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Introduction
In the revised WID of R17 RedCap UE [1], the following objectives are specified for both RAN1 and RAN2:
· Specify support for UE complexity reduction features
· Specify definition of one RedCap UE type including capabilities for RedCap UE identification and for constraining the use of those RedCap capabilities only for RedCap UEs, and preventing RedCap UEs from using capabilities not intended for RedCap UEs including at least carrier aggregation, dual connectivity and wider bandwidths. 
· The existing UE capability framework is used; changes to capability signalling are specified only if necessary.
· Specify functionality that will enable RedCap UEs to be explicitly identifiable to networks through an early indication in Msg1 and/or Msg3, and Msg A if supported, including the ability for the early indication to be configurable by the network. 
· [bookmark: _Hlk67648184][bookmark: _Hlk67650013]Specify a system information indication to indicate whether a RedCap UE can camp on the cell/frequency or not; it shall be possible for the indication to be specific to the number of Rx branches of the UE. 
In RAN1#106, the following agreements, and conclusions were made for RAN2-led WI objectives for R17 RedCap UE:
Conclusion
· Whether there is RA-RNTI overlapping issue and how to address RA-RNTI overlapping issue in the early indication of RedCap UEs in Msg1 in Rel-17 is up to RAN2.

Conclusion
· There is no consensus in RAN1 on whether to have the access barring indication in DCI scheduling SIB1, and RAN1 can come back if triggered by RAN2.

Agreements:
Confirm the following working assumption with the modifications in red:
· For 4-step RACH, support the early indication of RedCap UEs at least in Msg1.
· The early indication in Msg1 can be configured to be enabled/disabled via SIB
· From RAN1 perspective, the following methods can be used for early indication both for shared initial UL BWP and separate initial UL BWP (if supported)
· separate PRACH resource
· PRACH preamble partitioning
Whether/how to support early indication of RedCap UEs in Msg3 in Rel-17 is up to RAN2.
Agreements:
· For the RedCap UE capabilities, current definition of Rel-15/16 L1 UE capabilities mandatory without capability signalling in TR38.822 is reused by default, unless any update is agreed
· Note: UE capabilities related to CA, DC and wider max UE bandwidth are not applicable to RedCap UEs
· FFS: whether any L1 UE capabilities mandatory/optional with capability signalling are not applicable to RedCap UEs

Agreements:
· A RedCap UE type from RAN1 point of view supports a maximum bandwidth of 20MHz for FR1 and 100MHz for FR2
· Further discuss whether to capture also one or more of the following capabilities to RedCap UE type description
· Supports either 1 or 2 Rx branches and corresponding maximum DL MIMO layers
· Supports either FD-FDD or Type A HD-FDD operation for FR1 FDD bands
· Supports either DL up to 64 QAM or up to 256 QAM for FR1
· Does not support CA/DC

In this contribution, we discuss the system information transmission, BWP configuration,  and L2 buffer size reduction for R17 RedCap UE. 

System Information for RedCap UE
According to [1], system information should indicate whether or not a RedCap UE can camp on the cell/frequency. RAN2 has agreed such indication should be specific to the number of RX branches since it is related to the DL coverage and spectral efficiency. Moreover, RAN2 agreed to specify a RedCap-specific IFRI in SIB1, and the existing cellBarred field in MIB applies to RedCap UE. 
[bookmark: PR1]When RedCap UE is allowed to access the NW, RedCap UE and non-RedCap UE can share the CD-SSB, CORESET#0 and SIB1 during and after initial access.  However, when the SIB1-configured initial UL/DL BWP is wider than the max BW of RedCap UE, initial UL/DL BWP of RedCap UE should be separately configured, as shown by Figure 1, wherein the CD-SSB and CORESET#0 are contained in the RedCap-specific initial DL BWP. Other SI needed by RedCap UE can either be scheduled by SIB1, or be transmitted on-demand within the initial DL BWP of RedCap UE. 
Proposal 1: When Redcap UE co-exists with non-RedCap UE in the same cell, RedCap and non-RedCap UEs can share the CD- SSB, MIB-configured CORESET#0 and SIB1.
[bookmark: _Hlk71501226]Proposal 2: When the initial BWP of non-RedCap UE is wider than the max BW of RedCap UE, the initial BWP of RedCap UE should be separately configured by SIB1, which is transmitted within the BW of  MIB-configured CORESET#0.

[bookmark: PR2]Proposal 3: If Redcap UE supports FG 6-1a and operates in an active DL BWP without MIB-configured CORESET#0,  SI update specific to RedCap UEs are notified and retrieved on demand only within the active DL BWP.
Proposal 4: Before dedicated PUCCH resource is configured for RedCap UE:
· similar to non-RedCap UE in NR R15/16, PUCCH resource for HARQ feedback of Msg4/MsgB can be provided by pucch-ResourceCommon in Table 9.2.1-1 of TS 38.213;
· different from non-RedCap UE in NR R15/16,  intra-slot PUCCH frequency hopping can be enabled or disabled by SIB1 in the initial UL BWP of RedCap UE.

BWP Configuration for RedCap UE
The initial DL and UL BWP of RedCap UE are configured by NW. The spec impacts can be minimized in RAN1 and RAN2, if  the initial BWP illustrated by Figure 1(a-b) satisfy the following conditions:
a) the initial DL BWP for RedCap UE includes SSB and CORESET#0/CSS for RMSI/OSI/RA/Paging,
b) the SSB index provided by ssb-PositionsInBurst in SIB1 or in ServingCellConfigCommon are mapped at least once to the valid ROs of RedCap UE within a SSB to RO association period
c) the valid ROs of RedCap UE and the PUCCH resource for HARQ feedback of msg4/msgB are configured within the initial UL BWP of RedCap UE
d) the initial DL and UL BWPs of RedCap UE are aligned at center frequency in TDD 
[image: ]
Figure 1: RedCap-Specific Initial BWP Configuration with Minor Spec Impact and Least UE Complexity
On the other hand, RAN1 also discussed other options of BWP configurations, if NW cannot meet all the conditions above. The other options have larger spec impacts in RAN1 and RAN2, as shown by the examples in Figure 2 and Figure 3. In both Figure 2 and Figure 3, we also showed the non-initial BWP configurations without MIB-configured CORESET#0, which can be optionally supported by RedCap UE after initial access. The inclusion of non-CD SSB and paging CSS aim to reduce the UE complexity and improve the spectral efficiency.
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Figure 2: RedCap-Specific Initial BWP Configuration with Different Center Frequency 
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[bookmark: _Hlk83807737]Figure 3: RedCap-Specific BWP Configuration with Offloading Initial DL BWP

In the RedCap-specific initial BWP configuration of Figure 2, conditions a), b) and c) are satisfied. Due to the center frequency difference between initial DL BWP and initial UL BWP in TDD, guard period is needed for RedCap UE with single PLL in DL-to-UL switching and UL-to-DL switching, which is similar to Type-B HD-FDD of LTE. This will impact RedCap UE’s timeline at least for RACH and SDT procedures in the initial BWP. Moreover, CORESET#0 will become crowded when there is a large number of UEs (RedCap and/or non-RedCap) camping on BWPs overlapping with CORESET#0. 
Observation 1: To accommodate misaligned center frequency of DL/UL BWP in TDD, extra retuning time is required for RedCap UE with single PLL, which leads to increased latency, reduced spectral efficiency, and co-existence issues with non-RedCap UE.
Observation 2: When RedCap UE with single PLL is operating in FDD and switches between DL/UL (DL-to-UL and UL-to-DL), extra retuning time similar to BWP center frequency  in TDD is required, which leads to increased latency, reduced spectral efficiency, and co-existence issues with full-duplex capable non-RedCap UE. 
Observation 3:  With separate PRACH resource configuration, NW is able to differentiate RedCap and non-RedCap UEs with different timeline requirements, and guarantee sufficient RF retuning gap for RedCap UE without compromising the performance of non-RedCap UE.

In the RedCap-specific initial BWP configuration of Figure 3, conditions c) and d) are satisfied. Condition b) can also be satisfied if non-CD SSB and CD-SSB have the same SSB index and periodicity. Condition a) can be partially fulfilled except for  SI transmission. Based on the analysis in [2], the overhead of non-CD SSB is minor in FR1 and its impact on spectral efficiency is insignificant. Moreover, the initial BWP can be turned into an RRC-configured BWP for RedCap UE after initial access. Therefore, the non-CD SSB transmitted in the RedCap-specific initial DL BWP can be leveraged by all RedCap UEs in all RRC states, and its configuration can be indicated by SI of RedCap UE.
[bookmark: _Hlk84006003][bookmark: _Hlk83844053]Proposal 5: When initial BWP for RedCap UE is separately configured, the spec impacts can be minimized if NW follows the rules specified for non-RedCap UE in NR R15/16.
Proposal 6: If a RRC idle/inactive RedCap UE operates in a separate (RedCap-specific) initial DL BWP without MIB-configured CORESET#0 , the UE expects to receive SSB, paging PDCCH and msg2/4/B in the RedCap-specific initial DL BWP. 
[bookmark: _Hlk84005714]Proposal 7: If a RedCap UE operates in an initial or non-initial DL BWP without CORESET#0 or Type 0/0A CSS, the UE expects to get updated SI by dedicated RRC signaling, or short paging message for SI update. 
Proposal 8: If a RedCap UE operates in a RRC-configured DL BWP without CORESET#0 and SSB, the UE expects to get updated SI by dedicated RRC signaling. 
Proposal 9: CORESET/CSS for SI/RA/paging/PEI/SDT/WUS is not configured in the DL BWP of RedCap UE, if SSB is not transmitted in the DL BWP of RedCap UE.
Proposal 10: For a RedCap UE with baseline capability, it expects to receive SSB in the  DL BWP of the serving cell, before or after RRC connection is established. 

L2 Buffer Size Reduction for RedCap UE
Based on TS 38.306, L2 buffer size reduction can be achieved by:
· reducing RLC RTT
· reducing max data rate on UL and/or  DL
In R17, there is no consensus to reduce RLC RTT for RedCap UE. On the other hand, lower max data rates (or TBS reduction) on DL and UL can be achieved by:
· single carrier operation without supporting CA/DC
· BW reduction
· relaxation for the max modulation order
· reduction in the max number of MIMO layers
· applying a smaller scalingFactor

Based on the WID [1],  RedCap UE is expected to support single carrier operation, BW reduction, modulation order relaxation and MIMO layer reduction. However, scalingFactor reduction is not in the scope of R17 RedCap WI. Considering the flexibility of BWP configuration, it is not necessary to further reduce the minimum value of scalingFactor. Therefore, we have the following proposal:
[bookmark: _Hlk83844063]Proposal 11: L2 buffer size reduction for R17 RedCap UE can be achieved by complexity reduction features agreed in RAN1, including:
· single carrier operation without supporting CA/DC
· BW reduction
· relaxation for the max modulation order
· reduction in the max number of MIMO layers
Proposal 12: Further TBS restriction beyond the UE complexity reduction features agreed in RAN1 is not pursued in R17 RedCap WI.
Proposal 13: Further reduction of the scalingFactor specified in NR R15/16 (Clause 4.1.2, TS 38.306) is not pursued in R17 RedCap WI.


Conclusions
In this contribution, the following observations and proposals have been made for the L1/L2 designs of RedCap UE:
Observation 1: To accommodate misaligned center frequency of DL/UL BWP in TDD, extra retuning time is required for RedCap UE with single PLL, which leads to increased latency, reduced spectral efficiency, and co-existence issues with non-RedCap UE.
Observation 2: When RedCap UE with single PLL is operating in FDD and switches between DL/UL (DL-to-UL and UL-to-DL), extra retuning time similar to BWP center frequency  in TDD is required, which leads to increased latency, reduced spectral efficiency, and co-existence issues with full-duplex capable non-RedCap UE. 
Observation 3:  With separate PRACH resource configuration, NW is able to differentiate RedCap and non-RedCap UEs with different timeline requirements, and guarantee sufficient RF retuning gap for RedCap UE without compromising the performance of non-RedCap UE.

Proposal 1: When Redcap UE co-exists with non-RedCap UE in the same cell, RedCap and non-RedCap UEs can share the CD- SSB, MIB-configured CORESET#0 and SIB1.
Proposal 2: When the initial BWP of non-RedCap UE is wider than the max BW of RedCap UE, the initial BWP of RedCap UE should be separately configured by SIB1, which is transmitted within the BW of  MIB-configured CORESET#0.

Proposal 3: If Redcap UE supports FG 6-1a and operates in an active DL BWP without MIB-configured CORESET#0,  SI update specific to RedCap UEs are notified and retrieved on demand only within the active DL BWP.
Proposal 4: Before dedicated PUCCH resource is configured for RedCap UE:
· similar to non-RedCap UE in NR R15/16, PUCCH resource for HARQ feedback of Msg4/MsgB can be provided by pucch-ResourceCommon in Table 9.2.1-1 of TS 38.213;
· different from non-RedCap UE in NR R15/16,  intra-slot PUCCH frequency hopping can be enabled or disabled by SIB1 in the initial UL BWP of RedCap UE.
Proposal 5: When initial BWP for RedCap UE is separately configured, the spec impacts can be minimized if NW follows the rules specified for non-RedCap UE in NR R15/16.
Proposal 6: If a RRC idle/inactive RedCap UE operates in a separate (RedCap-specific) initial DL BWP without MIB-configured CORESET#0 , the UE expects to receive SSB, paging PDCCH and msg2/4/B in the RedCap-specific initial DL BWP. 
Proposal 7: If a RedCap UE operates in an initial or non-initial DL BWP without CORESET#0 or Type 0/0A CSS, the UE expects to get updated SI by dedicated RRC signaling, or short paging message for SI update. 
Proposal 8: If a RedCap UE operates in a RRC-configured DL BWP without CORESET#0 and SSB, the UE expects to get updated SI by dedicated RRC signaling. 
Proposal 9: CORESET/CSS for SI/RA/paging/PEI/SDT/WUS is not configured in the DL BWP of RedCap UE, if SSB is not transmitted in the DL BWP of RedCap UE.
Proposal 10: For a RedCap UE with baseline capability, it expects to receive SSB in the  DL BWP of the serving cell, before or after RRC connection is established. 
Proposal 11: L2 buffer size reduction for R17 RedCap UE can be achieved by complexity reduction features agreed in RAN1, including:
· single carrier operation without supporting CA/DC
· BW reduction
· relaxation for the max modulation order
· reduction in the max number of MIMO layers
Proposal 12: Further TBS restriction beyond the UE complexity reduction features agreed in RAN1 is not pursued in R17 RedCap WI.
Proposal 13: Further reduction of the scalingFactor specified in NR R15/16 (Clause 4.1.2, TS 38.306) is not pursued in R17 RedCap WI.
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