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1. [bookmark: _Toc120549591]Introduction
In RAN1#104-e meeting, the following agreements were made regarding the maximum UE bandwidth reduction of RedCap UEs [1]. 
Agreements:
· Sharing of the same SSB and CORESET#0 between RedCap and non-RedCap UEs is supported when the bandwidth is no wider than the RedCap UE bandwidth
· The initial DL BWP (derived based on MIB/SIB) for RedCap UEs can be the same as the initial DL BWP for non-RedCap UEs at least when the initial DL BWP is no wider than the RedCap UE bandwidth.
· FFS: after initial access, whether a RedCap UE is allowed to operate with an initial DL BWP wider than the maximum RedCap UE bandwidth 
· Discuss further whether or not it is also applicable during initial access
· The 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.
· FFS: during and after initial access, whether a RedCap UE is allowed to operate with an initial UL BWP wider than the maximum RedCap UE bandwidth 
· FFS whether or not to further introduce the following (e.g., for offloading purpose, for differentiation of RedCap vs. non RedCap UEs, for different BWP#0 configuration options, etc.)
· Whether an additional CORESET can be configured for scheduling of RACH (msg2 & msg4)/Paging/SI messages for RedCap UEs
· Whether the SIB-configured initial DL BWP for RedCap UEs can also be configured to be different from the SIB-configured initial DL BWP for non-RedCap UEs.
· Whether the SIB-configured initial UL BWP for RedCap UEs can also be configured to be different from the SIB-configured initial UL BWP for non-RedCap UEs.

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

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

In this contribution, considerations on maximum UE bandwidth reduction features and related specs influences are discussed and proposals are given.
2. Discussion on solutions for coexistence problems
1 
2 
During previous meetings, the following two coexistence issues for RedCap UEs were discussed,
· A RACH occasion associated with the best SSB falls out of the RedCap UE bandwidth
· PUCCH (for Msg4/[MsgB] HARQ feedback) and/or PUSCH (for Msg3/[MsgA]) transmissions fall out of RedCap UE bandwidth
The main reason for above issues is that an initial UL BWP with bandwidth larger than 20MHz is configured, and the solution options agreed in RAN1#104e are similar for the two issues. So unified solution(s) for these two issues are preferred to simplify UE’s complexity.
Proposal 1: Adopt unified solution(s) for issues that PRACH, PUCCH (for Msg4/[MsgB] HARQ feedback) and/or PUSCH (for Msg3/[MsgA]) transmissions fall out of RedCap UE bandwidth.
In the following, we will discuss the options for these two issues and compare the pros and cons. 
· RF retuning
With RF retuning, UE can work at a larger bandwidth by shifting its center frequency at different symbols or slots. The coexistence problems can be solved, and since the PUCCH of RedCap devices are transmitted at the initial UL BWP edge, the same as non-RedCap devices, no dedicated PUCCH resources reserved in the middle of initial UL BWP, PUSCH resource fragmentation can be avoided.
However, some symbols will be reserved as guard period when UE perform RF retuning, and it will reduce the demodulation performance of PUCCH and PUSCH. The intention of frequency hopping of such channel is to achieve frequency diversity and improve coverage, while RF retuning leads to the opposite effect. Thus, the performance loss of RF retuning should be carefully examined.
Another problem is that, for some PUCCH formats using OCC, RedCap UEs and legacy UEs can not perform multi-UE multiplexing since that the OCC of RedCap UEs and legacy UEs is not orthogonal when some symbols of the PUCCH of RedCap UEs are dropped, which means separate PUCCH resources for RedCap and non-RedCap devices is desired. Thus, early identification is necessary to avoid multiplexing RedCap UEs and non-RedCap UEs on the same PUCCH resource. 
Observation 1: RF retuning can avoid PUSCH resource fragmentation, at the cost of sacrificing UL coverage and relying on early identification to allocating PUCCH resource. 
·  Separate initial UL BWP
With separate initial UL BWP, gNB will reconfigure an initial UL BWP with bandwidth no larger than the maximum RedCap UE bandwidth. Early identification is naturally supported through separate initial UL BWP. RACH occasion, Msg3 and PUCCH naturally fall within UE bandwidth, the coexistence issues are solved. 
If the separate initial BWP and initial BWP does not overlap, compared with RF retuning and separate RO/PUCCH/Msg3 configuration, separate initial UL BWP has additional benefit for access capacity extension and traffic offloading, which is useful when the number of access UEs is large. If the separate initial UL BWP for RedCap overlaps with initial UL BWP for non RedCap devices, separation of PRACH resources between RedCap UEs and non-RedCap UEs can be realized by gNB configuration. For example, by configuring time domain and frequency domain parameters of PRACH resources in SIB1, e.g. configuring the subframe number with prach-ConfigurationIndex and the starting PRB of PRACH resources with msg1-FrequencyStart-r16. And since initial UL BWPs are overlapped, it’s up to gNB to avoid the collision of downlink and uplink scheduling for RedCap and non-RedCap UEs. 
When the separate initial UL BWP for RedCap are configured within the initial UL BWP for non-RedCap UEs, Separate initial UL BWP is a similar solution as the other options, such as option 4 for RACH issues and option 3 for PUCCH and PUSCH issues, where separate configurations for RedCap are made. The advantage of separate initial BWP option is that it can reused the BWP framework to simplify the configuration. 
One disadvantage of separate initial BWP is uplink resource fragmentation since PUCCH of RedCap devices is transmitted at the edge of separate initial UL BWP. However, NR already allows UE dedicated BWP configurations for connected UEs, which means PUSCH fragmentation issue is not a new issue. 
Observation 2: Separate initial UL BWP naturally supports early identification, has benefit in access capacity extension and traffic offloading.
· Dedicated PRACH/PUCCH/Msg3 configurations 
With respect to dedicated PRACH configurations and separate PUCCH/Msg3 configuration, coexistence problems can be solved. For dedicated PRACH configurations in SIB1, in one case, gNB configures additional PRACH resources for RedCap UEs with separate PRACH parameters, such as configuring subframe number with prach-ConfigurationIndex, the starting PRB of PRACH resources with msg1-FrequencyStart-r16 and the maximum FDM PRACH occasions with msg1-FDM-r16.. In the other case, gNB divides original PRACH resources into two parts for RedCap UEs and legacy UEs respectively, which decreases the access capacity for legacy UEs. Both methods can support early identification of RedCap devices.
If the frequency hopping of Msg3 is enabled and the hopping offset of RedCap UEs is the same as that of legacy UEs, the hopping bandwidth of RedCap UEs may be larger than the maximum RedCap UE bandwidth since the hopping offset of Msg3 is calculated on the basis of initial UL BWP. As described in TS38.214, in case of intra-slot frequency hopping, the starting RB in each hop is given by:

	,






Then for RedCap devices, both the and  need to be dedicatedly configured, when  is larger than the RB number of 20MHz, for example,  can be replaced by the number of RBs corresponding to RedCap UE’s maximum bandwidth. Currently, is defined in by scaling with 1/2, 1/4, etc., it also needs to be modified with RB number of RedCap UE’s maximum bandwidth.
As analyzed above, dedicated PRACH/PUCCH/Msg3 configurations is similar as separate initial UL BWP when the separate initial UL BWP is configured within the initial UL BWP of non-RedCap UEs, both relying on dedicated resource configuration, but more specification impact is expected, and it cannot achieve the benefit of capacity extension and traffic offloading.
Observation 3: Dedicated PRACH/PUCCH/Msg3 configurations involves more specification impact comparing to separate initial UL BWP.
· gNB configuration 
With gNB configuration (e.g., restricting the initial UL BWP to within RedCap UE bandwidth), coexistence problems can be solved and the configuration of initial access can be reused. However, restricting the initial UL BWP of legacy UEs to within RedCap UE bandwidth imposes restrictions on the scheduling, configuration and access capacity of legacy UEs.
Observation 4: gNB configuration solution imposes restrictions on the scheduling, configuration and access capacity of legacy UEs. Impose extreme restrictions
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Above all, the pros and cons of different solutions are summarized in Table 1. 
Table 1. pros and cons of different solutions of coexistence problems
	Solutions
	Pros
	Cons

	RF retuning
	· Uplink resource fragmentation can be avoided
	· coverage of UL channels is sacrificed
· rely on early identification to allocate PUCCH resource

	separate initial UL BWP
	· Early identification is naturally supported
· Access capacity extension and traffic offloading
· Reuse BWP framework to simplify specification impact
	· potential uplink resource fragmentation

	dedicated PRACH/PUCCH/ Msg3 configuration
	· Early identification support by dedicated resource configuration
	· more specification impact

	gNB configuration
	· the configuration of initial access for non-RedCap UEs can be reused
	· restrictions on the scheduling, configuration and access capacity of legacy UEs.



As can be seen from Table.1, separate initial UL BWP provides more benefit than the other options, so it is proposed to support option 2 to solve the coexistence issues caused by reconfigured larger initial UL BWP.
Proposal 2: Separate initial UL BWP(s) is supported to solve coexistence problems caused by reconfigured larger initial UL BWP.
Although gNB configuration option has the drawback of restrictions on the scheduling, configuration flexibility, it can be supported to provide flexibility for the network.
Proposal 3: gNB configuration can be supported to solve coexistence problems caused by reconfigured larger initial UL BWP.
3. Discussion on separate initial BWP
According to the analysis above, during initial access, separate initial UL BWP has benefit in solving the coexistence problems, early identification and traffic offloading. Separate initial DL BWP can be configured to relieve the pressure of RAR and paging reception of large amount of UEs on initial DL BWP. For TDD scenario, the center frequency of initial DL BWP should be the same as initial UL BWP. When separate initial UL BWP is configured with a different center frequency from the SIB1 configured initial UL BWP for non-RedCap UEs, separate initial DL BWP should also be configured. Separate initial DL BWP also has the benefit of offloading downlink transmission. Since all the downlink transmissions before configuration of UE specific BWP, such as, Msg.2, Msg.4, etc. are carried by initial DL BWP, congestion may happen if it is shared with non-RedCap initial DL BWP. With separate initial DL BWP, the downlink transmission for RedCap devices can be offloaded. 
olall Configuring separate initial DL and UL BWP through SIB1 is more flexible, since the frequency location and BWP parameter configuration is not limited by the number of indication bits.
Proposal 4: SIB-configured initial DL BWP for RedCap UEs can be configured to be different from the SIB-configured initial DL BWP for non-RedCap UEs.
Proposal 5: SIB-configured initial UL BWP for RedCap UEs can be configured to be different from the SIB-configured initial UL BWP for non-RedCap UEs.
Although SIB-configured separate BWP can be supported with more flexibility, configuration with reserved bits of PDCCH DCI format 1_0 with CRC scrambled by SI-RNTI can also be studied. With earlier configuration, dedicated SIB1 can be transmitted on separate initial DL BWP for RedCap devices. However, due to the limited reserved bits of PDCCH DCI format 1_0, such as 15bits for non shared spectrum channel access, the separate BWP indication should be simplified.
Proposal 6: Separate initial BWP configuration by reserved bits of PDCCH DCI format 1_0 with CRC scrambled by SI-RNTI can also be studied.
Preparing UL received DCI and parallel
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3 
4 
4. Conclusions
In this contribution, considerations on maximum UE bandwidth reduction features are discussed, and the following proposals are made.
Observation 1: RF retuning can avoid PUSCH resource fragmentation, at the cost of sacrificing UL coverage and relying on early identification to allocating PUCCH resource. 
Observation 2: Separate initial UL BWP naturally supports early identification, has benefit in access capacity extension and traffic offloading.
Observation 3: Dedicated PRACH/PUCCH/Msg3 configurations involves more specification impact comparing to separate initial UL BWP.
Observation 4: gNB configuration option imposes restrictions on the scheduling, configuration and access capacity of legacy UEs. Impose extreme restrictions
Proposal 1: Adopt unified solution(s) for issues that PRACH, PUCCH (for Msg4/[MsgB] HARQ feedback) and/or PUSCH (for Msg3/[MsgA]) transmissions fall out of RedCap UE bandwidth.
Proposal 2: Separate initial UL BWP(s) is supported to solve coexistence problems caused by reconfigured larger initial UL BWP.
Proposal 3: gNB configuration can be supported to solve coexistence problems caused by reconfigured larger initial UL BWP.
Proposal 4: SIB-configured initial DL BWP for RedCap UEs can be configured to be different from the SIB-configured initial DL BWP for non-RedCap UEs.
Proposal 5: SIB-configured initial UL BWP for RedCap UEs can be configured to be different from the SIB-configured initial UL BWP for non-RedCap UEs.
Proposal 6: Separate initial BWP configuration by reserved bits of PDCCH DCI format 1_0 with CRC scrambled by SI-RNTI can also be studied.
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