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1. Introduction
In RAN1#103-e meeting, an updated TR 38.875 skeleton was endorsed [1]. Numerous number of analyses were captured in the TR from RAN1 perspective, such as the analyses of UE complexity reduction/power saving, performance impact, coexistence with legacy UEs, and specification impacts for UE complexity reduction features, UE power saving features, and coverage recovery, as well as those for the definition of RedCap UE types, UE identification, and network capacity/spectral efficiency impact. Therefore, RAN1 would be ready to start WI. However, as captured in Clause 13 in the TR, there are a number of leftovers to be decided at RAN plenary or WI phase as highlighted below:
	· Maximum UE bandwidth:
· Maximum bandwidth of an FR1 RedCap UE during and after initial access is 20 MHz
· Whether an FR1 RedCap UE can optionally support a maximum bandwidth larger than 20 MHz after initial access can be discussed during the WI phase or at RAN plenary.
· Maximum bandwidth of an FR2 RedCap UE during and after initial access is 100 MHz
· Number of Rx branches:
· For FR1 FDD or FR2 bands where a non-RedCap UE is required to be equipped with a minimum of 2 Rx branches, the minimum number of Rx branches supported by specification for a RedCap UE is 1. The specification also supports of 2 Rx branches for a RedCap UE.
· For FR1 TDD bands where a non-RedCap UE is required to be equipped with a minimum of 4 Rx branches, the minimum number of Rx branches supported by specification for a RedCap UE is N, where N is to be down-selected during the WI phase or at RAN plenary between the following alternatives:
· Alt 1: N=2
· Alt 2: N=1, where N=2 is also supported
· Number of DL MIMO layers:
· For a RedCap UE with 1 Rx branch, the maximum number of DL MIMO layers is 1.
· For a RedCap UE with 2 Rx branches, the maximum number of DL MIMO layers is M, where M is to be down-selected during the WI phase or at RAN plenary between the following options (where different options may be selected for FR1 FDD, FR1 TDD, and FR2, respectively):
· Option 1: M=1, where M=2 is also supported
· Option 2: M=2
· Half-duplex FDD operation:
· HD-FDD operation type B is not supported for RedCap FR1 FDD UEs in Rel-17.
· Decide at RAN plenary whether to have support FD-FDD or HD-FDD operation type A or both by specification for an FR1 FDD RedCap UE.
· Relaxed UE processing time:
· Decide at RAN plenary whether to support relaxed UE processing time in terms of N1 and N2 by specification for a RedCap UE.



This contribution provides our views on the above leftovers and WID scope corresponding to RAN1 part.

2. Leftover from SI
2.1. Optional UE BW after initial access for FR1
As captured in the TR, for FR1 FDD where a non-RedCap UE is required to be equipped with a minimum of 2 Rx branches, the specification supports 2 Rx branches for a RedCap UE. For FR1 TDD where a non-RedCap UE is required to be equipped with a minimum of 4 Rx branches, as mentioned in Section 1, it has not been decided whether the specification supports 1 Rx branches for a RedCap UE, while for both options it is assumed to support 2 Rx branches. Therefore, for both FR1 FDD and TDD, 2 Rx branches would be supported. Similarly, for a RedCap UE with 2 Rx branches, it has not been decided whether the specification supports maximum 1 DL MIMO layer, while for both options it is assumed to support 2 DL MIMO layers. Therefore, 2 DL MIMO layers for 2 Rx branches would be supported. From peak data rate perspective, the combination of 20 MHz UE BW and 2 DL MIMO layers is enough for meeting the requirements for the RedCap use cases as captured in the TR. On the other hand, it is not necessary to preclude optional capability of the maximum bandwidth larger than 20 MHz after initial access as long as no additional specification impact is foreseen (i.e., optional support of existing UE BW in TS 38.101-1). Moreover, as agreed in RAN2#112-e meeting as follows, details of mandatory/optional capabilities should be discussed in WI phase.
	Agreements:
· Following capability design principle is considered for RedCap UE, but details should be discussed in WI phase:
· Alternative 1:
· The UE capability requirements for a RedCap device type, that are different from those for non-RedCap UEs, are listed in the specifications. That is:
· Mandatory features for non-RedCap UE that are not supported for RedCap UE;
· Mandatory features for non-RedCap UE that are optional for RedCap UE;
· Mandatory features for non-RedCap UE that are supported for RedCap UE but with different value;
· Optional features for non-RedCap UE that are not supported for RedCap UE;
· Optional features for non-RedCap UE that are mandatorily supported for RedCap UE.
· For a RedCap device type, define new signaling fields in UE Capability for the features that are mandatory w/o capability signaling for non-RedCap UEs but are optional for Redcap UEs, or mandatory with capability signaling for non-RedCap UEs but with different value for RedCap UEs. The possible new introduced signaling fields for RedCap UEs should not apply to non-RedCap or legacy UEs for mandatory features w/o capability signaling.
· Alternative 2:
· Directly define the UE capabilities required for RedCap devices, including:
·  Mandatory features for RedCap UEs (defined in specification);
· Optional features for Redcap UEs (introduce signaling fields in an independent container defined specifically for Redcap UE). 



Therefore, it would be enough to discuss whether an FR1 RedCap UE can optionally support a maximum bandwidth larger than 20 MHz after initial access during the WI phase.
Proposal 1: Whether an FR1 RedCap UE can optionally support a maximum bandwidth larger than 20 MHz after initial access is discussed during the WI phase

2.2. Minimum number of Rx branches for FR1 TDD
As mentioned above, the discussion point would be whether the specification supports 1 Rx branches for a RedCap UE for FR1 TDD bands where a non-RedCap UE is required to be equipped with a minimum of 4 Rx branches. As captured in the TR, for RedCap UE with 2 Rx branches and reduced antenna efficiency, the MIL of all the downlink channels are better than that of the bottleneck channel for the reference NR UE and coverage recovery is not needed. On the other hand, for RedCap UE with 1 Rx branch and reduced antenna efficiency, and for carrier frequency of 4 GHz with DL PSD 24 dBm/MHz, coverage recovery may be needed for the downlink channels of Msg2, Msg4 and PDCCH CSS. This has huge specification/scheduling impact especially on initial access as captured in the TR. Therefore, we propose to support 2 Rx branches only for FR1 TDD.
Proposal 2: For FR1 TDD bands where a non-RedCap UE is required to be equipped with a minimum of 4 Rx branches, the minimum number of Rx branches supported by specification for a RedCap UE is 2

2.3. Maximum number of DL MIMO layers
As discussed in Section 2.1, from peak data rate perspective, the combination of 20 MHz UE BW and 2 DL MIMO layers is enough for meeting the requirements for the RedCap use cases for FR1. Therefore, supporting 2 DL MIMO layers for a RedCap UE with 2 Rx branches would be beneficial. However, support of 2 Rx branches is not limited to the use of 2 DL MIMO layers but also for better coverage as discussed in Section 2.2. Therefore, there may be a RedCap UE supporting maximum 1 DL MIMO layers with 2 Rx branches for cost reduction and good coverage. Furthermore, for FR2, the combination of 100 MHz UE BW and 1 DL MIMO layers is enough for meeting the data rate requirements for the RedCap use cases. Therefore, we propose to support both maximum 1 and 2 DL MIMO layers for 2 Rx branches. Regarding whether mandatory/optional capability, as discussed in Section 2.1, such discussion can be done in WI phase.
Proposal 3: For a RedCap UE with 2 Rx branches, both maximum 1 and 2 DL MIMO layers are supported

2.4. HD-FDD
As captured in the TR, HD-FDD operation type A is beneficial to reduce the UE cost especially for RF part, while there are a number of specification/scheduling impacts due to DL-to-UL and UL-to-DL switching time. Therefore, there is no strong motivation to introduce HD-FDD operation type A for RedCap UEs.
Proposal 4: HD-FDD operation type A is not supported for an FR1 FDD RedCap UE

2.5. Relaxed UE processing time
As captured in the TR, cost reduction due to relaxed UE processing time in terms of N1 and N2 is marginal (~6%) while there are a number of specification/scheduling impacts especially on initial access. Therefore, there is no strong motivation to introduce relaxed UE processing time for RedCap UEs.
Proposal 5: Relaxed UE processing time in terms of N1 and N2 is not supported for RedCap UEs


3. WID scope (RAN1 part)
3.1. UE Complexity reduction features
Based on the discussion in Section 2, following reduced capabilities are assumed for the WID scope:
· FR1 FDD
· Maximum bandwidth during and after initial access: 20 MHz
· Number of Rx branches: 1 and 2
· Maximum number of DL MIMO layers: 1 and 2
· 256QAM in DL: optional support (instead of mandatory)
· FR1 TDD
· Maximum bandwidth during and after initial access: 20 MHz
· [bookmark: _GoBack]Number of Rx branches: 2 and 4
· Maximum number of DL MIMO layers: 1 and 2
· 256QAM in DL: optional support (instead of mandatory)
· FR2
· Maximum bandwidth during and after initial access: 100 MHz
· Number of Rx branches: 1 and 2
· Maximum number of DL MIMO layers: 1 and 2
We are generally fine to specify the solutions to address the identified issues captured in the TR. For reduced maximum UE BW, 8 FDMed ROs span wider than 20 MHz in FR1. Therefore, specification should support to adjust the initial UL BWP to include the best ROs which corresponds to the best SSB for the RedCap UE. Regarding reduced number of Rx branches, detail discussion is provided in Section 3.3. Regarding the optional support of 256QAM in DL for FR1, no additional issues are foreseen.
Proposal 6: Specify solutions to address the identified issues for reduced UE BW captured in TR 38.875

3.2. Power saving
In RAN1#103-e meeting, there was a discussion whether any schemes for PDCCH monitoring reduction can be recommended for RedCap UEs but no conclusion was achieved, even for the compromised proposal as follows:
	Based on the study, it is recommended by RAN1 to specify PDCCH monitoring reduction scheme(s) to obtain smaller BD numbers, with target for zero increment PDCCH blocking rate in Rel-17 to avoid the network scheduling impact.  


As considered in the above compromised proposal, the studied PDCCH monitoring reduction schemes have huge impact on the PDCCH blocking rate (>10%) due to PDCCH BD reduction while the power saving gain is less than 10%. Also, the power saving gain by BD reduction can be achieved by existing Rel.15/16 CORESET/search space set RRC configurations. Therefore, there is no strong motivation to introduce any PDCCH monitoring reduction schemes dedicated to RedCap UEs. Note that some PDCCH monitoring reduction schemes are also discussed in power saving WI and hence, it can be discussed in WI phase whether those schemes, if specified, can be applied to RedCap UEs as well.
Proposal 7: Any PDCCH monitoring reduction schemes to obtain smaller BD numbers are not supported for RedCap UEs

3.3. Coverage recovery
As captured in the TR, for FR1 RedCap UE reduced antenna efficiency, the MIL(s) of PUSCH and/or Msg3 are worse than that of the bottleneck channel for the reference NR UE and coverage recovery is needed. For FR1 DL and FR2 DL/UL, coverage recovery is not needed as the MILs of the corresponding channels are better than that of the bottleneck channel for the reference NR UE. Regarding the coverage recovery for PUSCH and Msg3, as discussed in our companion contribution [2], PUSCH repetition on the basis of available UL slots should be considered since TDD pattern should be taken into account. Other solutions captured in the TR also needs to be considered since PUSCH is the essential channel for recovery. Regarding whether to be discussed in coverage enhancement WI or RedCap WI, as both PUSCH and Msg3 are identified as the bottleneck channels in coverage enhancement SI, coverage enhancement for these channels would be considered in coverage enhancement WI. Therefore, common solution should be specified in coverage enhancement WI, and if any additional mechanisms are necessary for RedCap UEs, those should be specified in RedCap WI.
Proposal 8: Specify coverage enhancement/recovery schemes for PUSCH and Msg3 in coverage enhancement WI. Additional mechanisms dedicated to RedCap UEs are specified in RedCap WI, if any.

3.4. Reduced capability signalling framework
As this topic is led by RAN2, the WID scope would be confirmed after RAN2 SI completion. As discussed in Section 3.5, early identification during Msg1 is necessary for coverage recovery for Msg3 and hence, it is necessary to define the RedCap UE type with L1 capability set for the identification, as agreed in RAN1.
Proposal 9: Define RedCap UE type with L1 capability set for the early identification, to be confirmed after RAN2 SI completion.

3.5. UE identification
As this topic is led by RAN2, the WID scope would be confirmed after RAN2 SI completion. From RAN1 perspective, as discussed in Section 3.3, coverage recovery for Msg3 is necessary and hence, RedCap UE has to be identified before Msg3 is scheduled. As captured in the TR, early identification during Msg1 is necessary for the purpose and should be supported for RedCap UEs.
Proposal 10: Specify early identification during Msg1 for RedCap UEs, to be confirmed after RAN2 SI completion.


4. Conclusion
This contribution provided our views on the above leftovers and WID scope corresponding to RAN1 part. Following proposals are made:
Proposal 1: Whether an FR1 RedCap UE can optionally support a maximum bandwidth larger than 20 MHz after initial access is discussed during the WI phase
Proposal 2: For FR1 TDD bands where a non-RedCap UE is required to be equipped with a minimum of 4 Rx branches, the minimum number of Rx branches supported by specification for a RedCap UE is 2
Proposal 3: For a RedCap UE with 2 Rx branches, both maximum 1 and 2 DL MIMO layers are supported
Proposal 4: HD-FDD operation type A is not supported for an FR1 FDD RedCap UE
Proposal 5: Relaxed UE processing time in terms of N1 and N2 is not supported for RedCap UEs
Proposal 6: Specify solutions to address the identified issues for reduced UE BW captured in TR 38.875
Proposal 7: Any PDCCH monitoring reduction schemes to obtain smaller BD numbers are not supported for RedCap UEs
Proposal 8: Specify coverage enhancement/recovery schemes for PUSCH and Msg3 in coverage enhancement WI. Additional mechanisms dedicated to RedCap UEs are specified in RedCap WI, if any.
Proposal 9: Define RedCap UE type with L1 capability set for the early identification, to be confirmed after RAN2 SI completion.
Proposal 10: Specify early identification during Msg1 for RedCap UEs, to be confirmed after RAN2 SI completion.
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