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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]. Later in RAN#91e, the WID was revised that 20 MHz is supported as the maximum bandwidth of an FR1 RedCap UE during and after initial access [2].
	· 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.


During RAN1#104-e and RAN1#104bis-e, several agreements and working assumptions were reached on the bandwidth related aspects for RedCap UE [3][4]. Bandwidth reduction aspects have significant impact on UE complexity/cost and coexistence with normal UEs. In this contribution, we provide our views on bandwidth reduction aspects based on the RAN1 discussion so far.

Discussion
[bookmark: _Ref52270350]Initial DL BWP and CORESET
In RAN1#104bis-e, the following working assumptions were reached [4]:
	Working assumption:
· During initial access, the bandwidth of the initial DL BWP for RedCap UEs is not expected to exceed the maximum RedCap UE bandwidth.
· The bandwidth and location of the initial DL BWP for RedCap UEs can be the same as the bandwidth and location of the MIB-configured initial DL BWP for non-RedCap UEs.
· This does not preclude a SIB-configured initial DL BWP for non-RedCap UEs only with a wider bandwidth than the maximum RedCap UE bandwidth.
· This does not preclude separate or additional bandwidth and location for initial DL BWP for RedCap UEs (FFS).
Working assumption: 
· After initial access, at least for BWP#0 configuration option 1 (as in 38.331, Appendix B2), a RedCap UE is not expected to operate with an initial DL BWP wider than the maximum RedCap UE bandwidth.
· FFS: BWP#0 configuration option 2 (as in 38.331, Appendix B2)
Working assumption: 
· A RedCap UE cannot be configured with a non-initial (DL or UL) BWP (i.e., a BWP with a non-zero index) wider than the maximum bandwidth of the RedCap UE.
· At least for FR1, FG 6-1 ("Basic BWP operation with restriction" as described in TR 38.822) is used as a starting point for the RedCap UE type capability.


There are some FFS parts in the WA, which will be discussed in the following parts.
· Initial DL BWP during the initial access
During the initial access, it is still FFS whether separate or additional bandwidth and location for initial DL BWP can be configured to RedCap UE. To this issue, we tend to keep the same initial DL BWP for normal UE and RedCap UE during the initial access, due to the following reasons:
· There is no any issue to reuse the legacy initial DL BWP for RedCap UE. The maximum bandwidth of RedCap UE allows full reception in the legacy initial DL BWP, for both FR1 and FR2.
· Separate/additional initial DL BWP occupies additional DL resource in the system. The number of RedCap UEs is not likely to be huge in the early release, and it seems unnecessary to spend a lot of DL resources for their initial access. Note that the separate/additional initial DL BWP brings cell-common transmission like SIB1 and PDCCH (to schedule SIB1) inevitably.
· At least for FR1, it is important to keep SSB within the initial DL BWP range in frequency domain. With such restriction, and considering that the bandwidth of RedCap UE is quite limited, the potential additional initial DL BWP will largely overlap with the legacy initial DL BWP in frequency domain, and does not help off-loading much.
· Indication of separate/additional initial DL BWP is difficult. Currently, initial DL BWP during initial access is defined by CORESET#0, derived from MIB using 4 bits (totally 8 bits are used to indicate the CORESET#0 and Type0-PDCCH CSS). However, there are very few spare bits left in MIB to indicate a separate/additional initial DL BWP for RedCap UE, especially for FR2. Note that the spare bits may be used for other cases like access control for RedCap UEs. It is suspected whether a flexible, compatible and complete indication method can be developed.
So we have the following proposal:
Proposal 1: During the initial access, separate/additional bandwidth and location for initial DL BWP for RedCap UEs is not considered in Rel-17.
For the same reasons, we think additional CORESET for RedCap UE is not necessary, either. 
Proposal 2: Additional CORESET for RedCap UE is not considered in Rel-17.
· Initial DL BWP after the initial access
After the initial access, it is FFS whether a RedCap UE can operate with an initial DL BWP wider than the maximum RedCap UE bandwidth with BWP#0 configuration Option 2. In TS 38.331, the definition of Option 2 is clear, which is copied below [6]:
	With the second option (illustrated by figure B2-2 below), the BWP#0 is considered to be an RRC-configured BWP, i.e. UE only supporting one BWP cannot be configured with BWP#1 in addition to BWP#0 when using this configuration. However, UE supporting more than one BWP can still switch to and from BWP#0 e.g. via DCI normally, and there are no explicit limitations to using the BWP#0 (compared to the first option).

 Figure B2-2: BWP#0 configuration with dedicated configuration


It is understood that, with identification of RedCap UE and proper UE-dedicated RRC configuration, even if the BWP is larger than the maximum RedCap UE bandwidth, the actual transmission/reception/hopping of the DL or UL channels can be restricted in the maximum RedCap UE bandwidth. From scheduling point of view, it may be workable for a RedCap UE to operate in an initial BWP larger than its maximum bandwidth if BWP#0 configuration Option 2 is applied.
However, the mis-alignment between UE bandwidth and the DL BWP bandwidth not only impacts reception of scheduling. In current NR, plenty of the measurement aspects are under the assumption that the UE is able to receive in the whole DL BWP. Allowing RedCap UE to operate in a DL BWP larger than its maximum bandwidth may cause issues in measurement, due to incapable of full bandwidth reception. For instance, the impacted aspects include reception of CSI-RS, definition of in-band SSB measurement, simultaneous reception of RS and data, etc. 
Note that BWP#0 configuration Option 2 is considered to be an RRC-configured BWP, in which measurement should play an important role. Unless the measurement related issues are tackled, it is not feasible to configure the initial DL BWP larger than maximum RedCap UE bandwidth even with BWP#0 configuration Option 2.
Observation 1: For the case when maximum RedCap UE bandwidth is smaller than the bandwidth of the BWP#0 with configuration Option 2, there are some issues in measurement need to be tackled. 

[bookmark: _Ref71376890]Initial UL BWP
In RAN1#104bis-e, the following working assumptions were reached [4]:
	Agreements:
· During initial access, for the scenario where the initial UL BWP for non-RedCap UEs is configured to be wider than the RedCap UE bandwidth, down select among the following options in RAN1#105-e
· Option 1: The scenario is allowed, and a RedCap UE can use the same UL BWP.
· Option 2: The scenario is allowed, but a separate initial UL BWP no wider than the RedCap UE maximum bandwidth is configured/defined for RedCap UEs.
· Option 3: The scenario is not allowed, and a RedCap UE is not expected to operate in an initial UL BWP wider than the RedCap UE maximum bandwidth.
Agreements:
· After initial access, for the scenario where the initial UL BWP for non-RedCap UEs is configured to be wider than the RedCap UE bandwidth, down select among the following options in RAN1#105-e:
· Option 1: The scenario is allowed, and a RedCap UE can use the same UL BWP.
· Option 2: The scenario is allowed, but a separate initial UL BWP no wider than the RedCap UE maximum bandwidth is configured/defined for RedCap UEs.
· Option 3: The scenario is not allowed, and a RedCap UE is not expected to operate in an initial UL BWP wider than the RedCap UE maximum bandwidth.


· Initial UL BWP during and after the initial access
For the relationship between initial UL BWP and the RedCap UE during the initial access, three options are to be down-selected. Also, we should be aware that the feasibility of the options is highly related to the solutions to the out-of-range issue of RO and Msg3 PUSCH/PUCCH for Msg4, which are to be discussed in Section 2.3 and Section 2.4. 
For Option 1, gNB is benefited from the simple maintenance of only one initial UL BWP. It may be feasible considering that only Msg1 and Msg3 will be transmitted during the initial access, and none of these channels is expected to be larger than the maximum RedCap UE bandwidth. However, out-of-range issue of RO and Msg3 PUSCH/PUCCH for Msg4 should be tackled if Option 1 is adopted. Hence, specification impact is foreseen.
For Option 2, some drawbacks are observed, e.g. lead to non-continuous frequency domain resource for non-RedCap UE at least in TDD scenario, larger payload in SIB1, maintenance of two different initial UL BWPs, etc. However, it is always a workable choice without complicated specification impact. And it also avoids overturning the widely accepted concept that the bandwidth of a BWP shall not exceed the maximum UE bandwidth.
For Option 3, the gNB can still maintain one initial UL BWP, but at the cost of negative impact on non-RedCap UE. Currently, the bandwidth of initial UL BWP for non-RedCap UE is the same for during and after the initial access. This will lead to severe restriction of usage of initial UL BWP for non-RedCap UE, especially for BWP#0 configuration Option 2. 
In summary, Option 2 is our first preference, and Option 1 is our second preference. We do not think Option 3 is a good solution since it causes obvious restriction on non-RedCap UEs.
Proposal 3: For the scenario where the initial UL BWP for non-RedCap UEs is configured to be wider than the RedCap UE bandwidth, the following options can be further considered:
· Option 1: The scenario is allowed, and a RedCap UE can use the same UL BWP.
· Option 2 (1st preference): The scenario is allowed, but a separate initial UL BWP no wider than the RedCap UE maximum bandwidth is configured/defined for RedCap UEs.

[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 [3]:
	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


From our view, the preference is Option 3 = Option 2 > Option 4 > Option 1.
· Option 1: This option is under the assumption that the initial UL BWP is larger than the maximum RedCap UE bandwidth. At least one OFDM symbol is needed for RF retuning when hopping outside the maximum UE bandwidth. For Msg3 PUSCH, the performance degradation due to symbol loss may be small. However, significant performance loss is observed for PUCCH, especially for short duration PUCCH. This makes the option unacceptable.
· Option 2: The drawbacks have been discussed in Section 2.2, e.g. non-continuous resource for non-RedCap UE at least in TDD scenario, heavier payload in SIB1, maintenance of two different initial UL BWP, etc. However, this option is still one of the most direct solutions. It can tackle the out-of-range issue of PUCCH/PUSCH and also the out-of-range issue of RO at the same time.
· Option 3: This option is also under the assumption that the initial UL BWP is larger than the maximum RedCap UE bandwidth. If such scenario is allowed, then this option is necessary. For Msg3 PUSCH, the frequency hopping can be disabled by hopping flag field in the UL grant in RAR, so no specification change is required. For PUCCH for Msg4, different configuration/indication/interpretation is needed.
· Option 4: Option 4 can be regarded as the baseline. However, we doubt that the only way is still to configure the ‘common’ initial UL BWP within the maximum RedCap UE case. Restricting PUCCH for Msg4 within the maximum RedCap UE bandwidth may not be achieved, because disabling the frequency hopping of PUCCH during initial access is not supported currently. Therefore, Option 4 still puts strong restriction to non-RedCap UE.
Based on the above analyses, we have the following proposal:
Proposal 4: Further study Option 2 and 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 [3]:
	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


From our view, the preference is Option 2 > Option 4 = Option 1 >Option 3.
· Option 1: This option is under the assumption that the initial UL BWP is larger than the maximum RedCap UE bandwidth. Unlike the Msg3 PUSCH/Msg4 PUCCH case, this option may be feasible, if it is proved that the retuning time have no or very small impact to the reception of SSB or Msg2. But we would like to emphasize that even if this option is adopted for PRACH, it shall not be applied to the Msg3 PUSCH/Msg4 PUCCH case.
· Option 2: The drawbacks have been discussed in Section 2.2, e.g. non-continuous resource for non-RedCap UE at least in TDD scenario, heavier payload in SIB1, maintenance of two different initial UL BWP, etc. However, this option is still one of the most direct solutions. It can tackle the out-of-range issue of RO and also the out-of-range issue of PUCCH/PUSCH at the same time.
· Option 3: Option 3 is of course workable and should be a baseline. However, limiting the configuration more or less has impact on legacy UEs, especially for the way of ‘always restricting the initial UL BWP to within RedCap UE bandwidth’. Though it is not directly conflicted with the WID (Coexistence with non-RedCap UEs is to be ensured [2]), it is hard to say that not against the WID spirit.
· Option 4: This option is also under the assumption that the initial UL BWP is larger than the maximum RedCap UE bandwidth. It introduces additional UL resource cost for RedCap UE. It may not be an issue in FDD. But for TDD, with popular TDD configuration such as DDDSU, this additional cost is non-negligible. Option 4 can also tackle the issue of early identification of RedCap UE. Even if it is not adopted to tackle the out-of-range issue of RO, it may still be discussed for UE type identification.
Based on the above analyses, we have the following proposal:
Proposal 5: Further study Option 2 and Option 4 to enable the best RO to fall within its bandwidth.
· Option 1 can also be considered if proven to be feasible.

Conclusion
In this contribution, we provide our view on bandwidth reduction features for RedCap UE. The observation and proposals are summarized as follows:
Observation 1: For the case when maximum RedCap UE bandwidth is smaller than the bandwidth of the BWP#0 with configuration Option 2, there are some issues in measurement need to be tackled. 
Proposal 1: During the initial access, separate/additional bandwidth and location for initial DL BWP for RedCap UEs is not considered in Rel-17.
Proposal 2: Additional CORESET for RedCap UE is not considered in Rel-17.
Proposal 3: For the scenario where the initial UL BWP for non-RedCap UEs is configured to be wider than the RedCap UE bandwidth, the following options can be further considered:
· Option 1: The scenario is allowed, and a RedCap UE can use the same UL BWP.
· Option 2 (1st preference): The scenario is allowed, but a separate initial UL BWP no wider than the RedCap UE maximum bandwidth is configured/defined for RedCap UEs.
Proposal 4: Further study Option 2 and Option 3 to enable the PUCCH/PUSCH to fall within its bandwidth.
Proposal 5: Further study Option 2 and Option 4 to enable the best RO to fall within its bandwidth.
· Option 1 can also be considered if proven to be feasible.
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