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Introduction 
In this paper, we discuss open issues related to initial access and camping restriction for RedCap UEs.
Discussion
Early identification 
In the TR for RedCap SI [1], the following options on early identification during Msg1/A transmission are captured:
-	Separation of initial UL BWP for RedCap and non-RedCap UEs; or
- 	Separation of PRACH resources (e.g., occasions and/or formats) or PRACH preambles between RedCap and non-RedCap UEs.
In legacy, the bandwidth of SIB1-configured initial DL/UL BWP can be up to 100MHz in FR1. However, for RedCap UEs, the maximum UE bandwidth is only 20MHz in FR1. Forcing non-RedCap and RedCap UEs to have the same initial DL/UL BWP thus would reduce resource utilization and scheduling flexibility for non-RedCap UEs. From this perspective, it is desirable to allow network to configure initial DL/UL BWP wider than the maximum UE bandwidth of RedCap UEs, even when they share the same cell. 
Observation 1.	It is desirable for non-RedCap UEs to have initial DL/UL BWP wider than the maximum UE bandwidth of RedCap UEs, when they share a cell.
If non-RedCap and RedCap UEs have different initial DL BWP, then there are two possible configurations: #1. Initial DL BWP for RedCap UEs are nested within the initial DL BWP of non-RedCap UEs; Initial DL BWPs for RedCap and non-RedCap do not completely overlap. In the latter case, it further includes the possibility that CORESET #0 is not contained in RedCap UEs’ initial DL BWP. When that occurs, it would create unnecessary complexity for UE’s initial access procedure. For example, if the cell is a TDD system, UE would have to retune its DL receiver after RACH preamble transmission to monitor RAR, because ra-searchSpace is contained within CORESET #0. After receiving RAR, UE then has to retune its transceiver again to its initial UL BWP, in order to perform Msg3 transmission. Such back-and-forth retuning of UE’s operating frequency increases UE’s access latency and creates unnecessary complexity for UE implementation. That is against the fundamental objective of the RedCap WI, i.e. reduce UE’s complexity. 
Observation 2.	If a RedCap UE’s initial DL BWP does not contain CORESET #0, then the UE has to re-tune its transceiver between different steps in initial access, which increases access latency and creates unnecessary complexity for UE implementation.
In a FDD system, network can configure initial UL BWP for a RedCap UE anywhere within its channel bandwidth, as long as the above constraint on CORESET #0 is met. Similarly, for a TDD system, network can configure the center frequency of RedCap UEs’ initial DL/UL BWP anywhere, as long as the initial DL BWP contains CORESET #0. Therefore, we propose that:
Proposal 1.	If network configures a separate initial DL BWP for RedCap UEs in SIB1, this initial DL BWP shall contain CORESET #0.
If RedCap UEs are configured with separate PRACH resources, it is desirable to configure separate ra-searchSpace for RedCap UEs too, because network may want to schedule Msg2/B differently between RedCap and non-RedCap UEs, e.g. apply repetition for Msg2/B, send Msg2/B for non-RedCap UEs in a wider range of resources, etc. 
Proposal 2.	If RedCap UEs are configured with separate PRACH resources, they can be configured with a separate ra-searchSpace for Msg2/MsgB reception.     
According to the current agreement, early identification in Msg1/A is configurable. We think a simple way to check if the feature is enabled is by the mere presence of dedicated PRACH resources for RedCap UEs, which can be either a dedicated initial UL BWP, or a dedicated preamble group on shared ROs or dedicated ROs. If dedicated PRACH resources for RedCap UEs are not configured, then UE shall perform early identification in Msg3.
Proposal 3. 	If RedCap UEs are configured with dedicated PRACH resources, perform early identification in Msg1. Otherwise, perform early identification in Msg3.
During the SI phase, RAN2 agreed that identification of RedCap UE type(s) during transmission of Msg3 can be achieved by at least the following options [1]:
1. Using the spare bit in existing Msg3 definition
2. Extending the Msg3 size to carry additional one or more bits, indicating RedCap UE type(s)
3. Introduction of new larger RRC message (e.g. on CCCH1)
4. New MAC control element or LCID
Among the four options above:
· There is no spare bit left in the 48-bit UL-CCCH message. Therefore, Option 1 is not feasible.
· In either Option 2 or 3, extending Msg3 or a larger RRC message would require at least an increase of 1 byte in size, because UL-CCCH messages have to be byte aligned. This is 16.7% increase for UL-CCCH and 12.5% increase for UL-CCCH1. Because a larger Msg3 has negative impact on cell coverage, extending the current Msg3 or introducing a new larger RRC message is especially undesirable for RedCap UEs, which already suffer from a reduction in coverage due to their reduced capabilities. Therefore, Option 2 and 3 should not be adopted.
· We think introducing a new LCID is a cleaner solution than other options, as it would have no impact on the existing format of UL-CCCH or UL-CCCH1 message.
Therefore, we’d propose that
Proposal 4. 	RedCap UEs use new, dedicated LCIDs for their UL-CCCH/1 message to support early identification in Msg3.   
Cell barring related issues
IntraFreqReselection
In legacy, network uses own IntraFreqReselection to indicate whether the same cell barring applies to all other cells on the same frequency. It is enabled mostly based on deployment related factors. However, because cell barring decision for RedCap UEs can depend on their expected impact on network capacity in addition to deployment related factors, we think it is desirable for RedCap UEs to have their own IntraFreqReselection indication. 
In the last meeting, RAN2 agreed that SIB1 (not MIB) indicates cell barring for 1 Rx branch and 2 Rx branches separately for RedCap UEs. Then based on the same reasoning behind this agreement, we think it makes sense to have separate IntraFreqReselection indications for RedCap UEs with 1 Rx and 2 Rx branches.  
Since 2 bits are needed and MIB has only one spare bit left, IntraFreqReselection indication for RedCap UEs should be signaled in SIB1 instead of in MIB.  
Proposal 5. 	RedCap UEs have their own IntraFreqReselection indication in SIB1. This indication is signaled separately for UEs with 1 Rx and 2 Rx branches.
Indication on neighbor cell support for RedCap
Knowing whether a neighbour cell accepts access by Redcap can avoid RedCap UEs’ unnecessary RRM measurements and save power. At first glance, this may seem like an optimization, because one may argue that once UE decodes a neighbor cell’s cell barring indication, it would know whether that neighbor cell support RedCap or not and then avoid it in the subsequent neighbor cell measurement. However, this is not true due to the fact that cell barring for RedCap UEs is different from non-RedCap UEs. It is expected that cell barring for RedCap can be more dynamic than legacy UEs (e.g. barring can depend on cell loading, which can be dynamic). As a result, a RedCap UE can’t check its neighbor cells for only once and then know whether it can skip RRM measurements on a neighbor cell forever. It still needs to check periodically on all neighbor cells to see if they have changed their barring status. Having this indication in the system information of its serving cell can help a RedCap UE avoid those periodic check on its neighbor cells. 
For the same reasons described above, we think it is necessary for this indication to be separately signalled for RedCap UEs with 1 Rx and 2 Rx branches.
Proposal 6. 	Introduce an indication in system information on whether a neighbor cell supports access by RedCap UEs. This indication is signaled separately for UEs with 1 Rx and 2 Rx branches.
In the email discussion conducted during the last RAN2 meeting, companies discussed whether RedCap UEs should have their own separate cell re-/selection parameters. But no conclusion/agreement was made.
First, RSRP related parameters such as Qrxlevmin and Qqualmin represent the minimum Rx level and quality required by a cell. We think the answer may depends on whether network would schedule RedCap UEs differently to compensate their reduced Rx capabilities (for example, apply coverage enhancement or schedule MCS with lower spectral efficiency, etc). If the answer is, then clearly RedCap UEs should have different minimum Rx level and quality level from those for non-RedCap. We expect typical networks would do that for RedCap UEs, for the same reason why cell barring is specific to number of Rx branches. In addition, this configuration can be made optional, depend on whether network schedule RedCap UEs differently from non-RedCap UEs.
Proposal 7. 	Network can optionally configure separate Qrxlevmin and Qualmin for RedCap UEs.
Second, for re-/selection priorities in neighboring frequencies, we think RedCap UEs should have different priorities from those for non-RedCap UEs. For example, RedCap UEs tend to prefer low-frequencies for better coverage, which is opposite from non-RedCap UEs. 
Proposal 8.	RedCap UEs can be configured with separate cell re-/selection priorities for neighbor frequencies.
Conclusion
Based on the above analysis, we’d recommend RAN2 to discuss and adopt the following proposals:
Observation 1.	It is desirable for non-RedCap UEs to have initial DL/UL BWP wider than the maximum UE bandwidth of RedCap UEs, when they share a cell.
Observation 2. If initial DL BWP for RedCap UEs does not contain CORESET #0, then the UE has to re-tune its transceiver between different steps in initial access, which increases access latency and creates unnecessary complexity for UE implementation.
Proposal 1. 	If network configures a separate initial DL BWP for RedCap UEs in SIB1, this initial DL BWP shall contain CORESET #0. 
Proposal 2. 	If RedCap UEs are configured with separate PRACH resources, they can be configured with a separate ra-searchSpace for Msg2/MsgB reception.  
Proposal 3. 	If RedCap UEs are configured with dedicated PRACH resources, perform early identification in Msg1. Otherwise, perform early identification in Msg3.
Proposal 4. 	RedCap UEs use new, dedicated LCIDs for their UL-CCCH/1 message to support early identification in Msg3.   
Proposal 5. 	RedCap UEs have their own IntraFreqReselection indication in SIB1. This indication is signaled separately for UEs with 1 Rx and 2 Rx branches. 
Proposal 6. 	Introduce an indication in system information on whether a neighbor cell supports access by RedCap UEs. This indication is signaled separately for UEs with 1 Rx and 2 Rx branches.
Proposal 7. 	Network can optionally configure separate Qrxlevmin and Qualmin for RedCap UEs.
Proposal 8.	RedCap UEs can be configured with separate cell re-/selection priorities for neighbor frequencies.
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