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The following has been agreed as a progress for further complexity reduction for RedCap UEs in RAN1 #109-e:

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 ( , ) [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, we further discuss on UE complexity reduction schemes for RedCap UEs.
Discussion
UE BW reduction
A couple of UE BW reduction options were discussed, and the group agreed to study further for the following UE BW options [1]:
· Option BW1: Both RF and BB bandwidths are 5 MHz for UL and DL.
· Option BW2: 5 MHz BB bandwidth for all signals and channels with 20 MHz RF bandwidth 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.
Using the reference cost model agreed for Rel-17 RedCap [3] and the methodology as in [2], Table 1 provides an estimate of cost savings achieved by the three UE BW options when the maximum BW is reduced from 20 MHz to 5 MHz. Note that these numbers are estimates and actual savings would be determined by the specific implementation; they may nevertheless provide some insight as to potential savings.

Table 1 Cost saving of BW reduction options (5 MHz) over Rel-17 RedCap UE
	Reduced UE bandwidth (5 MHz instead of 20 MHz)
	 Reference 
	 Option1
	Option2
	Option3

	RF: Power amplifier 
	25.0%
	20.0%
	25.0%
	25.0%

	RF: Filters
	10.0%
	10.0%
	10.0%
	10.0%

	RF: Transceiver (including LNAs, mixer, and local oscillator)
	45.0%
	35.0%
	45.0%
	45.0%

	RF: Duplexer / Switch
	20.0%
	20.0%
	20.0%
	20.0%

	RF: Total
	100.0%
	85.0%
	100.0%
	100.0%

	BB: ADC / DAC
	10.0%
	2.5%
	10.0%
	10.0%

	BB: FFT/IFFT
	4.0%
	1%
	1%
	4.0%

	BB: Post-FFT data buffering
	10.0%
	2.5%
	2.5%
	10%

	BB: Receiver processing block
	24.0%
	6%
	6%
	12%

	BB: LDPC decoding
	10.0%
	2.5%
	2.5%
	2.5%

	BB: HARQ buffer
	14.0%
	3.5%
	3.5%
	3.5%

	BB: DL control processing & decoder
	5.0%
	3%
	3%
	5%

	BB: Synchronization / cell search block
	9.0%
	9.0%
	9.0%
	9.0%

	BB: UL processing block
	5.0%
	2.0%
	2.0%
	2.0%

	BB: MIMO specific processing blocks
	9.0%
	9.0%
	9.0%
	9.0%

	BB: Total
	100.0%
	41%
	48.5%
	67%

	RF+BB: Total (with RF:BB cost split 40:60)
	100.0%
	58.6%
	69.1%
	80.2%

	Cost savings
	100.0%
	41.4%
	30.9%
	19.8%



Considering the target use case for Rel-18 RedCap UEs (e.g., smart grid), the cost saving should be considered as a high priority. Based on the Table 1, it can be anticipated that larger cost saving can be achieved from more bandwidth restriction (e.g., Option BW1 and BW2) although it may increase standards impacts at the same time. To achieve a meaningful cost saving, the group should consider supporting Option BW1 or Option BW2.
Observation-1: to achieve a meaningful cost reduction gain, either Option BW1 or Option BW2 should be considered with higher specification impacts.

Cell search and system information acquisition
Per agreement, 11 contiguous RBs (12 RBs optionally) are assumed to fit within 5MHz for all bandwidth reduction options considered for 30kHz subcarrier spacing.
As PBCH spans 20RBs, the UE with reduced bandwidth capability would not be sufficient to cover the PBCH for 30kHz SCS. Note that there are many FR1 bands supporting 30kHz SCS and some of them only support 30kHz SCS as shown in the Table 1 [4]
To address this issue, we can consider several options such as Option-1) UE can simply discard the subcarriers beyond the maximum UE BW and compensate for the loss (e.g., by time accumulation) – this option is evaluated in our companion contribution [5], Option-2) design a new channel for RedCap UEs to replace the legacy PBCH, and Option-3) use only 15kHz SCS for SSBs. The Option-3 is not desirable since the RedCap UEs may not be supported in some frequency bands and operator may not have a flexibility to choose subcarrier spacing. The Option-2 may be beneficial in terms of performance and network flexibility but requiring high specification impacts.
Observation-2: PBCH bandwidth is larger than RedCap UE bandwidth with 30 kHz SCS.
Proposal-1: Study PBCH performance impact due to smaller UE bandwidth for 30kHz SCS.

Table 1 NR operating bands in FR1
	NR operating band
	SS Block SCS
	SS Block pattern1
	Range of GSCN
(First – <Step size> – Last)

	n1
	15 kHz
	Case A
	5279 – <1> – 5419

	n2
	15 kHz
	Case A
	4829 – <1> – 4969

	n3
	15 kHz
	Case A
	4517 – <1> – 4693

	n5
	15 kHz
	Case A
	2177 – <1> – 2230

	
	30 kHz
	Case B
	2183 – <1> – 2224

	n7
	15 kHz
	Case A
	6554 – <1> – 6718

	n8
	15 kHz
	Case A
	2318 – <1> – 2395

	n12
	15 kHz
	Case A
	1828 – <1> – 1858

	n13
	15 kHz
	Case A
	1871 – <1> – 1885

	n14
	15 kHz
	Case A
	1901 – <1> – 1915

	n18
	15 kHz
	Case A
	2156 – <1> – 2182

	n20
	15 kHz
	Case A
	1982 – <1> – 2047

	n24
	15 kHz
	Case A
	3818 – <1> – 3892

	
	30 kHz
	Case B
	3824 – <1> – 3886

	n25
	15 kHz
	Case A
	4829 – <1> – 4981

	n26
	15 kHz
	Case A
	2153 – <1> – 2230

	n28
	15 kHz
	Case A
	1901 – <1> – 2002

	n29
	15 kHz
	Case A
	1798 – <1> – 1813

	n30
	15 kHz
	Case A
	5879 – <1> – 5893

	n34
	15 kHz
	Case A
	NOTE 5

	
	30 kHz
	Case C
	5036 – <1> – 5050

	n38
	15 kHz
	Case A
	NOTE 2

	
	30 kHz
	Case C
	6437 – <1> – 6538

	n39
	15 kHz
	Case A
	NOTE 6

	
	30 kHz
	Case C
	4712 – <1> – 4789

	n40
	30 kHz
	Case C
	5762 – <1> – 5989

	n41
	15 kHz
	Case A
	6246 – <3> – 6717

	
	30 kHz
	Case C
	6252 – <3> – 6714

	n463
	30 kHz
	Case C
	8993 – <1> – 9530

	n48
	30 kHz
	Case C
	7884 – <1> – 7982

	n50
	30 kHz
	Case C
	3590 – <1> – 3781

	n51
	15 kHz
	Case A
	3572 – <1> – 3574

	n53
	15 kHz
	Case A
	6215 – <1> – 6232

	n65
	15 kHz
	Case A
	5279 – <1> – 5494

	n66
	15 kHz
	Case A
	5279 – <1> – 5494

	
	30 kHz
	Case B
	5285 – <1> – 5488

	n67
	15 kHz
	Case A
	1850 – <1> – 1888

	n70
	15 kHz
	Case A
	4993 – <1> – 5044

	n71
	15 kHz
	Case A
	1547 – <1> – 1624

	n74
	15 kHz
	Case A
	3692 – <1> – 3790

	n75
	15 kHz
	Case A
	3584 – <1> – 3787

	n76
	15 kHz
	Case A
	3572 – <1> – 3574

	n77
	30 kHz
	Case C
	7711 – <1> – 8329

	n78
	30 kHz
	Case C
	7711 – <1> – 8051

	n79
	30 kHz
	Case C
	8480 – <16> – 88807

	
	
	
	8475 – <1> – 88848

	n85
	15 kHz
	Case A
	1826 – <1> – 1858

	n90
	15 kHz
	Case A
	6246 – <1> – 6717

	
	30 kHz
	Case C
	6252 – <1> – 6714

	n91
	15 kHz
	Case A
	3572 – <1> – 3574

	n92
	15 kHz
	Case A
	3584 – <1> – 3787

	n93
	15 kHz
	Case A
	3572 – <1> – 3574

	n94
	15 kHz
	Case A
	3584 – <1> – 3787

	n964
	30 kHz
	Case C
	9531 – <1> – 10363

	NOTE 1:	SS Block pattern is defined in clause 4.1 in TS 38.213 [8].
NOTE 2:	The applicable SS raster entries are GSCN = {6432, 6443, 6457, 6468, 6479, 6493, 6507, 6518, 6532, 6543}.
NOTE 3:	The following GSCN are allowed for operation in band n46:
	GSCN = {8996, 9010, 9024, 9038, 9051, 9065, 9079, 9093, 9107, 9121, 9218, 9232, 9246, 9260, 9274, 9288, 9301, 9315, 9329, 9343, 9357, 9371, 9385, 9402, 9416, 9430, 9444, 9458, 9472, 9485, 9499, 9513}.
NOTE 4:	The following GSCN are allowed for operation in band n96:
	GSCN = {9548, 9562, 9576, 9590, 9603, 9617,9631, 9645, 9659, 9673, 9687, 9701, 9714, 9728, 9742, 9756, 9770, 9784, 9798, 9812, 9826, 9840, 9853, 9867, 9881, 9895, 9909, 9923, 9937, 9951, 9964, 9978, 9992, 10006, 10020, 10034, 10048, 10062, 10076, 10090, 10103, 10117, 10131, 10145, 10159, 10173, 10187, 10201, 10214, 10228, 10242, 10256, 10270, 10284, 10298, 10312, 10325, 10339, 10353}.
NOTE 5:	The applicable SS raster entries are GSCN = {5032, 5043, 5054}
NOTE 6:	The applicable SS raster entries are GSCN = {4707, 4715, 4718, 4729, 4732, 4743, 4747, 4754, 4761, 4768, 4772, 4782, 4786, 4793}
NOTE 7:	The SS raster entries apply for channel bandwidths larger than or equal to 40 MHz
NOTE 8:	The SS raster entries apply for channel bandwidths smaller than 40 MHz



Type0-PDCCH CSS
A UE is informed by gNB for Type0-PDCCH CSS and the configuration of CORESET#0 from MIB [6]. CORESET#0 may contain 24, 48, or 96 RBs over 1 to 3 OFDM symbols with the exact numbers depending on the specific case signalled in the MIB. Among these cases, only 24 RB configuration can be supported for 15 kHz SCS and other configurations are not possible to use for 5MHz bandwidth. Also, there is no CORESET#0 configuration to use for 30kHz SCS. Therefore, CORESET #0 configuration for reduced BW may need to be studied if Option BW1 or Option BW2 is supported.
One potential approach is that only CORESET#0 configurations that can fit into the RedCap UE BW are used by the gNB; this approach, however, is not desirable since it will impact on legacy UE operation as well as flexibility at the network. Furthermore, this type of device may not be supported in some operating bands with 30kHz SCS only. Another approach is for the RedCap UE to discard the subcarriers beyond the maximum UE BW which would result in coverage loss. A potential solution with greater impact is to design a new channel to replace the functionality of Type-0 PDCCH and CORESET#0.
Once SIB1 is received, UE acquires the scheduling information of remaining SIs. If all SI transmission is constrained to be within 5 MHz, this could impact legacy UE operation. One solution would be to introduce a new mechanism for RedCap SI transmission.
Proposal-2: Study new mechanisms for RedCap SI transmission.

Random access
Random access procedure consists of preamble transmission on PRACH, msg2/3/4 transmission and related control signaling. The preamble bandwidth is within RedCap BW, same PRACH preambles can be used. However, in NR, message 2 and message 4 are transmitted within CORESET#0 which could be larger than 5MHz. In addition, due to the association between SSBs and RACH occasions, PRACH may cover a BW larger than 5 MHz.  Finally, early identification of RedCap UEs may be needed to handle some of these problems, e.g., by allocating exclusive PRACH resources to RedCap UEs.
Proposal-3: Study potential impact on RACH msg2/4 reception for Rel-18 RedCap UE.

Paging
For paging, coverage loss may occur due to reduced BW, especially for paging PDCCH and paging early indication channel.

Proposal-4: Study coverage impact for paging channel due to reduced BW.

Connected Mode:
In general, the biggest performance impact from reduced BW seems to be potential coverage and/or SNR loss for control channels since higher AL cannot be supported with 5 MHz. For example, with 30 kHz SCS, the maximum supportable AL is 4 (assuming that 12RBs are possible to be supported) and with 15 kHz SCS the maximum supportable AL is 8. If ALs larger than these are used, then some of the subcarriers would need to be discarded by the UE. The performance of PDCCH is evaluated in our companion contribution [5]. Furthermore, PDCCH blocking probability is expected to increase due to reduced number of PDCCH candidates. 
In addition, some loss in PDSCH and PUSCH performance may occur due to reduced frequency diversity, but this is loss should be manageable since required data rates are also lower for RedCap UEs.

Proposal-5: Study coverage impact for PDCCH, PDSCH, and PUSCH due to reduced BW.

Relaxed processing time
It has been agreed to study further following UE processing time relaxation options for RedCap UEs:
· 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’
The cost saving from UE processing time relaxation was studied during Rel-17 RedCap SI and the group concluded that ~5% cost reduction is expected when doubling N1/N2 or doubling Z/Z’, where the cost saving is mainly from baseband processing for both options.
Given that some of the baseband functional blocks mainly contributing cost saving of each option are overlapped (e.g., receiver processing block, DL control processing & decoder, and UL processing block), the additional cost saving by having both options could be relatively low. Hence, the cost saving from having both options (i.e., doubling N1/N2 and doubling Z/Z’) may provide cost reduction around 7%.
Observation-3: around 7% cost reduction is estimated by using both PT1 and PT2
The most significant impact of relaxed processing time would be increased latency. For RedCap use cases with relaxed latency requirements, (e.g., <500 ms for video surveillance), relaxed processing time should not impact latency. However, for use cases with relatively strict latency requirements (e.g., wireless sensors with latency requirement of 5-10 ms), UE processing time is crucial in achieving the latency budget. During the Rel-17 RedCap SI, several companies provided latency analysis. For example, according to the analysis presented in [8], latency requirement of 5-10 ms can still be met if N1/N2 is doubled from current values. Also, scheduling flexibility could be negatively affected as HARQ-ACK and PUSCH scheduling timing are relaxed.
Observation-4: UE processing time relaxation will negatively affect latency and scheduling flexibility
The specification impact of relaxed processing is expected to be limited; the main impact would be to introduce the new processing times in 38.214.
Observation-5: The specification impact from UE processing time relaxation is very limited.

Peak data rate reduction
The following options for peak data rate reduction were agreed to study:
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.

For the peak data rate reduction options, the main contributors for the cost saving are in baseband processing with following functional blocks:
Receiver processing block
LDPC decoding
HARQ buffer
UL processing block
Considering that the main contributors for the cost saving are more or less the same for all PR options, it is expected that the cost saving from combination of the PR options will be limited. Also, the cost saving from one or more PR options is estimated to be around ~3%.
Observation-6: relatively small cost saving gain is estimated by using one or more PR options.

The specification impact of peak data rate reduction is also expected to be very limited; the main impact would be clarifications in TS 38.306, TS 38.212, and/or TS 38.214.
Observation-7: The specification impact from peak data rate reduction is very limited.

1 Summary
In this contribution, potential techniques to further reduce RedCap UE complexity has been analyzed. The following observations and proposals have been provided.

Observation-1: to achieve a meaningful cost reduction gain, either Option BW1 or Option BW2 should be considered with higher specification impacts.
Observation-2: PBCH bandwidth is larger than RedCap UE bandwidth with 30 kHz SCS.
Observation-3: around 7% cost reduction is estimated by using both PT1 and PT2
Observation-4: UE processing time relaxation will negatively affect latency and scheduling flexibility
Observation-5: The specification impact from UE processing time relaxation is very limited.
Observation-6: relatively small cost saving gain is estimated by using one or more PR options.
Observation-7: The specification impact from peak data rate reduction is very limited.

Proposal-1: Study PBCH performance impact due to smaller UE bandwidth for 30kHz SCS.
Proposal-2: Study new mechanisms for RedCap SI transmission.
Proposal-3: Study potential impact on RACH msg2/4 reception for Rel-18 RedCap UE.
Proposal-4: Study coverage impact for paging channel due to reduced BW.
Proposal-5: Study coverage impact for PDCCH, PDSCH, and PUSCH due to reduced BW.
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