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Introduction
During last RAN2#115e meeting [1] the following agreements were made

Agreements:
1. Msg1 identification which can be configured to be enabled/disabled can be specified from RAN2 point of view.
2. Solution for early identification for 2-step RACH will be specified.
3. Specify separate indications in SIB1 for barring RedCap UEs with 1 Rx chain and 2 Rx chains.
4. Specify a RedCap specific IFRI in SIB1.

Agreements online:
1. A Msg3 early identification based on dedicated LCID is supported (if SA3 confirms there is no problem)


Agreements via email - from offline 104:
1. IFRI for RedCap UEs in SIB1 is common for UEs with 1 Rx or 2 Rx branches. 
2. If RedCap-specific IFRI is absent from broadcast SI, the UE considers the cell does not support RedCap.

Agreements:
1. RedCap UE applies the existing cellBarred field in MIB

In latest RAN2#116e [2] meeting, R2-2111360 LS out to RAN3 was agreed.
	1. RAN3’s first question: Can RAN2 confirm that RedCap UEs should not attempt to camp/access in legacy cells or be handed over to such cells; if so, can RAN2 please explain how access control will work for legacy gNBs. This is related to one option considered in RAN3, where it is assumed that the broadcast in supporting cells would be designed to indicate support (or access allowed), and the presence (or contents) of such broadcast would be indicated at Xn level by the possible introduction of new information elements, rather than a barring indication as mentioned in the LS. 

RAN2’s reply to the first question:

RAN2 can confirm that RedCap UEs should not attempt to camp/access in legacy cells or be handed over to such cells. Support for RedCap UEs in a cell is signalled by RedCap-specific indicators, e.g., RedCap-specific intraFreqReselection indicator (IFRI), in system information broadcast. Absence of RedCap-specific indicators would indicate that the cell does not support RedCap UEs.

2. RAN3’s second question: Can RAN2 confirm whether a legacy gNB can detect via the (RedCap) UE Radio Capabilities (e.g. at Handover preparation) that it cannot configure or serve the RedCap UE? This is related to another option considered by RAN3 in which a Rel-17 gNB can perceive, e.g., the support or barring by a neighbour gNB cell of RedCap UE via the handover preparation failure with signalling a proper cause value at XnAP level.

RAN2’s reply to the second question: 

RAN2 can confirm it is not possible for a legacy gNB to identify a RedCap UE via RedCap UE radio capabilities.  A legacy target gNB does not understand e.g. new values or fields introduced in the radio capability signalling for RedCap UEs and cannot signal new cause values. 





In this contribution, we discuss how the network can operate with RedCap devices.

Discussion
Non-RedCap cells barred for RedCap UEs
With the agreements made in RAN2#115e, a RedCap UE requires to read MIB first to know if the cell is barred and that is no different on how legacy UEs work. Consequently, current mechanism can be reused. 

Observation 1: When cellBarred field in MIB is set to “barred”, RedCap UEs have the same behaviour than legacy UEs.

In case the cell is not barred, a RedCap UE will read the specific IFRI and if that information is not present, the RedCap UE identify that cell as a non-RedCap cell.

Unlike legacy UEs, RedCap UEs are limited to 20 MHz bandwidth independently of the number of Rx it supports while FR1 NR bands can go up to 100 MHz.

Only a very limited number of FR1 bands, most of them sub-1 GHz, are limited to 20 MHz channel bandwidth for any SCS. That means, operators willing to deploy RedCap UEs as normal UEs with legacy cells without any work-around have their options very limited deployment options, or perhaps none. Bandwidths in Sub-1 GHz bands are small, if RedCap UEs are free to camp and to attach in these bands, operators can expect congestion on control channels due to large coverage areas and/or high volume of UEs. Handovers will be basically restricted to intra-frequency so service continuity is compromised.

From a commercial point of view, a client transferring its plan to another operator may end with a useless RedCap UEs because the new operator does not have any of the up to 20 MHz channel bandwidth band.

Observation 2: Only a very limited number of NR bands, most of them sub-1 GHz, support up to 20 MHz for any SCS.
Observation 3: A high number of RedCap UEs may cause control channel congestion in FR1 bands up to 20 MHz bandwidth.
Observation 4: Customers transferring their plans to other operators may end with RedCap UEs not capable to access into the network anymore.

It is relevant to highlight that a non-RedCap cells will have no mechanisms, AS or NAS, to detect a RedCap UE therefore, they have no mechanisms to prevent non-RedCap cells to be scheduled with bandwidths larger than 20 MHz. Thus, operators will require vendor specific solutions or a specific network engineering to support such deployments. Obviously, an operator that have more than 20 MHz in one band can break it in a way that LTE behaviour is replicated with maximum of 20 MHz bandwidth but that is a completely undesirable scenario. That approach imposes CA to normal UEs, a completely unneeded requirement. Normal UEs will waste one of their supported carriers for CA in a band where it is not required. That results in a massive impact on network performance as in the worst case, 100 MHz of one FR1 carrier will be wasted. It will also remove BWP benefits introduced in 5G. A normal UE will require to monitor two SSB in a band where one SSB should be enough.

Observation 5: Legacy cells have no mechanisms to identify a RedCap UE.

In RAN2#116e, a LS was sent to RAN3 to confirm that RedCap UEs should not attempt to camp/access in legacy cells or be handed over to such cells. It was also stated that it is not possible for a legacy gNB to identify a RedCap UE via RedCap UE radio capabilities. These two facts make impossible that RedCap devices will be identified by RAN network, not even the CN support.

Observation 6: RAN2 has already inform RAN3 that a RedCap UE should not attempt to camp or access in legacy cells. Neither handed over.

RedCap is envisioned as an end-to-end solution where UEs, RAN and Core need to be updated to supported it. The fact that only UEs and Core are capable to support the RedCap ecosystem implies that any RAN proposed solution is a temporal solution. But even the solution is temporal, 3GPP needs to solve a huge amount of details like how the RedCap UE can camp or access to non-RedCap cells, it is required to address mobility from/to non-RedCap cells to/from RedCap cells including Xn/N2, RedCap NAS messages to cover the fact that no new information can be understood by legacy cells, mechanism to move from non-RedCap cells to RedCap cells as soon as RedCap cells are available, mechanism to difference RedCap UEs capable to operate in non-RedCap cells from the ones that are not, etc. Considering the amount of work and the remaining time, it is unrealistic to address this use case as part of Rel-17.

Observation 7: Complexity to solve a hypothetical misalignment in RedCap environment is too high for the remaining time to complete Rel-17 RedCap.

For the reasons expressed above, even it is possible that under vendor-specific solutions it is possible that RedCap can operate in non-RedCap cells, it is really inefficient.

Proposal 1: RedCap UEs will not camp in a non-RedCap cell, will not attempt to attach into non-RedCap cells and RedCap UEs will not be handover from RedCap cells to non-RedCap cells.

Conclusion
Observation 1: When cellBarred field in MIB is set to “barred”, RedCap UEs have the same behaviour than legacy UEs.
Observation 2: Only a very limited number of NR bands, most of them sub-1 GHz, support up to 20 MHz for any SCS.
Observation 3: A high number of RedCap UEs may cause control channel congestion in FR1 bands up to 20 MHz bandwidth.
Observation 4: Customers transferring their plans to other operators may end with RedCap UEs not capable to access into the network anymore.
Observation 5: Legacy cells have no mechanisms to identify a RedCap UE.
Observation 6: RAN2 has already inform RAN3 that a RedCap UE should not attempt to camp or access in legacy cells. Neither handed over.
Observation 7: Complexity to solve a hypothetical misalignment in RedCap environment is too high for the remaining time to complete Rel-17 RedCap.

Proposal 1 RedCap UEs will not camp in a non-RedCap cell, will not attempt to attach into non-RedCap cells and RedCap UEs will not be handover from RedCap cells to non-RedCap cells.
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