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[bookmark: _Ref521334010]Introduction
In RAN#90e, a new Rel-17 WI on support of reduced capability NR devices, i.e. RedCap, was approved [1]. The RAN1 leading features were discussed during RAN1#104e, in which agreements on reduced maximum UE bandwidth, reduced minimum number of Rx branches, maximum number of DL MIMO layers, relaxed maximum modulation order, and duplex operation, were reached [2]. Later in RAN#91e, it was determined that 20 MHz is supported as the maximum bandwidth of an FR1 RedCap UE during and after initial access [3].
	· Specify support for the following UE complexity reduction features [RAN1, RAN4]:
· Reduced maximum UE bandwidth:
· Maximum bandwidth of an FR1 RedCap UE during and after initial access is 20 MHz.
· Maximum bandwidth of an FR2 RedCap UE during and after initial access is 100 MHz.


The reduced maximum UE bandwidth has significant impact on the initial access procedure. In this contribution, we provide our views on several aspects related to the reduced bandwidth.

Discussion
[bookmark: _Ref52270350]Initial DL/UL BWP and CORESET
In RAN1#104e, the following agreements were made [2]:
	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.


It was agreed that SSB and CORESET#0 can be shared among RedCap and non-RedCap UEs. Also, at least for the case when the initial DL/UL BWP for non-RedCap UE is no wider than the RedCap UE bandwidth, they can be reused by the RedCap UE. But there are several issues to be discussed, focusing on the additional initial DL/UL BWP and CORESET#0, and the potential operation in an initial DL/UL BWP wider than the RedCap UE bandwidth.
· Initial DL BWP during the initial access
During the initial access, the bandwidth of initial DL BWP is subject to CORESET#0, derived from MIB. The maximum bandwidths of initial DL BWP are 17.280 MHz and 69.120 MHz in FR1 and FR2, respectively. Compared to the maximum RedCap UE bandwidth (20 MHz in FR1 and 100 MHz in FR2) [3], it can be seen that the bandwidth of initial DL BWP is smaller than that of RedCap UE, regardless of the SCS or FR. 
Therefore, we do not see the necessity for a RedCap UE to operate with an initial DL BWP wider than the maximum RedCap UE bandwidth during initial access.
Proposal 1: During the initial access, the RedCap UE is not expected to operate with an initial DL BWP wider than the maximum RedCap UE bandwidth.
· Initial DL BWP after the initial access
After the initial access, the initial DL BWP for the non-RedCap UE may be overwritten by initialDownlinkBWP signaled in SIB1, with a wider bandwidth than the original one. Also, the new initial DL BWP shall fully contain CORESET#0 in frequency domain [8]. Figure 1 illustrates the aforementioned relationship.
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[bookmark: _Ref67646930]Figure 1 Relationship between SSB, CORESET#0, and initial DL BWP.
If the SIB1-configured initial DL BWP is larger than the maximum RedCap UE bandwidth, the following two directions can be considered:
· Alt1-D: No RedCap-dedicated initial DL BWP is introduced, and the RedCap UE will operate in the initial DL BWP larger than its bandwidth. The gNB shall ensure that the DL transmission of RedCap UE is within its UE bandwidth.
· Alt2-D: RedCap-dedicated initial DL BWP can be configured or predefined to the RedCap UE, where the bandwidth of the RedCap-dedicated initial DL BWP is no larger than the maximum RedCap UE bandwidth. In this option, it seems unnecessary to configure or predefine a RedCap-dedicated initial DL BWP that still larger than the RedCap UE bandwidth.
Both Alt1-D and Alt2-D seem workable for PDCCH/PDSCH reception. Comparing these two alternatives, Alt1-D may have lower configuration cost, but may raise several further issues due to the misalignment of BWP bandwidth from gNB and UE’s perspective. For example, the handling of CSI-RS, which can be received in full BWP bandwidth currently, may have to be re-visited. Also, the potential frequency offset between PDSCH and PDCCH may cause trouble in PDSCH reception. For instance, the RedCap UE may not be able to decode the DCI while buffering the DL data simultaneously. The frequency location of the PDSCH is unknown to the UE before successfully decoding the DCI, making it almost impossible to find a proper frequency location to buffer the DL data. A portion of the PDSCH symbols may be lost during the ‘DCI decoding time + RF retuning time’, causing dramatic performance degradation. 
From view of simplicity, we slightly prefer Alt2-D. 
Proposal 2: After the initial access, if the SIB1-configured initial DL BWP for non-RedCap UE is larger than the maximum RedCap UE bandwidth, a RedCap-dedicated initial DL BWP can be configured or predefined to the RedCap UE.
Besides, SSB is important for many aspects, e.g. cell (re-)selection, QCL relation maintenance, beam management, (re-)synchronization, etc. Working in a BWP without SSB will cause higher complexity, and that’s why it is an optional capability even for non-RedCap UE. If a RedCap-dedicated initial DL BWP is configured, it is reasonable that this DL BWP includes SSB in frequency domain, at least for FR1. In FR1, SSB and CORESET#0 are multiplexed in a ‘TDD’ manner, defined as pattern 1 in TS 38.213[5]. The simplest way is to predefine that the initial DL BWP during the initial access is reused for RedCap as the initial DL BWP after the initial access.
Proposal 3: After the initial access, if the SIB1-configured initial DL BWP for non-RedCap UE is larger than the maximum RedCap UE bandwidth, consider reusing the initial DL BWP during the initial access for RedCap UE after the initial access.
The same reusing can be applied to FR2, since the RedCap UE can handle SSB and CORESET0 in a sequential way with pattern 2 or pattern 3.
· Additional CORESET
As has been discussed above, it is important to ensure that the SSB is included in the initial DL BWP. With such restriction, and considering that the bandwidth of RedCap UE is quite limited, the potential additional CORESET, if introduced, will largely overlap with the initial DL BWP in frequency domain, no matter the initial DL BWP is the original one for non-RedCap UE, or a newly introduced one for RedCap UE. This makes the additional CORESET in initial DL BWP less impractical for the purpose of offloading. 
Moreover, to enlarge the capacity/number of connection, a series of enhancements should be investigated, spreading from before and after RACH, including both DL and UL. However, it is out of the current scope. It can be further considered in the future release, if desired.
Proposal 4: No additional CORESET is introduced for RedCap UE in the initial DL BWP in Rel-17.
· Initial UL BWP during and after the initial access
Unlike initial DL BWP, the initial UL BWP is the same for during and after the initial access. The bandwidth of the initial UL BWP is configured in SIB1, and has no particular limitation on the frequency width in principle. The UL transmission during the RACH procedure is highly related to the bandwidth of initial UL BWP, which makes the situation more complicated than the DL case. 
If the initial UL BWP for non-RedCap UE is larger than the maximum RedCap UE bandwidth, then the following two directions can be considered:
· Alt1-U: No RedCap-dedicated initial UL BWP is introduced, and the RedCap UE will operate in the initial UL BWP larger than its bandwidth. The gNB shall ensure that the UL transmission of RedCap UE is within its UE bandwidth.
· Alt2-U: RedCap-dedicated initial UL BWP(s) can be configured or predefined to the RedCap UE, where the bandwidth of (each of) the RedCap-dedicated initial UL BWP is no larger than the maximum RedCap UE bandwidth. In this option, it seems unnecessary to configure or predefine RedCap-dedicated initial UL BWP(s) that still larger than the RedCap UE bandwidth.
For Alt1-U, it seems workable at least after the initial access. For example, dedicated RRC parameters on PUCCH/PUSCH can be configured to provide a suitable hopping range. For another example, sub-band SRS can be configured, so the UE does not have to transmit full bandwidth SRS. Also, there is a gap between PDCCH and PUSCH by default (e.g. N2), which makes the potential frequency retuning feasible. It can also save the configuration cost to be broadcasted.
But Alt1-U leaves some issues to be tackled during the initial access. One is the out-of-range of Msg3 PUSCH and PUCCH for Msg4 feedback identified during the SI phase [4], which may lead to performance degradation or even incapable issue. Several solutions have been proposed in RAN1#104e, and we will discuss them in detail in Section 2.2.
Observation 1: If the initial UL BWP is larger than the maximum RedCap UE bandwidth, and the RedCap UE still shares the initial UL BWP with non-RedCap UE, solution is required to tackle the out-of-range issue of Msg3 PUSCH and PUCCH for Msg4.
Alt2-U is also workable regarding to the transmission of PUSCH/PUCCH/SRS. But it is unclear how the RO is configured to the RedCap UE, and whether the RO can/shall be shared among RedCap and non-RedCap UE in this alternative. It is also highly related to the early identification of RedCap UE, and the potential offloading. We will analyze this case in Section 2.3.
Observation 2: If RedCap-dedicated initial UL BWP(s) is configured, further study RACH procedure jointly considering the UE identification and potential offloading.

[bookmark: _Ref67660573]Enabling the PUCCH/PUSCH to fall within the RedCap UE bandwidth
The following options were agreed to be further studied in RAN1#104e [2]:
	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


Among the options, Option 4 is under the assumption that the initial UL BWP for non-RedCap UE is no larger than the maximum RedCap UE bandwidth. In this case, the RedCap UE shall be able to transmit all the UL channels/signals properly by default in the initial UL BWP.
However, if the initial UL BWP for non-RedCap UE is larger than the maximum RedCap UE bandwidth, and if the RedCap UE is still allowed to operate in this initial UL BWP, it should be further investigated how to ensure the Msg3 PUSCH/PUCCH for Msg4 feedback within the maximum RedCap UE bandwidth. The standard shall provide enough flexibility and capability to handle such situation. We think Option 1, 2 and 3 are good starting points for consideration. Our preliminary view on the pros and cons are summarized in Table 1.
[bookmark: _Ref67744658]Table 1 Pros and cons of the options for PUSCH/PUCCH management
	Options
	Pros
	Cons

	Option 1
	1. No specification impact.
	1. May not be feasible, especially for PUCCH with short duration.

	Option 2
	1. May achieve UL offloading benefit.
2. May jointly tackle the out-of-range issue of the best RO.
	1. Higher specification impact than other options.

	Option 3
	1. Low specification impact.
	1. Whether there is any problem of coexistence with non-RedCap UE needs further study.


Option 1 seems attractive due to its simplicity. However, it may not be able to handle PUCCH properly. Before dedicated RRC configuration, the PUCCH is forced to perform frequency hopping. For RedCap UE, hopping in a range larger than the UE bandwidth requires a gap for frequency retuning. This indicates that at least one PUCCH symbol will be damaged, which will lead to serious performance degradation especially for short PUCCH.
For Option 2, it does not only guarantee the PUSCH/PUCCH within the RedCap UE bandwidth, but also provides potential to realize UL offloading. For example, multiple RedCap-dedicated initial UL BWP (or maybe starting position) may be configured to different RedCap UEs. This option can also tackle the out-of-range issue of the best RO. The drawback is the relatively high specification impact. 
Option 3 seems to be a trade-off between performance and specification impact. Further study on co-existence may be needed, since the RedCap UE and the non-RedCap UE are sharing the same initial UL BWP but have different PUCCH/PUSCH hopping manner. For example, it should be determined whether the frequency domain location of RedCap PUCCH is (partially) the same with non-RedCap UE.
Comparing these three options, we think Option 2 and Option 3 can be further studied. Option 1 does not solve the issue of symbol dropping of PUCCH in frequency hopping.
Proposal 5: Further study Option 2 and/or Option 3 to enable the PUCCH/PUSCH to fall within its bandwidth.

[bookmark: _Ref67662468]Enabling the best RO to fall within the RedCap UE bandwidth
Solutions to tackle the out-of-range issue of the RO were agreed to be further studied [2]:
	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


Among them, Option 1 is totally up to UE implementation. If supported, the feasibility should be confirmed, e.g. whether the time gap between SSB and RO, and the time gap between RO and RAR PDCCH, are enough for RF-retuning. Note that Option 1 is under the assumption that the RO are shared between RedCap UE and non-RedCap UE. Otherwise, RedCap-dedicated should be configured (Option 4), and there is no reason to configure RO outside RedCap UE bandwidth. But Option 4 also has the risk of over-splitting the RO. Option 3 achieves the same goal by putting restrictions on gNB implementation or specification. And similar to the case of PUSCH/PUCCH, Option 2 has the advantage on UL offloading, but may cause higher specification impact.
When considering the out-of-range issue of RO, we suggest to jointly consider the out-of-range issue of PUSCH/PUCCH, and also the initial UL BWP configuration. For example, if operation in an initial UL BWP larger than RedCap UE bandwidth is allowed, and if separated configuration/indication/manner of PUCCH is supported, then separated dedicated configuration of RO shall be considered. The detailed relationship is illustrated in Figure 2:
[image: ]
[bookmark: _Ref67858922]Figure 2 Relationship between different options in different issues.
As analyzed in Section 2.2, we prefer Option 2 and Option 3 to tackle the out-of-range of PUSCH/PUCCH. Therefore, we have the following proposal:
Proposal 6: Further study Option 2 and/or Option 4 to enable the best RO to fall within its bandwidth.

Conclusion
In this contribution, we provide our view on UE complexity reduction features. The observations and proposals are summarized as follows:
Observation 1: If the initial UL BWP is larger than the maximum RedCap UE bandwidth, and the RedCap UE still shares the initial UL BWP with non-RedCap UE, solution is required to tackle the out-of-range issue of Msg3 PUSCH and PUCCH for Msg4.
Observation 2: If RedCap-dedicated initial UL BWP(s) is configured, further study RACH procedure jointly considering the UE identification and potential offloading.
Proposal 1: During the initial access, the RedCap UE is not expected to operate with an initial DL BWP wider than the maximum RedCap UE bandwidth.
Proposal 2: After the initial access, if the SIB1-configured initial DL BWP for non-RedCap UE is larger than the maximum RedCap UE bandwidth, a RedCap-dedicated initial DL BWP can be configured or predefined to the RedCap UE.
Proposal 3: After the initial access, if the SIB1-configured initial DL BWP for non-RedCap UE is larger than the maximum RedCap UE bandwidth, consider reusing the initial DL BWP during the initial access for RedCap UE after the initial access.
Proposal 4: No additional CORESET is introduced for RedCap UE in the initial DL BWP in Rel-17.
Proposal 5: Further study Option 2 and/or Option 3 to enable the PUCCH/PUSCH to fall within its bandwidth.
Proposal 6: Further study Option 2 and/or Option 4 to enable the best RO to fall within its bandwidth.
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