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1. [bookmark: _Toc120549591]Introduction
In RAN1#109-e meeting, cost reduction estimation method and baseline are discussed, and some options on further NR RedCap UE complexity reduction is determined for further study [1]. 
Agreement 
For cost reduction estimation, the detailed cost breakdown for the Rel-15 reference NR devices (as provided in Table 6.1-1 in TR 38.875) is reused.
Agreement 
For comparison with a Rel-17 baseline when evaluating the potential Rel-18 UE complexity reduction features,
· The Rel-17 RedCap UE supports 20 MHz, 1 Rx, 1 layer, DL 64QAM, UL 64QAM, FDD or TDD.
· In addition, optional results for the following comparisons can also be reported:
· Results for HD-FDD UEs
· Results for UEs with 2 Rx
· In all comparisons, the UEs being compared have the same number of antenna branches, the same number of layers, the same maximum supported modulation order, and the same duplex mode (among HD-FDD, FD-FDD, and TDD).

Agreement
· The following options for relaxed UE processing timeline will be studied:
· Option PT1: Relaxation of UE processing time for PDSCH/PUSCH in terms of N1 and N2
· Option PT2: Relaxation of UE processing time for CSI in terms of Z and Z’
· UE complexity reduction estimates for relaxed UE processing timeline are only reported for combinations with UE bandwidth reduction or UE peak rate reduction.

Agreement
· In Option PT1, the relaxation factor for N1 and N2 is 2.
· In Option PT2, the relaxation factor for Z and Z’ is 2.
· The combination of Options PT1 and PT2 is also studied.

Agreement
· The following options for further UE bandwidth reduction can be studied:
· Option BW1: Both RF and BB bandwidths are 5 MHz for UL and DL.
· Option BW3: 5 MHz BB bandwidth only for PDSCH (for both unicast and broadcast) and PUSCH with 20 MHz RF bandwidth for UL and DL. The other physical channels and signals are still allowed to use a BWP up to the 20 MHz maximum UE RF+BB bandwidth.
· In addition, optional results for the following option can also be reported:
· Option BW2: 5 MHz BB bandwidth for all signals and channels with 20 MHz RF bandwidth for UL and DL. 
· At least the following cases are studied:
· The resource allocation spans a bandwidth of maximum 5 MHz (Maximum UE channel bandwidth).
· The same option is used for UL and DL.
· The same option is used for idle/inactive and connected mode.
· It is FFS whether to study other cases.
· Note: As part of study of above options, it is not precluded to indicate that an observation is relevant for UL only or DL only.
 
Agreement
· The following options for further UE peak rate reduction can be studied:
· Option PR1: Relaxation of the constraint   for peak data rate reduction.
· Option PR2: Restriction of maximum TBS for PDSCH and PUSCH.
· Option PR3: Restriction of maximum number of PRBs for PDSCH and PUSCH.
· At least the following cases are studied:
· The studied peak rate reduction applies to both UE-specific (unicast) and common (broadcast) channels.
· The resource allocation spans a bandwidth of maximum 20 MHz (maximum UE channel bandwidth).
· The same option is used for UL and DL.
· The same option is used for idle/inactive and connected mode.
· It is FFS whether to study other cases.
· Note: As part of study of above options, it is not precluded to indicate that an observation is relevant for UL only or DL only.

Agreement
· The impact on memory size/cost/complexity (external to the RF and BB parts) from the studied UE complexity reduction features can be considered in the study.
· This potential impact will not be included in the quantitative UE complexity reduction estimates.
· L2 buffer size assumptions can be based on TS 38.306 clause 4.1.4 (“Total layer 2 buffer size for DL/UL”).
· FFS whether/how to capture in the TR
 
Agreement
For each potential Rel-18 further UE complexity reduction feature, at least the following aspects will be studied:
· UE complexity reduction
· Performance impacts [details FFS]
· Network deployment and coexistence impacts [details FFS]
· Specification impacts
 
Agreement
· The restricted number of PRBs in Option PR3 is a hardcoded limit.
 
Agreement
· For Options BW1,
· For 15 kHz SCS, 25 contiguous RBs are assumed to fit within the 5 MHz.
· For 30 kHz SCS, 11 contiguous RBs are assumed to fit within the 5 MHz.
· Larger number of RBs that fit within 5 MHz can optionally be studied.
· For Options BW2,
· For 15 kHz SCS, 25 contiguous RBs are assumed to fit within the 5 MHz.
· For 30 kHz SCS, 11 contiguous RBs are assumed to fit within the 5 MHz.
· Larger number of RBs that fit within 5 MHz can optionally be studied.
· For Options BW3,
· For 15 kHz SCS, 25 contiguous RBs are assumed to fit within the 5 MHz.
· For 30 kHz SCS, 11 contiguous RBs are assumed to fit within the 5 MHz.
· Larger number of RBs that fit within 5 MHz can optionally be studied.
· Relevant assumptions (e.g., regarding potential scheduling restrictions) should be reported.
 
Agreement
· For Option PR1,
· The relaxed constraint is 1 (instead of 4).
· Other values for the relaxed constraint that meet the 10-Mbps peak rate target can optionally be studied.
· The parameters ([image: ../../../../../../../Users/cmcc/AppData/Roaming/Foxmail7/Temp-9192-20220519203036/Attach/image001(05-19-20-35-18)(1).png], [image: ../../../../../../../Users/cmcc/AppData/Roaming/Foxmail7/Temp-9192-20220519203036/Attach/image002(05-19-20-35-18)(1).png], [image: ../../../../../../../Users/cmcc/AppData/Roaming/Foxmail7/Temp-9192-20220519203036/Attach/image003(05-19-20-35-18)(1).png]) [38.306] can be as in Rel-17 RedCap.
· For Option PR2,
· For 15 kHz SCS, the maximum TBS is 10000 bits per TB and per slot.
· For 30 kHz SCS, the maximum TBS is 5000 bits per TB and per slot.
· For Option PR3,
· For 15 kHz SCS, the maximum number of RBs is 25.
· For 30 kHz SCS, the maximum number of RBs is 11.
· Other number of RBs that meet the 10-Mbps peak rate target can optionally be studied.
· Note: It is not precluded to report results also for other values.
· Relevant assumptions (e.g., regarding potential limitations of the TBS sum in case of more than one simultaneous TB) should be reported.
 
Agreement
· UE complexity reduction is studied for the following combinations:
1. Reference case (Rel-17 RedCap UE)
2. BW1 + PT1 + PT2
3. BW3 + PT1 + PT2
4. PR1 + PT1 + PT2
5. PR3 + PT1 + PT2
· In addition, optional results for the following combinations can also be reported:
1. BW1 + PT1
2. BW3 + PT1
3. PR1 + PT1
4. PR3 + PT1
5. BW2 + PT1 + PT2
6. PR2 + PT1 + PT2
In this contribution, performance impacts, coexistence problem with legacy UEs and specification impacts of UE bandwidth reduction and peak data rate reduction options will be discussed.
2. Reduced UE bandwidth
Description of feature
[bookmark: _Toc51771046][bookmark: _Toc51768539]In the study, two main UE bandwidth reduction options considered is:
-	Option BW1: RF=5 MHz and BB=5 MHz for UL and DL
-	Option BW3: RF=5 MHz, BB=5 MHz for PDSCH/PUSCH
[bookmark: _Toc57127737][bookmark: _Toc57126560][bookmark: _Toc65758048][bookmark: _Toc51771047][bookmark: _Toc57144787][bookmark: _Toc57136437][bookmark: _Toc56714293][bookmark: _Toc57127628][bookmark: _Toc51768540][bookmark: _Toc57126681]Analysis of performance impacts
[bookmark: _Toc51768541][bookmark: _Toc51771048]2.2.1 performance impact of BW1
Coverage:
For PDCCH coverage, one important aspect is the larger aggregation levels (AL), e.g. 16, for CORESET#0 and CORESET for data scheduling may not be supported. Besides, based on our contribution of coverage impact in []. with some small AL, the coverage of PDCCH in CSS for R18 RedCap UEs is worse than bottleneck channel of R17 RedCap UEs and needs enhancement. 
Observation 1: With bandwidth reduction option BW1, if large AL can not be supported for CORESET, there is coverage enhancement requirement for PDCCH in CSS.
PDCCH blocking rate:
If CORESET0 within 5MHz is shared by R17 RedCap, R18 RedCap and non-RedCap UEs, or separate CORESET0 within 5MHz is configured for R18 RedCap UEs, less number of RBs of CORESET0 may result in increased PDCCH blocking rate. 
Observation 2: With bandwidth reduction option BW1, PDCCH blocking rate may increase due to reduced bandwidth of CORESET.
2.2.2 performance impact of BW3
Coverage:
There is no impact of reduced bandwidth on the coverage of control channels and data channels, since data channels can obtain frequency diversity gain through gNB scheduling within larger RF bandwidth.
Observation 3: With bandwidth reduction option BW3, there is no coverage loss of control channels and data channels.
PDCCH blocking rate:
PDCCH blocking rate does not increase since UE bandwidth for control channels is the same as that of R17 RedCap and non-RedCap UEs.
Observation 4: With bandwidth reduction option BW3, there is no impact of PDCCH blocking rate.
[bookmark: _Toc57126561][bookmark: _Toc57127629][bookmark: _Toc57126682][bookmark: _Toc56714294][bookmark: _Toc57136438][bookmark: _Toc65758049][bookmark: _Toc57127738][bookmark: _Toc57144788]Analysis of network deployment and coexistence with legacy UEs
2.3.1 network deployment and coexistence problems of BW1
[bookmark: _Toc51771049][bookmark: _Toc51768542]If SCS 30KHz is used for SSB, the bandwidth of SSB will be 7.2MHz, larger than 5MHz. In this case, reusing SSB has some problems. In this section, since SCS 15kHz will be configured in lower frequency FR1 FDD scenario in practical network, we mainly consider coexistence problems in FR1 FDD scenario with SCS 15kHz.
With bandwidth reduction option BW1, coexistence problems mainly exist in initial access procedure, the detailed problems and possible solutions are analyzed as follow.
1) reception of SSB 
As shown in Table 1, when SCS is 15kHz, the bandwidth of SSB is less than 5MHz. bandwidth reduction option BW1 allows a R18 RedCap UE to reuse existing procedures for acquiring SSB.
Table 1 bandwidth of SSB and CORESET0 with different SCS combination
	SCS of {SSB, Type0-PDCCH} (KHz) 
	Bandwidth of SSB (MHz) 
	Maximum Bandwidth of CORESET#0, (MHz) 

	{15,15} 
	3.6
	4.32 (24RB), 
8.64 (48RB), 
17.28 (96RB) 

	{15,30} 
	3.6
	8.64 (24RB), 
17.28 (48RB) 

	{30,15} 
	7.2 
	8.64 (48RB), 
17.28 (96RB) 

	{30,30} 
	7.2 
	8.64 (24RB), 
17.28 (48RB) 


Observation 5: If bandwidth reduction option BW1 for R18 RedCap UEs applies, R18 RedCap UEs can reuse legacy SSB with SCS 15kHz.
2) reception of CORESET0 and SIB1
When the configuration of CORESET0 is more than 24 RB, the bandwidth of CORESET0 exceeds 5MHz. To deal with the reception of CORESET0 for R18 RedCap, the following 4 alternatives can be considered.
· Alt 1: reuse R15/R16 CORESET0 by retuning 
The bandwidth of legacy CORESET0 transmitted by network may exceed 5MHz. Since R18 RedCap UEs with reduced maximum bandwidth can only receive data within 5MHz at a time and CORESET0/SIB1 transmission is periodic, as shown in Fig. 1, R18 RedCap UEs can receive 5MHz part of CORESET0/SIB1 at different frequency location in multiple occasions of CORESET0/SIB1 by retuning, and make up different parts of CORESET0/SIB1 to attain the whole CORESET0/SIB1. 
[image: ]
Fig. 1 reuse R15/R16 CORESET0 by retuning
In this case, the flexibility of network configuration of CORESET0 is remained, network overhead does not increase, but delay for CORESET0 and SIB1 is extended. The location of multiple PDCCH candidates for combining needs to be the same, which increases the restriction on network scheduling of CORESET0 for R18 RedCap and increases PDCCH blocking rate. Besides, when CCE-to-REG mapping is interleaved, whether there is performance loss due to decoding each part of CORESET0 independently and combine different parts of CORESET0 needs further evaluation.   
Observation 6: If bandwidth reduction option BW1 for R18 RedCap UEs applies, with Alt1 of CORESET0 and SIB1 reception, delay for CORESET0 and SIB1 reception increases, network scheduling of CORESET0 for R18 RedCap is restricted and PDCCH blocking rate increases, demodulation performance needs further evaluation.
· Alt 2: reuse R15/R16 CORESET0 with configuration index 0~5
Network only transmits legacy CORESET0 with configuration index 0~5 in 38.213 Table 13-1, so that legacy CORESET0 can be reused by R18 RedCap UEs. Network only schedules SIB1 within 5MHz. Considering the maximum payload of SIB1 is 2976 bits, gNB possibly can not transmit the whole SIB1 through same slot scheduling.
Table 13-1: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space set when {SS/PBCH block, PDCCH} SCS is {15, 15} kHz for frequency bands with minimum channel bandwidth 5 MHz or 10 MHz
	Index
	SS/PBCH block and CORESET multiplexing pattern 
	
Number of RBs 
	
Number of Symbols  
	Offset (RBs) 

	0
	1 
	24 
	2 
	0 

	1
	1 
	24 
	2 
	2 

	2
	1 
	24 
	2 
	4 

	3
	1 
	24 
	3 
	0 

	4
	1 
	24 
	3 
	2 

	5
	1 
	24 
	3 
	4 

	6
	1 
	48 
	1 
	12 

	7
	1 
	48 
	1 
	16 

	8
	1 
	48 
	2 
	12 

	9
	1 
	48 
	2 
	16 

	10
	1 
	48 
	3 
	12 

	11
	1 
	48 
	3 
	16 

	12
	1 
	96 
	1 
	38 

	13
	1 
	96 
	2 
	38 

	14
	1 
	96 
	3 
	38 

	15
	Reserved


Alt 2 has more restriction on gNB configuration of CORESET0 for legacy UEs, network overhead for CORESET0/SIB1 reception do not increase. 
Observation 7: If bandwidth reduction option BW1 for R18 RedCap UEs applies, with Alt2 of CORESET0 and SIB1 reception, gNB configuration of CORESET0 for legacy UEs is restricted.
· Alt 3: different interpretations of PDCCH-ConfigSIB1 for different CORESET#0s by R18 and R17 RedCap UEs
Network may transmit legacy CORESET0 with index 0~15 and transmit separate CORESET0 for R18 RedCap UEs. The number of RBs/symbols of separate CORESET0 can reuse that of configuration index 0~5 in 38.213 Table 13-1, RB offset of separate CORESET0 may be different from that of legacy CORESET0, e.g. separate CORESET0 may do not overlap with legacy CORESET0 in frequency domain for reducing resource congestion around CD-SSB. 
Considering limited MIB indication bit, a new CORESET0 configuration table for separate CORESET#0 of R18 RedCap UEs may be predefined. The higher 4 bits in PDCCH-ConfigSIB1 in MIB can have different interpretations, which indicate configuration index of legacy CORESET0 in existing CORESET0 table and also indicate configuration index of separate CORESET0 in the new CORESET0 table. Different types of UE search Type-0 PDCCH according to location and size of corresponding CORESET0. 
Compared with Alt 2, Alt3 remains more flexibility of network configuration of legacy CORESET0, but also introduces additional overhead for separate CORESET0 and subsequent SIB1. And the coverage performance for R18 RedCap UEs can be different from legacy UEs if a different CORESET#0 size is indicated.
Observation 8: If bandwidth reduction option BW1 for R18 RedCap UEs applies, with Alt3 of CORESET0 and SIB1 reception, gNB remains flexibility of configuration of legacy CORESET0, but has additional overhead for separate CORESET0/SIB1.
· Alt 4: redesign new CORESET0 table within 5MHz
It is possible that new CORESET0 within 5MHz is redesigned, for example, the number of symbols of CORESET0 is extended to enable higher AL, RB offset of new CORESET0 may be different from that of legacy CORESET0. When new CORESET0 overlaps with legacy CORESET0 in frequency domain, monitoring occasion of new CORESET0 is TDMed with that of legacy CORESET0. When new CORESET0 does not overlap with legacy CORESET0 in frequency domain for reducing resource congestion around CD-SSB, monitor occasion of new CORESET0 can be the same as that of legacy CORESET0.
Similar as Alt3, Alt4 remains flexibility of network configuration but introduces additional overhead for new CORESET0 and subsequent SIB1, and more specification work is expected. And the coverage performance of Alt 4 can be better than Alt 2 and Alt 3.
Observation 9: If bandwidth reduction option BW1 for R18 RedCap UEs applies, with Alt4 of CORESET0 and SIB1 reception, gNB remains flexibility of configuration of legacy CORESET0, but has additional overhead for separate CORESET0/SIB1 and comparatively large spec impact.
Proposal 1: With bandwidth reduction option BW1 for R18 RedCap UEs, the following alternatives can be considered for reception of CORESET0 and SIB1:
· Alt 1: reuse R15/R16 CORESET0 by retuning 
· Alt 2: reuse R15/R16 CORESET0 with configuration index 0~5
· Alt 3: different interpretations of PDCCH-ConfigSIB1 for different CORESET#0s by R18 and R17 RedCap UEs
· Alt 4: redesign new CORESET0 table within 5MHz
1) 
2) 
3) reception of paging 
When Alt 1 of CORESET0 design applies, if R18 RedCap UEs tend to share legacy PO whose bandwidth may be larger than 5MHz, R18 RedCap UEs can not receive paging even by retuning. This is because paging is not transmitted periodically, but transmitted once in the PO during one DRX. gNB needs to configure dedicated common CORESET and CSS in SIB1 to configure dedicated PO for R18 RedCap UEs. However, during the idle/inactive mode, the gNB needs to know the target UE type in order to transmit the paging in corresponding common CORESET and search spaces. Some enhancement may be needed for this, may be a similar mechanism like eMTC UEs for LTE is required for R18 RedCap UEs.
When Alt 2 of CORESET0 design applies, R18 RedCap UEs can share legacy PO since the bandwidth of legacy PO is less than 5MHz, network pages legacy UEs, R17 and R18 RedCap UEs in legacy PO.
When Alt 3, Alt4 of CORESET0 design apply, network configures dedicated PO within separate/new CORESET0 for R18 RedCap UEs, resulting in higher overhead of paging for some cases. The same UE type identification requirement as Alt 1 for idle/inactive mode is needed.
Observation 10: If bandwidth reduction option BW1 for R18 RedCap UEs applies, with Alt1, Alt 3, Alt4 of CORESET0 and SIB1 reception, configuration of dedicated PO is needed, which leads to higher overhead of paging.
Proposal 2: If bandwidth reduction option BW1 for R18 RedCap UEs applies, and dedicate PO are configured for R18 RedCap UEs, enhancement for gNB to identify target UE type of paging is needed. 
4) RACH proceduce
During RACH procedure, R18 RedCap faces the same problem as R17 RedCap that bandwidth of msg1, msg2, msg3, msg4 may exceed 5MHz. 
One method is to reuse separate initial BWP framework as much as possible. For example, one pair of separate initial UL/DL BWP within 5MHz is configured for R18 RedCap, and dedicated RO, dedicated common CORESET for msg2/msg4 PDCCH monitoring are configured, dedicated msg3 is scheduled within separate initial UL BWP. 
The other one can be multiple separate initial UL/DL BWPs with bandwidth smaller than 5MHz are configured for R18 RedCap UEs, ROs configured for R17 RedCap UEs fall into multiple separate initial UL BWPs. In this way, R18 RedCap UEs share ROs but use dedicated preamble from R17 RedCap UEs for early identificaiton. Since R18 RedCap UEs are early identified through preamble and can not receive msg2/msg4 PDCCH of R17 RedCap UEs which may be larger than 5MHz, dedicated common CORESET for msg2/msg4 PDCCH monitoring still needs to be configured, and dedicated msg3 is scheduled. 
Comparing with configuring one pair of separate initial UL/DL BWP, multiple separate initial UL/DL BWPs can reduce overhead of dedicated RO for R18 RedCap UEs, but still introduce additional overhead for dedicated common CORESET for msg2/msg4 and dedicated msg3, and also introduce frequency segmentation issue of PUSCH.
The other method is to not reuse separate initial BWP framework, per transmission of msg1/msg2/msg3/msg4 is restricted within 5MHz but may locate at different position in a larger bandwidth through gNB scheduling. For Msg1, early identification through dedicated preamble is needed for subsequent adaptive scheduling. 
Proposal 3: If bandwidth reduction option BW1 for R18 RedCap UEs applies, to deal with coexistence problems during RACH procedure, R18 RedCap UEs can reuse separate initial BWP framework or up to gNB scheduling.
5) additional SSB transmission
If the agreement for SSB transmission in RRC-configured active DL BWP also applies to R18 RedCap UEs, SSB overhead problem at network side becomes even more severe than for R17 RedCap. Since the bandwidth of R18 RedCap UEs is 5MHz, if 20 possible positions of RRC-configured active DL BWP within 100MHz carrier bandwidth is considered, 19 additional NCD-SSB is needed. To deal with SSB overhead problem, whether R18 RedCap UEs have to support FG28-1a as mandatory feature needs further discussion.
Observation 11: UE bandwidth reduction option BW1 faces severe SSB overhead problem in connected mode.
2.3.2 network deployment and coexistence problems of BW3
With bandwidth reduction option BW3, coexistence problems and possible solutions are analyzed as follow.
1) reception of SSB
Similar as bandwidth reduction option BW1, option BW3 allows a R18 RedCap UE to reuse existing procedures for acquiring SSB.
Observation 12: If bandwidth reduction option BW3 for R18 RedCap UEs applies, R18 RedCap UEs can reuse legacy SSB with SCS 15kHz.
2) reception of CORESET0 and SIB1
Since RF and BB of control channels is 20MHz, R18 RedCap UE can reuse legacy CORESET0. Since BB of PDSCH/PUSCH channels is 5MHz, R18 RedCap UE receives legacy SIB1 by retuning or gNB schedules legacy SIB1 within 5MHz or gNB designs dedicated SIB1 payload within 5MHz for R18 RedCap. 
Observation 13: If bandwidth reduction option BW3 for R18 RedCap UEs applies, R18 RedCap UEs can reuse legacy CORESET0, and SIB1 can be reused by retuning or gNB scheduling restriction, or receive dedicated SIB1.
3) reception of paging
R18 RedCap UE can reuse legacy PO. Regarding payload of paging PDSCH, the maximum RB number of CORESET0 is 96, here we consider CORESET0 with size of 96 RBs*1 symbol and use the lowest code rate. Then we can get the maximum TB size is 96*12*13*2*0.1171875=3510 bits. Meanwhile, RAN1 has agreed that the minimum TB size for RMSI is 1700 bits in RAN1#92bis meeting, but it is calculated assuming that RMSI is transmitted for 8 times repetition in a TTI, that is to say, only 1700/8=213 bits are transmitted per each TTI. Thus, the maximum TB size left for Paging PDSCH is 3510-213=3297 bits. The paging PDSCH with maximum payload size may exceed 5MHz. gNB can schedule all paging PDSCH within 5MHz over multiple slots so that R18 RedCap UE can receive paging information, or schedule dedicate paging PDSCH within 5MHz.
Observation 14: If bandwidth reduction option BW3 for R18 RedCap UEs applies, R18 RedCap UEs can reuse legacy paging PDSCH by gNB scheduling restriction or schedule dedicate paging PDSCH within 5MHz.
4) RACH proceduce
If early identification of R18 RedCap UE is not supported, R18 RedCap UE can reuse RO and msg2/msg4 PDCCH of R17 RedCap UEs or legacy UEs, msg2/msg4 may exceed 5MHz. If transmission of msg2/msg4 is limited to be within 5MHz, there is some restriction on gNB scheduling. 
If early identification of R18 RedCap UE is supported, R18 RedCap UE can reuse RO and msg2/msg4 PDCCH of R17 RedCap UEs or legacy UEs, msg3/msg4 within 5MHz are dedicated scheduled for R18 RedCap UE.
Proposal 4: If bandwidth reduction option BW3 for R18 RedCap UEs applies, to deal with coexistence problems during RACH procedure, early identification can be introduced for propoer gNB scheduling of R18 RedCap UEs.
1) 
2) 
3) 
4) 
5) additional SSB transmission
With bandwidth reduction option BW3, R18 RedCap UEs can receive SSB within RF 20MHz bandwidth without retuning, thus no additional SSB overhead is required compared with R17 RedCap.
Observation 15: If bandwidth reduction option BW3 for R18 RedCap UEs applies, no additional SSB overhead is required compared with R17 RedCap.
In general, bandwidth reduction option BW3 achieves better coexistence performance than option BW1.
-	Bandwidth reduction option BW1：
· SSB reception: SSB can be reused.
· CORESET0 reception: Legacy CORESET0 can be reused with more scheduling and configuration restriction or gNB transmits separate CORESET0/SIB1 with higher network overhead.
· paging reception: Dedicated PO is configured with higher network overhead in some cases.
· RACH procedure: RACH is performed by reusing separate initial BWP framework.
· SSB overhead: Transmission in connected mode requires much higher SSB overhead.
-	Bandwidth reduction option BW3:
· SSB, CORESET0, SIB1, paging reception and RACH procedure can be reused.
· SSB overhead: no additional SSB overhead is required.
Observation 16: Bandwidth reduction option BW3 achieves better coexistence performance than option BW1 in aspects of reusing legacy SSB, CORESET0, SIB1, paging, RACH, and avoiding additional SSB overhead.
[bookmark: _Toc57126683][bookmark: _Toc57126562][bookmark: _Toc57136439][bookmark: _Toc57127739][bookmark: _Toc57127630][bookmark: _Toc56714295][bookmark: _Toc65758050][bookmark: _Toc57144789]Analysis of specification impacts
2.4.1 specification impact of BW1
With configuration restriction and support of early indication of R18 RedCap UE, the network may be able to support UE bandwidth reduction option BW1 with minor or no additional specification changes, but will have negative impact on performance of legacy and R17 RedCap UEs. 
To remain flexible network configuration and with support of early indication of R18 RedCap UE, the network can support UE bandwidth reduction option BW1 with large specification changes such as design of dedicated CORESET0/SIB1/paging/RACH resource and additional SSB transmission.
Proposal 5: Considering the large specification impact in aspects of coverage enhancement , CORESET0/SIB1/paging/RACH design and additional SSB transmission in connected mode, introducing of BW1 is not preferred.
2.4.2 specification impact of BW3
With support of early identification of R18 RedCap UE, the network can support bandwidth reduction option BW3 with minor or no additional specification changes.
Table 2 specification impacts of bandwidth reduction options
	
	bandwidth reduction option BW1
	bandwidth reduction option BW3

	Coverage impact
	· PDCCH in CSS with low AL CORESET needs coverage enhancement
	· no spec impact

	SSB reception
	· reuse legacy SSB with 15kHz
· no spec impact
	· reuse legacy SSB with 15kHz
· no spec impact

	CORESET0 and SIB1 reception
	· more restriction on gNB scheduling and configuration or redesign CORESET0
	· reuse legacy CORESET0
· no spec impact

	paging reception
	· more restriction on gNB configuration of PO or dedicated PO
	· reuse legacy PO
· more restriction on gNB scheduling of paging PDSCH or dedicate paging PDSCH

	RACH procedure
	· separate initial BWP
· early identification of R18 RedCap UE
	· early identification of R18 RedCap UE


The comparison of specification impacts of bandwidth reduction options is summarized in Table 2. From the perspective of coverage enhancement, CORESET0/SIB1/paging design, RACH procedure and additional SSB transmission, option BW1 is expected to have more coexistence problems and specification impacts than option BW3. 
Above all, whether both options can be selected or only one is down selected depends on not only the cost reduction, but also the performance impacts and specification effort to enable standalone deployment or coexistence with non-RedCap or R17 RedCap UEs. To avoid coverage enhancement of PDCCH in CSS, minimize specification impacts and reduce additional SSB overhead, option BW3 is preferred.
Proposal 6: For the purpose of avoiding coverage enhancement of PDCCH, minimizing specification impacts and reducing additional SSB overhead, bandwidth reduction option BW3 is preferred for R18 RedCap UEs.
For BW3, the physical channels and signals other than PDSCH/PUSCH are still allowed to use a BWP up to the 20 MHz bandwidth. Then with same slot PDSCH scheduling, UE has to buffer all the bandwith for PDSCH reception before successfully decoding PDCCH. This will reduce the buffer cost reduction benefit. 
To solve this, multiple RB subsets can be configured for each BWP, and they are only used for PDSCH/PUSCH scheduling. The bandwidth of RB subsets is smaller than 5MHz, frequency resource allocation is indicated within actived RB subset rather than active BWP. As a result, the bitwidth of frequency domain resource assignment field in DCI format 1_X can be reduced.
And the active RB subset for an active BWP can be dynamically indicated by DCI among the configured multiple RB subsets. By this RB subset adaption, the frequency diversity gain can be maintained.
Proposal 7: RB subsets can be configured for BWP for PDSCH/PUSCH scheduling, to reduce frequency resource allocation overhead.
3. Reduced peak data rate
1. 
0. Description of feature
In the study, the three main peak data rate reduction option considered is:
-	Option PR1: Relaxation of the constraint   for peak data rate reduction.
-	Option PR2: Restriction of maximum TBS for PDSCH and PUSCH.
-	Option PR3: Restriction of maximum number of PRBs for PDSCH and PUSCH.
0. Analysis of performance impacts
Coverage:
There is no impact of reduced peak data rate on the coverage of control channels and data channels, since data channels can obtain frequency diversity gain through gNB scheduling within larger RF and BB bandwidth.
Observation 17: With peak data rate reduction options, there is no coverage loss of control channels and data channels.
PDCCH blocking rate:
PDCCH blocking rate does not increase since UE bandwidth for control channels is the same as that of R17 RedCap and non-RedCap UEs.
Observation 18: With peak data rate reduction options, there is no impact of PDCCH blocking rate.
0. Analysis of network deployment and coexistence with legacy UEs
With peak data rate reduction option, coexistence problems mainly exist in reception of control and data message before and during initial access. 
With PR1 and PR2, the bandwidth can be up to 20MHz and the number of RB is not limited, the maximum TBS (e.g. 5000 bits per TB and per slot) is large enough for R18 RedCap UEs to reuse legacy SSB, CORESET0, SIB1, paging and msg2/msg3/msg4, early identification of R18 RedCap UEs is not required.
With PR3, although distributed resource allocation is allowed to increase frequency diversity gain, the number of total RBs is limited. For example, for Msg.4 with payload 1040bits, 37RBs is required for MCS0. So when the maximum number of PRBs defined for PR3 is smaller, R18 RedCap UEs only receive part of common message, the demodulation and coverage performance of R18 RedCap UEs may degrade. And the same situation exist for SIB1 reception. To avoid such part reception, gNB has to transmit SIB1 or Msg4 with smaller TBS or schedule them with larger MCS. This will put restriction on gNB scheduling strategy without early identification of R18 RedCap UEs.
The coexistence performance of PR3 is highly related to the maximum number of RBs adopted.
Observation 19: If the adopted maximum number of PRBs is smaller, PR3 will introduce scheduling restrictions for shared SIB1 transmission and for Msg4 without early identification.
Analysis of specification impacts
The network can support peak data rate reduction options PR1 and PR2 with no additional specification changes.
For PR3, similar as the analysis of BW3, with support of early identification of R18 RedCap UE, legacy SSB/CORESET0/SIB1/paging, and RACH procedure can be reused. The network can support peak data rate reduction options with minor or no additional specification changes.
4. Relaxed UE processing timeline
1. 
1. Description of feature
In the study, the two main relaxed UE processing timeline option considered is:
-	Option PT1: Relaxation of UE processing time for PDSCH/PUSCH in terms of N1 and N2
-	Option PT2: Relaxation of UE processing time for CSI in terms of Z and Z’
1. Analysis of network deployment and coexistence with legacy UEs
If UE processing time reduction PT1 is introduced, not only the UE specific timing but also the default TDRA tables may be relaxed. 
According to TS38.214 section 6.1.2.1.1, when UE monitoring common search space and DCI format 0_0 in UE specific search space, and pusch-TimeDomainAllocationList is not included in pusch-ConfigCommon, default PUSCH time domain resource allocation A will be applied. As shown in Table 3 for normal CP, when the default A table is used,  K2 is derived according to table index and j value, which is related to SCS as shown in table 4. And for the first transmission of PUSCH scheduled by the RAR, additional subcarrier spacing specific slot delay value is further added. When UE processing time capability is reduced, for example, another UE processing capability besides UE processing capability 1 and 2 is defined, more slots may be needed for UE to perform PDCCH decoding and PUSCH preparing, some of the row index for default PUSCH time domain resource allocation A may be invalid. 
When R17 RedCap UEs and R18 RedCap UEs with PT1 co-exist in the same network, and no early identification is configured for R18 RedCap UEs, to make sure both types of UEs have enough time for Msg.3 or other PUSCH preparation, gNB has to use the Row index with larger K2. This will put some scheduling restrictions on gNB. 
So whether the default PUSCH time domain resource allocation A can be reused when PT1 is introduced needs to be clarified first.
Observation 20: when PT1 is introduced for R18 RedCap UEs, and no early identification is configured for R18 UEs, scheduling restrictions will be made on gNB.
Proposal 8: When PT1 is introduced, whether the default timing can be reused need to be discussed first.
Table 3. Default PUSCH time domain resource allocation A for normal CP (Table 6.1.2.1.1-2 in TS 38.214) 
	Row index
	PUSCH mapping type
	
	S
	L

	1
	Type A
	j
	0
	14

	2
	Type A
	j
	0
	12

	3
	Type A
	j
	0
	10

	4
	Type B
	j
	2
	10

	5
	Type B
	j
	4
	10

	6
	Type B
	j
	4
	8

	7
	Type B
	j
	4
	6

	8
	Type A
	j+1
	0
	14

	9
	Type A
	j+1
	0
	12

	10
	Type A
	j+1
	0
	10

	11
	Type A
	j+2
	0
	14

	12
	Type A
	j+2
	0
	12

	13
	Type A
	j+2
	0
	10

	14
	Type B
	j
	8
	6

	15
	Type A
	j+3
	0
	14

	16
	Type A
	j+3
	0
	10


Table 3: Definition of value j (table 6.1.2.1.1-4 of TS 38.214)
	µPUSCH
	j

	0
	1

	1
	1

	2
	2

	3
	3


Analysis of specification impacts
As analyzed in section 4.2, if PT1 is introduced, and if the default PUSCH time domain resource allocation A can not be reused, early identification is needed for R18 RedCap UEs, to reduce unnecessary scheduling constraints on gNB for R17 UEs.
Observation 21: To reduce unnecessary scheduling constraints on gNB for R17 UEs, early identification may be needed for R18 RedCap UE with PT1.
And if the default PUSCH time domain resource allocation A can not provide enough preparation time for PUSCH, there are two alternatives to provide slot offset between RAR/PDCCH to PUSCH for R18 RedCap UEs,
· Alt.1: Define a new default PUSCH time domain resource allocation table.
· Alt 2: Introduce additional slot level delay for PUSCH scheduling when default PUSCH time domain resource allocation A is used.
Comparing the above two options, Alt.2 is simple than Alt.1 considering spec impact.
Proposal 9: When the default PUSCH time domain resource allocation A can not be reuse for R18 RedCap UEs with PT1, the following two alternatives can be further studied,
· Alt.1: Define a new default PUSCH time domain resource allocation table
· Alt 2: Introduce additional slot level delay for PUSCH scheduling when default PUSCH time domain resource allocation A is used.
5. Conclusion
In this contribution, performance impacts, coexistence problem with legacy UEs and specification impacts of UE bandwidth reduction and peak data rate reduction are discussed, and the following observations and proposals are made.
Observation 1: With bandwidth reduction option BW1, if large AL can not be supported for CORESET, there is coverage enhancement requirement for PDCCH in CSS.
Observation 2: With bandwidth reduction option BW1, PDCCH blocking rate may increase due to reduced bandwidth of CORESET.
Observation 3: With bandwidth reduction option BW3, there is no coverage loss of control channels and data channels.
Observation 4: With bandwidth reduction option BW3, there is no impact of PDCCH blocking rate.
Observation 5: If bandwidth reduction option BW1 for R18 RedCap UEs applies, R18 RedCap UEs can reuse legacy SSB with SCS 15kHz.
Observation 6: If bandwidth reduction option BW1 for R18 RedCap UEs applies, with Alt1 of CORESET0 and SIB1 reception, delay for CORESET0 and SIB1 reception increases, network scheduling of CORESET0 for R18 RedCap is restricted and PDCCH blocking rate increases, demodulation performance needs further evaluation.
Observation 7: If bandwidth reduction option BW1 for R18 RedCap UEs applies, with Alt2 of CORESET0 and SIB1 reception, gNB configuration of CORESET0 for legacy UEs is restricted.
Observation 8: If bandwidth reduction option BW1 for R18 RedCap UEs applies, with Alt3 of CORESET0 and SIB1 reception, gNB remains flexibility of configuration of legacy CORESET0, but has additional overhead for separate CORESET0/SIB1.
Observation 9: If bandwidth reduction option BW1 for R18 RedCap UEs applies, with Alt4 of CORESET0 and SIB1 reception, gNB remains flexibility of configuration of legacy CORESET0, but has additional overhead for separate CORESET0/SIB1 and comparatively large spec impact.
Observation 10: If bandwidth reduction option BW1 for R18 RedCap UEs applies, with Alt1, Alt 3, Alt4 of CORESET0 and SIB1 reception, configuration of dedicated PO is needed, which leads to higher overhead of paging.
Observation 11: UE bandwidth reduction option BW1 faces severe SSB overhead problem in connected mode.
Observation 12: If bandwidth reduction option BW3 for R18 RedCap UEs applies, R18 RedCap UEs can reuse legacy SSB with SCS 15kHz.
Observation 13: If bandwidth reduction option BW3 for R18 RedCap UEs applies, R18 RedCap UEs can reuse legacy CORESET0, and SIB1 can be reused by retuning or gNB scheduling restriction, or receive dedicated SIB1.
Observation 14: If bandwidth reduction option BW3 for R18 RedCap UEs applies, R18 RedCap UEs can reuse legacy paging PDSCH by gNB scheduling restriction or schedule dedicate paging PDSCH within 5MHz.
Observation 15: If bandwidth reduction option BW3 for R18 RedCap UEs applies, no additional SSB overhead is required compared with R17 RedCap.
Observation 16: Bandwidth reduction option BW3 achieves better coexistence performance than option BW1 in aspects of reusing legacy SSB, CORESET0, SIB1, paging, RACH, and avoiding additional SSB overhead.
Observation 17: With peak data rate reduction options, there is no coverage loss of control channels and data channels.
Observation 18: With peak data rate reduction options, there is no impact of PDCCH blocking rate.
Observation 19: If the adopted maximum number of PRBs is smaller, PR3 will introduce scheduling restrictions for shared SIB1 transmission and for Msg4 without early identification.
Observation 20: when PT1 is introduced for R18 RedCap UEs, and no early identification is configured for R18 UEs, scheduling restrictions will be made on gNB.
Observation 21: To reduce unnecessary scheduling constraints on gNB for R17 UEs, early identification may be needed for R18 RedCap UE with PT1.
Proposal 1: With bandwidth reduction option BW1 for R18 RedCap UEs, the following alternatives can be considered for reception of CORESET0 and SIB1:
· Alt 1: reuse R15/R16 CORESET0 by retuning 
· Alt 2: reuse R15/R16 CORESET0 with configuration index 0~5
· Alt 3: different interpretations of PDCCH-ConfigSIB1 for different CORESET#0s by R18 and R17 RedCap UEs
· Alt 4: redesign new CORESET0 table within 5MHz
Proposal 2: If bandwidth reduction option BW1 for R18 RedCap UEs applies, and dedicate PO are configured for R18 RedCap UEs, enhancement for gNB to identify target UE type of paging is needed. 
Proposal 3: If bandwidth reduction option BW1 for R18 RedCap UEs applies, to deal with coexistence problems during RACH procedure, R18 RedCap UEs can reuse separate initial BWP framework or up to gNB scheduling.
Proposal 4: If bandwidth reduction option BW3 for R18 RedCap UEs applies, to deal with coexistence problems during RACH procedure, early identification can be introduced for propoer gNB scheduling of R18 RedCap UEs.
6) 
7) 
8) 
9) 
Proposal 5: Considering the large specification impact in aspects of coverage enhancement , CORESET0/SIB1/paging/RACH design and additional SSB transmission in connected mode, introducing of BW1 is not preferred.
Proposal 6: For the purpose of avoiding coverage enhancement of PDCCH, minimizing specification impacts and reducing additional SSB overhead, bandwidth reduction option BW3 is preferred for R18 RedCap UEs.
Proposal 7: RB subsets can be configured for BWP for PDSCH/PUSCH scheduling, to reduce frequency resource allocation overhead.
Proposal 8: When PT1 is introduced, whether the default timing can be reused need to be discussed first.
Proposal 9: When the default PUSCH time domain resource allocation A can not be reuse for R18 RedCap UEs with PT1, the following two alternatives can be further studied,
· Alt.1: Define a new default PUSCH time domain resource allocation table
· Alt 2: Introduce additional slot level delay for PUSCH scheduling when default PUSCH time domain resource allocation A is used.
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