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In RAN1#109e [1], the following agreements related to further reduce UE complexity have been reached.
	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.
· 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
· 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
· 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
· 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: ], [image: ], [image: ]) [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
· 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
· UE complexity reduction is studied for the following combinations:
· Reference case (Rel-17 RedCap UE)
· BW1 + PT1 + PT2
· BW3 + PT1 + PT2
· PR1 + PT1 + PT2
· PR3 + PT1 + PT2
· In addition, optional results for the following combinations can also be reported:
· BW1 + PT1
· BW3 + PT1
· PR1 + PT1
· PR3 + PT1
· BW2 + PT1 + PT2
· PR2 + PT1 + PT2
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


As shown in the agreement, the objective of the SI mainly focus on the following three aspects, including: UE bandwidth reduction, UE peak rate reduction and relaxation of UE processing time. In this contribution, we will present our views on the above three aspects.
Discussion on further UE complexity reduction features
UE bandwidth reduction to 5MHz in FR1
	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.
· 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
· 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.


As discussed in the last meeting, R18 redcap UE can support a larger number of RBs, such as 12RB for 30KHz SCS, in addition to supporting 25RB for 15KHz SCS and 11RB for 30KHz SCS within 5MHz bandwidth. The reasons why 30KHz SCS is recommended to support 12RB are summarized as follows.
Firstly, 12(RB)*30(KHz)*12(SC)=4.32(MHz)<5MHz, that is, 12 RBs supporting 30KHz SCS do not exceed 5MHz bandwidth, and 5MHz of R18 Redcap UE is only BWP configuration rather than cell carrier deployment , so there is no need to reserve a guard band. Therefore, 12RB supporting 30KHz SCS can meet the bandwidth limitation requirement of R18 Redcap UE.
Secondly, according to 38.211, one CCE is composed of 6 REGs, that is, the size of one CORESET is a multiple of 6. If the 5MHz bandwidth of the 30KHz SCS is limited to 11 RBs, some CCEs may be unavailable. Therefore, the number of RBs in the 5MHz bandwidth of the 30KHz SCS is recommended to be 12.
Thirdly, according to Table 6.3.2.2-1 of 38.211, it can be known that the number of RBs required for PRACH preamble of 30KHz SCS is 3, 6, 12 and 48. If the number of PRBs of 30KHz SCS is limited to 11RB, it may be necessary to modify the generation of the existing preamble sequence or limit the available preamble format, which is not conducive to the coexistence of R18 Redcap UE and R17 Redcap UE/legacy UE. Table 6.3.2.2-1 is shown below.

Table 6.3.3.2-1: Supported combinations of  and , and the corresponding value of .
	

	 for PRACH
	
 for PUSCH
	
, allocation expressed in number of RBs for PUSCH
	


	839
	1.25
	15
	6
	7

	839
	1.25
	30
	3
	1

	839
	5
	15
	24
	12

	839
	5
	30
	12
	10

	139
	15
	15
	12
	2

	139
	15
	30
	6
	2

	139
	30
	15
	24
	2

	139
	30
	30
	12
	2

	571
	30
	15
	96
	2

	571
	30
	30
	48
	2

	1151
	15
	15
	96
	1

	1151
	15
	30
	48
	1


To sum up, for 30 kHz SCS, 12 contiguous RBs are assumed to fit within the 5 MHz.
Proposal 1  For 30KHz SCS, 12 contiguous RBs can be assumed to fit within the 5 MHz
When the UE bandwidth is reduced to 5MHz, the maximum PDCCH aggregation level is 8 (for 15KHz, 3 OS) or 2 (for 30KHz, 3 OS). This is not conducive to the coverage of cell edge users with poor channel conditions. Therefore, when the UE bandwidth is reduced to 5MHz, it is suggested that the number of symbols occupied by the control channel can be increased to improve the PDCCH aggregation level, thereby enhance the coverage of cell edge users.
Proposal 2  For 5MHz bandwidth, it is recommended to increase the number of symbols occupied by the control channel to enhance cell coverage 
Reduced UE peak data rate in FR1
	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
· 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: ], [image: ], [image: ]) [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.


According to 38.306, the approximate data rate for a given number of aggregated carriers in a band or band combination is computed as follows.





[bookmark: OLE_LINK8]Wherein J is the number of aggregated component carriers in a band or band combination. For the j-th CC,  is the average OFDM symbol duration in a subframe for numerology , i.e. .  
According to the above expression of 38.306, the granularity of data rate calculation is one subframe.
Furthermore, one slot in NR supports at most two PDSCH transmissions, so it is necessary to set a maximum TBS value that includes the sum of the TBSs of all PDSCHs in one slot.
Proposal 3  The maximum TBS value should include the sum of TBS(s) of all PDSCH(s) in a slot.
According to the agreement of RAN1#109e, the upper limit of TBS of R18 Redcap UE is different from that of traditional UE, so it is recommended to set a new MCS table to ensure that R18 Redcap UE can obtain the most suitable MCS and maximum possible throughput under the current channel conditions.
Proposal 4  It is recommended to set a new MCS table for R18 Redcap UE to meet peak rate requirements.
Relaxed UE processing time
	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.


[bookmark: _Hlk55146228]According to 38.213 and the agreement of RAN1#109e, we can obtain the N1 and N2 values under different UE capabilities and conditions as shown in Table 1~Table 4.
Table 1: PDSCH processing time for R18 Redcap UE PDSCH processing capability 1
	

	PDSCH decoding time N1 [symbols]

	
	dmrs-AdditionalPosition = 'pos0' in 
DMRS-DownlinkConfig in
dmrs-DownlinkForPDSCH-MappingTypeA and dmrs-DownlinkForPDSCH-MappingTypeB if either higher layer parameter is configured, and in dmrs-DownlinkForPDSCH-MappingTypeA-DCI-1-2 and dmrs-DownlinkForPDSCH-MappingTypeB-DCI-1-2 if either higher layer parameter is configured
	dmrs-AdditionalPosition ≠ 'pos0' in 
DMRS-DownlinkConfig in any of 
dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB, dmrs-DownlinkForPDSCH-MappingTypeA-DCI-1-2, dmrs-DownlinkForPDSCH-MappingTypeB-DCI-1-2,
or if none of the higher layer parameters is configured

	0
	16
	
2

	1
	20
	26


Table 2: PDSCH processing time for R18 Redcap UE PDSCH processing capability 2
	

	PDSCH decoding time N1 [symbols]

	
	dmrs-AdditionalPosition = 'pos0' in 
DMRS-DownlinkConfig in 
dmrs-DownlinkForPDSCH-MappingTypeA and dmrs-DownlinkForPDSCH-MappingTypeB if either higher layer parameter is configured, and in dmrs-DownlinkForPDSCH-MappingTypeA-DCI-1-2 and dmrs-DownlinkForPDSCH-MappingTypeB-DCI-1-2 if either higher layer parameter is configured

	0
	12

	1
	18


Table 3: PUSCH preparation time for R18 Redcap UE PUSCH timing capability 1
	

	PUSCH preparation time N2 [symbols]

	0
	20

	1
	24



Table 4: PUSCH preparation time for R18 Redcap UE PUSCH timing capability 2
	

	PUSCH preparation time N2 [symbols]

	0
	10

	1
	11


According to 38.213, N1 and N2 are related to the HARQ-ACK feedback time K1 and the PUSCH scheduling time K2. Therefore, if the UE processing times N1 and N2 are relaxed, the value range of K1 and the value of K2 corresponding to the default TDRA tables need to be adjusted.      
Proposal 5  If the UE processing time N1 and N2 are relaxed, the value range of K1 and the value of K2 corresponding to the default TDRA table need to be adjusted.
Furthermore, due to the introduction of new N1 and N2 values, a new UE processing capability table needs to be defined for R18 Redcap UEs to include the new N1 and N2 values. For example, the new UE processing capability tables can be set as shown in Table 1 to Table 4.
Proposal 6  It is recommended to set new UE processing capability tables with new N1 and N2 values. 
Conclusions
In this contribution, the features of UE complexity reduction and their possible impact on the features are discussed, and the following proposals are made.
Proposal 1  For 30KHz SCS, 12 contiguous RBs can be assumed to fit within the 5 MHz.
Proposal 2  For 5MHz bandwidth, it is recommended to increase the number of symbols occupied by the control channel to enhance cell coverage. 
Proposal 3  The maximum TBS value should include the sum of TBS(s) of all PDSCH(s) in a slot.
Proposal 4  It is recommended to set a new MCS table for R18 Redcap UE to meet peak rate
requirements.
Proposal 5  If the UE processing time N1 and N2 are relaxed, the value range of K1 and the value of K2 corresponding to the default TDRA table need to be adjusted.
Proposal 6  It is recommended to set new UE processing capability tables with new N1 and N2 values.
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