2.1. Evaluations for the coverage performance of DL/UL channels
RedCap UE is a new type user equipment serving for the medium requirement and dedicated applications, such as wearables, video surveillance, and industrial sensors. These applications could be carried by some dedicated devices and may be widely deployed or used in the industry or in daily life. Compared to the high-end eMBB and URLLC devices for Rel-15/Rel-16, RedCap UE is expected to meet the requirement of low or medium throughput, loose latency and long battery life. For example, high-end wearables are under a reference data rate of 10-50Mbps for DL and minimum 5Mbps for UL. For low-end wearables, the reference bitrate could be 10Mbps for DL and 1Mbps for UL. Video surveillance devices are required to support 2-4Mbps video transmission, and the latency requirement is extended to 500ms. Considering the hardware implementation, RedCap UE is expected to be lower device cost and complexity and with a limited device size. Compared to legacy UE for Rel-15/Rel-16, RedCap UE may reduce the number of Rx antennas from 4Rx to 1Rx or 2Rx, lower the bandwidth from 100MHz to 20MHz or even smaller, and the UE antenna gain may be reduced due to the limited device size [2]. The differences between RedCap UE and legacy UE is summarized in the following table.
Table 1. Device differences between Legacy UE and RedCap UE
	Parameter 
	Legacy UE
	RedCap UE

	Bandwidth
	100MHz at FR1
	≤20MHz at FR1

	Number of UE Antennas
	1Tx4Rx
	1Tx1Rx or 1Tx2Rx

	Antenna gain
	0dBi
	-3dBi


Considering about the above reductions, the isotropic losses of DL/UL physical channels for RedCap UE with 1Tx1Rx and 1Tx2Rx are evaluated as illustrated in following figures, and the performance of legacy UE with 1Tx4Rx is also drawn here for comparison. The FR1 urban scenario is assumed in the evaluation, because the applications of wearables and smart city video surveillance are more likely to be appeared in urban area. Both eMBB and VoIP service for wearables are considered in PDSCH coverage evaluation. The evaluation parameters defined in the coverage enhancement SI are considered as a starting point for this evaluation. More detailed parameters and evaluation results can be found in reference [3]. As shown in the evaluation results, none of these physical channels of RedCap UE with 1Tx1Rx reaches the targeted coverage of ISD=500m. For RedCap UE with 1Tx2Rx, only PDSCH and UE-specific PDCCH reaches the targeted coverage of ISD=500m. The isotropic loss of UL channels decreases 3dB compared to those of legacy UE because of the reduced antenna gain. The degradation of DL channels is about 9dB for RedCap UE with 1Tx1Rx and about 6dB for RedCap UE with 1Tx2Rx. In a word, both DL and UL channel coverage for RedCap UEs are seriously reduced compared with legacy UEs, and the broadcast PDCCH is the bottleneck of RedCap UE coverage in the DL channels.
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Figure1. the isotropic loss comparison between RedCap UE with 1Rx antenna and legacy UE
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Figure2. the isotropic loss comparison between RedCap UE with 2Rx antenna and legacy UE
Observation 1: Both DL and UL channel coverage for RedCap UEs are seriously reduced compared with legacy UEs.
Observation 2: The broadcast PDCCH is the bottleneck of RedCap UE coverage in the DL channels.
As shown in our evaluation results, the performance of DL channels is degraded more seriously than that of UL channels. The receiving antenna number for RedCap UE is assumed to be changed from 4Rx to 1Rx, resulting in at least 6dB degradation added to DL channels, while the factor of -3dBi antenna gain affects all the physical channels. In Figure 1 and Figure 2, two coupling loss targets for ISD=500m and ISD=350m are drown. It is very challenging to recover the coverage performance of RedCap UE to reach ISD=500m coverage, which implies that all the DL and UL channels should be enhanced. ISD=350m coverage range is a reasonable and friendly target, leaving parts of physical channels to be enhanced. According to the evaluation results, the coverage recovery target needs to be discussed at the beginning of this SI. Four candidate coverage recovery targets can be considered:

Option 1: To only improve the physical channel which is observed as coverage bottleneck, achieving a balanced coverage performance across different DL/UL channels.
Option 2: To compensate the coverage loss caused by the reduced capability, align with the coverage of 4Rx legacy UE.
Option 3: To match a given isotropic loss target for the specific deployment scenario, such as ISD=350m.
Option 4: Best effort, i.e. no clear target.
Therefore, the coverage recovery target should be chosen carefully at the beginning of this SI considering the number of receiving antennas and the coverage range.
Observation 3: The coverage recovery target should be discussed at the beginning of this SI, to align with the coverage of the legacy UE (option 2) or to match a given isotropic loss target (option 3).
2.2. Potential techniques for coverage recovery
As discussed above, the hardware parameters for UL transmission of RedCap UE are not changed except for the reduced antenna gain. According to the analysis in the coverage enhancement SI, there is a coverage gap for UL data transmission for normal UEs to reach the ISD=500m coverage in FR1 urban scenario. It can be expected that the UL coverage problem would be well studied, and some new techniques would be provided to solve this problem. The enhancements developed for UL channels in coverage enhancement SI can be reused for RedCap UEs.
Proposal 1: The enhancements developed for UL channels in the coverage enhancement SI can be reused for RedCap UEs.
In Rel-15, PDSCH repetition is adopted to achieve a high reliability. It can be used to recover the degraded performance caused by the reduced number of Rx antennas. The PDSCH repetition number may be determined differently related to the number of Rx antennas of RedCap devices. Therefore PDSCH repetition scheme supported in Rel-15/Rel-16 can be considered as baseline for PDSCH enhancement for RedCap UEs.
Proposal 2: PDSCH repetition scheme supported in Rel-15/Rel-16 can be considered as baseline for PDSCH enhancement for RedCap UEs.
The typical bandwidth of RedCap UE is 20MHz, which is also the maximum bandwidth of the initial BWP. Assuming that there are 48RBs in the RedCap BWP and SCS is 30kHz, and at most 24CCEs can be used to transmit PDCCH when the CORESET duration is 3 symbols. The limited number of CCEs would impact the PDCCH reliability and the flexibility of multiple UE scheduling. On the other hand, PDCCH at the high aggregation level is preferred to be transmitted in RedCap UE compensating the Rx antenna degradation, which would require to allocate more resources to PDCCH. The enhanced CORESET/PDCCH design should be considered for PDCCH coverage recovery.
One straight way to increase the number of CCEs in one slot is to configure more symbols for CORESET. For example, a six-symbol length CORESET can be configured for one CORESET within one slot, and PDSCH and the associated DMRS has to be transmitted at the seventh symbol of the current slot or in the later slots. The new resource mapping criterion should be designed if longer CORESET duration is introduced. There may be resource collisions due to the different CCE mapping rules if CORESET for RedCap UEs and that for normal UEs are configured with overlapping resources.
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Firgure3. The resource allocation for six-symbol length CORESET
CORESET bundling is another scheme to increase the CCE number for PDCCH transmission. Two or more CORESETs at different time occasions could be configured to be bundled. The bundled CORESETs could be transmitted in the same slot or several different slots. An encoded DCI could be split into several parts and mapped to the bundled CORESETs respectively. RedCap UE would collect the desired CCEs from the bundled CORESETs according to a predefined or configured CCE mapping rule before DCI decoding. CORESET bundling does not change the resource mapping within CORESET, therefore DCI for RedCap UE could coexist with legacy DCI in the same CORESET without resource collision. Nevertheless, there would be a larger transmit latency due to CCE distributing across multiple CORESETs, but it is acceptable for RedCap UE.
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Figure 4. The diagram of intra-slot and inter-slot CORESET bundling for RedCap UE
PDCCH repetition can increase PDCCH reliability without changing the CORESET configurations defined in Rel-15/Rel-16. For inter-slot PDCCH repetition, a DCI is repetitively transmitted in several CORESETs in the continuous slots. For intra-slot PDCCH repetition, a DCI is repetitively transmitted in several CORESETs within a slot. RedCap UE may combine the received signals of these CORESETs to further increase the detection reliability. PDCCH repetition may increase the complexity and latency of DCI receiving, and DCI content need to be consistent during the repetition if soft combing is required, which may be discussed in the SI. Alternatively, PDCCH without combining can also be considered, the performance improvement is achieved by accumulated probability along with the times of decoding attempts.
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Figure 5. The diagram of inter-slot and intra-slot PDCCH repetition for RedCap UE
Proposal 3: PDCCH coverage recovery should be studied for RedCap UEs, with following potential options:
· Opt1. Longer duration CORESET.
· Opt2. CORESET bundling.

· Opt3. PDCCH repetition.
3. Conclusion
In this contribution, we provide our evaluations of DL/UL physical channels for RedCap UE, and introduce the potential techniques for coverage recovery. The observations and proposals are summarized as follows:
Observation 1: Both DL and UL channel coverage for RedCap UEs are seriously reduced compared with legacy UEs.
Observation 2: The broadcast PDCCH is the bottleneck of RedCap UE coverage in the DL channels.
Observation 3: The coverage recovery target should be discussed at the start of this SI, to align with the coverage of the legacy UE (option 2) or to match a given isotropic loss target (option 3).
Proposal 1: The enhancement developed for UL channel in the coverage enhancement SI can be reused for RedCap UEs should be able to apply in RedCap UEs.
Proposal 2: PDSCH repetition scheme supported in Rel-15/Rel-16 can be considered as baseline for PDSCH enhancement for RedCap UEs.
Proposal 3: PDCCH coverage recovery should be studied for RedCap UEs, with following potential options:
· Opt1. Longer duration CORESET.
· Opt2. CORESET bundling.

· Opt3. PDCCH repetition.
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