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1 Introduction
During the RAN1 104bis meeting, the aspects related to UE bandwidth reduction was discussed and the following progress was made[1]. 
	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)

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.

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.




In this contribution, we will share our further consideration on the remaining issues of UE bandwidth reduction. 
2 Discussion
2.1 Configuration of initial BWP during initial access 
During last meeting, the following working assumption was made for the configuration of initial DL BWP during initial access. Generally, we think the working assumption is acceptable and can be confirmed in this 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).
Proposal 1: Confirm the working assumpion related to the configuration of initial DL BWP during initial access

As for the configuration of initial UL BWP, the following options are identified and down-selection is to be carried out during this meeting. 

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.

For option 1, this option allows the RedCap devices and the normal UEs to share the same initial UL BWP, which may be beneficial for the resource utilization efficiency and avoid resource fragments. The potential impact is that RF retuning delay is to be introduced. Although the exact RF retuning delay is up to RAN4 discussion, the delay is not expected larger than the RF retuning delay in the MTC system, which is up to 2 symbols with 15k Hz SCS. In FDD system, the time gap between the preamble transmission and Msg.3 transmission is sufficient to cope with the RF retuning delay, then there is no impact on the transmission of Msg.3 if the RF retuning is required between transmission of preamble and the transmission of Msg.3.  In current TDD system, for the monitored DL BWP and UL BWP, the centre frequency is required to be the same. While, if RF retuning is introduced, then it is possible that the centre frequency of monitored UL resource is different from the centre frequency of DL BWP when transmission of preamble. In this case, the feasibility and the impact on the UL/DL switching time should be studied. In addition, the RF retuning delay would restrict the use of intra-slot frequency hopping in Msg.3 and PUCCH. In this case, intra-slot frequency hopping would be disabled or separate PUCCH resource should be defined for Redcap. 

For option 2, it provides a unified solution which could solve all issues including the transmission of preamble, PUSCH and PUCCH when the initial UL BWP exceeds the RedCap UEs’ bandwidth, which is attractive. The potential drawback is there is some resource utilization efficiency loss since normal UE and RedCap devices may not share certain channels or resources.

Option 3 requires the gNB always restrict the configuration of UL initial BWP e.g., the bandwidth is limited to frequency resource smaller than RedCap devices’ maximum UE bandwidth, that would sacrifice the flexibility on the network and the performance on the normal UE side. From this point, option 3 is not desirable. 
Compared with option 1, option 2 is simper and inccurs less standardization efforts. Compared with option 3, option 2 impose less restriction on the confiuration of initial UL BWP for non-Redcap devices. Considering thses aspects, we have slight preference on option 2. 
Proposal 2: Prioritize  the following option for the scenario where the initial UL BWP for non-RedCap UEs is configured to be wider than the RedCap UE bandwidth,
· 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.

2.2 Separate initial DL/UL BWP during initial access 
As we discussed above, when initial UL BWP for non-RedCap UEs is configured to be wider than the RedCap UE bandwidth, separate initial UL BWP can be configured for RedCap devices. In FDD system, the initial UL BWP for RedCap can be configured flexibly.  While in TDD system, more careful study is needed since the centre frequency of initial DL BWP and that of initial UL BWP should be the same in current specification. If separate initial UL BWP and shared initial DL BWP is configured for RedCap, then there is possibility that the centre frequency of DL BWP and centre frequency of UL BWP is different as indicated in Fig.1(a), which would break the requirement in current TDD system. In addition, for this case, it would prolong the BWP switching gap or impose more restriction on the chipset, which is not friendly to the RedCap devices. To maintain the requirement of same centre frequency in DL BWP and UL BWP, two possible solutions can be considered as illustrated in Fig.1 (b) and Fig.1(c). One option is restricting the initial UL BWP for RedCap within the frequency resource corresponding to the CORESET#0 and another option is to configure another separate initial BWP pair （including separate initial DL BWP and separate initial UL BWP）for RedCap.  Comparing these two options, the second option as indicated in Fig.1(c) provides more flexibility.
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Figure 1 Different configurations of initial BWP pair in TDD system
Proposal 3: 

· The centre frequency of the initial DL BWP for Redcap and the initial UL BWP for Redcap should be kept the same in TDD system 

· The frequency location of initial UL BWP for Redcap is NOT required to be within the initial UL BWP for non-Redcap UE 

· In TDD system, separate initial DL BWP for Redcap can be configured to align the centre frequency of initial UL BWP 
· FFS: whether allow separate initial DL BWP for Redcap 

In previous release, system information, message during initial access and paging information will be transmitted in the initial DL BWP. Then, when separate initial DL BWP for Redcap is configured. Then, what kind of message should be transmitted in this initial DL BWP for Redcap. In our opinion, duplicated transmission of system information should be avoided. Since system information is already transmitted in the initial DL BWP configured by MIB.  Then there is no need to transmit it in the initial DL BWP for Redcap. As for the idle UEs which are required to detect the paging message only, there is no problem to include the paging of Redcap in the initial DL BWP configured by MIB. In short, initial DL BWP dedicated for RedCap only carries the message during RACH e.g., Msg.2 and Msg.4 and traffic data after RACH. System information and paging message is not carried in the dedicated initial DL BWP for RedCap. 
Proposal 4: When separate initial DL BWP is configured, only Msg.2 and Msg.4 and traffic data after RACH can be transmitted 
2.3 Configuration of initial BWP after initial access
For the configuration of initial DL BWP initial access, the following working assumption was reached and we think it can be confirmed as agreement in this meeting. 

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)

Then, after confirming the working assumption,  BWP#0 determiniation for Redcap  when the BWP#0 configured by option 1 larger than the maximum Redcap UE bandwidth should be discussed. Generally, the initial DL BWP monitored during the initial access can be reused for the case of after initial access. To be more specific, if Redcap devices monitor the initial DL BWP configured via MIB during initial access, then Redcap devices still monitor the initial DL BWP configured via MIB. Alternatively, if the Redcap devices monitor the separate/ dedicated initial DL BWP for Redcap which is different from the initial DL BWP via MIB, then the Redcap devices would follow that initial DL BWP after initial access. 
Proposal 5: If initial DL BWP configured via BWP#0 configuration option 1 is larger than maximum Redcap UE bandwidth, Redcap reuse the initial DL BWP monitored during the initial access 

Another remaining issue of the initial DL configuration is the BWP#0 configuration option 2. In our opinion, same principle can be reused. Currently, in all DL cases, all the BWPs for Redcap are not expected to be larger than the maximum UE bandwidth. So, the 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. 

Proposal 6: The 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

2.4 Optimization of 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. 2 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 2 Comparison on the frequency diversity gain for PUSCH
Fig3 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 3 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 7: 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
Proposal 1: Confirm the working assumpion related to the configuration of initial DL BWP during initial access
Proposal 2: Prioritize  the following option for the scenario where the initial UL BWP for non-RedCap UEs is configured to be wider than the RedCap UE bandwidth,
· 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.
Proposal 3: 

· The centre frequency of the initial DL BWP for Redcap and the initial UL BWP for Redcap should be kept the same in TDD system 

· The frequency location of initial UL BWP for Redcap is NOT required to be within the initial UL BWP for non-Redcap UE 

· In TDD system, separate initial DL BWP for Redcap can be configured to align the centre frequency of initial UL BWP 

· FFS: whether allow separate initial DL BWP for Redcap 
Proposal 4: When separate initial DL BWP is configured, only Msg.2 and Msg.4 and traffic data after RACH can be transmitted 
Proposal 5: If initial DL BWP configured via BWP#0 configuration option 1 is larger than maximum Redcap UE bandwidth, Redcap reuse the initial DL BWP monitored during the initial access 
Proposal 6: The 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
Proposal 7: 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  

  

  


