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1 Introduction
A new SID on support of reduced capability NR devices was approved with the objective as follows [1], [2]:
	Identify and study potential UE complexity reduction features, including [RAN1, RAN2]: 
· [bookmark: _Hlk47709068]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.
[bookmark: _Hlk26857702]Note3: Coexistence with Rel-15 and Rel-16 UE should be ensured
Note4: This SI should focus on SA mode and single connectivity



This contribution discusses potential solution of coverage recovery for RedCap UEs.

2 [bookmark: OLE_LINK71][bookmark: OLE_LINK72]Coverage Recovery for RedCap UE
[bookmark: OLE_LINK69]From the objectives of the SID, at least the following two features may degrade coverage of a RedCap UE. 
•	Reduced number of UE RX/TX antennas
In the last RAN1#101e meeting, RAN1 agreed to study two antenna configurations for RedCap UE, namely 1Rx/1Tx and 2Rx/1Tx for FR1 and FR2. In fact, a normal UE in Rel-15/16 UEs has 4Rx. The limited Rx antennas may cause performance degradation in DL channel. Depending on simulation environments, 3~6dB coverage loss is observed in several companion papers [3] when reducing from 4Rx to 1Rx or 2Rx. 
•	UE Bandwidth reduction 
In the last RAN1#100e meeting, RAN1 agreed to study at least 20MHz maximum UE bandwidth for FR1, and 50MHz and 100MHz maximum UE bandwidth for FR2. This maximum UE bandwidth is intended for initial access. After initial access (i.e., RRC connected), the smaller UE bandwidth may be configured. In general UE bandwidth reduction would be beneficial for UL coverage because EPRE is high enough under the same UL maximum transmission power. However, DL coverage of PDCCH/PDSCH/PBCH could be get worse.
For PDCCH, a consideration point is whether or not the intended AL for PDCCH can be supported with the smaller UE bandwidth. For example, during initial access, a UE monitors PDCCHs with AL of 4, 8 and 16 in Type-0 common search space. So, it is required that at least 16 CCEs are included in a CORESET. Table 1 shows minimum CORESET BW to support AL of 16. 
Table 1. minimum CORESET BW to support AL of 16
	
	CORESET length

	
	1 symbol * 96RBs
	2 symbols * 48RBs
	3 symbols * 32RBs

	15kHz
	17.28 MHz
	8.64 MHz
	5.76 MHz

	30kHz
	34.56 MHz
	17.28 MHz
	11.52 MHz

	60kHz
	69.12 MHz
	34.56 MHz
	23.04 MHz



[bookmark: _Hlk47712246]Suppose a UE supports 20MHz BW for FR1. To support AL of 16, the CORESET configuration should be one of 1-symbol with 15kHz SCS, 2-symbol with 15kHz or 30kHz, or 3-symbol with 15kHz or 30kHz. Furthermore, if a UE’s operating BW is 5 MHz or less than 5 MHz, then no CORESET configuration provides AL of 16. It should be noted that for some RedCap service (e.g. IWS), smaller BW is not enough to provide required throughput, but it is suitable to reduce power consumption in RF. Thus, PDCCH coverage may be severely degraded due to UE bandwidth reduction. 
Contrary to PDCCH, PDSCH coverage may be recovered by slot aggregation, i.e., per-slot PDSCH repetition. Note that PDSCH coverage is expected to be slightly poor due to loss of frequency diversity and no use of frequency selective scheduling. Rel-15/16 supports 1, 2, 4, or 8 PDSCH repetitions. If it turns out that the PDSCH coverage is limited due to UE bandwidth reduction, RAN1 can simply introduce additional repetition numbers, such as 12, 16, or 32. 
 For PBCH, the BW of PBCH is already within UE minimum BW so that no PBCH coverage degradation is expected due to UE bandwidth reduction. 
· Observation 1. Complexity reduction features at least such as reduced number of UE RX/TX antennas and UE bandwidth reduction may cause performance degradation in DL channels. 
· Especially, PDCCH coverage may be severely degraded due to UE bandwidth reduction.
· Proposal 1. RAN1 studies to recover PDCCH coverage with high priority. 

To recover coverage of PDCCH, some of potential solutions are listed below: 
· Option 1) support higher AL including all CCEs in a CORESET
· Option 2) time domain CORESET extension
· Option 3) PDCCH repetition across multiple monitoring occasions
· Option 4) DCI size reduction by splitting
Regarding Option 1, PDCCH coverage can be recovered by occupying larger number of CCEs, such as AL of 24 or 32. It is suitable for the case where UE bandwidth is quite larger to support higher AL. For example, given that DL BWP is configured to 20MHz and DL SCS is 30kHz, then a CORESET in the BWP includes up to 54RBs. If the COREST length is 1 symbol, then the CORESET has 9 CCEs, if the COREST length is 2 symbols, then the CORESET has 18 CCEs, or if the COREST length is 3 symbols, then the CORESET has 27 CCEs. However, since a UE only supports AL of 1, 2, 4, or 8, the UE monitors PDCCH with AL of up to 8 for 1-symbol CORSET, 16 for 2-symbol or 3-symbol CORESET. Although there are remaining CCEs in the CORESET, since the configurable AL is fixed to 1, 2, 4, or 8, it is not available to use the remaining CCE. In option 1, a UE can monitor a PDCCH with all CCEs in a CORESET. 
Option 2 provides more CCEs in a CORESET by extending number of symbols in the CORESET. In Rel-15/16, a CORESET can be configured with 1, 2, or 3 symbols and the CORESET structure is well designed with the number of symbols. For example, one CCE consists of 6 REGs and the number of 6 is least common multiple of 1, 2, or 3, or equivalently, 1, 2, or 3 is one of divisor of the number of 6. In order to increase the number of CCEs in a CORESET, more PRBs are required. However, due to limited UE bandwidth, it is hard to increase the number of PRBs in a CORESET. Another way is to extend the number of symbols. For example, to reuse Rel-15/16 CORESET structure as much as possible, RAN1 can study 6-symbol length CORESET. Table 2 shows minimum CORESET BW to support AL of 16 in case of 6-symbol CORESET. Introducing 6-symbol CORESET allows for a UE to monitor PDCCH candidates with AL of 16 even when the UE operating BW is no larger than 5 MHz (5MHz for IWS).
Table 2. minimum CORESET BW to support AL of 16 in case of 6-symbol CORESET
	
	CORESET length

	
	6 symbols * 16RBs

	15kHz
	2.88 MHz

	30kHz
	5.76 MHz

	60kHz
	11.52 MHz



Length-6 CORESET can provide more CCEs in a CORSET but it has still drawbacks. First, it is hard to design further higher length of CORESET e.g, 8 or 12. As observed earlier, DL coverage is degraded due to limited number of Rx antennas and so it is not certain whether length-6 is enough or not in this stage. If further higher length of CORESET is needed to be designed, the specification workload is expected to be high, because the CORSET length is related to the CORESET structure (CCE-to-REG mapping). Second, if a Rel-15/16 CORESET overlaps with a length-6 CORESET, multiplexing of two CORESETs are needed to be investigated. 
To address these drawbacks of length-6 CORESET, Option 3 just reuses Rel-15/16 CORESET structure and use multiple CORESETs/search spaces to repeat a PDCCH carrying the same DCI contents. For example, a UE may be configured to receive the same DCI in two PDCCH monitoring occasions (within a slot or across slots) and the UE receives the first PDCCH in the first PDCCH monitoring occasion and the second PDCCH in the second PDCCH monitoring occasion. After combining two PDCCHs, the PDCCH reception performance would be improved. It is very flexible because no new CORESET structure is required, and also number/time of monitoring occasions for the same DCI is properly configurable by gNB. 
So far, option 1, 2, and 3 have tried to improve PDCCH coverage by allowing more CCEs. However, another direction to recover PDCCH coverage is to decrease DCI size. For example, Rel-16 introduced a new configurable size of DCI format (0_2 and 1_2). By configuring DCI size as small as possible, the coverage of PDCCH can be improved, however, it means that scheduling flexibility is quite limited. In Option 4, rather than reducing DCI size, a DCI is split into more than one sub-DCIs and each sub-DCI can be transmitted via a separate PDCCH. Doing so, much lower code-rate can be available to encode sub-DCI. 
· Proposal 2. To recover PDCCH coverage, consider the following solutions: 
· Support higher AL including all CCEs in a CORESET
· Time domain CORESET extension
· PDCCH repetition across multiple monitoring occasions
· DCI size reduction by splitting

3 Conclusion
In this contribution, potential solutions of coverage recovery for RedCap UEs were discussed and the followings are proposed: 
· Observation 1. Complexity reduction features at least such as reduced number of UE RX/TX antennas and UE bandwidth reduction may cause performance degradation in DL channels. 
· Especially, PDCCH coverage may be severely degraded due to UE bandwidth reduction.
· Proposal 1. RAN1 studies to recover PDCCH coverage with high priority. 
· Proposal 2. To recover PDCCH coverage, consider the following solutions:
· Support higher AL including all CCEs in a CORESET
· Time domain CORESET extension
· PDCCH repetition across multiple monitoring occasions
· DCI size reduction by splitting
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