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1	Introduction 
According to the SID [1], UE bandwidth reduction is to be studied as potential means for UE complexity reduction. At RAN1 #101e e-meeting, the following agreements were made for UE bandwidth reduction:
Agreements: 
· For FR1, study at least 20MHz maximum UE bandwidth at least for initial access
· Other bandwidths FFS
· For FR2, study 50MHz and 100 MHz maximum UE bandwidth at least for initial access 
· Other bandwidths FFS
 At RAN plenary #88e，further clarifications were captured in the update of the SID that the lowest data rate and bandwidth capability considered should be no less than an LTE Category 1bis modem.
In this contribution, potential impacts of UE bandwidth reduction are discussed.
2         SSB and CORESET#0
Cell Search is used by a UE to acquire time and frequency synchronization and detect the physical cell ID. Cell search procedure is based on SSB. According to analysis by a number of contributions as summarized by feature lead [2], the bandwidth of existing SSBs in FR1 is smaller than 20MHz, so the existing SSB design can be fully reused for FR1. However, the SSB bandwidth in FR2 is not always smaller than 50MHz (50MHz UE bandwidth is assumed to be supported) depending on the SSB subcarrier spacing. For example, SSB bandwidth is no less than 57.6MHz in the bands supporting 240kHz SSB subcarrier spacing. In this case, the existing SSB design can be still reused while some kind of more sophisticated algorithms may have to be employed by the RedCap UEs, e.g., more SSB combining to compensate the SNR loss due to dropped REs beyond the UE’s bandwidth. As power consumption and UE complexity are also important metrics to be considered by this SI, the impacts to power consumption and complexity should be considered for RedCap SSB designs, especially when a more complicated algorithm is assumed. Alternatively, similarly to eMTC, additional resources could be configured for RedCap UEs for SSB, in particular PBCH, if an increase of power consumption or UE complexity is not acceptable. QCL relationship needs to be defined between legacy SSB resources and additional SSB resources.
Proposal 1: Impacts to power consumption and UE complexity should be considered for RedCap SSB design.

System information acquisition, especially the reception of CORESET#0 may become problematic for the UEs with reduced bandwidth in FR2. The bandwidth of SSB+CORESET#0 may even exceed 100MHz when multiplexing pattern 2 and pattern 3 are configured. In order to not bring negative impact to normal UEs (i.e., non-RedCap UEs) camping on the same cell, it is not desired to restrict the use of multiplexing pattern 2 and pattern 3. Therefore, solutions are needed to address the reception for CORESET#0 in case of reduced UE bandwidth.
Several alternative ways could be considered:
· Alt-1: Similarly to eMTC and NB-IoT, separate CORESET#0 or even separate SIB1 from the legacy CORESET#0 or SIB1 is configured in a cell supporting RedCap UEs. The bandwidth of CORESET#0 dedicated for RedCap is designed from the scratch to be not larger than the UE bandwidth.
· Alt-2: DCI decoding in CORESET#0 is largely dependent on implementation probably with some predefined UE assumptions. For an example, the UE can decode a CORESET#0 in a monitoring occasion assuming no change occurs in terms of PDCCH candidate mapping and DCI content with another CORESET#0 in a preceding monitoring occasion. SIB1 is assumed to be not changed as well.
· Alt-3：Legacy CORESET#0 is largely reused by RedCap UEs while additional resources could be configured to assist the PDCCH decoding in CORESET#0.

CORESET#0 is not only used for SIB1 acquisition, it also serves as the fallback or default CORESET for other SIB acquisition, random access procedure and paging. Moreover, CORESET#0 also defines the initial BWP which may have impacts to scheduling design. Due to its huge impacts to the whole system design, it is more desired to have some consensus on underlying frameworks for RedCap CORESET#0 design at an early stage.
Proposal 2: At least underlying frameworks for CORESET#0 design are decided at an early stage to facilitate subsequent work.
3         Time/Frequency Tracking and Measurement
Time and frequency fine tuning (aka time/frequency tracking) on top of time/frequency synchronization by cell search can further reduce the residual time/frequency error, thus improving the reception performance. CRS in LTE and eMTC and NRS in NB-IoT can be utilized for this purpose. Uplink gap is introduced also for eMTC and NB-IoT to re-synchronize or further refine the time/frequency estimation. In NR, time/frequency tracking is mainly carried out based on TRS, which is a designated set of CSI-RS resources. Time/frequency tracking performance highly depends on UE reception bandwidth. Generally, TRS with large bandwidth provides fine resolution in time domain and more accurate power-delay-profile estimation, which in turn would benefit the channel estimation and improve demodulation performance. The limitation of UE reception bandwidth may degrade time/frequency tracking performance, leading to worse demodulation performance especially for the case where larger subcarrier spacing is used and more stringent time synchronization is required. Measurement performance could be impacted also by reduced bandwidth, which is highly relevant to power consumption.
Proposal 3: Impacts to time/frequency tracking performance and measurement performance due to reduced UE bandwidth need to be considered. 
4         BWP Configuration and Resource Allocation
[bookmark: _GoBack]The concept of BWP is newly introduced by NR compared to LTE. A number of purposes are served by BWP settings, e.g., coexistence of UEs with different bandwidths, UE battery saving, support of different numerologies and etc. In terms of these purposes, BWP may be still useful for RedCap UEs. BWP could also provide a possibility to achieve more frequency diversity by supporting frequency hopping for RedCap UEs. Rather flexible BWP bandwidth configuration (1~275 PRBs) is currently supported by NR. On the other hand, relatively fixed set of UE bandwidths (only one or two channel bandwidths in a given frequency range) is likely to be defined for RedCap. There can be different cases as shown by Figure 1 for the relationship between a configured BWP bandwidth and the UE bandwidth. It worth being noted that for shared spectrum channel access (aka NR-U), a BWP is always configured as an integer number of RB sets (corresponding to LBT bandwidths). This is reasonable considering the LBT regulations and the unlicensed spectrum usage for coexistence. This type of restriction may not be straightforward to be reused for RedCap UEs as much more factors need to be taken into account by the scheduler on the licensed spectrum. As a result, if BWP configuration is supported for RedCap UEs, whether the full flexibility of BWP configuration is retained need to be studied. 


Figure 1． Cases for relationship between UE bandwidth and BWP bandwidth
Proposal 4: BWP configuration is supported by RedCap UEs and relationship between an active BWP and RedCap UE bandwidth is studied.

Narrow band is explicitly defined for eMTC and a cell bandwidth is statically partitioned into a number of narrow bands. A narrow band (or a starting narrow band within a set of narrow bands for frequency hopping) is assigned by scheduler for a PDSCH or a PUSCH transmission. Frequency domain resource allocation in terms of PRB pairs are signaled in DCI within an operating narrow band. This type of narrow band based frequency domain resource allocation is simple and flexible enough for the very narrow bandwidth (6 PRBs with 15kHz SCS) of eMTC UEs. However, it may be inefficient or not proper to hard partition a BWP into several RedCap narrow bands for a number of reasons. 1) The PRBs contained by a BWP may not exactly fit into a number of RedCap narrow bands, if a BWP can be flexibly configured with any bandwidth larger than the UE. 2) Prominent resource fragments may be incurred due to much larger UE bandwidth for RedCap than eMTC, which may undermine the resource utilization. As a result, it is preferred to consider more flexible and more unified resource allocation scheme than eMTC  for RedCap UEs.
Proposal 5: More flexible and efficient resource allocation schemes than eMTC could be considered for RedCap UEs.
5        Definition of RedCap Narrow Band 
A fundamental question for RedCap is whether to explicitly define RedCap narrow bands similarly to eMTC. For eMTC cat M1 UEs, a narrow band is of fixed size of 6 PRBs using constant 15kHz subcarrier spacing. If a RedCap narrow band is defined in the specification, due to the support of different numerologies, a RedCap narrow band with a fixed number of PRBs is infeasible. In our understanding,  the 20MHz, 50MHz and 100MHz UE bandwidth mentioned in the agreements respectively corresponds to 20MHz, 50MHz, and 100MHz UE channel bandwidth. Depending on the frequency range and subcarrier spacing, a same UE channel bandwidth may lead to different UE maximum transmission bandwidth configurations as shown in Table 1 re-summarized based on TS38.101-1 and TS38.101-2. The UE maximum transmission bandwidth configuration may impact the definition of RedCap narrow band and subsequently impact the BWP configuration and resource allocation.
Table 1． UE maximum transmission bandwidth configurations
	          FR/ NRB
SCS       
	FR1, 20MHz 
	FR2 ,50MHz 
	FR2, 100MHz 

	
	NRB
	NRB
	NRB

	15kHz
	106
	N.A
	N.A

	30kHz
	51
	N.A
	N.A

	60kHz
	24
	66
	132

	120kHz
	N.A
	32
	66



Proposal 6: Different UE maximum transmission bandwidth configurations need be considered for RedCap narrow band definition, if RedCap narrow bands are to be defined in the specification.
6         Conclusions
In this contribution, an unexhausted list of impacts from the reduced UE bandwidth are analysed. The following proposals are drawn based on the analysis:
Proposal 1: Impacts to power consumption and UE complexity should be considered for RedCap SSB design.
Proposal 2: At least underlying frameworks for CORESET#0 design are decided at an early stage to facilitate subsequent work.
Proposal 3: Impacts to time/frequency tracking performance and measurement performance due to reduced UE bandwidth need to be considered. 
Proposal 4: BWP configuration is supported by RedCap UEs and relationship between an active BWP and RedCap UE bandwidth is studied.
Proposal 5: More flexible and efficient resource allocation schemes than eMTC could be considered for RedCap UEs.
Proposal 6: Different UE maximum transmission bandwidth configurations need be considered for RedCap narrow band definition, if RedCap narrow bands are to be defined in the specification.
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