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In RAN1 #104-e meeting, the maximum UE bandwidth reduction and related issues caused were discussed for RedCap. The following agreements were made:
	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



As updated in the latest WID [1], the maximum bandwidth during and after initial access for an FR1 RedCap UE is 20MHz. In this section, we analyze the issues caused by reduced bandwidth for the introduction of RedCap UE into existing 5G network, with a focus on FR1.
[bookmark: _Ref129681832]Discussion
Scenarios for RF retuning  
Quite different from legacy 100MHz UE, the center frequency of a RedCap UE could be changed in some scenarios between UL and DL, especially in unpaired spectrum when the UE access a cell where the carrier bandwidth is larger than 20MHz, as illustrated in Figure 1. The scenarios potentially include the following and may require RedCap UE to perform RF retuning.

[image: ]
Figure 1 Illustration of center frequency changes for RedCap UE
· From SSB to SIB1
As shown in the figure above, for the case of {SS/PBCH block, PDCCH} SCS with{30, 15} kHz, frequency bands with minimum channel bandwidth 40MHz, as well as PDCCH configuration index 4, the highest index PRB of the SSB is the same as that of the CORESET#0. The lowest 23 PRBs of the CORESET#0 would possibly exceed 20MHz bandwidth range based on the center frequency of the SSB. Therefore, the UE may need RF retuning to monitor PDCCH after SSB reception. 
Observation 1: Even in FR1, RF retuning may occur for RedCap UE from SSB reception to the PDCCH reception of SIB1.
This resulting effect for this RF retuning is similar to FR2 for the discussion in previous meeting for SSB and CORESET#0 multiplexing 2/3 where the FDMed structure will exceed the UE maximum bandwidth, and the following conclusion “RAN1 does not consider acquisition time improvements for FR2 RedCap UEs with SSB and CORESET#0 multiplexing patterns 2 and 3 as part of this WI” was reached for FR2. Given that there is no specific interaction needed between gNB and UE in case of UE RF retuning during SSB-to-SIB1, there is also no improvement needed for this case, i.e. it is up to UE implementation.
· Initial access
As already identified in the last meeting, RF retuning may also be needed to support that a RACH occasion associated with the best SSB falls within the RedCap UE bandwidth. RedCap UE’s PUCCH transmission also has similar cases as well as potential Msg3 transmission. 
The reason is that [image: ]in existing eMBB 5G network, gNB will practically configure RACH occasions/PUCCH resources to the ends of the wide carrier bandwidth. This can avoid uplink PUSCH resource fragment and ensure eMBB UE’s data rate experience. Considering the introduction of RedCap to existing 5G networks, it is highly desirable for the network to be able to avoid the situation shown in Figure 2. 

Figure 2 Illustration of the undesirable PUSCH resource fragment potential caused by potential RedCap
[bookmark: _GoBack]Observation 2: A practical network configuration will typically configure RACH occasions/PUCCH resources at the edges of the wide carrier bandwidth, to avoid uplink PUSCH resource fragment. This is desirable to maintain for the coexistence of RedCap UEs with legacy UEs.
· Frequency hopping during and/or after initial access
[bookmark: OLE_LINK23][bookmark: OLE_LINK24]In last RAN1 meeting, frequency hopping outside 20MHz is proposed for frequency diversity and interference randomization. One potential scenario for supporting frequency hopping is similarly motivated by the consideration of coexistence with legacy UEs, and avoiding resource fragment for legacy UEs. As illustrated in Figure 3, the frequency hopping of PUCCH for Msg4 in larger (exceeding 20MHz) frequency range can be supported for RedCap UEs, and the frequency resources for the two hops are located on each boundary of the carrier. 
 [image: ]
Figure 3 Frequency hopping outside 20MHz


· RRM measurement in RRC connected mode
Rel-15 specification supports a BWP without SSB. The function of RedCap resources for a UE not containing SSB could be even more critical since the available resources for data channel scheduling can be reduced in the level of 30%-40% given 20 MHz UE maximum bandwidth if SSB and CORESET#0 is always included. In a network with unpaired spectrum, the overhead of SSB could be heavier since the number of SSB beams is up to 8. In order to compete with LTE-Cat4 based IoT devices, it is important to ensure that network can configure contiguous resources for a RedCap UE without containing SSBs.
Then, as also specified in R15, if no SSB/CSI-RS is configured within the active BWP the UE will have to retune to the frequency resource of SSB/CSI-RS for RRM measurements or time-frequency synchronization. This will need to be inherited by RedCap UEs, as demonstrated in Figure 4.
[image: ]
Figure 4 RedCap UE RF retuning for RRM measurement in RRC connected mode
Observation 3: To improve RedCap UE data rate experience in the field, network may need to allocate RedCap UE to consecutive 20MHz resources which does not contain SSB (less overhead). Thus, RedCap UE has to perform RF retuning between different 20MHz to perform RRM measurement in RRC connected mode.
· Load balance and make room for high priority traffic 
For RedCap, the gNB can assign RedCap UEs to different 20MHz to alleviate resource congestion for load balance. Also, sometimes, gNB may need to re-allocate or schedule RedCap UE on a different 20MHz within the network carrier bandwidth to avoid occupy resources where high priority traffic for eMBB or URLLC UE arrives. There should be RF retuning for RedCap UEs in these cases.
· Schedule in best 20MHz over wider carrier
The channel condition may have frequency-selective property across different 20MHz. RedCap UEs possibly need to operate RF retuning to acquire suitable frequency resource by measure channel quality. Also, RedCap UE may need to perform RF retuning to transmit/receive on that 20MHz best in channel quality to obtain possible frequency selective scheduling gain.

According to the above, center frequency changes for RedCap is inevitable, and UE RF retuning is needed regardless of using BWP framework or separately defined approach. So we propose:
Proposal 1: RedCap should support the function of RF retuning.

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

As a matter of fact, RF retuning itself is not related to BWP size as it is mainly center frequency (location) change. Thus,
Proposal 2: RedCap BWP shall not be wider than the maximum RedCap UE bandwidth, including both BWP#0(i.e. initial DL/UL BWP) and UE specific BWP.
As discussed in RAN1#104-e meeting, the initial DL(derived based on MIB/SIB) BWP/initial UL BWP (derived based on SIB) for RedCap UEs can be the same as the initial UL BWP for non-RedCap UEs at least when the initial UL BWP is no wider than the RedCap UE bandwidth.  For the case of legacy initial DL/UL BWP wider than the RedCap UE bandwidth, the most compatible approach is to configure RedCap UEs with separate initial BWPs in DL/UL from legacy initial BWPs, and perform RedCap BWP retuning as needed.
Proposal 3: The SIB-configured initial DL/UL BWP for RedCap UEs can be different from the SIB-configured initial DL/UL BWP for non-RedCap UEs.

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

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


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

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

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

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



Based on the above discussion, we have the following proposal:
Proposal 4: A RedCap BWP can be configured with multiple locations (start PRB).
· BWP retuning occurs among different locations (start PRB) 

As for the exact retuning time needed for the proposed BWP retuning, RAN4 expertise is needed. Additionally, the RF retuning time gap may have impact on transmission performance if puncturing is applied, or change to the existing scheduling timeline may be needed. Sending LS to RAN4 as early as possible would be good for RAN1 identifying the standardization impact and making progress on this issue. 
Proposal 5: Send an LS to RAN4 asking about the guard period time of RF retuning for RedCap.

Whether RedCap needs additional CORESET0
In current specification, a common CORESET can be optionally configured in SIB1, while it is contained in the bandwidth of CORESET#0. In RAN1#104-e meeting, the need of an additional CORESET0 was discussed for scheduling of RACH (msg2 & msg4)/Paging/SI messages for RedCap UEs. The initial motivation for an additional CORESET0 seems to be the determination of additional frequency resources outside bandwidth of CORESET#0 for the transmission of RACH (msg2 & msg4)/Paging/SI. Given the possible amount of RedCap UEs in the early RedCap commercialization is not large, this additional CORESET0 outside bandwidth of CORESET#0 can be considered in a later Release.
Proposal 6: An additional CORESET0 is not further pursued in Rel-17.

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: Even in FR1, RF retuning may occur for RedCap UE from SSB reception to the PDCCH reception of SIB1.
Observation 2: A practical network configuration will typically configure RACH occasions/PUCCH resources at the edges of the wide carrier bandwidth, to avoid uplink PUSCH resource fragment. This is desirable to maintain for the coexistence of RedCap UEs with legacy UEs.
Observation 3: To improve RedCap UE data rate experience in the field, network may need to allocate RedCap UE to consecutive 20MHz resources which does not contain SSB (less overhead). Thus, RedCap UE has to perform RF retuning between different 20MHz to perform RRM measurement in RRC connected mode.
Proposal 1: RedCap should support the function of RF retuning.
Proposal 2: RedCap BWP shall not be wider than the maximum RedCap UE bandwidth, including both BWP#0(i.e. initial DL/UL BWP) and UE specific BWP.
Proposal 3: The SIB-configured initial DL/UL BWP for RedCap UEs can be different from the SIB-configured initial DL/UL BWP for non-RedCap UEs.
Proposal 4: A RedCap BWP can be configured with multiple locations (start PRB).
· BWP retuning occurs among different locations (start PRB) 
Proposal 5: Send an LS to RAN4 asking about the guard period time of RF retuning for RedCap.
Proposal 6: An additional CORESET0 is not further pursued in Rel-17.
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