3GPP TSG RAN WG1 #111


R1-2211372
Toulouse, France, November 14th – 18th, 2022

Source: 
     Xiaomi
Title:
Discussion on further complexity reduction for eRedCap UEs 
Agenda item:    9.6.1
Document for:  Discussion 
1 Introduction
During RAN1#110bis-e meeting, the following agreements on further complexity reduction for eRedCap UEs were achieved.
	Initial BWP

Agreement:
For a cell supporting both Rel-17 and Rel-18 RedCap UEs,

· The Rel-18 RedCap UEs can share the same separate initial DL/UL BWP as the Rel-17 RedCap UEs.

· FFS: whether to support an additional separate initial DL/UL BWP specific to Rel-18 RedCap UEs
Number of PRBs

Agreement: (replaced by later agreement)
For UE BB bandwidth reduction, for PUSCH, down-select between the following options for the maximum number of PRBs that the UE can transmit:

· Option 1: 28 PRBs for 15 kHz SCS and 14 PRBs for 30 kHz SCS

· Option 2: 27 PRBs for 15 kHz SCS and 13 PRBs for 30 kHz SCS

· Option 3: 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS

· Option 4: 25 PRBs for 15 kHz SCS and 11 PRBs for 30 kHz SCS

For UE BB bandwidth reduction, for PDSCH (at least for unicast), down-select between the following options for the maximum number of PRBs that the UE can [receive/process]:

· Option 1: 28 PRBs for 15 kHz SCS and 14 PRBs for 30 kHz SCS

· Option 2: 27 PRBs for 15 kHz SCS and 13 PRBs for 30 kHz SCS

· Option 3: 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS

· Option 4: 25 PRBs for 15 kHz SCS and 11 PRBs for 30 kHz SCS

Same option will be selected for both PDSCH (at least for unicast) and PUSCH

Agreement:
Replace the agreement on the maximum number of PRBs supported by UE with the following:

For UE BB bandwidth reduction, for PUSCH, down-select between the following options for the maximum number of PRBs that the UE can transmit per slot or per hop, if applicable:

· Option 1: 28 PRBs for 15 kHz SCS and 14 PRBs for 30 kHz SCS

· Option 2: 27 PRBs for 15 kHz SCS and 13 PRBs for 30 kHz SCS

· Option 3: 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS

· Option 4: 25 PRBs for 15 kHz SCS and 11 PRBs for 30 kHz SCS

For UE BB bandwidth reduction, for PDSCH (at least for unicast), down-select between the following options for the maximum number of PRBs that the UE can process per slot:

· Option 1: 28 PRBs for 15 kHz SCS and 14 PRBs for 30 kHz SCS

· Option 2: 27 PRBs for 15 kHz SCS and 13 PRBs for 30 kHz SCS

· Option 3: 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS

· Option 4: 25 PRBs for 15 kHz SCS and 11 PRBs for 30 kHz SCS

Same option will be selected for both PDSCH (at least for unicast) and PUSCH.

SIB1 bandwidth
Agreement: (replaced by later agreement)
For UE BB bandwidth reduction, for SIB1 (PDSCH) to Rel-18 RedCap UEs, down-select between the following options:

· Option 1: Restrict the scheduling of SIB1 to be within 5 MHz

· Option 2: Allow the scheduling of SIB1 to be larger than 5 MHz (as in legacy operation)

· FFS: whether 5MHz is assumed to be physically contiguous

Agreement:
Replace the agreement on SIB1(PDSCH) for UE BB bandwidth reduction with the following:

For UE BB bandwidth reduction, for SIB1 (PDSCH),

· Allow the scheduling of SIB1 to be larger than 5 MHz (as in legacy operation)

· FFS: UE post-FFT buffering “assumption”

OSI bandwidth
Agreement: (replaced by later agreement)
For UE BB bandwidth reduction, for broadcast OSI (PDSCH) to Rel-18 RedCap UEs, down-select between the following options:

· Option 1: Restrict the scheduling of OSI PDSCH to be within 5 MHz

· Option 2: Allow the scheduling of OSI PDSCH to be larger than 5 MHz (as in legacy operation)

· FFS: whether 5MHz is assumed to be physically contiguous

Agreement:
Replace the agreement on broadcast OSI (PDSCH) for UE BB bandwidth reduction with the following:

For UE BB bandwidth reduction, for broadcast OSI (PDSCH),

· Allow the scheduling of broadcast OSI (PDSCH) to be larger than 5 MHz (as in legacy operation)

 

Paging bandwidth
Agreement:
For UE BB bandwidth reduction, for paging channel (PDSCH) to Rel-18 RedCap UEs, down-select between the following options:

· Option 1: Restrict the scheduling of paging channel to be within 5 MHz

· Option 2: Allow the scheduling of paging channel to be larger than 5 MHz (as in legacy operation)

· FFS: whether 5MHz is assumed to be physically contiguous

RAR bandwidth
Agreement:
For UE BB bandwidth reduction, for RAR (PDSCH) to Rel-18 RedCap UEs, down-select between the following options:

· Option 1: Restrict the scheduling of RAR PDSCH to be within 5 MHz

· Option 2: Allow the scheduling of RAR PDSCH to be larger than 5 MHz (as in legacy operation)

· FFS: whether 5MHz is assumed to be physically contiguous

 

PUSCH bandwidth
Agreement:
For UE BB bandwidth reduction, a UE is not expected to receive an UL grant in a DCI with a PUSCH resource allocation spanning a bandwidth of more than ~5 MHz per slot or per hop, if applicable.

Agreement:
· For UE BB bandwidth reduction, a UE is not expected to be configured with a CG grant with a PUSCH resource allocation spanning a bandwidth of more than ~5 MHz per slot or per hop, if applicable.

· For UE BB bandwidth reduction, it is FFS whether a UE can be expected to receive an UL grant in a RAR with a Msg3 PUSCH resource allocation spanning a bandwidth of more than ~5 MHz per slot or per hop, if applicable.

UE peak data rate reduction
Agreement:
· UE peak data rate reduction is supported at least as an add-on to UE BB bandwidth reduction,

· The constraint vLayers·Qm·f ≥ 4 is relaxed to vLayers·Qm·f ≥ X.

· FFS: the value of X 

· If UE peak data rate reduction is supported as a standalone feature,

· The constraint vLayers·Qm·f ≥ 4 is relaxed to vLayers·Qm·f ≥ Y.

· FFS: the value of Y

· Note: Whether this option is supported will be decided in RAN plenary.




In this contribution, we will focus on several issues to further reduce UE complexity/cost in FR1 and share our considerations.  

2 Discussion 
2.1 Further UE bandwidth reduction
In RAN#97 meeting, option BW3 is chosen as the main solution to further reduce UE bandwidth [1]. For BW3, as shown in the Figure 1, only the baseband of PDSCH for both unicast and broadcast and PUSCH is reduced to 5MHz, other control channels and signals and the RF channel bandwidth remain the same 20MHz as for R17 RedCap UEs in FR1. 
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Figure 1 Example of UE BB bandwidth reduction
During last RAN plenary meeting discussion, some companies mentioned that it should be further clarified in the RAN1 meeting that whether the complexity/cost of post-FFT buffering will be reduced for BW3. Several companies pointed out that, for the cost analysis as captured in TR 38.865 [2], the post-FFT buffering is assumed to have certain degrees of cost reduction for BW3; while for the technical design, some other companies believed that the performance loss of SIB1>5MHz for BW3 can be compensated by several times of HARQ combinations with one-shot transmission, and with the assumption that the cost of post-FFT buffering won’t be reduced. Thus, in this section, we first re-evaluate the cost of BW3 with and without the cost of post-FFT data buffering reduction respectively, and then focus on the detailed design for BW3. 
Post-FFT buffering design  

Assumption 1: BW3 may have certain degrees of impacts on the post-FFT data buffering depending on the scheduling aspects, e.g., cross-slot scheduling. Based on this assumption, the following functional blocks can be reduced: 
· Post-FFT data buffering

· Receiver processing block

· LDPC decoding

· HARQ buffer

· UL processing block
The detailed cost analysis of the Option BW3 with the cost of post-FFT data buffering reduction are summarized in Table.1 and Table.2 for FDD and TDD, respectively. Compared with Rel-17 reference RedCap UE, there are around 8.54% and 8.06% cost reduction for FDD and TDD, respectively. 

Assumption 2: For BW3, In order to achieve HARQ combinations with one-slot transmission for broadcast PDSCH channels, the cost of post-FFT data buffering won’t be reduced. Based on this assumption, the following functional blocks can be reduced:
· Receiver processing block

· LDPC decoding

· HARQ buffer

· UL processing block

The detailed cost analysis of the Option BW3 without the cost of post-FFT data buffering reduction are summarized in Table.3 and Table.4 for FDD and TDD, respectively. Compared with Rel-17 reference RedCap UE, there are around 7.48% and 7.21% cost reduction for FDD and TDD, respectively.

From above quantitative analysis, we can observe that about 1% cost can be saved for both FDD and TDD band with the assumption that cost of the functional block of post-FFT data buffering can be reduced. From our point of view, in order to improve the transmission performance of the broadcast PDSCH channel, such as SIB1, OSI, paging or RAR, we think it is reasonable to sacrifice 1% cost saving gain from post-FFT data buffering. That is, the cost of post-FFT buffering reduction won’t be reduced for option BW3. In this way, there is no need to involve additional design for the enhancement of broadcast PDSCH, i.e., separate paging or RAR is not needed anymore.  Besides, it should be emphasized that for broadcast PDSCH scheduling, the channel bandwidth can be larger than 5MHz.
Observation 1: With the assumption of the cost reduction of post-FFT data buffering for BW3, additional ~1% cost saving gain can be obtained in both FD-FDD and TDD band with 1 RX.
Observation 2: For broadcast PDSCH with channel bandwidth>5MHz, HARQ combination can be performed by UE implementation with the assumption that the cost of post-FFT data buffering to 20MHz.
Proposal 1: Support the assumption of the post-FFT data buffering to 20MHz.

Proposal 2: For PDSCH carrying paging or RACH messages, the channel bandwidth can be larger than 5MHz.
Table 1: UE cost analysis for BW3 with the cost of post-FFT buffering reduction for FD-FDD 1Rx
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RF: Power amplifier  25% 24.12% 24.09%

RF: Filters 10% 5.06% 5.06%

RF: Transceiver (incl. LNAs, mixer, and local oscillator) 45% 23.76% 23.76%

RF: Duplexer / Switch 20% 19.52% 19.52%

RF: Total 100.00% 72.46% 72.43%

BB: ADC / DAC 10% 1.30% 1.27%

BB: FFT/IFFT 4% 0.67% 0.65%

BB: Post-FFT data buffering 10% 1.05% 0.26%

BB: Receiver processing block 24% 4.42% 2.07%

BB: LDPC decoding 10% 1.29% 0.51%

BB: HARQ buffer 14% 1.46% 0.45%

BB: DL control processing & decoder 5% 4.73% 4.52%

BB: Synchronization / cell search block 9% 4.61% 4.58%

BB: UL processing block 5% 2.69% 1.69%

BB: MIMO specific processing blocks 9% 4.04% 3.91%

BB: Total 100.00% 26.26% 19.91%

RF+BB: Total   100.00% 44.74% 40.92%


Table 2: UE cost analysis for BW3 with the cost of post-FFT buffering reduction for TDD 1Rx
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RF: Power amplifier  25% 24.08% 24.05%

RF: Filters 15% 3.94% 3.94%

RF: Transceiver (incl. LNAs, mixer, and local oscillator) 55% 19.05% 19.05%

RF: Duplexer / Switch 5% 4.97% 4.97%

RF: Total 100.00% 52.04% 52.01%

BB: ADC / DAC 9% 0.76% 0.73%

BB: FFT/IFFT 4% 0.40% 0.38%

BB: Post-FFT data buffering 10% 0.59% 0.15%

BB: Receiver processing block 29% 3.21% 1.56%

BB: LDPC decoding 9% 0.79% 0.33%

BB: HARQ buffer 12% 0.79% 0.40%

BB: DL control processing & decoder 4% 3.68% 3.55%

BB: Synchronization / cell search block 9% 2.49% 2.45%

BB: UL processing block 5% 2.69% 1.70%

BB: MIMO specific processing blocks 9% 2.27% 2.21%

BB: Total 100.00% 17.66% 13.46%

RF+BB: Total  100.00% 31.41% 28.88%


Table 3: UE cost analysis for BW3 without the cost of post-FFT buffering reduction for FD-FDD 1Rx
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RF: Power amplifier  25% 24.12% 24.09%

RF: Filters 10% 5.06% 5.06%

RF: Transceiver (incl. LNAs, mixer, and local oscillator) 45% 23.76% 23.76%

RF: Duplexer / Switch 20% 19.52% 19.52%

RF: Total 100.00% 72.46% 72.43%

BB: ADC / DAC 10% 1.30% 1.27%

BB: FFT/IFFT 4% 0.67% 0.65%

BB: Post-FFT data buffering 10% 1.05% 1.05%

BB: Receiver processing block 24% 4.42% 2.07%

BB: LDPC decoding 10% 1.29% 0.51%

BB: HARQ buffer 14% 1.46% 0.45%

BB: DL control processing & decoder 5% 4.73% 4.52%

BB: Synchronization / cell search block 9% 4.61% 4.58%

BB: UL processing block 5% 2.69% 1.69%

BB: MIMO specific processing blocks 9% 4.04% 3.91%

BB: Total 100.00% 26.26% 20.70%

RF+BB: Total   100.00% 44.74% 41.39%


Table 4: UE cost analysis for BW3 without the cost of post-FFT buffering reduction for TDD 1Rx
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RF: Power amplifier  25% 24.08% 24.05%

RF: Filters 15% 3.94% 3.94%

RF: Transceiver (incl. LNAs, mixer, and local oscillator) 55% 19.05% 19.05%

RF: Duplexer / Switch 5% 4.97% 4.97%

RF: Total 100.00% 52.04% 52.01%

BB: ADC / DAC 9% 0.76% 0.73%

BB: FFT/IFFT 4% 0.40% 0.38%

BB: Post-FFT data buffering 10% 0.59% 0.59%

BB: Receiver processing block 29% 3.21% 1.56%

BB: LDPC decoding 9% 0.79% 0.33%

BB: HARQ buffer 12% 0.79% 0.40%

BB: DL control processing & decoder 4% 3.68% 3.55%

BB: Synchronization / cell search block 9% 2.49% 2.45%

BB: UL processing block 5% 2.69% 1.70%

BB: MIMO specific processing blocks 9% 2.27% 2.21%

BB: Total 100.00% 17.66% 13.90%

RF+BB: Total  100.00% 31.41% 29.14%


Unicast PDSCH bandwidth

For unicast PDSCH bandwidth, there is two issues needs to be further studied: The first issue is whether the allocated RBs could larger than 5MHz; the second issue is whether the physical RBs could span more than 5MHz. For the first issue, since unicast PDSCH is separately scheduled for each UE, it doesn’t need to consider coexistence issues with legacy UEs like broadcast PDSCH. Besides, since the target data rate for eRedCap UEs is reduced in accordance with bandwidth reduction, and the processing capability of eRedCap UEs baseband is up to 5MHz, it is not reasonable to allocate more than 5MHz frequency domain resource for unicast PDSCH.  For the second issue, it is mainly related to interleaving of VRB-to-PRB for the continuous resource allocation type, i.e., RA type 1, whether it is performed within 5MHz or spanning more than 5MHz. From our point of view, with 20MHz post-FFT buffering size, even if the mapped physical resources are discretely distributed beyond the 5MHz bandwidth, the corresponding symbols can still be stored and indexed, so there is no need to limit all the PRBs to within 5MHz. Based on this, there is no need to configure the frequency location for unicast PDSCH within a larger BWP anymore.  
Proposal 3: Don’t support allocating number of RBs more than 5MHz for unicast PDSCH.

Proposal 4: With the assumption of 20MHz post-FFT buffering size, physical resource blocks can span more than 5MHz.

Proposal 5: With the assumption of 20MHz post-FFT buffering size, don’t support the configuration of the frequency location for unicast PDSCH.
2.2 Reduced UE peak data rate
· Option PR1: Relaxation of the constraint  [image: image7.png](1) Q(i) . f(,')
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The peak data rate can be calculated by the following formula as given in Clause 4.1.2 in TS 38.306:
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Where v is the maximum number of supported layers reported by the UE, and Q is given by RRC parameter supportedModulationOrderDL or supportedModulationOrderUL to calculate the peak data rate. While, the actual modulation order used for PDSCH/PUSCH scheduling can be larger than the above one reported by UE. The scaling factor f is also reported by UE to reflect the mismatch between RF and baseband processing capabilities. In R15/16, the product of the three factors is constraint to be greater than 4 to ensure the peak data rate. Since the peak data rate required by R18 RedCap UE is also reduced, the constraint can be relaxed either.

According to the R18 eRedCap WID [1], option PR1 was agreed to specify for reduced UE peak data rate. According to previous discussions in both RAN plenary meeting and the RAN1 group meeting, there is two issues need to be clarified for PR1: one issue is whether the PR1 is a standalone solution independent of the UE bandwidth reduction, or it is an add-on solution on top of UE bandwidth reduction; another issue is what is the relaxed constraint value for eRedCap UEs.

As shown in TR 38.865 [2], the average UE complexity reduction achieved by PR1 reduction compared to corresponding R17 RedCap UEs is around 4.13% and 4.02% in FR1 FD-FDD band and TDD band with 1 RX, respectively. However, according to our analysis in section 2.1, without reducing the post-FFT data buffering cost, option BW3 can achieve additional around 3.35% and 3.19% cost saving gain in FDD band and TDD band separately, which has the same less specification impact as PR1. In conclusion, we can’t see any benefit to take option PR1 as a standalone solution. For BW3, ~20Mbps peak data rate can be achieved while the target data rate for eRedCap UEs is 10Mbps, so it is reasonable to take PR1 as an add-on solution on top of BW3. Besides, it is obvious that it is not appropriate to adopt “1” as the relaxed constraint as in the R18 eRedCap SI phase since it is not a SA solution anymore. We think it is may be appropriate to relax the constraint value to 2.
Proposal 6: Option PR1 is an add-on solution on top of option BW3.
Proposal 7: For option PR1, we recommend the relaxed constraint is 2.
2.3 The higher layer support for eRedCap
In this section, we will discuss UE type definition, access control and early indication separately, which are also related to higher layer aspects.

UE type definition

For R18 eRedCap UE, since the baseband bandwidth for PDSCH and PUSCH channel is smaller than R17 RedCap UE, it is essential to define a new UE type for gNB to adopt a reasonable scheduling strategy. For example, if the UE indicates that it is a eRedCap UE type, the gNB is enable to indicate an appropriate number of resources for unicast PDSCH and PUSCH and/or MCS or MIMO layers to avoid the TB size exceeding the baseband processing capability. For the identification list of eRedCap UE type, it is no doubt that BB bandwidth for PDSCH and PUSCH can be added in.
Proposal 8: Take the BB bandwidth for PDSCH and PUSCH as an identification for the new eRedCap UE type.
Access control

 Since the limited baseband bandwidth of data channels may increase resource fragmentation and may increase the complexity of network scheduling, and considering that some R17 network without upgrading may not support eRedCap UEs, separate design of access control may be needed for eRedCap UEs. Specifically, a new separate cell bar and a new IFRI field can be configured in the shared SIB1 for eRedCap UEs.
Proposal 9: introduce a new cell bar and an IFRI field in SIB1 for eRedCap UEs.
Early indication 
Even if a eRedCap UE is capable of receiving RAR message through PDSCH>5MHZ without any performance degradation, it is essential to introduce a separate early indication mechanism for eRedCap UEs, mainly because that with serval numbers of HARQ combinations, the RAR processing time may be longer than R17 RedCap UEs. By early indication, the gNB could allocate proper time domain resources for Msg.3 transmission for different type of UEs. Besides, for Msg.3, it is better to schedule it within 5MHz for the fasibility of reception and processing at gNB side. In conclusion, separate early indication is needed for eRedCap UEs.
Proposal 10: Support separate early indication for eRedCap UEs.
3 Conclusion  
In this contribution, we discuss several issues to further reduce UE complexity/cost in FR1. Based on the discussion, our views are summarized as follows.

Observation 1: With the assumption of the cost reduction of post-FFT data buffering for BW3, additional ~1% cost saving gain can be obtained in both FD-FDD and TDD band with 1 RX.
Observation 2: For broadcast PDSCH with channel bandwidth>5MHz, HARQ combination can be performed by UE implementation with the assumption that the cost of post-FFT data buffering to 20MHz.

Proposal 1: Support the assumption of the post-FFT data buffering to 20MHz.
Proposal 2: For PDSCH carrying paging or RACH messages, the channel bandwidth can be larger than 5MHz.
Proposal 3: Don’t support allocating number of RBs more than 5MHz for unicast PDSCH.
Proposal 4: With the assumption of 20MHz post-FFT buffering size, physical resource blocks can span more than 5MHz.
Proposal 5: With the assumption of 20MHz post-FFT buffering size, don’t support the configuration of the frequency location for unicast PDSCH.
Proposal 6: Option PR1 is an add-on solution on top of option BW3.
Proposal 7: For option PR1, we recommend the relaxed constraint is 2.
Proposal 8: Take the BB bandwidth for PDSCH and PUSCH as an identification for the new eRedCap UE type.
Proposal 9: introduce a new cell bar and an IFRI field in SIB1 for eRedCap UEs.
Proposal 10: Support separate early indication for eRedCap UEs.
Reference

[1] RP-222675, “New WID on enhanced support of reduced capability NR devices”, 3GPP TSG RAN meeting #97-e, electronic meeting, September 12-16, 2022
[2] 3GPP TR 38.865 V18.0.1
_1721820968.unknown

