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1. Introduction

Based on the conclusions and recommendations in the TR 38.865[1], most companies in RAN1 recommend that a single option is down-selected from a list of options (BW3 and PR3) below as the main Rel-18 RedCap UE complexity reduction option at RAN plenary meeting. 

· 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.

· Option PR3:

· Restriction of maximum number of PRBs for PDSCH and PUSCH.

· For 15 kHz SCS, the maximum number of RBs is 25.

· For 30 kHz SCS, the maximum number of RBs is 11 or 12.

· The restricted number of PRBs in Option PR3 is a hardcoded limit.

Some of the companies who participated in the study also wanted to include one or both of the following options in the above list, for RAN plenary to assess the trade-off between degree of complexity reduction and specification impact.

· Option PR1:

· Relaxation of the constraint   [image: image2.png](v
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 for peak data rate reduction.

· The relaxed constraint is 1, e.g.,  (instead of 4).
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· Option BW1:

· Both RF and BB bandwidths are 5 MHz for UL and DL.
Moreover, whether or not to support for option PT1 and/or PT2 for a Rel-18 RedCap UE can be decided at RAN plenary.

· Option PT1:

· Relaxation of UE processing time for PDSCH/PUSCH in terms of N1 and N2 (as defined in TS 38.214) compared to those of UE processing time capability 1

· The relaxation factor for N1 and N2 is assumed to be 2 in the study.

· Option PT2:

· Relaxation of UE processing time for CSI in terms of Z and Z’ compared to the values defined in TS 38.214 clause 5.4
· The relaxation factor for Z and Z’ is assumed to be 2 in the study.
In addition, RAN1 recommends that option PR1 is considered as a potential add-on. Whether to adopt this potential add-on can be decided during WI phase.
In this contribution, different options on complexity reduction are analysed, and views on further NR RedCap UE complexity reduction are provided.
2. Selection of main complexity reduction technique
For the down-selection of main complexity reduction technique, different options are compared from the aspects of complexity reduction, performance impacts, specification and coexistence impacts.
Complexity reduction 

Cited from the TR 38.865 [1], table 1 below shows the average complexity reduction achieved by different UE complexity reduction options, compared to corresponding Rel-17 baselines. From the table 1, BW1 can achieve highest complexity reduction compared to BW3, PR1 and PR3. However, to combine with PT1 and PT2, additional complexity reduction of BW1 is up to 5~6% compared to that of BW3 or PR3. BW3 and PR3 have the similar complexity reduction (~1% gap), as both options reduce the bandwidth of PDSCH/PUSCH to 5 MHz, while keep the RF bandwidth at 20 MHz.
Table 1: Average UE complexity reduction compared to corresponding Rel-17 baselines
	Option
	FD-FDD 1Rx
	TDD 1Rx
	HD-FDD 1Rx
	FD-FDD 2Rx
	TDD 2Rx
	HD-FDD 2Rx

	BW1
	11.85%
	11.25%
	14.06%
	14.31%
	13.42%
	14.79%

	BW3
	8.02%
	7.66%
	8.90%
	8.72%
	7.68%
	9.19%

	PR1
	4.13%
	4.02%
	4.99%
	5.36%
	3.73%
	4.74%

	PR3
	7.06%
	6.74%
	8.12%
	9.81%
	6.59%
	7.98%

	BW1 + PT1 + PT2
	14.75%
	14.73%
	17.51%
	19.10%
	15.80%
	17.89%

	BW3 + PT1 + PT2
	11.55%
	11.50%
	12.92%
	14.59%
	10.82%
	12.76%

	PR3 + PT1 + PT2
	10.22%
	10.70%
	12.07%
	13.55%
	9.88%
	11.60%


Observation 1: Combined with PT1 and PT2, additional complexity reduction of BW1 is up to 5~6% compared to that of BW3 or PR3.
Performance impacts 

Based on the discussion in TR 38.865, there is link performance degradation for PDCCH due to reduced maximum AL in a maximum 5MHz CORESET for BW1. For BW3/PR3, no performance impact is expected.
Observation 2: BW1 will lead to performance degradations on some channels.
Specification and coexistence impacts 

Table 2 lists the specification impacts of BW1, BW3 and PR3. Among the three options, significant impacts are observed for BW1. Channels such as SSB, CORESET#0/PDCCH, PRACH and PUCCH need further enhancement. For BW3 and PR3, except the restriction on the transmission of some common messages, no other specification impact is expected.

Table 2: Specification impacts of BW1/BW3/PR3
	Aspects 
	BW1
	BW3
	PR3

	SSB
	· Reuse Rel-15 SSB 

· For 30kHz SCS, PBCH need enhancement
	· Reuse
	· Reuse

	CORESET#0/PDCCH
	· Need enhancement except 15kHz SCS with 24PRB
	· Reuse
	· Reuse

	PRACH
	· Reuse except for 30kHz SCS with 12RRB
	· Reuse
	· Reuse

	PUCCH
	· Restriction on PRB large than 11 for 30kHz SCS 
	· Reuse
	· Reuse

	PDSCH/PUSCH
	· Reuse
	· Restriction on max scheduling PRB
	· Restriction on max scheduling PRB

	Early identification
	· Need for common channel restriction, e.g. CORESET#0, PUSCH/PDSCH scheduling.
	· Need for restriction on PUSCH/PDSCH  scheduling during initial access
	· Need for restriction on PUSCH/PDSCH  scheduling during initial access


Observation 3: For BW1, significant specification impacts are expected.
To consider the tradeoff among the limited gain of complexity reduction, degraded performance impacts, significant specification and coexistence impacts, BW1 is not considered for Rel-18 RedCap. For BW3 and PR3, BW3 is slightly preferred.
Proposal 1: Down-select a single main complexity technique from the options BW3 and PR3.
3. Relaxed UE processing timeline
According to TR 38.865 and discussion in RAN1, PT1 and PT2 are applied to combine with the main technique, so BW3+PT1+PT2 and PR3+PT1+PT2 will be discussed in this section. Similarly, PT1 and PT2 are analysed from the aspects of complexity reduction, performance impacts, specification impacts, network implementation and coexistence impacts.
Complexity reduction 

For PT1 + PT2, TR 38.865 shows 2.4~5.9% additional complexity reduction can be obtained by averaging the values of different sources. However, to consider the actual implementation, the complexity reduction for some blocks may be underestimated. For example, the percentage of MIMO specific processing block in BB chip is very little or even zero for 1Rx in some sources, which will lead to little or no cost saving for PT2. To consider the MIMO specific processing block can have the functions for CSI report and beam measurement, which would take higher percentage in actual implementation. According to our estimation on actual implementation, about 12~15% complexity reduction can be obtained on top of BW3 or PR3. 
PT1 and PT2 can also help to ease the demands on hardware, such as reduced parallel processing and nearly halved processing units for the hardware pipelining requirement, reduced requirement of processing resources on e.g. CPU and chip area. Thus, supporting PT1 and PT2 can facilitate a broader and more competitive chipset implementation market for Rel-18 RedCap. 
As listed in [1] , there are some common blocks can be affected by both PT1 and PT2, such as the PDCCH related component, e.g. PDCCH channel estimation, demodulation, decoding and DCI parsing. If only PT1 or PT2 is applied, the relaxation effect on the common blocks may be diminished. In view of the requirement is limited by bottleneck, PT1 and PT2 should be considered together for further complexity reduction. 

Observation 4: Adding PT1+PT2 to Rel-18 RedCap will reduce hardware requirements in UEs for parallel processing, hardware pipelining, chip area, etc. This improves the competitiveness of the RedCap chipset implementation marketplace.
Performance impacts
The three use cases for RedCap and the corresponding latency requirement are listed in Table 4. Application of PT1 will have no impact on services for the use cases with latency requirement above 50ms. For the safety related sensors use case, the 5-10ms latency requirement can also be met with features such as configured grant transmission, MCS with low coding rate and larger SCS. 
Table 3: Latency requirements for RedCap UEs 
	Scenario 
	Industrial wireless sensors 
	Video Surveillance
	Wearables

	Latency
	< 100ms (5-10ms for safety)
	< 500ms
	< 50ms


Use cases such as industrial wireless sensors and video surveillance have UEs which are typically stationary. With low requirement for on-time CSI feedback, application of PT2 will have negligible impact on latency. 
Observation 5: A RedCap UE with additionally PT1+PT2 can still meet the latency requirements of RedCap use cases.

Specification impacts 
UE processing timeline capability already exists in the current specifications, and it is suitable for low-end RedCap UEs. Early identification may be needed for PT1, as the timeline for Msg2/3 scheduling may be affected. However, it depends on the gNB implementation of current network: if the current gNB implementation does not depend on a strict timeline, there is no network deployment nor coexistence impact. Msg1/MsgA can also be used for identifying the combination of BW3+PT1+PT2 or PR3+PT1+PT2, as early identification may be needed for the main technique (BW3/PR3) identification for common data channel transmission before RRC setup.
Observation 6: The specification impact for supporting PT1 and PT2 is minimal.
Network implementation and coexistence impacts
As listed in TR 38.865, for PT1 and PT2, they may impact scheduling flexibility as several timing requirements are related to N1/N2 values, and they may make the scheduler more complex. However, for each UE, gNB only needs to apply one timeline when scheduling, so the scheduling complexity is not increased a lot. Thus, it is very beneficial to have distinctive advantages for Rel-18 RedCap in the realistic marketplace compared to the present low-end IoT device (e.g., LTE Cat1 or Cat 1bis). 
Proposal 2: Support the complexity reduction combination BW3+PT1+PT2 or PR3+PT1+PT2 for Rel-18 RedCap. 
4. Other techniques 

PR1 has similar level of spec impact as PR3/BW3, and minimized impact on the number of PRBs of scheduling, but with lowest cost saving among the options. As the peak data rate for BW3/PR3 can be higher than the Rel-18 RedCap target peak data rate (10/5 Mbps for DL/UL), PR1 can also be considered as a complementary technique as TR recommends.
5. Conclusions

In this contribution, different options on complexity reduction are analysed, and the following considerations and proposals are given. 
Observation 1: Combined with PT1 and PT2, additional complexity reduction of BW1 is up to 5~6% compared to that of BW3 or PR3.
Observation 2: BW1 will lead to performance degradations on some channels.
Observation 3: For BW1, significant specification impacts are expected.
Observation 4: Adding PT1+PT2 to Rel-18 RedCap will reduce hardware requirements in UEs for parallel processing, hardware pipelining, chip area, etc. This improves the competitiveness of the RedCap chipset implementation marketplace.
Observation 5: A RedCap UE with additionally PT1+PT2 can still meet the latency requirements of RedCap use cases.

Observation 6: The specification impact for supporting PT1 and PT2 is minimal.
Proposal 1: Down-select a single main complexity technique from the options BW3 and PR3.
Proposal 2: Support the complexity reduction combination BW3+PT1+PT2 or PR3+PT1+PT2 for Rel-18 RedCap. 
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