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1 Introduction
The Rel-18 further Redcap complexity reduction study item was approved at RP-213661 [1], targeting to further enhance the Rel-17 low-end Redcap devices (such as industrial sensor and video surveillance), and more importantly extend Redcap into a new low-tier device market between existing LPWA UEs and Rel-17 Redcap UEs. 
Extensive studies were conducted for each identified cost reduction technique in RAN1 WG on achievable cost reduction benefit and potential coverage impacts, including UE bandwidth reduction, reduced UE peak data rate and relaxed UE processing timeline areas. Based on the analysis of the studied UE complexity reduction options and intensive discussions in RAN1 110 meeting [2], two candidate options were captured in clause 9 of draft TR 38.865 [3] for potential down-selection in RAN plenary for WI phase. 
In this contribution, we discuss the open issues and provide our views on the scope of the Rel-18 further Redcap complexity reduction WI.       

2. Discussions
In the TR 38.865 [3], several potential down selections were left for discussion and decision at RAN plenary. In general, we believe it is important to minimize the candidate techniques and avoid duplicated options with a similar achievable cost reduction benefit. This is important to ensure a timely work item completion and standardization /testing/implementation efforts were minimized at both UE and network side. 
The following options were captured in clause 9 in [3] as the recommendation from RAN1 WG for Rel-18 Redcap WI: 
	Based on the analysis of the studied UE complexity reduction options, most companies in RAN1 recommend that a single option is down-selected from a list of options as the main Rel-18 RedCap UE complexity reduction option at RAN plenary. The list includes the following options.
-	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.


Referring to description above and FIG.1, the Opt. BW3 and Opt.PR3 are quite similar in terms of total number of PRBs or BW restricted for PDSCH/PUSCH. The key difference is that Opt.PR3 allows distributed resource allocation spanning over the 20MHz RF BW, which may cause increased complexity at the UE depending on implementation details. 
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Figure 1: Cost reduction features of Opt. BW3 and Opt. PR3 in [3] 

As highlighted in the cost break-down Table 1 [3] with green color, the main contributors of the complexity reduction Opt. BW3 and Opt.PR3 include the following four components: 
· Baseband: Receiver processing block
· Baseband: LDPC decoding
· Baseband: HARQ buffer
· Baseband: UL processing block
In addition, Opt. BW3 can further reduce cost from the post-FFT data buffering aspect but the benefit is marginal as shown in Table 1. 
Table 1: Average UE complexity reduction achieved by BW reduction options for FD-FDD 1Rx [3]
	Cost Reduction Scheme 
	Rel-15 reference
	Rel-17 RedCap
	BW3
	PR3

	RF: Power amplifier 
	25%
	24.12%
	24.09%
	24.12%

	RF: Filters
	10%
	5.06%
	5.06%
	5.06%

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

	RF: Duplexer / Switch
	20%
	19.52%
	19.52%
	19.52%

	RF: Total
	100%
	72.46%
	72.43%
	72.46%

	BB: ADC / DAC
	10%
	1.30%
	1.27%
	1.26%

	BB: FFT/IFFT
	4%
	0.67%
	0.65%
	0.65%

	BB: Post-FFT data buffering
	10%
	1.05%
	0.67%
	1.01%

	BB: Receiver processing block
	24%
	4.42%
	2.07%
	2.46%

	BB: LDPC decoding
	10%
	1.29%
	0.51%
	0.49%

	BB: HARQ buffer
	14%
	1.46%
	0.45%
	0.43%

	BB: DL control processing & decoder
	5%
	4.73%
	4.52%
	4.55%

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

	BB: UL processing block
	5%
	2.69%
	1.69%
	1.66%

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

	BB: Total
	100%
	26.26%
	20.31%
	21.00%

	RF+BB: Total  
	100%
	44.74%
	41.15%
	41.58%



Table 2: Average UE complexity reduction achieved by BW1/3 and PR1/3 compared to Rel-17 baselines
	
	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%

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

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


In term of coverage impact, Opt.BW3 and Opt.PR3 both have no impact on the coverage of PDCCH and PBCH compared to Rel-17 Redcap UE as the BW other than PDSCH/PUSCH can be up to 20MHz BW. Coverage loss is observed for SIB1 PDSCH in [3], but it is a common problem of both Opt. BW3 and Opt. PR3, which is caused by RB limitation. Some solutions were brough up in RAN1 110 meeting to solve this common problem by combining different repetitions within a SIB window. 
Based on discussions and with a tradeoff between cost reduction benefit and these associated standard/testing/ implementation efforts in mind, we prefer to down select one from Opt. BW3 and Opt. PR3. We slightly prefer to go with Opt. BW3 due to simplicity. 
We therefore propose the following: 
Proposal 1: 
· The Rel-18 eRedcap WI supports Opt.BW3 where eRedcap UE is required to support the following: 
· 5MHz BB BW only for PDSCH (both unicast and broadcast) and PUSCH, with 20MHz RF BW for DL and UL. 
· The other physical channels and signals are still allowed to use a BWP up to the 20 MHz maximum UE RF+BB bandwidth

Another FFS issue to be discussed in plenary is the support of Opt.BW1 as additional cost reduction scheme in Rel-18 eRedcap WI [3] 
	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  for peak data rate reduction.
-	The relaxed constraint is, e.g., 1 (instead of 4).
-	The parameters ([image: ], [image: ], [image: ]) can be as in Rel-17 RedCap [4]s.
-	Option BW1:
-	Both RF and BB bandwidths are 5 MHz for UL and DL.




In [3], it has observed that Opt.BW1 has significant impacts on NR specification because of 5MHz RF/BB BW restriction especially with 11 PRBs of 30kHz SCS case, e.g., initial access (CORESET0, SSB, PRACH formats) and causes a huge signal overhead for broadcast message transmission. In addition, it has larger coexistence impacts with legacy UEs compared to Opt.BW3 and complicate network scheduler to deal with it. Our view is that the cost reduction benefit of Opt.BW1 is not sufficiently large to justify the associated standard efforts and therefore suggest not to support it for Rel-18 eRedcap WI.  
Proposal 2:
· Not Support Opt.BW1 (Both RF and BB BW are 5MHz for UL/DL) for Rel-18 eRedcap WI.  


3. Conclusion 
In this contribution, we have presented our views on the scope of Rel-18 further Redcap complexity reduction work item and made the following proposals: 
Proposal 1: 
· The Rel-18 eRedcap WI supports BW3 where eRedcap UE is required to support the following: 
· 5MHz BB BW only for PDSCH (both unicast and broadcast) and PUSCH, with 20MHz RF BW for DL and UL. 
· The other physical channels and signals are still allowed to use a BWP up to the 20 MHz maximum UE RF+BB bandwidth
Proposal 2:
· Not Support Opt.BW1 (Both RF and BB BW are 5MHz for UL/DL) for Rel-18 eRedcap WI.  
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