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Introduction
[bookmark: OLE_LINK23][bookmark: OLE_LINK24][bookmark: OLE_LINK25]In RAN#86 and RAN#88e meeting , a study item was approved and updated on the support of reduced capability NR devices, taking into consideration potential UE complexity reduction features, UE power saving and battery lifetime enhancement, and coverage recovery to compensate for potential coverage reduction, etc. [1]. In RAN1#101-e and RAN1#102e, companies provided some potential techniques and it was agreed that the reduced capability techniques are to be further studied. And in RAN1#101-e and RAN1#102-e, maximum UE bandwidth for FR1 and FR2 was agreed for study firstly [2] [3].
	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

Agreements:
· For RedCap UEs in FR1, 
· The baseline UE bandwidth capability is 20 MHz, which can be assumed during the initial access procedure. 


[bookmark: OLE_LINK26][bookmark: OLE_LINK27]In this contribution, further analyses on coverage recovery for reduced capability UEs are discussed.
Discussions
[bookmark: OLE_LINK28][bookmark: OLE_LINK29][bookmark: OLE_LINK30][bookmark: OLE_LINK37][bookmark: OLE_LINK38]To study recovery techniques on REDCAP SI, the coverage enhancement techniques which will be considered in NR CE SI should be reused as much as possible. In addition, for uplink, large coverage degradation by cost reduction schemes such as bandwidth reduction or reduced number of Tx antennas is not expected. Therefore, main focus on this agenda should be the coverage recovery of downlink channels for degradation caused by the cost reduction schemes.
For the Rx antenna reduction of redcap UE, the downlink suffered the coverage loss mainly. Typically, for PDCCH, there is nearly 3dB performance loss as UE Rx antennas are reduced from 4Rx to 2Rx. It gives a baseline level for study.
[bookmark: OLE_LINK39][bookmark: OLE_LINK40]Considering the typical cases of the SI, industrial wireless sensors distributed in field and video surveillance in the city are stationary, the link budget loss would be mostly stable. So a semi-static scheme with predictable compensation and lower complexity could be considered firstly.
Proposal 1: semi-static compensation scheme should be studied at least for stationary cases.
[bookmark: OLE_LINK31][bookmark: OLE_LINK32]For different downlink channels, required compensation schemes may be different since they depend on the required amount of compensation and/or available additional resources and some channels may not require any recoveries.
PDCCH
[bookmark: _GoBack]Increasing aggregation level is a possible technique to enhance the PDCCH performance. The current maximum AL is 16 and the AL = 32 or a bigger could be a possible PDCCH aggregation level for better coverage with availability of 99.9% - 99.99%, at least in the CSS for the edge UEs with worst coverage. 
[bookmark: OLE_LINK33][bookmark: OLE_LINK34][bookmark: OLE_LINK41][bookmark: OLE_LINK42][bookmark: OLE_LINK43]Bigger AL needs more CCEs, and we consider the max CCE restriction on PDCCH blind detection in one slot. Table 1 shows the max possible symbol numbers for typical bandwidth and SCS configurations under the restriction of the max CCE number. For example, there could be max 48RBs in a symbol for 20MHz bandwidth and 30kHz SCS for a CORESET. Under the restriction of max 56 CCEs, there could be max 7 symbols for PDCCH candidate detection. The same as in 50MHz bandwidth and 120kHz SCS, max 6 symbols are available for PDCCH candidate detection. And in another way, there could be more available symbols with smaller CORESET bandwidth.
Table1: maximum symbol number in one slot not exceeding the restriction of max CCEs.
	
	
	CORESET RBs per symbol

	
	
	20M/15k
	20M/30k
	50M/60k
	100M/60k
	50M/120k
	100M/120k
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	max CCEs
	102
	48
	66
	132
	30
	66
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	56
	3
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	56
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	2
	48
	
	
	4
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	3
	32
	
	
	
	
	6
	2



[bookmark: OLE_LINK62][bookmark: OLE_LINK63][bookmark: OLE_LINK35][bookmark: OLE_LINK36][bookmark: OLE_LINK44][bookmark: OLE_LINK45]As the max symbols of one CORESET are 3 in R16, and the REG indexes symbol first, extending CORESET symbols directly would cause compatibility issues. So a search space span including several CORESET blocks could be introduced to contain more candidate resources for one PDCCH occasion. 
In addition, eMTC-based repetition can be considered if needed. Indication of the number of repetitions may be not required if small number of fixed repetition is enough for the compensation.
Proposal 2: search space spanning with several CORESET blocks for one PDCCH should be studied.
PDSCH
Simple approach on PDSCH is using repetition which is already applied on legacy NR. If current configurable number of repetitions is not enough, enhancement of RRC parameter for the indication of the number of repetitions can be considered.
[bookmark: OLE_LINK10][bookmark: OLE_LINK7][bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK21][bookmark: OLE_LINK1][bookmark: OLE_LINK2]According to the link budget evaluation, the downlink broadcast channels are the bottleneck due to the number and efficiency reduction of Rx antenna. Specifically, broadcast msg2 for RAR may require additional compensation to align with other channels. Since the msg2 may carry multiple responses to different UEs mixing legacy and redcap types, a repetition with dynamic indication could be introduced to adapt scheduling capability of PDSCH and the requirements of different UE types.
PBCH and PDCCH for CORESET0
If the coverage recovery is required on PBCH and PDCCH for CORESET0, multiple transmissions for these channels may be needed. For PBCH, although keep-trying with current SS/PBCH transmissions may be available, repetitions may also be required to have multiple PBCHs with same MIB. However, the resources for these channels are designed for multiple SS/PBCH blocks in Rel-15/16. Therefore, it is difficult to use consecutive time resources for the repetitions and the additional resources for repetitions may require separated location from current resources (e.g. outside of SS burst set)

Frequency hopping with repetitions for each DL channels
In case that repetitions for some DL channels are applied, frequency hopping also can be considered to obtain frequency diversity and for load balancing. To obtain enough frequency diversity gain, switching between multiple BWPs should be considered.

Proposal 3: For each channel in DL, the repetition of signals should be studied if coverage recovery is required for the channel.
· [bookmark: OLE_LINK8]The number of repetitions can be fixed values as required for the compensation to specific channels and be dynamic value to some others
· If repetition for broadcast channels (PBCH/PDCCH for CORESET0) is needed, additional resources for repetitions should be considered
· Frequency hopping between multiple BWPs can be considered

Conclusion
In this contribution, we have the following observations and proposals:
Proposal 1: semi-static compensation scheme should be studied at least for stationary cases.
Proposal 2: search space spanning with several CORESET blocks for one PDCCH should be studied.
Proposal 3: For each channel in DL, the repetition of signals should be studied if coverage recovery is required for the channel.
· The number of repetitions can be fixed values as required for the compensation to specific channels and be dynamic value to some others
· If repetition for broadcast channels (PBCH/PDCCH for CORESET0) is needed, additional resources for repetitions should be considered
· Frequency hopping between multiple BWPs can be considered
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