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1. Introduction
[bookmark: _Hlk49419066]In TR 38.875, “Study on support of reduced capability NR devices”, which has been approved in RAN#90-e, describes UE complexity reduction features of reduced maximum UE bandwidth as [1]:
In the study, the main UE bandwidth reduction options considered are:
-	For FR1: 20 MHz
-	For FR2: 50 MHz or 100 MHz
The study uses a legacy NR UE as a reference. The evaluation of cost/complexity reduction is with respect to a reference UE with maximum bandwidth capability shown below.
-	For FR1: 100 MHz for DL and UL
-	For FR2: 200 MHz for DL and UL
[bookmark: _Toc56714293][bookmark: _Toc57126560][bookmark: _Toc57126681][bookmark: _Toc57127628][bookmark: _Toc57127737][bookmark: _Toc57136437][bookmark: _Toc57144787][bookmark: _Toc57144896]For the baseline UE bandwidth capability of RedCap UEs, the same maximum UE bandwidth in a band applies to both RF and baseband. It is also primarily assumed that this maximum UE bandwidth applies to both data and control channels and that this maximum UE bandwidth is assumed for both DL and UL. A few contributions analysed other mixes of bandwidths.
Analysis of performance impacts
Coverage:
The impact of reduced bandwidth on the coverage of downlink and uplink channels would not be large, although a small loss may be observed due to reduced frequency diversity.
For PDCCH coverage, one important aspect is whether the larger aggregation levels (AL), e.g. 8 and 16, can be supported after bandwidth reduction. In FR1, UE bandwidth 20 MHz is enough for supporting AL 16 for any CORESET#0 configuration. In FR2, UE bandwidth 100 MHz is also enough for supporting AL 16 for any CORESET#0 configuration. However, reducing the UE bandwidth to 50 MHz in FR2 will have impact on PDCCH coverage when CORESET#0 is configured to have 69.12 MHz bandwidth. The loss is assessed to be ~1.5-3.0 dB. Reducing the UE bandwidth to 50 MHz will have impact on PBCH coverage if the SSB is configured with 240 kHz SCS. The loss is assessed to be within 1 dB. Furthermore, reducing the UE bandwidth to 50 MHz may also impact the coverage of initial access messages if CORESET#0 is configured to have 69.12 MHz bandwidth.
Network capacity and spectral efficiency:
Bandwidth reduction in FR1 will not have a significant impact on capacity and spectral efficiency, although there may be some minor degradation due to the loss in frequency selective scheduling gain.
Bandwidth reduction in FR2 may be associated with more noticeable loss in capacity and spectral efficiency if analog beamforming is being used. In this case, the loss will be larger for 50 MHz UE bandwidth than for 100 MHz UE bandwidth.


[bookmark: _Toc51768541][bookmark: _Toc51771048]

Data rate:
Bandwidth reduction results in a reduction in the achievable peak data rate. However, all the bandwidth options (20 MHz in FR1, and 50 MHz or 100 MHz in FR2) considered in the RedCap study are enough for meeting the peak data rate requirements for the RedCap use cases, at least when the bandwidth reduction is not combined with other UE complexity reduction techniques, except in some TDD configurations. For peak rate impacts from combinations of UE complexity reduction techniques, see clause 7.8.3.
Latency and reliability:
All the latency and reliability requirements for the RedCap use cases can be satisfied by all the bandwidth options (20 MHz in FR1, and 50 MHz or 100 MHz in FR2)
In FR2, UE bandwidth reduction may result in a longer SSB/SIB1 acquisition time for certain configurations for SSB/CORESET multiplexing patterns 2 and 3. To minimize the SSB/SIB1 acquisition time, it may be beneficial to support an FR2 RedCap UE bandwidth of 100 MHz.
[bookmark: _Toc56714294][bookmark: _Toc57126561][bookmark: _Toc57126682][bookmark: _Toc57127629][bookmark: _Toc57127738][bookmark: _Toc57136438][bookmark: _Toc57144788][bookmark: _Toc57144897]Analysis of coexistence with legacy UEs
[bookmark: _Toc51768542][bookmark: _Toc51771049]In general, UE bandwidth options such as 20 MHz for FR1 UEs and 100 MHz for FR2 UEs achieve good coexistence performance with legacy UEs.
-	The 20 MHz bandwidth option for FR1 UEs allows a RedCap UE to reuse existing procedures for acquiring SSB, SIB1, other SIBs, RAR and Msg4.
-	The 100 MHz bandwidth option for FR2 UEs achieves the same coexistence benefits, except that for certain configurations for SSB/CORESET multiplexing patterns 2 and 3, the UE needs to acquire SSB and SIB1 in a sequential manner. However, the sequential SSB/SIB1 acquisition for a RedCap UE does not cause any performance degradation to legacy UEs.
-	The 50 MHz bandwidth option for FR2 UEs would result in coverage loss for PDCCH reception in CORESET#0 if CORESET#0 is configured to 69.12 MHz. In such cases, if coverage recovery is needed for PDCCH, PDCCH capacity of CORESET#0 may be affected, and this will have impact on legacy UEs. Furthermore, if early RedCap UE identification is not provided, supporting 50-MHz RedCap UEs requires the gNB to schedule the PDSCH of SIBs, RAR, and Msg4 within 50 MHz bandwidth. Such scheduling restrictions will have an impact on legacy UEs.
If RedCap and eMBB UEs share the same initial BWP in downlink and uplink for initial access procedure, and the number of RedCap UEs in the network is large, gNB may need to use some means (e.g. access control) to avoid congestion due to high load or configuration restriction (e.g. for RACH occasions).


In this contribution, we discuss the support of complexity reduction on reduced maximum UE bandwidth for gNB and RedCap UE.
2. Discussion 
During initial access, UE decode SSB to obtain coarse time and frequency synchronization of the cell. If the CORESET for type-0 PDCCH search space is present determined by the SSB, UE may monitor downlink control information to acquire system information, paging PDSCH, RAR, and Msg4 in random access procedure. In [2], the latest WID of RedCap specifies that legacy SSB from R15/16 should be reused by RedCap UE, which indicates that a supported bandwidth shall be capable of receiving the legacy SSB. In previous RAN1 meetings, RAN1 have studied on 50MHz and 100MHz for maximum UE bandwidth accounting for RedCap UE in FR2. There are configurations of SSB and CORESET multiplexing with bandwidth larger than 50MHz or 100MHz, which may require to be addressed by RAN1. In RAN1 #103-e, supporting RF retuning for frequency-division multiplexed RACH Occasions or SSB/CORESET0 has been identified [3]. We further discuss the support on reduced maximum UE bandwidth for gNB and RedCap UE as follows:
The gNB which support the serving of RedCap UE may simply avoid the configuration with bandwidth larger than maximum bandwidth of RedCap UE, while these may cause performance degradation in terms of coverage, capacity, also impact the scheduling flexibility. UE can acquire SSB and SIB1 in sequential manner as stated in [1], which may induce higher latency while there are no impact to legacy UE, and the latency may not have a significant impact to RedCap UE in terms of relaxed latency requirement compared to eMBB/URLLC UE.
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For the configurations of SSB and CORESET multiplexing which constitute the overall bandwidth, that is larger than the maximum UE bandwidth, UE can adapt the received bandwidth and frequency location to cover the PRBs of the CORESET#0 as shown in Figure 1 and Figure 2.
In Figure 1 and Figure 2, the SSB and CORESET#0 are configured with multiplexing pattern 2 and span 28.8 MHz and 34.56 MHz respectively, the red bracket represents the received bandwidth and frequency location of UE which has a maximum UE bandwidth of 50MHz. 
In Figure 1, after UE acquires the SSB, UE adapts the received frequency location to cover the PRBs of CORESET#0. The received frequency location after adaptation covers a segment of the PRBs of SSB, and the received bandwidth equals to maximum UE bandwidth. Though the maximum UE bandwidth is less than bandwidth of SSB and CORESET, the UE still have the opportunity of acquiring SSB successfully in higher SINR scheme and prevent the latency induced by acquiring in sequential manner.
In Figure 2, UE adapts the received bandwidth and frequency location to cover CORESET#0. The received bandwidth after adaptation equals to bandwidth of CORESET#0 and is less than the maximum UE bandwidth. The received frequency location after adaptation did not cover any PRB of SSB. Compared to Figure 1, UE in Figure 2 may reduce the power consumption through further shrinking the received bandwidth from maximum UE bandwidth. While there may appear a requirement that, the UE adapts the received frequency location with larger number of resource blocks with respect to central frequency located around SSB, and sufficient RF tuning time for adaptation. 
Proposal 1: The RedCap UE adapt the received bandwidth and frequency location to cover the PRBs of CORESET for type 0 PDCCH search space in FR2.
3. Conclusion
In this contribution, we discuss the support of RedCap UE with reduced maximum bandwidth and have the following proposal.
Proposal 1: The RedCap UE adapt the received bandwidth and frequency location to cover the PRBs of CORESET for type 0 PDCCH search space in FR2.
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