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1 Introduction
During the RAN1 #106e meeting, the aspects related UE bandwidth reduction were discussed. The discussed issues include the initial UL BWP configuration, initial DL BWP configuration during and after initial access and the optimization of non-initial BWP framework. 
In this contribution, we will continue discussing the remaining issues based on the progress achieved by previous meetings and share our views. 
2 Discussion
2.1 Remaining issues of the initial UL BWP configuration

2.1.1 Separate initial UL BWP configuration
During last meeting, the following conclusion was reached for the initial UL BWP 
	Agreement

· For a cell that allows a RedCap UE to access, network can configure a separate initial UL BWP for RedCap UEs in SIB

· It can be used both during and after initial access.
· It is no wider than the maximum RedCap UE bandwidth.
· It is always configured if the initial UL BWP for non-RedCap UEs is wider than the maximum RedCap UE bandwidth
· This applies to both TDD and FDD (including FD FDD and HD FDD) cases
· FFS whether part of the configuration is implicitly signaled

Agreement: 

Confirm the working assumption:

· 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.

· The frequency hopping is enabled/disabled at least via SIB.




Remaining issue #1: whether/how to avoid or minimize PUSCH resource fragmentation due to PUCCH transmission

In our view, the fragment problem can be solved by implementation method.  For example, the initial UL BWP for RedCap can be configured at the edge of the CC. In addition, during last meeting it was agreed that frequency hopping for PUCCH can be disabled if separate UL BWP is configured.  Therefore, we don’t think specification-based solution is needed. 
Observation 1: Implementation-based solution is sufficient to handle the PUSCH fragmentation issue. 

Remaining issue #2: Configuration of separate initial UL BWP to include the RACH occasion (RO) associated with the best SSB
In previous meeting, it was agreed to support separate initial UL BWP to enable that the RACH occasion (RO) associated with the best SSB falls within the RedCap UE bandwidth. There are two options of separate UL configuration to achieve that purpose. 
· Opt.1: Only one separate initial UL BWP is configured for RedCap and the separate initial UL BWP includes all ROs configured for RedCap as shown in the Figure.1 
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Figure 1 One separate initial UL BWP includes all ROs applicable to RedCap
· Opt.2: Multiple initial UL BWPs can be configured and each can only include a part of ROs configured for RedCap as shown in Figure.2.  RedCap choose the UL BWP which contains the RO associated with the best SSB 
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Figure 2 Multiple initial UL BWPs are configured and one includes a part of ROs applicable to RedCap
In our view, Opt.1 is more simple and most existing procedure and UE behaviour can be reused. While for Opt.2, we see some problems. The first problem is the resource fragment. As discussed in previous meetings, the PUSCH fragment issue should be carefully handled. When multiple initial UL BWPs are configured, separate PUCCH resource will be configured in each UL BWP which will result in some PUSCH fragments and lower the PUCCH multiplexing efficiency. The second problem is multiple initial UL BWPs may result in multiple DL BWPs in TDD considering the requirement of center frequency alignment between DL BWP and UL BWP. Considering the drawbacks of Opt.2, we prefer Opt.1

Proposal 1: The separate UL BWP configured for RedCap should include all ROs configured for RedCap  
2.1.2 PUCCH frequency hopping 

During last meeting, the potential specification impact including PRB index determination and multiplexing of non-frequency hopping PUCCH transmission and frequency hopping transmission in PUCCHs were raised in [2][3].  Based on the discussion, the following agreements were reached. In this section, we will share our consideration. 
	Agreement
· FFS: What specification changes (if any) are needed to support that the network can enable/disable intra-slot PUCCH frequency hopping (FH) within the separate initial UL BWP in the PUCCH resource for HARQ feedback for Msg4/MsgB for RedCap
· FFS: Whether any specification changes are needed and desired in order to support multiplexing of non-FH and FH PUCCH transmissions in PUCCH resources.



Remaining issue #1: Potential specification changes to support network can enable/disable intra-slot PUCCH frequency hopping (FH) within the separate initial UL BWP 
In current specification, the frequency hopping for PUCCH is defaultly enabled and the PRB index and the cyclic shift for the first hop and second hop are described in 38.213 as follows. 
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 and a UE is provided a PUCCH resource by pucch-ResourceCommon and is not provided useInterlacePUCCH-PUSCH  in  BWP-UplinkCommon
-
the UE determines the PRB index of the PUCCH transmission in the first hop as [image: image9.wmf](
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the UE determines the initial cyclic shift index in the set of initial cyclic shift indexes as [image: image11.wmf](
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In our view, when the frequency hopping is enabled for PUCCH of RedCap, the same method can be reused. While when the PUCCH frequency hopping is disabled, the PRB index determination and the cyclic shift determination should be updated slightly. For simplicity, the equation to determine the PRB index and cyclic index for the first hop or second hop in PUCCH frequency hopping can be reused when frequency hopping is disabled, which is also proposed in contribution [2]. Furthermore, to avoid resource fragment, only assigning PUCCH PRB at one edge of initial UL BWP is more desirable.  Depending on different scenario, different equations should be taken to avoid PUCCH PRBs is located in distributed way within the BWP. As shown in Fig.3,  in case (A), it is better to take the equation  [image: image12.wmf]ë
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to determine the PRB index. In case(B), it is better to take equation [image: image13.wmf]ë
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  to determine the PRB index. Considering this point, one indicator can be introduced to indicate which equation is used as one reference to determine the PRB index. 
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Figure 3 Example of using different equation to determine the PUCCH PRB
Proposal 2: When intra-slot PUCCH frequency hopping for Msg4/MsgB for RedCap UEs within the separate initial UL BWP is disabled
· The PRB index is determined by   [image: image15.wmf]ë
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· One flag is used to indicate which equation is to be used 
· The cyclic shift is determined by [image: image17.wmf]CS
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Remaining issue #2: How to handle the multiplexing of non-FH and FH PUCCH transmissions in PUCCH resources
In contribution [2],[3], it is stated that when the non-frequency hopping PUCCH resource for RedCap and frequency hopping PUCCH resource for Non-RedCap are multiplexed in the PRB, interference is to be caused due to utilizing different base sequences for OCC.  Firstly, in our view, this problem can be solved by proper network configuration. For example, different PRB can be configured for RedCap. According to the Table 9.2.1-1 of 38.213, PUCCH resources of non-RedCap occupy at most 4 PRBs on each edge of initial UL BWP, assuming 2 cyclic shifts are configured for PUCCH transmission. In this case, PRB offset of 4 can be configured for RedCap to avoid PRB overlapping. Thus, the current specification is sufficient to avoid the potential overlapping. 
Observation 2: 

· Configuring different PRBs for non-FH PUCCH transmission and FH PUCCH could avoid the potential interference 
· Current specification is sufficient to support configuring non-overlapping PRB resources for non-FH transmission and FH PUCCH
2.2 Remaining issues of the initial DL BWP configuration
2.2.1 Separate initial DL BWP 
The progress for the separate initial DL BWP was achieved as follows. 
	Working assumption:

· For a cell that allows a RedCap UE to access, network can configure a separate initial DL BWP for RedCap UEs in SIB.

· Working assumption: It can be used during initial access
· It can be used after initial access.

· It is no wider than the maximum RedCap UE bandwidth.

· FFS: It is always configured if the initial DL BWP for non-RedCap UEs is wider than the maximum RedCap UE bandwidth.

· This applies to both TDD and FDD (including FD FDD and HD FDD) cases.
· Working assumption: It applies at least after initial access for FR1 when MIB configured CORESET#0 is included



Remaining issue #1: Whether the separate initial DL BWP can be used during initial access 
For this remaining issue, it involves two cases. The first case is that the separate initial DL BWP includes the entire MIB-configured CORESET#0 and the other case is that the separate initial DL BWP does not contain the entire MIB-configured CORESET#0. For the first case, it is better to use the MIB-derived initial DL BWP to facilitate the common message transmission e.g., RAR and paging. For the second case, we see no problem to apply this initial DL BWP during initial access. On the other hand, supporting the separate initial DL BWP during initial access could provide the flexibility for traffic offloading and enable the center frequency alignment in TDD system. Thus, from this point, separate initial DL BWP should be supported for the initial access phase. 
Proposal 3: Separate initial DL BWP during initial access is supported for RedCap if the separate initial DL BWP does not contain the entire MIB-configured CORESET#0
Remaining issue #2: How to apply the separate initial DL BWP for FR1 when MIB configured CORESET#0 is included

When the separate initial DL BWP include the MIB-configured CORESET#0, it can be applied after initial access. During the initial access phase, the RedCap and non-RedCap could share the MIB-determined initial DL BWP, in this case, the random access response can be scheduled by the same PDCCH and multiplexed in the same PDSCH, which is beneficial for the spectral efficiency. Likewise, in the idle/inactive status, the RedCap and non-RedCap could share the same paging transmission in the MIB-configured initial DL BWP. Moreover, this situation is similar to the BWP#0 configuration option 1, in which the SIB-configured location and bandwidth applies after initial access. Thus, considering these aspects, we think the related working assumption should be confirmed. 

Proposal 4 : Confirm the following working assumption:

· For a cell that allows a RedCap UE to access, network can configure a separate initial DL BWP for RedCap UEs in SIB.

· It applies at least after initial access for FR1 when MIB configured CORESET#0 is included
Remaining issue #3: Whether always configure a separate initial DL BWP if the initial DL BWP for non-RedCap UEs is wider than the maximum RedCap UE bandwidth

During the initial access phase, both RedCap devices and non-RedCap devices utilize the MIB-configured initial DL BWP for the DL message reception. If SIB reconfigures the initial DL BWP, the non-RedCap will apply it after initial access. If the SIB configured initial DL BWP is wider than RedCap’s maximum UE BW, the RedCap can still use the MIB-configured initial DL BWP, there is no need to mandate a separate initial DL BWP configuration for RedCap. 
Proposal 5: There is no need to mandate separate initial DL BWP configuration for RedCap when the SIB-configured BWP#0 is larger than RedCap’s maximum UE bandwidth
· If there is no separate initial DL BWP configured by SIB, the RedCap still use the MIB-derived BWP#0 
Remaining issue #4: How to configure the separate initial DL BWP and the supported bandwidths values

When separate initial DL BWP is supported for RedCap, one issue is how to configure the separate initial DL BWP and the supported bandwidths values. Currently, the initial DL BWP for non-RedCap during initial access is derived from the MIB configuration implicitly. And the supported bandwidth is limited depending on different SCS combination for {SSB, PDCCH}and minimum channel bandwidth. For example, when {SSB, PDCCH} SCS is {30,30}kHz for frequency bands with minimum channel bandwidth is 40MHz, the candidate bandwidth value for the initial DL BWP during initial access is 24 RBs or 48 RBs. 
For the configuration of initial DL BWP for RedCap, the following options can be considered 
· Option 1: Configured by SIB1 without limitation on the supported bandwidth

· Option 2: Configured by SIB 1 with limitation on the supported bandwidth. For example, similar configuration manner with that for non-RedCap can be reused. 

· Option 3: Configured by SIBx other than SIB1. The supported bandwidth can be configured flexibly. 

Comparing the option 1/2 and option 3, RedCap devices could obtain the configuration earlier in option 1/2 and conduct access to network as early as possible. Option 1/2 outperform option 3 in terms of latency and UE power saving. The reason to limit the choices is that the capacity of MIB is quite limited. For the configuration of initial DL BWP for non-RedCap, similar principle should be considered as well. Considering the capacity of SIB1 is also limited and some bits should be reserved for the critical use in future evolution. so it is better to limit the candidate bandwidths for the initial DL BWP if the configuration is via SIB1. 
Proposal 6: If the separate initial DL BWP is configured by SIB1, limit the supported bandwidth to relieve the capacity limitation in SIB1
Remaining issue #5 : Center-frequency alignment between initial DL BWP and initial UL BWP
During last meeting, the following progress related to center frequency alignment was reached. The main remaining issue is whether or not to additionally support the case when the centre frequency is different. 

	For FR1,

· For TDD, center frequencies are assumed to be the same for the initial DL (FFS: if it does not include CD-SSB and the entire CORESET#0) and UL BWPs used during random access for RedCap UEs.

· FFS: For Option 1 and Option 2, whether the case that the center frequencies are different is also supported, and whether RedCap UE can expect CD-SSB and CORESET#0 in this case

· For TDD, center frequencies are assumed to be the same for non-initial DL and UL BWPs with the same BWP id for a RedCap UE.




The discussion can involve two aspects, one aspect is the initial DL BWP can be used both during initial access phase and after initial access and another aspect is that the initial DL BWP is only used for initial access. For the first aspect, since it involves the transmission in connected mode, it is not desirable to support different center frequency between initial UL BWP and initial DL BWP due to large BWP switching delay, more power consumption and potential increase of complexity. It was agreed in RAN1#98 that for unpaired spectrum, the center frequencies of CORESET#0 and the initial DL/UL BWP configured by SIB1 can be the same or different. Then, there was argument that if one initial DL BWP is only used for initial access, the center frequency can be different according to this agreement.  But we need to further discuss whether this can be applied to RedCap. According to Rel-17 RedCap WID description, the essential target for Redcap UEs is lower complexity and less power consumption compared to non-Redcap UEs, including both TDD and FDD mode. Supporting different center frequency would go against the spirit of the WID.  Considering this point, we prefer not to support different center frequency between initial DL BWP and initial UL BWP in TDD case during initial access. 
Proposal 7: Assume the same center frequency for the initial DL and UL BWPs in all cases. Don’t additionally support different center frequency between initial DL and UL BWPs. 
Remaining issue #6: SSB/CORESET#0/SIB in the separate initial DL BWP 
In last meetings, the transmission of SSB/CORESET#0/SIB in the separate initial DL BWP was extensively discussed. At last, the following two options were figured out
	· For FR1, following options:

· Option 1:

· For a separate initial DL BWP (if it does not include CD-SSB and the entire CORESET#0),

· RedCap UE does NOT expect it to contain SSB/CORESET#0/SIB.

· For an RRC-configured active DL BWP (if it does not include CD-SSB and the entire CORESET#0),

· RedCap UE does NOT expect it to contain SSB/CORESET#0/SIB.

· Option 2:

· For a separate initial DL BWP (if it does not include CD-SSB and the entire CORESET#0),

· If it is configured for random access while not for paging in idle/inactive mode, RedCap UE does NOT expect it to contain SSB/CORESET#0/SIB.

· FFS: For BWP#0 configuration option 1, whether the UE can expect SSB transmission in the separate initial DL BWP when it is used in connected mode.

· If it is configured for paging, RedCap UE expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB.

· For an RRC-configured active DL BWP in connected mode (if it does not include CD-SSB and the entire CORESET#0),

· RedCap UE expects it to contain NCD-SSB for serving cell [FFS: or CSI-RS or measurement gap configuration] but not CORESET#0/SIB.

· Note: if a separate initial/RRC configured DL BWP is configured to contain the entire CORESET#0, CD-SSB is expected by RedCap UE.

· Note: The network may choose to configure SSB or MIB-configured CORESET#0 or SIB1 to be within the respective DL BWP.

· FFS: For Option 1 and Option 2, whether RedCap UE can/cannot expect SSB under certain other conditions, e.g., for SSB monitoring periodicity (i.e., SMTC configuration) and DRX cycle

· FFS: Whether additional mechanism for SI update or how SI update notifications and/or SI updates are signaled to RedCap UEs

· FFS: FR2 case


During the discussion, the majority were fine with option 2. And the main concern of some companies is the feasibility of using non-cell defined SSB for idle/inactive/connected mode procedures for serving and non-serving cells and the feasibility of using NCD-SSB as the QCL source. To confirm the feasibility of NCD-SSB, LS was sent to RAN2 and RAN4. 
Currently, RAN4 has agreed that it is feasible to use NCD-SSB for serving and non-serving cell measurements for idle/inactive and/or connected modes as shown below. 
	Agreements

· It is feasible to use NCD-SSB for serving and non-serving cell measurements for idle, inactive, and/or connected mode for all or some of RRM, RLM, BFD, link recovery, RO selection, mobility, time/frequency tracking and AGC. 

· FFS for specific conditions when it is feasible to use NCD-SSB

· It is RAN4 understanding that NCD-SSB measurements support may require additional signalling which is up to RAN2


As for whether NCD-SSB can be used as the QCL source, according to RAN4’s current discussion, most companies think it is feasible to use NCD-SSB as the QCL source and some companies think it is within RAN1 scope. In our understanding, it is feasible to use NCD-SSB as the QCL source. One option is NCD-SSB is fully QCL’ed with the CD-SSB of UE’s serving cell and another option is NCD-SSB have different beam configuration compared with CD-SSB. In our view, both option is feasible, but the first option 1 is more simple and more friendly to UE complexity and power consumption. 

Given that NCD-SSB is feasible for the serving cell and non-serving cell measurements and is feasible to be used as QCL source, we suggest to take option 2 as agreement. 

Proposal 8: Take option 2 as the agreement

In option 2, there are also unsolved issues. The first one is for BWP#0 configuration option 1, whether the UE can expect SSB transmission in the separate initial DL BWP when it is used in connected mode.  In our understanding, for initial DL BWP used in connected mode, SSB should be expected. Similar handling to the RRC-configured active DL BWP should be maintained. Otherwise, frequent RF retuning would happen, which would result in communication interruption and more power consumption. 
Proposal 9: For BWP#0 configuration option 1, UE expect SSB transmission in the separate initial DL BWP when it is used in connected mode
Another issue is the SI update or how SI update notifications and/or SI updates are signalled to RedCap. For this issue, let’s discuss this issue for connected mode and idle/inactive mode separately. For UE in the connected mode, SI update can be achieved via the configuration the searchSpaceSIB1, searchSpaceOtherSystemInformation and pagingSearchSpace in the active BWP or the updated system information can be delivered by dedicated RRC signalling by using dedicated SytemInformationDelivery. For UE in idle/ inactive mode, if UE camp on this separate initial DL BWP, paging message is expected. Once SI notification is detected, two options are possible. One option is that RedCap update the system information in the separate initial DL BWP according to the configuration of SearchSpaceSIB1, searchSpaceOtherSystemInformation. Another option is if the configuration of SearchSpaceSIB1, searchSpaceOtherSystemInformation is not configured, then RedCap could switch to the original BWP#0 for system information update. After the SI update, RedCap switch back to the separate initial DL BWP. In our view, both options are workable and no specific handling is needed for the SI update. 
Proposal 10: For UE in connected mode, the SI update can be performed via existing way. For UE in idle mode, the RedCap could perform the SI update in the separate initial DL BWP or in the MIB-configured initial DL BWP 
2.3 Optimization of non-initial BWP framework 

During previous meeting, there was some debating on whether support RedCap devices work on frequency resource wider than RedCap’s maximum UE bandwidth. One key argument is the frequency diversity gain / frequency selective gain in different frequency bandwidth. Here we conduct link-level simulation to compare the frequency diversity gain and frequency selective gain in different frequency bandwidth. Detailed simulation parameters are summarized in Table.1 in the Annex. 
Fig. 4 illustrates the comparison on frequency diversity gain with different hopping range in frequency. In the simulation, we simply set the number of repetitions as 4 and frequency hopping is performed every 2 repetitions. According to the results, it is observed that the frequency diversity gain difference among frequency bandwidth of 20MHz, 40MHz and 100MHz is not significant. The maximum difference is less than 0.5 dB. 
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Figure 4 Comparison on the frequency diversity gain for PUSCH
Fig.5 displays the comparison on frequency selective gain. In the simulation, within the configured total frequency resource, the resource unit with best SINR will be selected for transmission. According to the simulation results, it is observed that there is around 1dB improvement when the frequency bandwidth is increased from 20MHz to 40MHz and around 2.5dB gain when the frequency bandwidth is increased from 20MHz to 100MHz. In short, considerable gain can be expected from wider frequency bandwidth. 
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Figure 5 Comparison on the frequency selective gain for PUSCH
According to the observation, we think how to achieve more frequency diversity gain/ frequency selective gain is worthwhile for study. To achieve the frequency diversity/ frequency selective gain, one possible option is that multiple BWPs can be configured and BWP switching among multiple BWP can be considered. However, BWP switching would incur in large switching gap which would interrupt the transmission/ receiving. Furthermore, within a narrow BWP, it is not efficient to include SSB in each BWP, then the RedCap would switch to the BWP including SSB to do the SSB measurement for RLM/RRM and etc. This kind of BWP switching would incur BWP switching gap and interrupt the communication as well. 
To achieve better frequency diversity/ selective gain without large switching gap, one possible solution is to striving some solutions to optimize the BWP framework to reduce the switching gap. For example, the parameters of the involved BWP should be set as the same as possible to compress the gap as much as possible. But for this direction, the feasibility should be identified by RAN4
Proposal 11: Optimize the BWP framework to get rid of the negative impact of reduced BW

3 Conclusion
In this contribution, we discuss the potential impact of reduced maximum UE bandwidth, based on the discussion, our views are summarized as follows
Observation 1: Implementation-based solution is sufficient to handle the PUSCH fragmentation issue. 
Observation 2: 

· Configuring different PRBs for non-FH PUCCH transmission and FH PUCCH could avoid the potential interference 
· Current specification is sufficient to support configuring non-overlapping PRB resources for non-FH transmission and FH PUCCH
Proposal 1: The separate UL BWP configured for RedCap should include all ROs configured for RedCap
Proposal 2: When intra-slot PUCCH frequency hopping for Msg4/MsgB for RedCap UEs within the separate initial UL BWP is disabled
· The PRB index is determined by   [image: image21.wmf]ë
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· The cyclic shift is determined by [image: image23.wmf]CS

PUCCH

mod

N

r


Proposal 3: Separate initial DL BWP during initial access is supported for RedCap if the separate initial DL BWP does not contain the entire MIB-configured CORESET#0
Proposal 4 : Confirm the following working assumption:

· For a cell that allows a RedCap UE to access, network can configure a separate initial DL BWP for RedCap UEs in SIB.

· It applies at least after initial access for FR1 when MIB configured CORESET#0 is included
Proposal 5: There is no need to mandate a separate initial DL BWP configuration for RedCap when the SIB-configured BWP#0 is larger than RedCap’s maximum UE bandwidth

· If there is no separate initial DL BWP configured by SIB, the RedCap still use the MIB-derived BWP#0 
Proposal 6: If the separate initial DL BWP is configured by SIB1, limit the supported bandwidth to relieve the capacity limitation in SIB1
Proposal 7: Assume the same center frequency for the initial DL and UL BWPs in all cases. Don’t additionally support different center frequency between initial DL and UL BWPs. 

Proposal 8: Take option 2 as the agreement

Proposal 9: For BWP#0 configuration option 1, UE expect SSB transmission in the separate initial DL BWP when it is used in connected mode
Proposal 10: For UE in connected mode, the SI update can be performed via existing way. For UE in idle mode, the RedCap could perform the SI update in the separate initial DL BWP or in the MIB-configured initial DL BWP 
Proposal 11: Optimize the BWP framework to get rid of the negative impact of reduced BW
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Annex 

Table 1 Evaluation parameters
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Parameters  V alue  

Scenario and frequency     2.6G  

BW     20M ， 40M ， 100M   

SCS     30kHz  

Channel model     TDL - C, NLoS   

Delay spread     300ns   

Antenna correlation     Low  

UE velocity     3 km/h  

# of Tx/Rx chains for  RedCap   UE     1T1R   

Numbe r of transmission  1   for evaluation of frequency selective gain    4 for evaluation of frequency diversity gain  

Unicast PUSCH     Initial BLER: 10%       MCS/RB: 0/4/128      TDRA: 14 OFDM symbols      DMRS: Type 1 with 2 DMRS symbols  

  

  


