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[bookmark: _Toc120549591]Introduction
In RAN#97e meeting, a new WID on enhanced support of reduced capability NR devices was approved[1]. The objectives is as follows:
	The objective is to specify support for the following enhancements: 
Power saving/energy efficiency enhancements
· Enhanced eDRX in RRC_INACTIVE (>10.24s) [RAN2, RAN3, RAN4]
· Note that this objective requires SA2 and CT1 involvement
Complexity/cost reduction
· Further reduced UE complexity in FR1 [RAN1, RAN2, RAN4]
· UE BB bandwidth reduction
· 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.
· UE peak data rate reduction
· Relaxation of the constraint (vLayers·Qm·f ≥ 4) for peak data rate reduction
· The relaxed constraint is, e.g., 1 (instead of 4).
· The parameters (vLayers, Qm, f) can be as in Rel-17 RedCap.
· Both 15 kHz SCS and 30 kHz SCS are supported.
· Aim to define at most one Rel-18 RedCap UE type for further UE complexity reduction.
· The existing UE capability framework is used, and changes to capability signalling are specified only if necessary. By default, all UE capabilities applicable to a Rel-17 RedCap UE are applicable unless otherwise specified.
Notes:
· The work defined as part of this WI is not to overlap with LPWA use cases.
· Coexistence with non-RedCap UEs and Rel-17 RedCap UEs should be ensured.
· This WI considers all applicable duplex modes unless otherwise specified.
Check in RAN#98-e regarding:
· Whether UE peak data rate reduction for UE is limited only with UE BB bandwidth reduction or standalone
· Whether or not/how a separate early indication can be supported
· Other restrictions of the WI (e.g., connectivity restrictions, band, etc.)


In this contribution, the UE complexity/cost reduction feature and the leftover in RAN#97 will be discussed.
Discussion on further UE complexity reduction features
UE BB bandwidth reduction
Firstly, the exact meaning of the bandwidth reduction feature in WI will be clarified, according to the following sections in TR38.865[2].
	[bookmark: _Toc114476615][bookmark: _Toc114476620]TR 38.865
7.2.1	Description of feature
In the study, the main UE bandwidth reduction options considered for FR1 are as follows:
[......]
-	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.
For the above bandwidth reduction options, the following aspects are considered:
-	The resource allocation spans a bandwidth of maximum 5 MHz.
-	The same option is used for UL and DL.
-	The same option is used for idle/inactive and connected mode.
-	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.
-	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.
-	Note: For 30 kHz SCS, 12 contiguous RBs are also optionally studied.
7.3	Further UE peak rate reduction
[bookmark: _Toc114476621]7.3.1	Description of feature
In the study, the main UE peak rate reduction options considered for FR1 are as follows:
[....]
-	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.
-	The restricted number of PRBs in Option PR3 is a hardcoded limit.
For the above peak rate reduction options, the following aspects are considered:
-	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.
-	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.


More specifically, according to TR38.865[2], there are two similar UE complexity reduction features, one is BW3 and the other is PR3. According to sections 7.2.1 in TR38.865, it can be known that the frequency domain resource allocation for BW3 spans a 5MHz bandwidth, and the PRBs in BW3 are consecutive RBs. Similarly, according to sections 7.3.1 in TR38.865, it can be known that the frequency domain resource allocation for PR3 spans a bandwidth of maximum 20 MHz, and the restricted number of PRBs in PR3 is a hardcoded limit. In other words, the main difference between BW3 and PR3 is whether their corresponding frequency domain resource allocation spans 5MHz bandwidth or 20MHz bandwidth, and whether their corresponding frequency domain resource allocation is continuous allocation or distributed allocation. So the 5MHz bandwidth involved in the bandwidth reduction feature of the WI refers to the continuous PRB allocation in BW3.
For uplink DFT-S-OFDM waveform, according to section 6.1.2.2 of 38.214, it can be known that only continuous resource allocation type 1 can be used, so it is more suitable to use continuous PRB allocation similar to BW3 than to use distributed PRB allocation. Therefore, the bandwidth reduction feature in WI is more inclined to the same continuous PRB resource allocation as BW3.
[bookmark: _GoBack]What’s more, if the definition of bandwidth reduction in WI is the same as BW3, the UE only needs to buffer the 5MHz PDSCH after the control channel decoding is completed. Compared to always buffering 20MHz bandwidth, buffering only 5MHz bandwidth after the control channel decoding is complete reduces the cost of post-FFT data buffering component by an additional ~0.34%. And the degradation of SIB1 link performance caused by only buffering 5MHz data bandwidth can be compensated by soft combining or other potential enhancement schemes.
Proposal 1  It is suggested that the 5MHz bandwidth in the WI refers to continuous 5MHz PRB resources, and when the PDCCH is successfully decoded, only 5MHz PDSCH/PUSCH data needs to be buffered.

	Analysis of performance impacts
According to 38.214 section 5.1.2.2 and section 6.1.2.2, the current frequency domain resource allocation is based on the size of active bandwidth part , the size of CORESET 0, or the size of initial DL bandwidth part. Therefore, the size of the Frequency Domain Resource Assignment (FDRA) field in DCI is based on one of the above three BWPs. Further, if the size of one of the above three BWPs exceeds 5MHz, the bits in the frequency domain resource assignment field in the DCI will be wasted because the maximum BB bandwidth of the R18 Redcap UE does not exceed 5MHz. Especially for resource allocation type 0, if the RBG size is determined according to one of the above three types of BWPs, the problem of excessively large RBG granularity will also be caused. Therefore, it is necessary to consider the effective utilization of frequency domain resources and FDRA bits under 5MHz baseband bandwidth.
Proposal 2   It is recommended to consider the effective utilization of frequency domain resources and FDRA bits under 5MHz BB bandwidth.

UE peak data rate reduction
According to the WI in RAN#97e meeting, there are two techniques to further reduce the UE complexity, one is to reduce the BB bandwidth, and the other is to reduce the UE peak rate. If UE peak rate reduction and UE BB bandwidth reduction are two independent parallel schemes, the requirement to define at most one R18 Recap UE type required in WI cannot be met. Therefore, UE peak rate reduction for UE is limited only with UE BB bandwidth reduction.
Proposal 3  It is recommended that UE peak data rate reduction for UE should be limited with UE BB bandwidth reduction.
According to Table 7.5.2-1 in TR 38.875[2], it can be seen that currently only the independent simulation of BW3 and PR1 has been carried out to reduce the UE complexity, and the simulation of the combination of BW3 and PR1 has not been evaluated. Therefore, it is recommended to increase the UE complexity reduction evaluation for the combination of BW3 and PR1.
Proposal 4  It is recommended to increase the UE complexity reduction evaluation for the combination of BW3 and PR1.
Early indication
Early Indication was introduced in R17 and is mainly used for network to identify Redcap UE type. If there is no early indication of RedCap UEs, legacy UEs and RedCap UEs will be considered the same by the network, which may lead to conservative treatment of all UEs. Similarly, since the maximum BB bandwidth supported by PDSCH/PUSCH of R17 Redcap UE and R18 Redcap UE is different, if the earlier indication of R17 continues to be reused, the network will schedule R17 Redcap UE and R18 Redcap UE according to the maximum BB bandwidth supported by R18 Redcap UE , which is inappropriate and unfair for R17 Redcap UE.
[bookmark: OLE_LINK1]Further, since the early indication of the existing R17 Redcap is through Msg1, if the R17 Redcap UE, R18 Redcap UE and legacy UE are all identified by the preamble, the preamble sequence will be fragmented, and a new early indication technology can be discussed.
Proposal 5  It is recommended to support a separate early indication.
Conclusions
In this contribution, the features of UE complexity reduction are discussed, and the following proposals are made.
Proposal 1  It is suggested that the 5MHz bandwidth in the WI refers to continuous 5MHz PRB resources, and when the PDCCH is successfully decoded, only 5MHz PDSCH/PUSCH data needs to be buffered.
Proposal 2   It is recommended to consider the effective utilization of frequency domain resources and FDRA bits under 5MHz BB bandwidth.
Proposal 3  It is recommended that UE peak data rate reduction for UE should be limited with UE BB bandwidth reduction.
Proposal 4  It is recommended to increase the UE complexity reduction evaluation for the combination of BW3 and PR1.
Proposal 5  It is recommended to support a separate early indication.
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