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[bookmark: _Ref129681832]In this contribution, we analyze the issues caused by reduced bandwidth for the introduction of RedCap UE into 5G network, with a focus on FR1.
BWP operation for RedCap
Initial DL BWP
	Working assumption:
· At least for TDD, an initial DL BWP for RedCap UEs (which is not expected to exceed the maximum RedCap UE bandwidth) can be optionally configured/defined separately from the initial DL BWP for non-RedCap UEs at least after initial access
· FFS the details of the configuration/definition
· The configuration for a separately configured initial DL BWP for RedCap UEs is signaled in SIB.
· whether to support that separate initial DL BWP for RedCap UEs can include a configuration of CORESET and CSS(s) 
· whether part of the configuration can be defined instead of signaled
· If a separate initial DL BWP for RedCap UEs is configured/defined, this separate initial DL BWP for RedCap UEs can be used at least after initial access (i.e., at least after RRC Setup, RRC Resume, or RRC Reestablishment).
· FFS during the initial access
· FFS: whether a separately configured initial DL BWP for RedCap UEs needs to contain the entire CORESET #0, and, if not, the Redcap UE behavior for CORESET #0 monitoring
· FFS: supported bandwidths in the separate initial DL BWP
· FFS: whether additional SSB is transmitted in the separately configured initial DL BWP for RedCap UEs
· FFS: FDD case

Agreement 
Replace the RAN1#104bis-e working assumption with the following agreement:
· During initial access, the bandwidth of the initial DL BWP for RedCap UEs is not expected to exceed the maximum RedCap UE bandwidth.
· RedCap UEs and non-RedCap UEs can share the same MIB-configured initial DL BWP (including the bandwidth and location).
· 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).

Agreement
 Confirm the following working assumptions from RAN1#105-e:
· After initial access (i.e., after RRC Setup, RRC Resume, or RRC Reestablishment), 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.
· After initial access (i.e., after RRC Setup, RRC Resume, or RRC Reestablishment), for BWP#0 configuration option 2 (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.



Separate initial DL BWP for RedCap UEs has been discussed in the last meetings for several motivations:
· Motivation 1: To enable the case that the bandwidth of SIB1-configured initial DL BWP for non-RedCap UEs exceeds maximum RedCap UE bandwidth.
· Motivation 2: To keep the same center frequency for initial DL BWP and initial UL BWP in TDD operation, e.g., to resolve the PUSCH resource fragmentation by placing an initial UL BWP at the side(s) of carrier.
· Motivation 3: To enable offloading for RACH/Paging/SI from CORESET#0.
 
If a separate initial DL BWP is configured with frequency location different from the MIB-configured initial DL BWP for non-RedCap UEs, since the latter is 20 MHz same as the maximum RedCap UE bandwidth, it implies two possible approaches:
· There are multiple initial DL BWPs configured for RedCap UEs and the separate initial DL BWP is changed from one to another for reception of CORESET#0/SIB1 and other DL respectively, similar to BWP switching procedure;
· A single separate initial DL BWP is assumed with all necessary configurations applied, while different location parts/frequency changes are defined with only one of them is used for CORESET#0 or other DL reception at a given time, similar to frequency hopping or retuning procedure.

Observation 1: It is not clear which approach is assumed in case a separate initial DL BWP is configured with different location from the MIB-configured initial DL BWP.

Initial UL BWP
As discussed in previous meeting, the total BW of 8 FDMed PRACH transmission occasions confined within the initial UL BWP may be larger than 20 MHz. 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#106-e meeting.
	Agreement
Confirm the following working assumption from RAN1#105-e regarding RACH occasions.
· For enabling/supporting that the RACH occasion (RO) associated with the best SSB falls within the RedCap UE bandwidth, support separate initial UL BWP for RedCap UEs (which is not expected to exceed the maximum RedCap UE bandwidth), and this separate initial UL BWP for RedCap includes ROs for RedCap UEs.
· Note: these ROs can be dedicated for RedCap UEs or shared with non-RedCap UEs.



However, since the maximum bandwidth of RedCap UE can be only up to 20MHz, the current agreement is lack of details to fully address the issue. The agreement implies two possible approaches for next step of discussion:
· A separate initial UL BWP only include parts of the total ROs, which leaves some ROs not associated with the best SSB to be outside the current separate initial UL BWP. Multiple separate initial UL BWPs need to be configured beforehand for UE to select and BWP switching is performed depending on UE selected SSB;
· A single separate initial UL BWP with all RO configurations applied is associated with multiple locations, of which each frequency range corresponding to one location is within 20 MHz and only one is usable at a given time, served as the separate initial UL BWP. RF retuning to another location is performed when needed.
Observation 2: It is not clear how a separate initial UL BWP would resolve the issue for selection of the best SSB, among different alternatives.

RedCap BWP operation
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 changes the active BWP via BWP switch procedure. There is limitation defined for the number of BWPs that can be configured to a UE, so that the UE can switch between them accommodating different parameters/configurations.
Also in current specification, only one initial UL/DL BWP is configured, as the minimum possible UE capability that a UE needs to support.
BWP operation is closely related to RF retuning. On one hand, legacy BWP switching may naturally contain RF retuning if the BWPs have different frequency; on the other hand, RF retuning may be achieved by other approaches without switching BWP, which is also specified in NR procedures e.g. measurement with Gap, Tx switching or SRS carrier switching with a much shorter switching/transition time because of the nature that BWP related parameters does not change per UE frequency location change.
As discussed in section 2.1 and 2.2, the frequency location change for RedCap UE due to the maximum bandwidth limit is more about the location change only without configuration e.g. SCS 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. 
Thus, towards the RedCap specific needs and issues, the minimum requirement for RedCap UE is not to support multiple BWPs with BWP switching, instead, a single BWP is the baseline during initial access and the necessary adaptation can be achieved by RF retuning among frequency locations within that BWP only, leading to a BWP defined as
Proposal 1:  The following BWP framework can be considered for RedCap UEs:
· 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 1: Illustration of BWP retuning

The summary is shown in the following table as well.
Table 1. Analysis of RedCap BWP operation based on different approaches
	
	Existing BWP switch
	Proposed 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

	Impact on existing UE capabilities
	No. 
· Type 1 or Type 2 BWP switch as specified in TS 38.133 can be assumed.
	No.
· Measurement Gap, Tx switching or SRS carrier switching already supports symbol level, e.g. 140us RF retuning as specified in TS 38.133.



As can be seen, support of an efficient RF retuning operation does not additionally impose UE complexity compared to R15/R16 non-RedCap UEs in this regard. With reduced retuning time, UE power consumption can also be further reduced. Related to the analysis in section 5.1 vs. SSB regarding the impact of UE RF retuning, we have a companion contribution in [1].
Further possibly, this optimized BWP operation could also be used by non-RedCap UEs when the same condition is met, e.g. no other change on the BWP associated parameters occur when only RF location is changed, which could be further discussed in UE capability session.

Application of BWP operation for resolving initial DL and UL BWP issues
In the DL, with the proposed BWP definition, a UE can read SSB and later monitor other CSS/CORESETs with reduced gap, without BWP switching or multiple BWP configured and with reduced UE power consumption, if any.
Note that SSB is always within the BWP. 
In the UL, each location of the initial UL BWP is associated with several ROs. A RedCap UE can determine its location according to its selected RO associated with the best SSB. 

Other DL reception/monitoring during initial access
Hereafter, for simplicity, BWP is used to represent the used location whenever mentioned. A same sentence can be used in the specification if adopted, thus minimized specification update.
As the existing SSB and the associated SIB1 defines the cell and RedCap UE is expected to use the same SSB/SIB1 for the same cell, for coexistence as per WID, the (separate) initial DL BWP for RedCap UE shall not contain another SSB/SIB1.
As for the configurations of the separate initial DL BWP, it is natural to have a separate BWP overlapping with non-RedCap initial DL BWP in case of motivation 1 only previously mentioned, thus no special handling is required. 
Some considerations follow the other two motivations where the separate initial DL BWP may use a different location from the legacy initial DL BWP for non-RedCap.

· Centre frequency between initial DL BWP and initial UL BWP in TDD operation
In TDD operation, a friendly UE implementation is to keep the centre frequency of its active DL BWP the same as the active UL BWP. However, in practical networks, the PUCCH for Msg4 feedback is usually configured at the two edges of the carrier bandwidth in order to ensure contiguous PUSCH resource for scheduling and higher data rate. This is also beneficial to UEs since non-contiguous resource allocation for PUSCH is less preferred. While for RedCap BWP configuration, although the PUCCH can be configured on only one side of the carrier/BWP when multiplexed with PUCCH resources for non-RedCap UEs with disabled PUCCH frequency hopping (agreed in the last meeting), the legacy initial DL BWP does not, and in many cases has not been configured also at the same edge of the carrier bandwidth. Thus, a separate initial DL BWP could be automatically applied with the same centre frequency as the initial UL BWP for RedCap UEs. For this purpose, during initial access, there is no need to configure specific content on the initial DL BWP, and the RedCap UE does not perform reception in DL and transmission in UL (corresponding to the same frequency location) simultaneously.
Observation 3: If the center frequency of DL BWP and UL BWP is to be aligned, a separate DL BWP during initial access does not necessarily require any DL configuration for CSS/CORESETs.
On the other hand, it has also drawn our attention that the center frequency alignment requirement does not apply in R15 for non-RedCap UEs during initial access. This, from UE implementation perspective may also be acceptable, since it can be realized by UE implementation of RF retuning of both DL and UL with a similar effect as defining an empty separate initial DL BWP, without DL reception.
Observation 4: During initial access, the alignment of the center frequency can be left to UE implementation without required by specification.

· Offloading for RACH/Paging/SI from CORESET#0.
The PDCCH capability for CSS may need to be improved considering the access of RedCap UEs. However, it has been understood that no special enhancement is needed if the DCI size can be naturally reduced due to restricted configurations. Thus, there is no strong need to introduce separate initial DL BWP only for the purpose of RAR/Paging/SI offloading from CORESET#0. 
Observation 5: There is no strong need to define a separate initial DL BWP for offloading purpose for CSS/CORESETs.
On the other hand, if a separate initial DL BWP is anyway configured due to the need of motivation 1, this separate initial DL BWP could also be used for serving the other two motivations, with maximized benefits. This separate BWP may potentially be used after initial access (as agreed) which is more demanding for offloading purpose, with less additional configuration overhead. The presence/absence of CSS/CORESETs for OSI/RAR/Paging can be left to network configuration, by which for a case that one CSS does not exist, the UE expects there is corresponding configurations in the MIB-configured CORESET#0/initial DL BWP.
Based on the above,
Proposal 2: During initial access, for the separate initial DL BWP differently from the MIB-configured initial DL BWP for non-RedCap UEs,
· it does not contain another SSB nor CSS/CORESET configurations for SIB1
· it may or may not include any CSS/CORESET configurations for DL reception of OSI/RAR/Paging
· the centre frequency of it may or may not be aligned with the centre frequency of (separate) initial UL BWP 

Other UL transmissions during initial access
Hereafter, similarly for simplicity, BWP is used to represent the used location whenever applicable, for example the frequency hopping of PUCCH means hopping between different locations within a same BWP. A same sentence can be used in the specification if adopted, thus minimized specification update. 
On Msg3
For PUSCH Msg3 hopping, optimization of the RAR UL grant format may be further considered about how to indicate the frequency hopping pattern and resource allocation for PUSCH on initial UL BWP. 
The frequency resource allocation field in the current UL grant of MAC RAR occupies 14 bits. If frequency hopping is enabled, 1 or 2 MSB in the FDRA field indicate the frequency offset for the second hop, which will significantly restrict the flexibility of the PUSCH frequency resource allocation (as shown in the figure, the RIV in shadow cannot be allocated).
[image: ]
Figure 2: Illustration of FDRA range when FH is enabled (20 MHz, 15 kHz)

For FR1, the transmission bandwidth configuration NRB for 20 MHz RedCap UE is listed in Table 2. Obviously, maximum 13 bits are needed for actual resource allocation within 20 MHz BWP, and one remaining bit can be used to indicate the FH offset. Therefore, decoupling the bit(s) of frequency offset indication from FDRA field will not impose any restriction on frequency resource allocation, and provide full flexibility for frequency resource allocation. 
Table 2. The transmission bandwidth configuration NRB and the corresponding indication bits, FR1
	SCS(kHz)
	15
	30

	NRB
	106
	51

	Bits 
	13
	11



[bookmark: _GoBack]Proposal 3: One separate field for Msg3 FH indication is supported in the UL grant of MAC RAR.

On PUCCH for Msg4
For PUCCH for msg4 HARQ feedback, in addition to enable/support PUCCH fall within RedCap UE bandwidth, what’s more is to avoid PUSCH fragmentation due to PUCCH transmission. In RAN1#106-e, the following agreements has been made:
	 Agreement
· In case a separate initial UL BWP is configured for RedCap UEs, it is supported that the network can enable/disable intra-slot PUCCH frequency hopping within the separate initial UL BWP in the PUCCH resource for HARQ feedback for Msg4/MsgB for RedCap UEs.
· Working assumption: The frequency hopping is enabled/disabled at least via SIB.



However, it may reduce the frequency diversity gain for RedCap UEs. While, if frequency hopping across the carrier bandwidth, e.g. 100MHz, is enabled, some symbols could be discarded to perform RF retuning, which may also lead to performance loss. In addition, as evaluated in TR 38.875, antenna efficiency loss will lead to at least 3dB UL coverage loss for RedCap UEs. Considering PUCCH resources in frequency for Msg4 is configured for all RedCap UEs, Thus, some enhancements can be considered for UL transmissions, e.g. PUCCH repetition.
To study the PUCCH transmission for RedCap UEs, we conducted some LLS and provided the evaluation results here. PUCCH with intra-slot hopping and without that is compared. PUCCH repetition with and without inter-slot hopping is also considered. According to the LS in [2], the maximum retuning time between narrowband is assumed as 140us, equivalent to 4-symbol for 30 kHz SCS. The 4-symbol RF retuning time occupies the last 2 symbols of the first hop and the first 2 symbols of the second hop. Other detailed simulation assumptions can be found in Table 1 in Appendix.
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Figure 3a: Performance of ACK missing for PF1                    Figure 3b: Performance of NACK-to-ACK for PF1 
Figure 3:  PF1 14OS with 4-OS RF retune & no slot-repetition
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Figure 4a: Performance of ACK missing for PF1                      Figure 4b: Performance of NACK-to-ACK for PF1 
Figure 4:  PF1 14OS with 4-OS RF retune & 2 slot-repetition

As shown, the following are observed for PUCCH format 1 to achieve 0.1% NACK-to-ACK and 1% ACK missing probability:
· For 14-symbol PF1 with 4-symbol RF retuning and intro-slot hopping with no repetition, 
· to achieve 0.1% NACK-to-ACK, the required SNR is ~1.4 dB and 1.1 dB worse than the case than the case of intra-slot FH cross 100MHz without RF retuning and the case of no FH respectively; 
· to achieve 1% ACK missing, the required SNR is ~1.5 dB and 0.9 dB worse than the case than the case of intra-slot FH cross 100MHz without RF retuning and the case of no FH respectively. 
· For 14-symbol PF1 with 4-symbol RF retuning and inter-slot hopping with 2 repetitions,  
· to achieve 0.1% NACK-to-ACK, the required SNR is ~0.7 dB worse than the case of 2 repetitions & inter-slot FH cross 100MHz without RF retuning , but ~0.6 dB better than the case of 2 repetitions & no FH. 
· to achieve 1% ACK missing, the required SNR is ~0.4 dB worse than the case of 2 repetitions & FH cross 100MHz without RF retuning , but ~0.9 dB better than the case of 2 repetitions & no FH.
In summary we have the following observations and proposals.
Observation 6: For PUCCH format 1, when no PUCCH repetition is considered, compared with the case of no FH, the case of intra-slot FH over 100 MHz BW with 4-symbol RF retuning has worse performance, the performance loss is around 1.0 dB. 
Observation 7: For PUCCH format 1, when 2 times of PUCCH repetition is considered, compared with the case of 2 times repetitions & no FH , the case of 2 times repetitions & inter-slot FH over 100 MHz BW with 4-symbol RF retuning has better performance, the performance gain is around 1.0 dB.
Proposal 4: For PUCCH, intra-slot hopping for which hopping range exceeds maximum RedCap UE bandwidth (e.g. 100 MHz in FR1) is not supported for RedCap UEs.
Proposal 5: For PUCCH, inter-slot hopping with repetitions for which hopping range exceeds maximum RedCap UE bandwidth (e.g. 100 MHz in FR1) based on fast RF retuning, e.g., 140us, can be considered.

Although the enable/disable of Msg4 PUCCH frequency hopping via SIB was agreed as a WA, the dedicated indication to enable/disable for Msg4 PUCCH frequency hopping via DCI is necessary, especially for UE in need of UL coverage enhancement (as mentioned in the WID). The existing PUCCH repetition can be applied, while the triggering/indication and exact pattern should be based on UE specific channel quality (intra-slot non-FH, intra-slot FH, or inter-slot FH). This is the same logic as the current specification for non-RedCap UEs supporting the PUCCH FH configuration only via UE-specific RRC signaling, which provides the ability to match PUCCH transmission with UE’s channel condition. 
For example, for the RedCap UEs at the cell center, single-slot transmission with no intra-slot hopping can be indicated. For the RedCap UEs at the cell edge or with compact factor, inter-slot PUCCH FH (within BWP or outside BWP) can be indicated. Using the unused/reserved bits in Msg4/MsgB DCI without additional DCI overhead for dynamically enabling/disabling PUCCH FH is a simpler and better solution.
Proposal 6: Support Msg4/MsgB DCI to enable/disable the FH of Msg4/MsgB PUCCH, especially for the case of PUCCH repetition.

After initial access
DL: Considerations for SSB absence/presence
It has been extensively discussed for the issue of SSB presence/absence within a BWP. The issue of BWP without SSB is more critical for UEs in RRC connected state in our view, since a gNB configure separate BWP(s) for offloading, implying that the separate BWPs are used for service, not for UEs in IDLE.
Firstly, it is our understanding that an additional SSB, if needed, would be a non-cell defining SSB (NCD-SSB). It seems to be the willingness to use the NCD-SSB for measurement within a BWP, if configured for RedCap separate BWP such that the CD-SSB is not adjusted, with minimized access delay for non-RedCap UEs. However, according the current NR specification, NCD-SSB is not defined such that can be used for serving cell measurement including RRM and RLM, to our understanding. Further defining NCD-SSB requires more specification work in RAN2 and RAN4, which would be less preferred.
On the other hand, from technical point of view, additional NCD-SSB has several drawbacks that make it unsuitable for the RedCap measurement purpose for the serving cell: 
· each BWP will require additional ~1% overhead even solely for SSB purpose.
· Network energy consumption is increased as normally SSB has higher power than data transmission, even if NCD-SSB needs to use lower power than CD-SSB, but then the performance for NCD-SSB is also not guaranteed.
· Network planning complexity.

Observation 8: 
· Non-cell defining SSB is not currently supported in NR for serving cell measurement, and has drawbacks to be used as replacement of CD-SSB.
· Non-cell defining SSB as additional SSB would cause system performance degradation and significant implementation complexity to network, while does not ensure UE measurement performance. 

Then, it draws our attention on the exact impact if a UE has to support BWP without SSB, i.e. FG 6-1a or its variance. We have the following notes regards the UE complexity aspects,
· Support of FG 6-1a itself requires less UE complexity, since a UE does not need to process SSB and data/control signals at the same time. 
· The complexity of a RedCap UE supporting BWP without SSB is also similar to support of BWP without CORESET#0 while the latter is not concerned (since FG 6-1a includes both SSB and CORESET#0).
· A non-RedCap UE optionally support BWP without SSB has an assumption that it also mandatorily supports 100 MHz BW always covering the SSB (which does not hold for RedCap), thus cannot be the justification of higher complexity anymore.

Thus, the complexity is not resulted from support of BWP without processing SSB within it.
Rather, the complexity, if any, is the separate operation as a consequence that UE needs to retune to the location of CD-SSB for measurement, which relates to other UE capabilities with essential of RF retuning.
However, as also analyzed in section 2.3, either RF retuning or BWP switch will be adopted although our proposal is the former. There is no additional complexity imposed by support of BWP without SSB, or its consequence of RF retuning for measurement.
In order to better understand the need of efficient support of RF retuning, as well as the potential impact on UE power consumption, a companion contribution can be found in [1], and the following observation is drawn
Observation 9: Support of BWP without SSB/CORESET#0 does not impose additional UE complexity and has negligible impact on UE power consumption.

Our first preference remains to mandate RedCap UE support FG 6-1a or a variant of it specific to RedCap, since it is likely that many UEs would just not support the feature at all if it is left optional, and would be even more difficult to be mandated in the long term. 
If BWP without SSB is not supported, CSI-RS can be alternatively used if acceptable. 
Nevertheless, from technical point of view, since the separate operation of RF retuning for measurements is concerned due to the potential impact on UE power consumption, though small in our analysis, it may be worthwhile to consider network restriction directly on the most relevant separate operation, instead of on mandating SSB within a BWP which affects all UEs including non-RedCap UEs. For example, network configuration does not require a UE to retune for SSB measurement very frequently, as minimum requirements; otherwise, a UE is not required to measure/retune towards an SSB. Network is still responsible for the overall system performance and UE experience (as always), taking UE power saving into account – when necessary, it may also have to reconfigure a UE to the BWP with SSB/CSI-RS, or with relaxed/restrictive measurement periods etc. to meet the above minimum requirements as well as other performance requirements. 
This aims to have a balance between affordable network restriction and UE preference on reduced power consumption, and by coupling this restriction with FG of BWP without SSB, it has higher possibility to be utilized whenever network is willing to use a separate BWP, thus, could be better than the case that a gNB never configure/enable any UE power saving related operations (e.g. PEI) for a UE requiring BWP with SSB, from both UE and network point of view.
Proposal 7: The following approaches can be considered:
· Mandating RedCap UE support BWP without SSB, or one of {BWP without SSB, CSI-RS} for measurement;
· Specify/define requirements/network restrictions for controlling the minimum necessary RF retuning times for UE performing measurements, associated with UE mandatory support of BWP without SSB.

UL: considerations on PUCCH
In the current specification, time domain OCC is applied for PUCCH format 1 for the purpose of PUCCH resource multiplex. When one PUCCH without FH is transmitted on the same PRB with another PUCCH with FH, there is no orthogonality between the transmissions of these two PUCCHs, and the interference will be caused, which will deteriorate the performance of PUCCH transmission. Therefore, at the cost of inefficient resource utilization, PUCCH without FH can be transmitted on different PRB from that used for PUCCH with FH. 
As shown in Figure 5, in order to support non-FH PUCCH to be multiplexed with FH PUCCH on the same PRB, PUCCH without frequency hopping needs to be transmitted with two OCC sequences (as stipulated for legacy FH PUCCH) so as to keep the orthogonality between non-FH PUCCH and FH PUCCH.
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Figure 5: multiplexing of FH PUCCH and non-FH PUCCH

Proposal 8: For PUCCH format 1, support PUCCH without frequency hopping to be transmitted with two OCC sequences (as stipulated for legacy FH PUCCH).
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: It is not clear which approach is assumed in case a separate initial DL BWP is configured with different location from the MIB-configured initial DL BWP.
Observation 2: It is not clear how a separate initial UL BWP would resolve the issue for selection of the best SSB, among different alternatives.
Observation 3: If the center frequency of DL BWP and UL BWP is to be aligned, a separate DL BWP during initial access does not necessarily require any DL configuration for CSS/CORESETs.
Observation 4: During initial access, the alignment of the center frequency can be left to UE implementation without required by specification.
Observation 5: There is no strong need to define a separate initial DL BWP for offloading purpose for CSS/CORESETs.
Observation 6: For PUCCH format 1, when no PUCCH repetition is considered, compared with the case of no FH, the case of intra-slot FH over 100 MHz BW with 4-symbol RF retuning has worse performance, the performance loss is around 1.0 dB. 
Observation 7: For PUCCH format 1, when 2 times of PUCCH repetition is considered, compared with the case of 2 times repetitions & no FH , the case of 2 times repetitions & inter-slot FH over 100 MHz BW with 4-symbol RF retuning has better performance, the performance gain is around 1.0 dB.
Observation 8: 
· Non-cell defining SSB is not currently supported in NR for serving cell measurement, and has drawbacks to be used as replacement of CD-SSB.
· Non-cell defining SSB as additional SSB would cause system performance degradation and significant implementation complexity to network, while does not ensure UE measurement performance. 

Observation 9: Support of BWP without SSB/CORESET#0 does not impose additional UE complexity and has negligible impact on UE power consumption.

Proposal 1:  The following BWP framework can be considered for RedCap UEs:
· A RedCap BWP can be configured with multiple locations (start PRB).
· BWP retuning occurs among different locations associated to the same RedCap BWP (index).

Proposal 2: During initial access, for the separate initial DL BWP differently from the MIB-configured initial DL BWP for non-RedCap UEs,
· it does not contain another SSB nor CSS/CORESET configurations for SIB1
· it may or may not include any CSS/CORESET configurations for DL reception of OSI/RAR/Paging
· the centre frequency of it may or may not be aligned with the centre frequency of (separate) initial UL BWP 

Proposal 3: One separate field for Msg3 FH indication is supported in the UL grant of MAC RAR.
Proposal 4: For PUCCH, intra-slot hopping for which hopping range exceeds maximum RedCap UE bandwidth (e.g. 100 MHz in FR1) is not supported for RedCap UEs.
Proposal 5: For PUCCH, inter-slot hopping with repetitions for which hopping range exceeds maximum RedCap UE bandwidth (e.g. 100 MHz in FR1) based on fast RF retuning, e.g., 140us, can be considered.
Proposal 6: Support Msg4/MsgB DCI to enable/disable the FH of Msg4/MsgB PUCCH, especially for the case of PUCCH repetition.
Proposal 7: The following approaches can be considered:
· Mandating RedCap UE support BWP without SSB, or one of {BWP without SSB, CSI-RS} for measurement;
· Specify/define requirements/network restrictions for controlling the minimum necessary RF retuning times for UE performing measurements, associated with UE mandatory support of BWP without SSB.

Proposal 8: For PUCCH format 1, support PUCCH without frequency hopping to be transmitted with two OCC sequences (as stipulated for legacy FH PUCCH).
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Appendix
Table Simulation assumptions for PUCCH
	Parameters
	Value

	Frequency
	4 GHz

	SCS
	30 kHz

	Channel model
	TDL-C

	DS
	300 ns

	UE speed
	3 km/h

	Antenna correlation
	Low

	PUCCH format 
	Format1: 2bits UCI.

	Antenna configuration
	1Tx for UE , 4Rx for gNB

	Frequency hopping
	Intra-slot FH for no slot repetition
inter-slot FH for 2 slots repetition

	Target BLER
	NACK to ACK probability: 0.1%.
ACK missed detection probability: 1%.

	PUCCH duration	
	· For PF1 14 OS with no FH
· [R U R U R U R U R U R U R U]
· For intra-slot FH over 100 MHz with 4-symbol RF retuning time
· [R U R U R X X], [X X U R U R U]
· For inter-slot FH over 100 MHz with 4-symbol RF retuning time
· [R U R U R U R U R U R U X X], 
[X X R U R U R U R U R U R U]

	Number of PRBs
	1 PRB



image3.png
LS

19
£
21

a1
&
&

101
102
105
104
105
106

)

106
212
a1

1908
2014
2120

2119
2013
1507

a3
529
a3
a1
En
211

1909
2015
2121

2118
2012
1908

N
28
a2
316
210

1910
2016
2122

2117
2011
1908

a3
27
a1
a1s

3

3
109
215
21

1911
2017
2123

2116
2010
1904

a2
o
a0

4

4
110
216
22

1912
2015
2124

2115
2009
1903

N
525

5

5
11
217
E

1913
2019
2125

2114
2008
1902

0

6

6
1z
218
EN

1914
2020
2126

2113
2007
1901

1915
2021
2127

2112
2006
1500

1916
2022
2128

2111
2005
1899

)

115
221
)

1917
2023
2120

2110
2004
1808

2 3 3 B

2046 2047 2048 2045

102
102
208
a1
a

103
103
209
a1s

104
104
210

105
105




image4.png
Error Rate

PF1 1408 with 4-0S RF retune & no repetition

107

102

—&—FH within 100MHz & no RF retune,
—*—noFH
—&— FH wihin 100MHz & 4-0S RF retune

10




image5.png
PF1 1408 with 4-OS RF retune & no repetition

Error Rate

2 FH within 100MHz & no RF retune,
—#—no FH
|—&— FH within 100MHz & 4-0S RF retune





image6.png
Error Rate

PF1 1408 with 4-OS RF retune & 2 repetition

107

102

2 FH within 100MHz & o RF retune,
—F—noFH
—&— FH within 100MHz & 4-0S RF retune

10

14 43 42 A1 10 9 E)
SNR (dB)




image7.png
Error Rate

PF1 1408 with 4-0S RF retune & 2 repetition

102

102

—Z— FH within 100MHz & no RF retune
—f—noFH
—&— FH within 100MHz & 4-0S RF retune

10+





image8.png
frequency

N

FH PUCCH-1 FH PUCCH-2

nonFH PUCCH-

Ast bop. CHH emat et
Y N

FH PUCCH-2 FH PUCCH-1

tine




image1.png
BWP 1

Carrier

bandwidth
BWP switch




image2.png
Carrier
bandwidth

BWP 1
[Location 1]

BWP 1
[Location 2]

BWP 1
[]

BWP 1
[Location N]

BWP retuning





