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Introduction
In RANP#91-e, the following upper-layer objectives were agreed:
	· 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. [RAN2, RAN1]
· 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. [RAN2, RAN1]
· [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. [RAN2, RAN1] 


This paper discusses the issues related to RedCap UEs’ identification, access and camping restriction, as specified in the WID. It also discusses enhancements for more efficient RRM measurements for handover and cell reselection procedures.  
Discussion
Camping restriction
According to the latest WID, system information should indicate whether a RedCap UE can camp on the cell/frequency or not. In addition, this indication should be specific to UEs’ number of Rx branches (1x vs 2x). This requirement makes sense because whether to bar Redcap UEs depend on the impact of their reduced capabilities on network capacity, in addition to traditional metrics.
Observation 1. 	Whether to bar a Redcap UE may depend on the expected impact of their reduced capabilities on network capacity and loading.
Therefore, network should have the flexibility to bar RedCap UEs with different number of Rx branches separately. Given that indication by a cell needs to be specific to UEs’ number of Rx branches, MIB is out of question because there is only one spare bit left in the MIB. Among remaining SIBs, we think SIB1 is a good choice, because it allows UE to quickly determine whether RedCap is supported by the cell without going through the on-demand SI retrieval procedure. And the indication requires only limited number of bits and hence would not have much impact on the total size of SIB1.
Proposal 1. 	A cell can indicate in SIB1 separately whether RedCap UEs with a specific number of Rx branches (i.e. 1x, 2x, all) are barred. 
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 (e.g. it is less like to be enabled for RedCap UEs) 
If IntraFreqReselection for RedCap UEs is enabled, that means a RedCap UE is barred from all cells with the same frequency. Therefore, this indication should not depend on RedCap UE’s reduced capacities (e.g. number of Rx branches). A one-bit indication should be sufficient. 
Although MIB still has one spare bit left, we think it should be reserved for a more important indication in the future. IntraFreqReselection for RedCap hence should be signaled in SIB1 instead.  
Proposal 2. 	RedCap UEs have their own IntraFreqReselection indication, which is signaled in SIB1. 
Early identification 
What to identify in initial access
As discussed in the SI phase, one of the main motivations for early identification during initial access is for network to treat RedCap UEs differently from non-RedCap UEs, e.g. provide coverage enhancements for RedCap UEs. Before RAN2 study design details of early identification in each RACH step, one issue RAN2 need to address what exactly needs to be identified during initial access. We see a few possibilities:
· UE simply identifies that “this is a RedCap UE” to network;
· UE can identify additional reduced capabilities, e.g. number of Rx branches, to network.
In the following, we discuss whether it is necessary to identify additional reduced capabilities during initial access. 
Among the UE capabilities that can be reduced by RedCap UEs, we think it is important for network to know a UE’s maximum UE bandwidth in order to schedule the UE in appropriate frequency locations. However, we think this differentiation should be addressed for all RedCap UEs through appropriate configuration of initial BWP, instead of for an individual UE. We will address this aspect in further details in Section 2.2.2.
Reduced number of Rx branches can affect UE’s DL reception of Msg2 and Msg4. If network is able to identify them early, RedCap UEs with smaller number of Rx branches can have better coverage. However, if network needs to identify them in Msg1 or MsgA preamble transmission, PRACH resources (preambles or ROs) have to be partitioned. That create loss in the efficiency of PRACH resources. Similar arguments can be made for Msg3 or MsgA PUSCH transmission. Including UE’s Rx capability in Msg3 or MsgB PUSCH payload, which needs to be in a MAC CE, would increase their TB size by at least 2 bytes and hence affect UE’s coverage. 
On the other hand, there are techniques for network to compensate loss in the DL link budget due to UE’s reduced Rx capability. For example, for Msg2/4/B transmissions, network can assume 1 Rx for all RedCap UEs and apply TB scaling and/or limit its TB size. For small Msg2/4/B, the difference between the cases with and without enhancement would not be significant enough to justify the early identification. Weighing the pros and cons, we therefore think that from a system’s perspective, network can get by without identifying UE’s Rx capability during Msg1/3/A transmissions. 
Proposal 3.	Early identification of RedCap UE’s Rx capabilities (e.g. 1 Rx vs 2 Rx) during Msg1/3/A is not supported.
[bookmark: _Ref71384127]Early identification during Msg1/A
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 4.	It is desirable for non-RedCap UEs to have initial DL/UL BWP wider than the maximum UE bandwidth of RedCap UEs, even when they share the same cell.
When network does that, it has to configure a separate initial DL/UL BWP for RedCap UEs, otherwise RedCap UEs would not be able to perform initial access. However, that is not the only option. Network can also configure separate PRACH resources (separate preambles or ROs) or configurations for RedCap UEs. That also allows network to identify RedCap as early as Msg1/A and then ensure not to schedule Msg2/3/4/B outside RedCap UE’s maximum UE bandwidth. In this sense, early identification during Msg1/A through separate PRACH resources and/or configuration implicitly provides a separate initial DL/UL BWP (but with the same center frequency as the advertised initial DL/UL BWP) for RedCap UEs. 
Observation 5.	Early identification during Msg1/A through separate PRACH resources and/or configuration implicitly provides a separate initial DL/UL BWP for RedCap UEs.
Based on the above observations, we conclude with the following proposal:
Proposal 4.	Network can configure in SIB1 an initial DL/UL BWP for non-RedCap UEs that is wider than the maximum UE bandwidth of RedCap UEs. 
· When network does so, it shall configure either a separate initial DL/UL BWP or separate PRACH resources or a separate PRACH configuration for RedCap UEs.
· Otherwise, RedCap UEs are implicitly barred by this cell.
To allow separate configuration of initial UL BWP for RedCap UEs, we think some restrictions on the configuration need to be imposed. First, one of the principles of RedCap WI is that RedCap and non-RedCap UEs should maximize their coexistence, as captured in the SID/WID. One important aspect of this coexistence is that RedCap UEs should share the same CORESET #0 with non-RedCap UEs.
Observation 6.	RedCap and non-RedCap UEs shall share the same CORESET #0 to maximize their coexistence, as required in the WID.
If CORESET #0 is not contained in a RedCap UE’s initial DL BWP, it could create unnecessary complexity for UE’s initial access procedure. For example, if CORESET #0 is not contained in UE’s initial DL BWP, UE has to “tune” its DL receiver after RACH preamble transmission to monitor RAR at a different frequency location, because ra-searchSpace is contained within CORESET #0. If the cell is a TDD system, then UE has to “tune” its transceiver back to the initial UL BWP to perform Msg3 transmission. Such back-and-forth re-tuning 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 7.	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 initial DL/UL BWP anywhere, as long as the initial DL BWP contains CORESET #0. Therefore, we propose that 
Proposal 5.	RedCap UEs can be configured with a separate SIB1-configured initial DL/UL BWP only if RedCap UEs’ initial DL BWP contains the CORESET #0.
Similarly, it almost goes without saying that if RedCap UEs are configured with separate PRACH resources or a separate PRACH configuration, they must be located within RedCap UE’s maximum UE bandwidth around the center frequency of the initial DL/UL BWP.
Proposal 6.	If RedCap UEs are configured with separate PRACH resources or a separate PRACH configuration, they shall be located within RedCap UE’s maximum UE bandwidth around the center frequency of the initial DL/UL BWP.
Lastly, 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 7.	If RedCap UEs are configured with separate PRACH resources, they can be configured with a separate ra-searchSpace for Msg2/MsgB reception.     

Early identification in Msg3
During the SI phase, RAN2 agreed that identification of RedCap UE type(s) during transmission of Msg3 may be feasible, which 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 8.	If early identification in Msg3 is agreed, introduce new LCID for UL-CCCH/1 message sent by RedCap UEs.
Handover and cell reselection
In the current spec, a cell does not advertise to its neighbours whether it supports RedCap or not. This may have negative implication on handover and cell reselection procedures. 
For example, when a source cell is about to handover a RedCap UE to a target cell, it may not know whether the target cell supports or is currently barring RedCap UEs until it gets a reject message from the target cell. When that happens, the source cell has to try the next target cell in its list. But rejection may happen again, for the same aforementioned reason. This clearly is very inefficient for gNB and may increase UE’s handover latency and chance of handover failure. 
We are afraid that this issue may not be avoid by network planning, because cell barring for RedCap can be more dynamic than non-RedCap UEs, as it may depend more on a cell’s loading. Therefore, we think a simple solution could be to have gNB advertise to their neighbours whenever they change their support or cell-barring status for RedCap UEs.  
Observation 8. 	Knowing whether a neighbour cell accepts access by Redcap or not can help gNB ensure not to handover a RedCap UE to a target cell that it can’t access.
In addition, this enhancement can help RedCap UEs avoid unnecessary RRM measurements and save power. For example, once gNB knows which neighbour cells do not support or is currently barring RedCap, it can configure RedCap UEs in RRC Connected to avoid perform RRM measurements those neighbour cells. In addition, it can advertise that information in its system information (e.g. in SIB 3 & 4), so that RedCap UEs in RRC Idle/Inactive can avoid performing RRC measurements on those neighbour cells. 
Observation 9. 	Knowing whether a neighbour cell accepts access by Redcap can help RedCap UEs avoid unnecessary RRM measurements and save power. 
Based on these observations, we hence propose that
Proposal 9.	Send LS to RAN3 to request study on how to exchange information between gNBs on whether they support or are currently barring RedCap UEs.
Proposal 10.	Include indication in system information on whether a neighbour cell accepts access by RedCap UEs.
Conclusion
Based on the above analysis, we’d recommend RAN2 to discuss and adopt the following proposals:
Camping restriction
Observation 1. 	Whether to bar a Redcap UE may depend on the expected impact of their reduced capabilities on network capacity and loading.
Proposal 1. 	A cell can indicate in SIB1 separately whether RedCap UEs with a specific number of Rx branches (i.e. 1x, 2x, all) are barred. 
Proposal 2. 	RedCap UEs have their own IntraFreqReselection indication, which is signaled in SIB1. 
Early identification
Proposal 3.	Early identification of RedCap UE’s Rx capabilities (e.g. 1 Rx vs 2 Rx) during Msg1/3/A is not supported.
Observation 4.	It is desirable for non-RedCap UEs to have initial DL/UL BWP wider than the maximum UE bandwidth of RedCap UEs, even when they share the same cell.
Observation 5.	Early identification during Msg1/A through separate PRACH resources and/or configuration implicitly provides a separate initial DL/UL BWP for RedCap UEs.
Proposal 4.	Network can configure in SIB1 an initial DL/UL BWP for non-RedCap UEs that is wider than the maximum UE bandwidth of RedCap UEs. 
· When network does so, it shall configure either a separate initial DL/UL BWP or separate PRACH resources or a separate PRACH configuration for RedCap UEs.
· Otherwise, RedCap UEs are implicitly barred by this cell.
Observation 6.	RedCap and non-RedCap UEs shall share the same CORESET #0 to maximize their coexistence, as required in the WID.
Observation 7.	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. 
Proposal 5.	RedCap UEs can be configured with a separate SIB1-configured initial DL/UL BWP only if RedCap UEs’ initial DL BWP contains the CORESET #0.
Proposal 6.	If RedCap UEs are configured with separate PRACH resources or a separate PRACH configuration, they shall be located within RedCap UE’s maximum UE bandwidth around the center frequency of the initial DL/UL BWP.
Proposal 7.	If RedCap UEs are configured with separate PRACH resources, they can be configured with a separate ra-searchSpace for Msg2/MsgB reception.  
Proposal 8.	If early identification in Msg3 is agreed, introduce new LCID for UL-CCCH/1 message sent by RedCap UEs.   
Handover and cell reselection
Observation 8. 	Knowing whether a neighbour cell accepts access by Redcap or not can help gNB ensure not to handover a RedCap UE to a target cell that it can’t access.
Observation 9. 	Knowing whether a neighbour cell accepts access by Redcap can help RedCap UEs avoid unnecessary RRM measurements and save power. 
Proposal 9.	Send LS to RAN3 to request study on how to exchange information between gNBs on whether they support or are currently barring RedCap UEs.
Proposal 10.	Include indication in system information on whether a neighbour cell accepts access by RedCap UEs.
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