


[bookmark: OLE_LINK8][bookmark: OLE_LINK9]3GPP TSG RAN WG1 #109-e                                                                                R1-2203473
e-Meeting, May 9th – 20th, 2022

Source:	CATT
Title:	Discussion on solutions to further reduce UE complexity in Rel-18
Agenda Item:	9.6.1
Document for:	Discussion and Decision

[bookmark: _Ref521334010]Introduction
In Rel-17, NR supports a special type of NR devices with reduced capability, namely RedCap UE. Typically, in FR1, 20 MHz is supported as the maximum bandwidth. Besides, other capabilities are also introduced to further reduce UE complexity, e.g. reduced number of Rx branches. 
In RAN#94-e, a new SID was approved to further reduce UE complexity in Rel-18 [1]. The objectives include:
	· Study further UE complexity reduction techniques based on Rel-17 evaluation methodology in TR 38.875 [RAN1]
· Consider network impact, coexistence of Rel-17 and Rel-18 RedCap and non-RedCap UEs in a cell, UE impact, specification impact
· Potential solutions, which may complement each other, for reducing device complexity are focusing on:
· UE bandwidth reduction to 5MHz in FR1,
· Possibly in combination with relaxed UE processing timeline for PDSCH and/or PUSCH and/or CSI
· reduced UE peak data rate in FR1, 
· Possibly including restricted bandwidth for PDSCH and/or PUSCH
· Possibly in combination with relaxed UE processing timeline for PDSCH and/or PUSCH and/or CSI
· Notes:
· Rel-15 SSB should be reused and L1 changes minimized.
· Operation in BWP with/without SSB and without/with RF retuning should be considered.
· It is not precluded that some solutions for FR1 can be applied to FR2 in WI stage.
· Aim to define a single Rel-18 RedCap UE type for further UE complexity reduction.


Based on the strong interest, RAN has agreed to study further UE complexity/cost reduction in Rel-18. Potential solutions were identified, i.e. UE bandwidth reduction to 5 MHz, reduced UE peak data rate, and relaxed UE processing time. In this contribution, we provide our views on these potential solutions for Rel-18 RedCap evolution. The preliminary evaluations on the cost of different solutions based on TR 38.875 are also provided. In addition, we analyze the foreseen difficulty and spec impact of different solutions. 

Discussion
General views on Rel-18 RedCap evolution
In Rel-17, RedCap feature was specified to satisfy the market demand of low cost UE. The use cases include industry sensor, video surveillance and wearable device. To support reduced capability UE, NR developed a series of schemes, e.g. reduced maximum UE bandwidth, reduced Rx branch number and DL MIMO layers, reduced maximum modulation order, half-duplex operation, early indication during RACH, RedCap-specific cell access/barring etc. With such great effort across several WGs, Rel-17 RedCap finally became functional workable.
Rel-18 eRedCap should be developed on top of the previous Rel-17 RedCap design. As shown in Figure 1, it is desired to expand the capability or reduce the cost based on the structure of Rel-17 RedCap UE. 
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[bookmark: _Ref101453155]Figure 1 Evolution from Rel-17 RedCap to Rel-18 eRedCap.
In principle, we should utilize what we already have as much as possible. Duplicating the Rel-17 effort should be avoided. When considering Rel-18 RedCap UE capability, we should also keep the health of economic ecosystem in mind. Any design that segmenting the market is nether good for achieving economy of  scale, nor improving the confidence of vendors. This also implies the importance of minimizing the impact on network, Rel-17 RedCap UE, and also non-RedCap UE.
Proposal 1: Rel-18 RedCap should be developed on top of the structure of Rel-17 RedCap UE. Duplicating the Rel-17 effort should be avoided.

[bookmark: _Ref101701747]UE bandwidth reduction to 5 MHz
One possible solution to further reduce UE complexity is to reduce the maximum UE bandwidth. Specifically, 5 MHz is targeted in the SID [1]. In this section, we discuss the cost reduction and potential spec impact for this approach.
Cost reduction
In Table 1, we provide our preliminary evaluation of the cost of UE bandwidth reduction to 5 MHz. The evaluation follows the methodology of TR 38.875 [2], as also required in the SID. The 100 MHz normal UE is used as the baseline.
[bookmark: _Ref101463440]Table 1 Cost evaluation for UE bandwidth reduction to 5 MHz.
	Reduced UE bandwidth
	FR1, FDD
	FR1, TDD

	
	Breakdown
	100 MHz → 20 MHz (Rel-17)
	100 MHz → 5 MHz
	Breakdown
	100 MHz → 20 MHz (Rel-17)
	100 MHz → 5 MHz

	RF: Power amplifier 
	25.0%
	24.1%
	24.1%
	25.0%
	23.8%
	23.8%

	RF: Filters
	10.0%
	10.0%
	10.0%
	15.0%
	14.7%
	14.7%

	RF: Transceiver (including LNAs, mixer, and local oscillator)
	45.0%
	43.7%
	43.7%
	55.0%
	53.0%
	53.0%

	RF: Duplexer / Switch
	20.0%
	20.0%
	20.0%
	5.0%
	5.0%
	5.0%

	RF: Total
	100.0%
	97.7%
	97.7%
	100.0%
	96.4%
	96.4%

	BB: ADC / DAC
	10.0%
	2.8%
	0.8%
	9.0%
	2.0%
	0.6%

	BB: FFT/IFFT
	4.0%
	1.1%
	0.3%
	4.0%
	1.1%
	0.3%

	BB: Post-FFT data buffering
	10.0%
	2.3%
	0.6%
	10.0%
	2.1%
	0.6%

	BB: Receiver processing block
	24.0%
	9.1%
	4.5%
	29.0%
	9.9%
	4.9%

	BB: LDPC decoding
	10.0%
	3.8%
	2.0%
	9.0%
	3.5%
	2.0%

	BB: HARQ buffer
	14.0%
	4.2%
	2.1%
	12.0%
	3.3%
	1.7%

	BB: DL control processing & decoder
	5.0%
	4.5%
	4.5%
	4.0%
	3.7%
	3.7%

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

	BB: UL processing block
	5.0%
	3.4%
	2.8%
	5.0%
	3.7%
	3.1%

	BB: MIMO specific processing blocks
	9.0%
	8.2%
	8.2%
	9.0%
	8.4%
	8.4%

	BB: Total
	100.0%
	48.4%
	34.8%
	100.0%
	46.7%
	34.3%

	RF+BB: Total (with RF:BB cost split 40:60)
	100.0%
	68.1%
	60.0%
	100.0%
	66.6%
	59.1%


In the above table, it is observed that further cost reduction is around 8.1% for FDD and 7.5% for TDD. Note that:
· The RF cost does not change from 20 MHz to 5 MHz. This is aligned with TR 38.875 methodology, i.e. the RF cost from 100 MHz to 20 MHz is almost the same. Such assumption should be suitable, since most RF modules are not affected by the varying of bandwidth.
· The cost of DL control processing & decoder, synchronization /cell search and MIMO specific processing blocks is not changed. This is because we haven’t relaxed any control processing time, nor impact the MIMO specific process.
· The cost reduction in the table only concerns the bandwidth reduction. If it is combined with other cost reduction features, e.g. reduced Rx branch number, reduced maximum modulation order, the cost reduction is even smaller [5].
We have the following observation:
Observation 1: Further cost reduction is around 8.1% for FDD and 7.5% for TDD using 100 MHz as baseline, if the total bandwidth (RF+BB) is reduced from 20 MHz to 5 MHz. 

Foreseen difficulty
The difficulty to support a 5 MHz RedCap UE will be huge for current NR. On one hand, the advantage of NR compared to other systems (e.g. LTE) is marginal when the bandwidth is less than 20 MHz. On the other hand, many cell/group common signals/channels in NR have a frequency range larger than 5 MHz, including Rel-17 RedCap-specific BWP/signals. We need to be more careful when we consider this approach.
The following list summarizes the foreseen difficulty and potential spec impact for bandwidth reduction to 5 MHz:
1) CD-SSB acquisition
A SSB with SCS=30 kHz has a range of 7.2 MHz in frequency domain. Rel-17 RedCap UE is able to receive all configurations of SSB. But obviously, the 5 MHz RedCap UE cannot fully receive SSB with SCS=30 kHz. It can only receive SSB with SCS=15 kHz at a time. Since the SID clearly recites that Rel-15 SSB should be reused, it is possible to restrict the deploying scenario of 5 MHz RedCap UE, i.e. only access the cell with CD-SSB with SCS=15 kHz. But this is really restrictive since CD-SSB with SCS=30 kHz is widely applied and would make this feature useless in real deployment. 
· Another way is to specify sweeping procedure/requirement for cell searching, allowing 5 MHz RedCap UE to scan the CD-SSB with SCS=30 kHz in a TDM manner.
2) CORESET#0, paging and SIB sharing
A CORESET#0 with SCS=30 kHz is no less than 8.64 MHz. Rel-17 RedCap UE is able to monitor PDCCH in all configurations of CORESET#0. But the 5 MHz RedCap UE cannot fully receive CORESET#0 with SCS=30 kHz, either. Even for SCS=15 kHz, the number of PRBs for CORESET#0 can only be configured as 24 PRB. If CORESET#0 is to be shared, we can only restrict the deployment scenario of 5 MHz RedCap UE with CORESET#0 with SCS=15 kHz and 24 PRB. This is quite restrictive to non-RedCap UEs. Congestion issue may arise for common channels.
· Another way is to specify a new common CORESET for 5 MHz RedCap UE for SIB1 acquisition. Note that this is still very different from Rel-17 RedCap UE, since Rel-17 RedCap UE still uses CORESET#0 to receive the scheduling information of SIB1.
· Specifying a new common CORESET may not solve the paging issue, since it is recognized that paging relies on CD-SSB and CORESET#0.
· Specifying a new common CORESET also implies that the SIBs are unlikely to be shared between Rel-18 RedCap UEs and normal UEs. But doubling the system information transmission is an unacceptable burden to the network.
3) Rel-17 separate initial BWP sharing
Separate initial DL and UL BWP can be optionally configured with bandwidth up to 20 MHz. If it is desired that the 5 MHz RedCap UE shares separate initial DL/UL BWP with Rel-17 RedCap UE, the bandwidth of separate initial DL/UL BWP has to be restricted within 5 MHz. This restricts the use of separate initial DL/UL BWP in return, which is unfair to Rel-17 RedCap UE.
· Another choice is to specify a new separate initial DL/UL BWP pair for 5 MHz RedCap UE. Needless to say this makes the resource fragmentation issue more serious, and increase network scheduling complexity. 
4) New separate RACH resource
Separate RACH resources can be optionally configured for Rel-17 RedCap UE. It is desired that Rel-18 RedCap UE can share the same RACH resource with Rel-17 RedCap UE or non-RedCap UE. But if the bandwidth of Rel-18 RedCap UE is reduced to 5 MHz, the configurable RACH resource is quite restricted, e.g. the FDMed RACH occasion can only be one. 
· Another choice is to introduce new separate RACH resource for 5 MHz RedCap UE. Consequently, the blind detection burden of network is largely increased, and the available resource for data transmission is reduced.
5) NCD-SSB transmission
During Rel-17, exhaustive debate lasted for almost a year on whether FG 6-1a is mandatory or not and whether NCD-SSB should be transmitted in different cases. At last, it is reluctantly accepted that FG 6-1a is optional, and NCD-SSB should be transmitted in an active BWP in connected mode for a RedCap UE who supports FG 6-1 only. In Rel-18, if FG 6-1a is still optional for 5 MHz RedCap UE, the transmission requirement of NCD-SSB is a disaster to the network. 
· To achieve a good load balance for 5 MHz RedCap UE, plenty of NCD-SSB will be required, i.e. one NCD-SSB set per 5 MHz in the carrier.
Before we make a final choice, we should keep the following observation in mind.
Observation 2: Reducing the UE bandwidth to 5 MHz brings significant difficulty in CD-SSB acquisition, CORESET#0 and SIB sharing, paging reception, Rel-17 separate initial DL/UL BWP sharing, RACH resource sharing and NCD-SSB requirement.

[bookmark: _Ref101701767]Reduced UE peak data rate
Another possible solution to further reduce UE complexity is to reduce the peak data rate [1]. This is aiming at release the baseband (BB) module cost for data transmission. For fair comparison, it is appropriate to assume that:
· In BB, both DL and UL peak data rate is reduced to a degree that equivalent to 5 MHz.
· In RF, the bandwidth keeps 20 MHz, i.e. the UE is capable of 20 MHz reception (e.g. sampling and filtering).
In this section, we discuss the cost reduction and potential spec impact for this approach.
Cost reduction
In Table 2, we evaluate the cost of UE peak data rate reduction. The evaluation also follows the methodology of TR 38.875 [2]. The 100 MHz normal UE is used as the baseline, too.
[bookmark: _Ref101466358][bookmark: _GoBack]Table 2 Cost evaluation for reducing peak data rate.
	Reduced UE bandwidth
	FR1, FDD
	FR1, TDD

	
	Breakdown
	100 MHz → 20 MHz (Rel-17)
	RF: 20 MHz
BB: 5 MHz
	Breakdown
	100 MHz → 20 MHz (Rel-17)
	RF: 20 MHz
BB: 5 MHz

	RF: Power amplifier 
	25.0%
	24.1%
	24.1%
	25.0%
	23.8%
	23.8%

	RF: Filters
	10.0%
	10.0%
	10.0%
	15.0%
	14.7%
	14.7%

	RF: Transceiver (including LNAs, mixer, and local oscillator)
	45.0%
	43.7%
	43.7%
	55.0%
	53.0%
	53.0%

	RF: Duplexer / Switch
	20.0%
	20.0%
	20.0%
	5.0%
	5.0%
	5.0%

	RF: Total
	100.0%
	97.7%
	97.7%
	100.0%
	96.4%
	96.4%

	BB: ADC / DAC
	10.0%
	2.8%
	2.8%
	9.0%
	2.0%
	2.0%

	BB: FFT/IFFT
	4.0%
	1.1%
	1.1%
	4.0%
	1.1%
	1.1%

	BB: Post-FFT data buffering
	10.0%
	2.3%
	0.6%
	10.0%
	2.1%
	0.6%

	BB: Receiver processing block
	24.0%
	9.1%
	4.5%
	29.0%
	9.9%
	4.9%

	BB: LDPC decoding
	10.0%
	3.8%
	2.0%
	9.0%
	3.5%
	2.0%

	BB: HARQ buffer
	14.0%
	4.2%
	2.1%
	12.0%
	3.3%
	1.7%

	BB: DL control processing & decoder
	5.0%
	4.5%
	4.5%
	4.0%
	3.7%
	3.7%

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

	BB: UL processing block
	5.0%
	3.4%
	2.8%
	5.0%
	3.7%
	3.1%

	BB: MIMO specific processing blocks
	9.0%
	8.2%
	8.2%
	9.0%
	8.4%
	8.4%

	BB: Total
	100.0%
	48.4%
	37.6%
	100.0%
	46.7%
	36.5%

	RF+BB: Total (with RF:BB cost split 40:60)
	100.0%
	68.1%
	61.6%
	100.0%
	66.6%
	60.5%


In the above table, it is observed that further cost reduction is around 6.5% for FDD and 6.1% for TDD. We can see that:
· The cost is slightly higher than that of bandwidth reduction (e.g. 6.5% v.s. 8.1%). This is mainly because the complexity of ADC/DAC and FFT/IFFT must maintain 20 MHz, which cannot be reduced to 5 MHz. Similar result is also observed in [4].
· The cost of most BB modules is the same with that of bandwidth reduction, since these modules are mainly affected by the buffering size and processing time, which is equivalent for these two approaches.
· The cost reduction only concerns the bandwidth reduction. Similar to the bandwidth reduction approach, if it is combined with other cost reduction features, e.g. reduced Rx branch number.
Then, we have the following observation:
Observation 3: Further cost reduction is around 6.5% for FDD and 6.1% for TDD using 100 MHz as baseline, if the UE peak data rate is reduced to a degree that equivalent to 5 MHz, i.e. only the BB bandwidth is reduced from 20 MHz to 5 MHz.
· The gap between BB bandwidth reduction and (BB+RF) bandwidth reduction is only about 1.5%.

Foreseen spec impact
For the approach of reducing peak data rate, the RF capability keeps unchanged. Hence, the UE is still able to receive the RF signal up to 20 MHz. Therefore:
· No impact on reception of SSB/CORESET#0/SIB/paging
These cell common signals/channels can be completely reused by Rel-18 RedCap UE. Thus the Rel-18 RedCap UE can totally share the same cell searching procedure and paging procedure with normal UE and/or Rel-17 RedCap UE. 
· Capable to share separate initial DL/UL BWP
An RF bandwidth of 20 MHz supports all configurations of separate initial DL/UL BWP for Rel-17 RedCap UE. This allows the Rel-18 RedCap UE to share separate initial DL/UL BWP with Rel-17 RedCap UE, and no new separate initial DL/UL BWP is mandated.
· Able to share RACH resource with Rel-17 RedCap UE
An RF bandwidth of 20 MHz supports all configurations of RACH resource that supported by Rel-17 RedCap UE. This allows the Rel-18 RedCap UE to transmit PRACH in the RO of Rel-17 RedCap UE, which implies that no new early identification for Rel-18 RedCap UE on top of Rel-17 RedCap UE is mandated. Hence, further RACH partitioning can be avoided. The UE capability of Rel-18 RedCap can be reported after RACH procedure.
· Same requirement of NCD-SSB
The requirement of NCD-SSB will be no worse than Rel-17 RedCap UE, i.e. one NCD-SSB set per 20 MHz. It is also possible to share NCD-SSB between Rel-17 and Rel-18 RedCap UE by proper configuration, without worrying that the Rel-18 RedCap UEs have to converge around NCD-SSB within 5 MHz. 
In summary, we have the following observation:
Observation 4: Reducing UE peak data rate shows good compatibility with normal UE and Rel-17 RedCap UE in sharing SSB/CORESET#0/SIB/paging/separate initial BWP/RACH resource, while does not increase the requirement of NCD-SSB.
To realize UE peak data rate reduction, the following directions can be considered:
· Introduce proper scaling factor for TBS calculation
· Limit the maximum TBS within proper value
· Limit the frequency domain resource allocation (FDRA)
We hold the view that the above methods only impact the PDSCH/PUSCH in RRC_CONNECTED mode. This is because the transmission during RRC_INACTIVE/RRC_IDLE mode is unlikely to have huge data rate or large TBS. This also eases the co-existence between Rel-18 RedCap UE and Rel-17 RedCap UE, since it is unnecessary to distinguish them until after the initial access. Of course, other methods are not precluded.
Observation 5: Reducing UE peak data rate may have spec impact on TBS calculation, TBS limitation or FDRA in RRC_CONNECTED mode.
From the analysis in Section 2.2 and Section 2.3, we can conclude that reducing UE peak data rate is more promising than reducing the bandwidth to 5 MHz. The cost saving between them is marginal (~1.5%), while the network impact, the spec impact and the co-existence compatibility are vastly different. Moreover, developing a UE type with 5 MHz has the risk of segmenting the market and thus reduces the economy of scale. This will further reduce the cost saving gap indirectly.
Proposal 2: Reducing UE peak data rate should be pursued rather than UE bandwidth reduction to 5 MHz.

Other potential solutions
In the SID, it is mentioned that relaxing UE processing timeline (for PUSCH/PDSCH/CSI) may also be considered, in combination with UE bandwidth reduction or reduced UE peak data rate. However, relaxing UE processing capability has already been discussed in Rel-17 SI phase and not adopted during Rel-17 WI phase [2]. The trade-off is not attractive, considering the small cost reduction and the negative impact on network scheduling complexity. Another point is that it may impact the scheduling of Msg3/PUCCH for Msg4, i.e. further complicate the RACH procedure. 
Other than relaxing RedCap UE processing timeline, several Rel-17 approaches were also re-proposed during the Rel-18 SID discussion. These approaches include, for instance, reducing the HARQ process number, further reducing the maximum modulation order, etc. Nevertheless, none of them is captured in the Rel-18 SID. Unless new strong motivation is found, we do not think we should re-open the discussion.
Proposal 3: Do not re-open the approaches already discussed in Rel-17, unless new strong motivation is found.

Conclusion
In this contribution, we analyze the solutions for further complexity/cost reduction for Rel-18 RedCap UE. The observations and proposals are summarized as follows.
Observation 1: Further cost reduction is around 8.1% for FDD and 7.5% for TDD using 100 MHz as baseline, if the total bandwidth (RF+BB) is reduced from 20 MHz to 5 MHz. 
Observation 2: Reducing the UE bandwidth to 5 MHz brings significant difficulty in CD-SSB acquisition, CORESET#0 and SIB sharing, paging reception, Rel-17 separate initial DL/UL BWP sharing, RACH resource sharing and NCD-SSB requirement.
Observation 3: Further cost reduction is around 6.5% for FDD and 6.1% for TDD using 100 MHz as baseline, if the UE peak data rate is reduced to a degree that equivalent to 5 MHz, i.e. only the BB bandwidth is reduced from 20 MHz to 5 MHz.
· The gap between BB bandwidth reduction and (BB+RF) bandwidth reduction is only about 1.5%.
Observation 4: Reducing UE peak data rate shows good compatibility with normal UE and Rel-17 RedCap UE in sharing SSB/CORESET#0/SIB/paging/separate initial BWP/RACH resource, while does not increase the requirement of NCD-SSB.
Observation 5: Reducing UE peak data rate may have spec impact on TBS calculation, TBS limitation or FDRA in RRC_CONNECTED mode.
Proposal 1: Rel-18 RedCap should be developed on top of the structure of Rel-17 RedCap UE. Duplicating the Rel-17 effort should be avoided.
Proposal 2: Reducing UE peak data rate should be pursued rather than UE bandwidth reduction to 5 MHz.
Proposal 3: Do not re-open the approaches already discussed in Rel-17, unless new strong motivation is found.
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