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1. [bookmark: _Toc120549591]Introduction
According to the SID objective listed in the following[1], the network impact of introducing further UE complexity techniques should be considered .
· Study further UE complexity reduction techniques based on Rel-17 evaluation methodology in TR 38.875 [RAN1]
· Consider network impact, coexistence of Rel-17 and Rel-18 RedCap and non-RedCap UEs in a cell, UE impact, specification impact
· Potential solutions, which may complement each other, for reducing device complexity are focusing on:
· UE bandwidth reduction to 5MHz in FR1,
· Possibly in combination with relaxed UE processing timeline for PDSCH and/or PUSCH and/or CSI
· reduced UE peak data rate in FR1, 
· Possibly including restricted bandwidth for PDSCH and/or PUSCH
· Possibly in combination with relaxed UE processing timeline for PDSCH and/or PUSCH and/or CSI
· Notes:
· Rel-15 SSB should be reused and L1 changes minimized.
· Operation in BWP with/without SSB and without/with RF retuning should be considered.
· It is not precluded that some solutions for FR1 can be applied to FR2 in WI stage.
· Aim to define a single Rel-18 RedCap UE type for further UE complexity reduction.
In this contribution, we will discuss network overhead impact for further UE bandwidth reduction to 5MHz and give our proposals.
2. Discussion on network overhead impact for further UE bandwidth reduction to 5MHz
During R17 RedCap work item phase, there has been long time discussion about whether SSB is mandated in active BWP. The focus of debate is network overhead vs UE complexity. For legacy R15/16 UEs, FG 6-1 is the basic UE feature, where UE expects a RRC configured BWP to include BW of CORESET#0 and SSB.
Table 1. Feature group 6-1 in TR38.822
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Field name in TS 38.331 [2]
	Parent IE in TS 38.331 [2]
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Note
	Mandatory/Optional

	6. CA/DC, BWP, SUL
	6-1
	Basic BWP operation with restriction
	1) 1 UE-specific RRC configured DL BWP per carrier
2) 1 UE-specific RRC configured UL BWP per carrier
3) RRC reconfiguration of any parameters related to BWP
4) BW of a UE-specific RRC configured BWP includes BW of CORESET#0 (if CORESET#0 is present) and SSB for PCell/PSCell (if configured) and BW of the UE-specific RRC configured BWP includes SSB for SCell if there is SSB on SCell
	
	n/a
	n/a
	n/a
	n/a
	This feature should be mandatory without capability signalling for at least BWPs which is the same as the set of specified channel BW

UE-specific RRC configured DL/UL BWP can have the same or different numerology from the initial active DL/UL BWP
	Mandatory without capability signalling


With FG 6-1, UE can perform RLM/BFD/beam management and RRM measurement based on SSB in the active BWP. When UE can support FG 6-1a, and it is configured with BWP that does not include SSB, according to the LS from RAN2, a UE can only perform RLM/BFD/beam management based on CSI-RS[2], and RRM measurement can be based on SSB outside the BWP or CSI-RS with associated SSB if UE supports such capability, retuning may be required for RRM measurement. The concern of support FG6-1a is that such operation will increase UE complexity.
On the other hand, mandating each BWP with SSB will increase the network overhead, especially when traffic offloading is required and gNB has to configure multiple FDMed BWP for R17 RedCap UEs. 
For R17 RedCap UEs, the legacy default capability FG 6-1 is inherited, which means for UEs without optional capability FG 6-1a, gNB can only configure BWPs to include CD-SSB, or configure NCD-SSB for BWPs that does not include CD-SSB. And UE can optionally support FG 6-1a, which remove the constraint of SSB for BWP.
For R18 RedCap UEs, with further reduction of UE complexity, such as UE bandwidth reduction to 5MHz, the situation may be changed.
If FG6-1 is the mandatory UE feature for UEs with maximum bandwidth of 5MHZ,
1) For UE with FG 6-1 but not FG6-1a, the available resources will be further reduced due to SSB in its active BWP.
As shown in table 2, the overhead of one beam SSB for different channel bandwidths is calculated. Since SSB with SCS 30KHz will have a bandwidth 7.2MHz, which is larger than 5MHz, we only calculate SSB overhead with 15KHz SCS, and FDD is considered here. For an active BWP with 25RB, the overhead of one beam SSB will be 1.14% for FDD(for TDD, the overhead will be increased). Considering the CORESET overhead(such as 3 symbols to support high AL) and the overhead of other RS such as CSI-RS, if SSB is always transmitted in the active BWP, the available resource for data transmission will be further reduced. 
Table 2. SSB overhead for different channel bandwidths with SCS=15KHz
	SSB overhead for FDD
	5MHz(25RB)
	15MHz(79RB)
	40MHz(216RB)

	Number of DL REs per 20ms
	84000
	265440
	715680

	Number of SSB REs per 20ms
(single beam)
	960
	960
	960

	Overhead ratio for single beam SSB
	1.14%
	0.36%
	0.13%


2) For network, the overhead will be increased with the number of FDMed SSBs.
If the R18 RedCap UEs share same CORESET#0 defined initial DL BWP with legacy UEs, the bandwidth of shared CORESET#0 will be limited to be smaller than 5MHz. This shared initial DL BWP will carry the following information,
· SSB. With a 24RBs bandwidth, a one beam SSB overhead is 960RE/(24*12*14RE/slot * 20slots)=1.2%.
· SIB1. According to RAN2 spec TS 38.331, the maximum SIB1 or SI message size is 2976 bits, and only QPSK modulation is supported. There are 9 MCS indexes with QPSK for MCS index table 1, and supposing MCS index 3 with spectral efficiency 0.4902 is used for SIB1 transmission, with 2976bits, at least 6071 REs are required, then the SIB1 transmission will occupy 42RBs (here a 2symbols CORESET is supposed, then only 144RE per RB left for PDSCH transmission), more than the RBs of 5MHz CORESET. So even with a smaller SIB1 message, and only one beam SSB is used, the SIB1 transmission will consume almost the whole slot. Therefore the SIB1 overhead for initial DL BWP will be around 1/20 = 5%, that is at least one slot is used for SIB1 transmission per 20ms.
· Paging. The overhead of paging depends on paging rate.
· Downlink transmission of RACH procedure.
· Data scheduling before RRC connection.
So the shared initial DL BWP will be crowed with increased number of served UEs. To realize traffic offloading, BWPs that does not include CD-SSB and CORESET#0 will be configured for R18 RedCap UEs, and if they do not support FG 6-1a, NCD-SSB will be configured for such BWP. Supposing SIB1 is shared and within 24RB, the overhead of one beam SIB1 will be 24RB/79RB/20=1.5%, when the total overhead of SSB and SIB1 for a carrier with channel bandwidth 15MHz will be 1.5%+0.36%+N*0.36%, where N is the number of NCD-SSBs configured for BWPs without CD-SSB. If separate SIB1 is transmitted due to larger CORESET#0 bandwidth than 5MHz, the overhead will be increased.
Observation : If FG6-1 not FG 6-1a is the mandatory UE feature for UEs with maximum bandwidth of 5MHZ, the overhead will be more significant for FDD bands with smaller channel bandwidth. 
While for reduced date peak rate with restricted bandwidth for PDSCH and/or PUSCH, there is no such problem. Since for a FDD band with channel bandwidth smaller than 20MHz, RedCap UEs with reduced peak data rate does not need to re-tune for SSB. So if UEs with maximum bandwidth of 5MHz is introduced, support FG 6-1a as mandatory UE feature is preferred.
Proposal 1: If UEs with maximum bandwidth of 5MHz is introduced, support FG 6-1a as mandatory UE feature. 
3. Conclusions
In this contribution, we share our consideration on network overhead impact for UE bandwidth reduction to 5MHz, the following observation and proposal are made,
Observation : If FG6-1 not FG 6-1a is the mandatory UE feature for UEs with maximum bandwidth of 5MHZ, the overhead will be more significant for FDD bands with smaller channel bandwidth.
[bookmark: _GoBack]Proposal 1: If UEs with maximum bandwidth of 5MHz is introduced, support FG 6-1a as mandatory UE feature.
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