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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#104b-e, the maximum UE bandwidth reduction and related issues caused were discussed for RedCap. The following working assumptions and agreements were made:
	Working assumption:
· During initial access, the bandwidth of the initial DL BWP for RedCap UEs is not expected to exceed the maximum RedCap UE bandwidth.
· The bandwidth and location of the initial DL BWP for RedCap UEs can be the same as the bandwidth and location of the MIB-configured initial DL BWP for non-RedCap UEs.
· This does not preclude a SIB-configured initial DL BWP for non-RedCap UEs only with a wider bandwidth than the maximum RedCap UE bandwidth.
· This does not preclude separate or additional bandwidth and location for initial DL BWP for RedCap UEs (FFS).

Working assumption:
· After initial access, at least for BWP#0 configuration option 1 (as in 38.331, Appendix B2), a RedCap UE is not expected to operate with an initial DL BWP wider than the maximum RedCap UE bandwidth.
· FFS: BWP#0 configuration option 2 (as in 38.331, Appendix B2)

Working assumption: A RedCap UE cannot be configured with a non-initial (DL or UL) BWP (i.e., a BWP with a non-zero index) wider than the maximum bandwidth of the RedCap UE.
· At least for FR1, FG 6-1 ("Basic BWP operation with restriction" as described in TR 38.822) is used as a starting point for the RedCap UE type capability.

Agreement:
· During initial access, for the scenario where the initial UL BWP for non-RedCap UEs is configured to be wider than the RedCap UE bandwidth, down select among the following options in RAN1#105-e
· Option 1: The scenario is allowed, and a RedCap UE can use the same UL BWP.
· Option 2: The scenario is allowed, but a separate initial UL BWP no wider than the RedCap UE maximum bandwidth is configured/defined for RedCap UEs.
· Option 3: The scenario is not allowed, and a RedCap UE is not expected to operate in an initial UL BWP wider than the RedCap UE maximum bandwidth.
Agreement:
· After initial access, for the scenario where the initial UL BWP for non-RedCap UEs is configured to be wider than the RedCap UE bandwidth, down select among the following options in RAN1#105-e:
· Option 1: The scenario is allowed, and a RedCap UE can use the same UL BWP.
· Option 2: The scenario is allowed, but a separate initial UL BWP no wider than the RedCap UE maximum bandwidth is configured/defined for RedCap UEs.
· Option 3: The scenario is not allowed, and a RedCap UE is not expected to operate in an initial UL BWP wider than the RedCap UE maximum bandwidth.




As updated in the latest WID [1], the maximum bandwidth during and after initial access for an FR1 RedCap UE is 20MHz. In this section, we analyze the issues caused by reduced bandwidth for the introduction of RedCap UE into existing 5G network, with a focus on FR1.
[bookmark: _Ref129681832]Discussion on RF retuning due to reduced UE max bandwidth
Scenarios for RF retuning  
As agreed in the latest WID [1], the maximum bandwidth during and after initial access for an FR1 RedCap UE is 20MHz. In this section, we analyze the new issues caused by reduced bandwidth for the introduction of RedCap UE into existing 5G network.
Coexistence between RedCap and legacy non-Redcap UEs
[image: ]In existing eMBB 5G network, one typical practice is that gNB configure RACH occasions/PUCCH resources to the end of the wide carrier bandwidth. This can avoid uplink PUSCH resource fragment and ensure eMBB UE’s data rate experience. Consider introducing RedCap to existing 5G network, there must be available methods for the network to avoid the example case illustrated in below Figure 1. It will cause undesirable PUSCH resource fragment and result in significantly impact on eMBB UE experience.

Figure 1: Illustration of the undesirable PUSCH resource fragment potential caused by potential RedCap
Observation 1: In practice network typically configures RACH occasions/PUCCH resources at the end sides of the wide carrier bandwidth, to avoid uplink PUSCH resource fragment.
Proposal 1: Network shall be able to configure RACH occasions/PUCCH resources at the end sides of the wide carrier bandwidth for RedCap (specific or multiplex with legacy eMBB), to avoid introducing uplink PUSCH resource fragment.

RF retuning for RedCap UE
Quite different from legacy 100MHz UE, the center frequency of a RedCap UE could be changed in some scenarios between UL and DL, especially in unpaired spectrum when the UE access a cell where the carrier bandwidth is larger than 20MHz, as illustrated in Figure 2. The scenarios potentially include the following and may require RedCap UE to perform center frequency change/RF retuning. For simplicity, we use RF retuning for discussion.
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Figure 2: Illustration of potential RF retuning for RedCap UE
#1: Coexistence with legacy non-RedCap UEs
· From SSB to SIB1
As shown in the figure above, for the case of {SS/PBCH block, PDCCH} SCS with{30, 15} kHz, frequency bands with minimum channel bandwidth 40MHz, as well as PDCCH configuration index 4, the highest index PRB of the SSB is the same as that of the CORESET#0. The lowest 23 PRBs of the CORESET#0 will exceed 20MHz bandwidth range based on the center frequency of the SSB. Therefore, the UE may need RF retuning to monitor PDCCH after SSB reception. 
Observation 2: Even in FR1, RF retuning may occur when RedCap UE from SSB reception to the PDCCH reception of SIB1.
This RF retuning case is similar to the discussion in previous meeting for FR2, and the following conclusion “RAN1 does not consider acquisition time improvements for FR2 RedCap UEs with SSB and CORESET#0 multiplexing patterns 2 and 3 as part of this WI.” was reached for FR2, and similar conclusion could be proposed for the RF retuning from SSB reception to PDCCH (scheduling SIB1) reception in FR1.
· Random access procedure
As shown in the figure above and according to the discussion in previous meeting, RF retuning may be needed to support a RACH occasion associated with the best SSB falls within the RedCap UE bandwidth (further discussed in section 2.4). RedCap UE’s PUCCH transmission also has similar cases as well as potential Msg3 transmission. 
The retuning in TDD also exists for MTC UEs. In LTE, the specification has no special description for this kind of RF retuning, since larger scheduling gap can cover retuning time between uplink transmission and downlink reception. For NR, scheduling gap is a bit stricter. The minimum interval time for RedCap UEs between uplink transmission and downlink reception may need to be extended considering the retuning time.
Observation 3: Considering the coexistence with legacy UEs during initial access, frequent RF retuning may occur between uplink transmission and downlink reception in TDD for RedCap UEs.

#2: RRM measurement in RRC connected mode
Moreover, for the purpose of improving RedCap UE data rate experience to compete with 4G LTE-Cat4, network may need to schedule a piece of 20MHz resource for RedCap which has lower overhead with transmitting less always-on signals (e.g. SSB and system information in the downlink). This is important to RedCap UE because the maximum bandwidth is reduced to only 20MHz while the available resources for PDSCH scheduling is reduced up to 30%-40% within the 20MHz which contains SSB and CORESET 0. In TDD network, since the number of SSB beam is up to 8, the overhead could be heavy.
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Figure 3: RedCap UE RF retuning for RRM measurement in RRC connected mode
As specified in R15, if no SSB/CSI-RS is configured within the active BWP the UE will have to retune to the frequency resource of SSB/CSI-RS for RRM measurements or time-frequency synchronization, which is further discussion in section 2.8. 
Observation 4: To improve RedCap UE data rate experience in the field, network may need to allocate RedCap UE to a piece of 20MHz which does not contain SSB (less overhead). Thus, RedCap UE has to perform RF retuning between different 20MHz to perform RRM measurement in RRC connected mode.

#3: Load balance and make room for high priority traffic 
For RedCap, the gNB can assign RedCap UEs to different 20MHz to alleviate resource congestion for load balance. Also, sometimes, gNB may need to re-allocate or schedule RedCap UE on a different 20MHz within the network carrier bandwidth to avoid occupy resources where high priority traffic for eMBB or URLLC UE arrives. There should be RF retuning for RedCap UEs in these cases.

#4: Hopping or schedule in wider BW than maximum RedCap UE BW
[bookmark: OLE_LINK23][bookmark: OLE_LINK24]As evaluated in TR 38.875, reduced maximum UE bandwidth may cause loss of frequency diversity gain.
To achieve larger diversity gain and interference randomization, hopping or scheduling in BW larger than 20MHz can be considered. Thus, RedCap UEs possibly need to operate RF retuning to acquire suitable frequency resource by measure channel quality. Also, RedCap UE may need to perform RF retuning to transmit/receive outside 20MHz to obtain larger diversity gain or frequency selective scheduling gain.
To illustrate the diversity gain achievable by frequency hopping, Figure 4 provides evaluation results assuming RedCap UE with 2 RBs & 30 kHz SCS hopping within 20MHz and 100 MHz channel BW in FR1. For two adjacent hops, the frequency range is 20MHz and 100 MHz. As shown in the figure, frequency hopping within 100MHz can achieve ~1dB gain comparing with frequency hopping only within 20MHz in FR1.
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Figure 4: Gain of frequency hopping across lager bandwidth in FR1
Observation 5: Frequency hopping across larger BW (e.g., 100MHz) is beneficial in terms of diversity gain or frequency selective scheduling gain.
According to the above, center frequency changes for RedCap is inevitable, and UE RF retuning is needed regardless of using BWP framework or separately defined approach. So we propose:
Proposal 2: In response to the network configuration/scheduling, RedCap UE should support center frequency change/RF retuning across a bandwidth larger than its maximum UE bandwidth.

BWP operation for RedCap UE
There are different ways to enable RF retuning from RAN1 perspective, including e.g. scheduling the RedCap UEs within a BWP larger than UE maximum bandwidth, or the RF retuning is carried out based on BWP switch using separate BWPs. 
· RF retuning in relation to BWP size
In RAN1#104b-e meeting, for the BWP size for RedCap UEs, the following working assumptions have been made.
	Working assumption:
· During initial access, the bandwidth of the initial DL BWP for RedCap UEs is not expected to exceed the maximum RedCap UE bandwidth.
· The bandwidth and location of the initial DL BWP for RedCap UEs can be the same as the bandwidth and location of the MIB-configured initial DL BWP for non-RedCap UEs.
· This does not preclude a SIB-configured initial DL BWP for non-RedCap UEs only with a wider bandwidth than the maximum RedCap UE bandwidth.
· This does not preclude separate or additional bandwidth and location for initial DL BWP for RedCap UEs (FFS).
· After initial access, at least for BWP#0 configuration option 1 (as in 38.331, Appendix B2), a RedCap UE is not expected to operate with an initial DL BWP wider than the maximum RedCap UE bandwidth.
· FFS: BWP#0 configuration option 2 (as in 38.331, Appendix B2)
· A RedCap UE cannot be configured with a non-initial (DL or UL) BWP (i.e., a BWP with a non-zero index) wider than the maximum bandwidth of the RedCap UE.
· At least for FR1, FG 6-1 ("Basic BWP operation with restriction" as described in TR 38.822) is used as a starting point for the RedCap UE type capability.




In our view, any BWP configured for RedCap UEs shall not be larger than the maximum RedCap UE bandwidth. The reasons are as following:
1. BWP is defined with flexible BW but no larger than the UE maximum bandwidth, such that a UE does not need to turn on its full RF bandwidth all the time and it is up to network configuration on the need of configured BW for data transmission and reception. The scenarios for RF retuning as discussed in section 2.1 are against this motivation, where the resources would be located outside UE maximum bandwidth even if a RedCap has turned on its full RF bandwidth. 
2. All current UE behaviour, UE requirement and corresponding configuration is performed per BWP. Configuring a larger BWP defined for data communication and then restricting the resource utilization within the UE maximum bandwidth could introduce huge specification work, across RAN1, RAN2 and even RAN4.
3. Even if a larger BWP is configured to a RedCap UE, gNB may still need to know the exact UE RF boundary of 20 MHz in order to let RedCap UE properly work in this larger carrier BW or BWP. Thus, a narrowband-like concept is likely to be used to solve this problem, similar as in LTE eMTC. The two stage configuration of a larger BWP plus a narrowband is redundant, given the existing BWP framework serves similarly.

As a matter of fact, RF retuning itself is not related to BWP size as it is mainly center frequency (location) change. Thus,
Proposal 3: RedCap BWP shall not be wider than the maximum RedCap UE bandwidth, including both initial DL/UL BWP for BWP#0 configuration option 1& option 2 and non-initial DL/UL BWP, i.e. option 1 is not allowed
As discussed in previous meeting, the initial DL(derived based on MIB/SIB) BWP/initial UL BWP (derived based on SIB) for RedCap UEs can be the same as the initial UL BWP for non-RedCap UEs at least when the initial UL BWP is no wider than the RedCap UE bandwidth.  For the case of legacy initial DL/UL BWP wider than the RedCap UE bandwidth, the most compatible approach is to configure RedCap UEs with separate initial BWPs in DL/UL from legacy initial BWPs, and perform RedCap BWP retuning as needed.
Proposal 4: A separate initial DL/UL BWP no wider than the RedCap UE maximum bandwidth is configured/defined for RedCap UEs when the initial DL/UL BWP for non-RedCap UEs is configured to be wider than the RedCap UE bandwidth during and after initial access. 

· RF retuning in relation to BWP location
In current specification, a BWP is defined by a location (start PRB) and number of contiguous PRBs which is not larger than UE maximum bandwidth. A UE can be configured with multiple BWPs and change the active BWP via BWP switch procedure. For BWP switch, the delay has been defined considering the DCI decoding, BWP-specific parameters reloading, RF retuning and so on. In our view, the current BWP switch mechanism can still be reused for many scenarios for RedCap UEs. Thus, there is limitation defined for the number of BWPs that can be configured to a UE, so that the UE can switch in between accommodating different parameters/configurations.
However, as discussed in section 2.1, RF retuning for RedCap UE due to the maximum bandwidth reduction is more about the location change only without configuration adaptation. The number of retuning times does not necessarily have to be restricted by the configured number of BWPs, and also can be much faster than the current BWP switching at least according to LTE experience. 
Thus, on top of existing BWP definition and switch procedure, we propose an extended BWP operation as “BWP retuning” for RedCap where
· A RedCap BWP can be configured with multiple locations (start PRB)
· BWP retuning occurs among different locations associated to the same RedCap BWP (index)

To compare with legacy BWP operation, the following picture is provided.
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	BWP switch
	RedCap BWP retuning


Figure 5: Illustration of BWP retuning
The extended BWP operation as BWP retuning has at least the following advantages:
Firstly, existing BWP switching mechanism can be reused to enable RedCap UEs switch between multiple BWPs if needed. While for BWP retuning, as the BWP at different locations belonging to same BWP which share same parameters e.g. SCS, BWP retuning can be considered as RF retuning in a same BWP and requires a shorter time, e.g. symbol level. 
Secondly, for non-initial DL/UL BWP, in the current specification, a UE can only support at most four RRC-configured BWP. A RedCap BWP using legacy BWP switch cannot span the whole carrier bandwidth of 100MHz and multiple BWP configurations in legacy approach will also require larger memory size, thus leading to increment of UE cost. The proposed BWP retuning does not have this issue.
Thirdly, existing BWP switch only applied for RRC connected mode. For initial DL/UL BWP, RedCap needs to perform RF retuning to avoid PUSCH resource fragment. By re-using BWP switch to achieve RF retuning during initial access, it will lead to configure multiple initial DL/UL BWPs for a RedCap UE or require support of DCI based BWP switch (optional in Rel-15), which will break the principle of having one initial DL/UL BWP per carrier per UE. The extended BWP retuning maintain single initial BWP.
The summary is shown in the following table.
Table 1. Analysis of RedCap BWP operation
	
	Existing BWP switch
	RedCap BWP retuning

	Switch delay
	Large (slot level)
	Small (symbol level)

	Memory cost for RedCap RF retuning
	Large (due to more than one BWP)
	Small (single BWP with multiple locations)

	Use cases
	· Legacy scenario as service change (e.g. SCS change)
· Load balance
· Scheduling over wider carrier bandwidth to get frequency-selective gain
	· Coexistence with non-RedCap UE
· RRM measurement in RRC connected mode
· Quick response as per traffic priority



As for the exact retuning time needed for the proposed BWP retuning, RAN4 expertise is needed. Additionally, the RF retuning time gap may have impact on transmission performance if puncturing is applied, or change to the existing scheduling timeline may be needed. Sending LS to RAN4 as early as possible would be good for RAN1 identifying the standardization impact and making progress on this issue. In eMTC, two OFDM symbols for narrowband retuning has been defined for BL/CE UEs. In our view, the same value of RF retuning can also be considered for RedCap UEs when only center frequency changes.
Proposal 5: Send an LS to RAN4 asking about the guard period time of RF retuning for RedCap.	
RAN1 should proceed based on RAN4 feedback on feasibility to have a reduced time gap for center frequency change. From RAN1 perspective considering the existing restriction of UE supporting single initial BWP, by default non-DCI based BWP switching, optionally support of limited number of multiple BWPs, it is proposed that:
Proposal 6: Consider that a RedCap BWP can be configured with multiple locations (start PRB).
· BWP retuning occurs among different locations (start PRB) 

Additional bandwidth and location for initial DL BWP during initial access
In this section, we want to discuss the initial DL BWP for RedCap UEs during initial access. The following assumption has been made in the last meeting.
	Working assumption:
· During initial access, the bandwidth of the initial DL BWP for RedCap UEs is not expected to exceed the maximum RedCap UE bandwidth.
· The bandwidth and location of the initial DL BWP for RedCap UEs can be the same as the bandwidth and location of the MIB-configured initial DL BWP for non-RedCap UEs.
· This does not preclude a SIB-configured initial DL BWP for non-RedCap UEs only with a wider bandwidth than the maximum RedCap UE bandwidth.
· This does not preclude separate or additional bandwidth and location for initial DL BWP for RedCap UEs (FFS).



This working assumption does not preclude separate or additional bandwidth and location for initial DL BWP for RedCap UEs. In previous meeting, the need of an additional CORESET0 was also discussed for scheduling of RACH (msg2 & msg4)/Paging/SI messages for RedCap UEs. 
In current specification, a common CORESET can be optionally configured in SIB1, while it is contained in the bandwidth of CORESET#0.The initial motivation for an additional CORESET0 seems to be the determination of additional frequency resources outside bandwidth of CORESET#0 for the transmission of RACH (msg2 & msg4)/Paging/SI. Given the possible amount of RedCap UEs in the early RedCap commercialization is not large, the additional bandwidth and location outside bandwidth can be considered in a later Release. Thus we have the following proposal.
Proposal 7: During initial access, no separate or additional bandwidth and location for initial DL BWP is pursued for RedCap UEs in Rel-17.
According to the UE feature 3-1 defined in TS 38.822 “One configured CORESET per BWP per cell in addition to CORESET0”, the baseline for legacy UE is 2 CORESET per BWP. If an additional CORESET (e.g. CORESET 0’) is configured, there may be three CORESET for initial DL BWP in total, which will cause higher demand for RedCap UE on memory and processing complexity than for legacy UE. That is unacceptable for RedCap UEs, which aims to reduce the UEs’ complexity.
Proposal 8: CORESET#0 defined in current spec is sufficient for RedCap UEs, and there is no need to support an additional CORESET#0.

Enabling RACH occasion within the RedCap UE BW
As discussed in previous meeting, the total BW of 8 FDMed PRACH transmission occasions confined within the initial UL BWP may be larger than 20MHz. Therefore, a RACH occasion associated with the best SSB falls outside of the RedCap UE bandwidth. The issue has been discussed and the following agreements have been made in RAN1#104-e meeting.
	Agreements:
· Study further how to enable/support that a RACH occasion associated with the best SSB falls within the RedCap UE bandwidth, with the following options:
· Option 1: Proper RF-retuning for RedCap
· Option 2: Separate initial UL BWP(s) for RedCap UEs
· Option 3: gNB configuration (e.g., restrictions on existing PRACH configurations, or FDM-ed ROs, or always restricting the initial UL BWP to within RedCap UE bandwidth)
· Option 4: Dedicated PRACH configurations (e.g., ROs) for RedCap UEs
· Other options are not precluded



Before discussing the detailed solutions, one principle should be confirmed, that the solution should not have negative impact on non-RedCap UEs considering coexistence with non-RedCap UEs.
Option 3 will have negative impact on non-RedCap UEs, so Option 3 should be low priority. For Option 4, we don’t think dedicated PRACH configurations (e.g., ROs) for RedCap UEs can resolve this issue, because even for dedicated PRACH configurations for RedCap can also contain 8 FDMed ROs, considering the RO capacity for RedCap UEs. 
In our view, Option 1 and Option 2 seems more reasonable. As discussed in former section, the maximum bandwidth of initial UL BWP for RedCap UEs can be only up to 20MHz, one initial UL BWP can’t span all the 8 FDMed ROs. Therefore, two or more separate initial UL BWPs could be considered for RedCap UEs. Each initial UL BWP is associated with several ROs. A RedCap UE can determine its initial UL BWP according to its selected RO.
The multiple initial UL BWPs are also beneficial for larger network capacity and larger frequency diversity gain. For this perspective, the multiple initial UL BWPs for RedCap UEs can be considered as a same BWP with different frequency locations and share same parameters except center frequency. Thus smaller switching time and less memory size can be achieved. 
Based on the above discussion, we have the following:
Observation 6: Separate initial UL BWP with multiple locations (start PRB) for RedCap UEs can well enable/support that a RACH occasion associated with the best SSB falls within the RedCap UE bandwidth.

Enabling PUCCH and PUSCH within RedCap UE BW

As discussed in previous meeting, PUCCH for Msg4/[MsgB] HARQ feedback and/or PUSCH for Msg3/[MsgA] transmissions may falls outside RedCap UE bandwidth if frequency hopping is enabled. The following agreements have been made in RAN1#104-e.
	Agreements:
· Study further whether and how to enable/support that PUCCH (for Msg4/[MsgB] HARQ feedback) and/or PUSCH (for Msg3/[MsgA]) transmissions fall within the RedCap UE bandwidth during initial access, with the following options:
· Option 1: Proper RF-retuning for RedCap (if feasible)
· Option 2: Separate initial UL BWP(s) for RedCap
· FFS more than one starting PRB position
· Option 3: Separate PUCCH/Msg3/[MsgA] PUSCH configuration/indication or a different interpretation for the same configuration/indication for RedCap (e.g., disabled frequency hopping or different frequency hopping)
· Option 4: gNB configuration (e.g., always restricting the initial UL BWP to within RedCap UE bandwidth, or restrictions on the frequency location and the amount of scheduled resource for Msg4/[MsgB] HARQ feedback and Msg3/[MsgA] PUSCH)
· Note: As an example, with restrictions on the frequency location and the amount of scheduled resource for Msg4/[MsgB] HARQ feedback and Msg3/[MsgA] PUSCH, when the initial UL BWP is the same for RedCap and non-RedCap UEs, the PUCCH (for Msg4/[MsgB] HARQ feedback) and PUSCH (for Msg3/[MsgA]) are within the RedCap UE bandwidth
· Other options are not precluded



As discussed in former section, one principle should be confirmed, that the solution should not have negative impact on non-RedCap UEs considering coexistence with non-RedCap UEs. Option 4 will much decrease network capacity. More importantly, for initial UL BWP, if the bandwidth is limited to 20MHz, the configured PRACH resources and PUCCH resource for Msg4/MsgB HARQ feedback will cause PUSCH fragmentation especially for TDD carrier, which will much influence UE date rate of non-RedCap UEs which are not support of non-continuous frequency resource allocation. So Option 4 should be low-priority.
In former section, we propose configure separate initial UL BWP with multiple locations for RedCap UEs. Based on separate initial UL BWP, PUSCH transmission for Msg3/[MsgA]  can be limited within the initial UL BWP, thus this issue can be resolved.
For PUCCH for Msg4/[MsgB] HARQ feedback, the key issue is to avoid PUSCH fragmentation for non-RedCap UEs. So the PUCCH should be enabled to be configured at the sides of a carrier. The different PUCCH hopping location can be considered as different locations of an initial UL BWP. If the PUCCH transmissions for Msg4/[MsgB] HARQ feedback fall outside the RedCap UE bandwidth,  RedCap UE perform BWP retuning between the different locations of the initial UL BWP.
Based on the above discussion, we have the following:
Observation 7: Separate initial UL BWP with multiple locations (start PRB) for RedCap UEs can well enable/support that PUCCH (for Msg4/[MsgB] HARQ feedback) and/or PUSCH (for Msg3/[MsgA]) transmissions fall within the RedCap UE bandwidth during initial access.

Existing feature handling for RedCap related to UE max bandwidth
Mandatory UE features for RedCap UEs
Supporting BWP without restriction 
In [2], it was specified that bwp-WithoutRestriction is not a mandatory feature. bwp-WithoutRestriction means BW of UE-specific RRC configured BWP may not include BW of the CORESET#0 (if CORESET#0 is present) and SSB for PCell/PSCell (if configured) according to TR38.822. On the contrary, as a mandatory feature, the BW of a UE-specific RRC configured BWP should include SSB for PCell/PSCell. Therefore the BWP configuration for all non-RedCap UEs will be concentrated around one narrow band of 20MHz containing SSB as shown in Fig. 6-a. Furthermore, common channels including SSB, SIB1, SI, paging and so on are all transmitted in the initial DL BWP around SSB, the overhead can be up to ~ 40% from the perspective of the narrow band of  20MHz. This will lead to less available time-frequency resource for RedCap UEs. Thus, for RedCap UEs, when the number of UEs are considerable, traffic congestion will likely occur. 
As a result, the performance for RedCap UEs will be degraded. For example, the data rate for RedCap UEs will be decreased and the PDCCH blocking rate will be increased. According to the evaluation in the previous contribution [3], when the bandwidth of the available resources allocated for RedCap UEs is reduced from 50MHz to 20MHz, the achieved 50% data rate is decreased about 50%. Furthermore when the simultaneously scheduled RedCap UEs are increased from 5 to 10, the average PDCCH blocking rate increases by about 170% as shown in [4]. From this aspect, it would be preferable to ensure the BWPs configured for different RedCap UEs can spread over the whole carrier bandwidth, which results in some BWPs not including any SSB (i.e. SSB-less as depicted in Fig. 5-b) for some RedCap UEs. 
Proposal 9: UE feature 6-1a “BWP operation without restriction on BW of BWPs” should be supported mandatorily for RedCap UEs.
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	(a). RedCap BWP concentrated around SSB
	(b). RedCap BWP does not contain SSB 


Figure 6: Illustration of different cases of RedCap BWP

In case that BWP switching happens (e.g. from a SSB-less BWP to a BWP including SSB), if reusing the current BWP switching mechanism (i.e. DCI-based BWP switching) and measurement gap mechanism, a larger switching delay (~ millisecond level) and interruption to data transmission over the SSB-less BWP will frequently incur. The overhead of RRM measurement can be up to 15% considering a typical configuration of measurement period of 40 ms and measurement gap of 6 ms. Improvement can be further considered for RedCap to reduce the interruption caused by RF retuning.
In addition, to achieve better frequency diversity gain and selective scheduling gain, a RedCap UE can do monitor frequency resources wider than 20 MHz to operate CSI measurement and CSI report. In this case, the gNB can allocate RedCap UE in different 20 MHz bandwidth for better performance. 
Proposal 10: RAN1 further study RRM measurement & CSI measurement for RedCap and report schemes over frequency resources wider than the maximum bandwidth of RedCap UEs.
Optional UE features for RedCap UEs
SUL is an important feature for UL coverage and data rate improvements. For RedCap UE the UL coverage is particularly concerned during the SI and WID revision discussion, as well as the operation in TDD due to reduced number of UL transmission occasions in typical TDD configurations. Supporting SUL does not increase UE cost since the RF architecture is not changed compared to the RedCap implementation supposed for supporting multi-bands and there is marginal specification impact from RAN1 perspective. More details can be found in [5][6].
There are also many other features especially optional features introduced for non-RedCap UEs however may be useful for RedCap UEs as well, if reported. Those features could increase the applicable RedCap UEs business use cases and thus beneficial for commercialization and further cost reduction in long term economies of scales, e.g. positioning by SRS. Although RAN2 will proceed the signalling aspects of UE capabilities/Type, RAN1 is preferred to provide a high level guidance as early as possible for existing (optional) features handling, in order to facilitate the specification and commercialization.
Proposal 11: RAN1 provides a guidance on handling/assumptions of support of existing UE capabilities for RedCap UEs.
Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, the potential issues on reduced UE maximum bandwidth for RedCap are identified. The new RF retuning cases in potential scenarios specific for RedCap UEs and solutions are discussed. Based on the analysis, we have the following observations and proposals:
Observation 1: In practice network typically configures RACH occasions/PUCCH resources at the end sides of the wide carrier bandwidth, to avoid uplink PUSCH resource fragment.
Observation 2: Even in FR1, RF retuning may occur when RedCap UE from SSB reception to the PDCCH reception of SIB1.
Observation 3: Considering the coexistence with legacy UEs during initial access, frequent RF retuning may occur between uplink transmission and downlink reception in TDD for RedCap UEs.
Observation 4: To improve RedCap UE data rate experience in the field, network may need to allocate RedCap UE to a piece of 20MHz which does not contain SSB (less overhead). Thus, RedCap UE has to perform RF retuning between different 20MHz to perform RRM measurement in RRC connected mode.
Observation 5: Frequency hopping across larger BW (e.g., 100MHz) is beneficial in terms of diversity gain or frequency selective scheduling gain.
Observation 6: Separate initial UL BWP with multiple locations (start PRB) for RedCap UEs can well enable/support that a RACH occasion associated with the best SSB falls within the RedCap UE bandwidth.
Observation 7: Separate initial UL BWP with multiple locations (start PRB) for RedCap UEs can well enable/support that PUCCH (for Msg4/[MsgB] HARQ feedback) and/or PUSCH (for Msg3/[MsgA]) transmissions fall within the RedCap UE bandwidth during initial access.
Proposal 1: Network shall be able to configure RACH occasions/PUCCH resources at the end sides of the wide carrier bandwidth for RedCap (specific or multiplex with legacy eMBB), to avoid introducing uplink PUSCH resource fragment.
Proposal 2: In response to the network configuration/scheduling, RedCap UE should support center frequency change/RF retuning across a bandwidth larger than its maximum UE bandwidth.
Proposal 3: RedCap BWP shall not be wider than the maximum RedCap UE bandwidth, including both initial DL/UL BWP for BWP#0 configuration option 1& option 2 and non-initial DL/UL BWP, i.e. option 1 is not allowed
Proposal 4: A separate initial DL/UL BWP no wider than the RedCap UE maximum bandwidth is configured/defined for RedCap UEs when the initial DL/UL BWP for non-RedCap UEs is configured to be wider than the RedCap UE bandwidth during and after initial access. 
Proposal 5: Send an LS to RAN4 asking about the guard period time of RF retuning for RedCap.
Proposal 6: Consider that a RedCap BWP can be configured with multiple locations (start PRB).
· BWP retuning occurs among different locations (start PRB) 
Proposal 7: During initial access, no separate or additional bandwidth and location for initial DL BWP is pursued for RedCap UEs in Rel-17.
Proposal 8: CORESET#0 defined in current spec is sufficient for RedCap UEs, and there is no need to support an additional CORESET#0.
Proposal 9: UE feature 6-1a “BWP operation without restriction on BW of BWPs” should be supported mandatorily for RedCap UEs.
Proposal 10: RAN1 further study RRM measurement & CSI measurement for RedCap and report schemes over frequency resources wider than the maximum bandwidth of RedCap UEs.
Proposal 11: RAN1 provides a guidance on handling/assumptions of support of existing UE capabilities for RedCap UEs.
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