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1	Introduction
[bookmark: _Ref178064866]In this contribution we will discuss the following RedCap WI objectives on RedCap early indication and RedCap access restriction [1].
	· 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] 



2	RedCap early identification
2.1	Msg3 early identification
In RAN2#116e it was agreed that RedCap UEs will use a dedicated LCID when transmitting CCCH data as Msg3 early indication. The remaining open issue, capture in the agreement below, is whether RedCap UEs should always use this dedicate LCID or only when certain conditions are fulfilled.
Agreements online:
1. In MAC perspective, RedCap UE uses the dedicated LCID for Msg3 early identification, when the Msg3 includes the CCCH data. FFS on whether it requires no other precondition, or precondition as “when Msg1 early identification is not configured”, or precondition as “when Msg3 early identification is enabled by NW”.
Always using the dedicated LCID when CCCH data in included in Msg3 is the simplest solution since no conditions must be specified and considered. Further, since the LCID will anyway be in place there is no drawback of using it, or reversely, there is no benefit of not using under certain conditions. This was also the approach and solution adopted for Rel-12 Cat-0 UE.
[bookmark: _Toc92708191]Always using the dedicated LCID in Msg3 is the simplest solution and there is no benefit of not using it under certain conditions.
[bookmark: _Toc92708199]RedCap UE uses the dedicated LCID in Msg3 whenever CCCH data is included (i.e., no precondition).

2.2	2-step RACH
Recently there has also been some progress for 2-step RACH procedure. In RAN2#116e the following was agreed: 
Agreements via email - from offline 110:

4.	At least the dedicated LCID (i.e. the Msg3 early identification solution) can be supported for MsgA early identification. It is up to RAN1 on the need of dedicated preamble and/or dedicated PUSCH resource configuration.

And related to the last part RAN1 made the following agreement:

	Agreement
· For 2-step RACH, support the early indication of RedCap UEs at least in MsgA PRACH.
· The early indication in MsgA PRACH can be configured to be enabled/disabled via SIB. 
· From RAN1 perspective, the following methods can be used for early indication both for shared initial UL BWP and separate initial UL BWP 
· separate MsgA PRACH resource
· MsgA PRACH preamble partitioning



Hence early indication for 2-step RACH will be the same/similar to the 4-step RACH, and therefore it would be suitable to make further agreements which are counterparts of 4-step agreements made in RAN2#116e:
	Agreements via email - from offline 110:
1. In MAC perspective, a RedCap UE uses Msg1A PRACH early identification whenever transmitting preamble for CBRA, as long as the Msg1A PRACH early identification is configured for RedCap by NW.
2.   For Msg1A PRACH early identification, RAN2 confirm both dedicated ROs and dedicated PRACH preamble can be supported from signalling point of view
3.   For RedCap, Msg1A PRACH early identification is enabled/disabled implicitly by the presence of dedicate RACH configuration for Msg1A PRACH early identification.


 
Therefore, we propose the following:
[bookmark: _Toc92708200]In MAC perspective, a RedCap UE uses MsgA PRACH early identification whenever transmitting preamble for CBRA, as long as the MsgA PRACH early identification is configured for RedCap by NW.
[bookmark: _Toc92708201]For MsgA PRACH early identification, RAN2 confirms both dedicated ROs and dedicated PRACH preamble can be supported from signalling point of view.
[bookmark: _Toc92708202]For RedCap, MsgA PRACH early identification is enabled/disabled implicitly by the presence of dedicated RACH configuration for MsgA PRACH early identification.

Further, when to include the early indication in MsgA PUSCH part should follow the same logic as for Msg3 early indication and therefore we propose the following:
[bookmark: _Toc92708203]RedCap UE uses the dedicated LCID in MsgA PUSCH part whenever CCCH data is included (i.e., no precondition).

3	RedCap access restriction
3.1	Cell barring & RedCap specific IFRI
In our previous contribution R2-2111098 we pointed out that it is superfluous to use two separate bits for indicating the cell barring for 1 Rx and 2 Rx RedCap respectively (due to the absence of either RedCap configuration or IFRI). However, the outcome of the offline discussion [110] was the following:
Proposal 7: RAN2 use Option 1, for the gNB/cell supporting RedCap UE case, introduce below for 1RX and 2RX RedCap UE respectively:
Option 1: two mandatory IEs in SIB1 with {barred, notBarred} present for gNB/cell supporting RedCap [15]
Option 2: two optional IEs in SIB1 with {barred} [2]

With the current agreement there are several factors which should be checked by RedCap UEs to determine if the cell is barred. Our view of these factors is listed below, in priority order, and with intended RedCap UE behaviour:
1. Legacy MIB barring
· Legacy cellbarring indication MIB set to value ’true’
· Consider the cell as barred [agreed]
· If RedCap IFRI in SIB1 is present
· Apply RedCap IFRI in SIB1 [agreed]
· else
· Apply legacy IFRI in MIB [open issue 1]
2. RedCap configuration absent
· RedCap configuration absent in SI, e.g. in legacy gNB
· Consider the cell as barred 
· Apply legacy IFRI in MIB [open issue 2]
3. RedCap IFRI absent in SIB1
· RedCap configuration present in SIB1, but not RedCap specif IFRI.
· Consider ”the cell does not support RedCap” (same as cell barring in our view).
· Apply legacy IFRI in MIB [open issue 3]
4. 1 Rx chain RedCap barring indication
· If UE has 1 Rx chain
· Consider the cell as barred 
· Apply RedCap IFRI in SIB1
5. 2 Rx chains RedCap barring indication
· If UE has 2 Rx chains
· Consider the cell as barred 
· Apply RedCap IFRI in SIB1


Which IFRI a RedCap UE should apply in case the cell is not supporting RedCap was discussion in offline [110] with the following outcome: 
FFSs:
1. In case the cell is barred due to not supporting RedCap, UE behaviour for intra-frequency cell reselection is FFS

However, this does not cover case 1 above when legacy MIB indicates that the cell is barred, so for open issue 1 there are two choices: 1) follow legacy IFRI in MIB, or 2) check if RedCap specific IFRI is present in SIB1.
[bookmark: _Ref91500780][bookmark: _Toc92708204]If cell is barred according to MIB, RedCap UEs follow RedCap specific IFRI in SIB1 if present. 

Further, the most popular alternative to always consider intra-frequency cell reselection as ‘allowed’ has the problems that it leads to higher UE energy consumption in case the entire frequency is barred (since there is no way to avoid that RedCap UEs anyway searches in all cells on the frequency). This may not only apply to case 3 above (IFRI absent), but also lead to higher UE energy consumption for case 1 (MIB barring) and case 2 (RedCap not configured).
For open issue 2, if the cell does not support RedCap and it is not configured, RedCap UEs should apply legacy behaviour and follow legacy IFRI in MIB. According to agreement, UEs should consider that the cell does not support RedCap also when RedCap specific IFRI is missing in SIB1 (open issue 3). Therefore, the same UE behaviour should apply then, and the simplest solution is to have the same UE behaviour no matter why the cell is considered as barred (i.e. due to MIB, or RedCap is not configured in the cell, or RedCap specific IFRI in SIB1 is absent, or RedCap specific barring in SIB1):
[bookmark: _Toc92708205]If cell is barred for any reason and RedCap specific IFRI in SIB1 is absent, RedCap UEs follow the legacy IFRI in MIB. 
Note that if the cell is barred, for any reason as above, and the RedCap specific IFRI is presnt in SIB1, then UEs should always follow that. However, this is already clear/agreed, except for the case of MIB barring, which is covered above in Proposal 6.
It is however unclear what the purpose of case 3 is above. That is, when would someone ever support RedCap in a cell, and provide all RedCap parameters except the IFRI in SIB1? If the intention is to bar any RedCap access in the cell the entire RedCap configuration would just be removed (same effort to modify SI). If it, however, is desired to keep the RedCap configuration while barring RedCap UEs this is still possible with the explicit barring indications for 1 Rx and 2 Rx UEs. Further, IFRI is not needed when RedCap is not barred (i.e. most often), and it is threfore backwards that it must be provided is this case according to the previous agreement. It cannot either be implict from the presence of IFRI that RedCap is supported in the cell since both 1 Rx and 2 Rx indications could be set to barred. Therefore, since the conditional presence of the IFRI parameter in SIB1 adds nothing but complexity we propose the following:
[bookmark: _Toc92708192]Not supporting RedCap in a cell by removing IFRI in SIB1 does not fill any practical purpose and only adds unnecessary complexity.
[bookmark: _Toc92708206]Revert the agreement “If RedCap-specific IFRI is absent from broadcast SI, the UE considers the cell does not support RedCap.” 

3.2	Indication of RedCap access in neighbouring cells
Whether system information should provide indication of which neighbour cells support RedCap has been proposed by several companies and was also discussed in offline [110]:
FFSs:
2. FFS whether system information should provide information on which cells accept RedCap UE access, and if, what this information should include (e¸g. support, barring?) and in which form (e.g. NCell, allow-list, exclude-list)
The benefit of having such indication would be UE power saving, since RedCap UEs would not have to read SI in the cell to conclude if it supports RedCap or not, or if RedCap access is currently barred. First, neighbour cell information should not contain any non-static information since this would trigger SI update in all neighbour cells.
[bookmark: _Toc92708193]It is not feasible for system information to contain non-static information, such as RedCap access barring info for neighbour cells, since it generates a lot of SI update. 
Second, if RedCap UE support is assumed to be a software upgrade on the network side, it is likely that it would be rolled out in all cells for a particular frequency. However, it may be the case that RedCap is only supported in some frequencies, e.g., RedCap is supported in a lower band for coverage and higher bands are reserved for MBB and higher data rates.
[image: ]
[bookmark: _Ref90475017]Figure 1: Illustration of RedCap support in cells.
In the example shown above in Figure 1, considering that RedCap is supported in frequency 1 but not in frequency 2, a RedCap UE may at some point consider a cell in frequency 2 for camping but after reading SI realize that the cell does not support RedCap. However, from the RedCap specific IFRI in SIB1 the UE would be able to understand that RedCap is not supported in frequency 2 (i.e. from the legacy IFRI property of barring an entire frequency). The IFRI therefore ensures that SI is only read unnecessarily once and therefore there is an insignificant benefit of having RedCap support information of neighbour cells in SI. 
[bookmark: _Toc92708194]When RedCap is supported in an entire frequency band, RedCap specific IFRI in SIB1 can already provide the same gain as providing information on which neighbour cells accept RedCap UE access in SI. 
In case some cells in a frequency support RedCap but not others then such added info in SI could potentially be beneficial. However, in practice UEs tend to move in the same patterns and between the same cells. In UE implementation whether a cell supports RedCap or not could therefore be stored in UE memory to be used later. 

Further, looking at the contents of SIB3 and SIB4, it is not indicated if any other feature is supported in neighbouring cells. That is, currently there is no feature specific content at all in SIB3 or SIB4. (At least for URLLC the situation should be the same that unless supported the cell cannot provide the intended service to the UE at all). If this information is added for RedCap in Rel-17 it opens up for adding similar assistance information for other features and the increased size of SIB3 and SIB4 will have a negative impact on all UEs, including legacy.
[bookmark: _Toc92708195]Currently SIB3 and SIB4 do not contain any feature specific information at all and adding RedCap info (and assistance info for other features) will lead to increased SI size which will have negative impact on both UE and system performance.
Therefore, we conclude the following:
[bookmark: _Toc92708196]Similar gains as providing information on if neighbour cells support RedCap in SI could be achieved by RedCap specific IFRI and/or through UE implementation, without any specification impact and negative impact from increases SI size.
[bookmark: _Toc92708207]Information on which neighbour cells accept RedCap UE access is not provided in system information broadcast.
 
3.3	RedCap specific cell selection criteria
In offline [110] there was also an agreement to postpone the discussion on RedCap specific cell selection parameters:
	Proposal 11: [To discuss] RAN2 deprioritize/postpone the discussion on the RedCap specific cell selection related parameters.
· Postponed


Earlier in offline [104] the following options where discussed:
1.	Introduce RedCap specific cell (re)selection parameters
2.	Optionally configure separate Qrxlevmin and Qqualmin
3.	RedCap UEs can be configured with separate cell (re)selection priorities
With the overall low interest in RedCap specific enhancements in this area, we don’t think 3), RedCap specific (re)selection priorities, should be introduced in Rel-17. However, with regards to 1) and 2) there is a risk that RedCap UEs with 1 Rx branch will effectively see a smaller cell size and it could be worth introducing a compensation term to be able to configure the cell to have the same coverage irrespective of the number of Rx branches.
Measurement requirements in RAN4 are defined for 2 Rx branches. So, in legacy also for UEs with more than 2 Rx, RRM measurement requirements are still defined using 2 Rx branches (which is also less energy consuming for the UE). Using fewer Rx antennas than 2 will lead to both less energy received (i.e. lower RSRP) and more inaccurate measurements (bigger RSRP error). Therefore, a compensation term is required in cell selection criteria for UEs with less than 2 Rx antennas or they will effectively experience a small cell size.
For LTE-M and NB-IoT, which provided a 20 dB coverage improvement compared to baseline LTE, cell (re)selection criteria were modified in the following way:
	If cell selection criterion S in normal coverage is not fulfilled for a cell, UE shall consider itself to be in enhanced coverage if the cell selection criterion S for enhanced coverage is fulfilled, where:
	· Qrxlevmin
	· UE applies coverage specific value Qrxlevmin_CE (dBm)

	· Qqualmin
	· UE applies coverage specific value Qqualmin_CE (dB)


 


[bookmark: _Hlk90981338]That is, if an LTE-M or NB-IoT UE capable of coverage enhancements does not fulfil the S criterion for camping in normal coverage, using Qrxlevmin and Qqualmin, it should consider itself to be in enhanced coverage if the S criterion can be fulfilled using Qrxlevmin_CE and Qqualmin_CE. This essentially allows the UE to camp on a cell at lower RSRP/RSRQ compared to regular LTE UEs. (If the S criterion is not fulfilled then either, the UE considers itself out of coverage).
The solution for RedCap would then be that RedCap UEs with 1 Rx branch apply separate Qrxlevmin_1Rx and Qqualmin_1Rx which would then be configured to compensate the lower received RSRP/RSRQ and ensure the same cell size. In an example this could be specified as follows:
	RedCap UE with 1 Rx branch evaluate the cell selection criterion S using the following parameters:
	· Qrxlevmin
	· UE applies 1 Rx branch specific value Qrxlevmin_1Rx (dBm)

	· Qqualmin
	· UE applies 1 Rx branch specific value Qqualmin_1Rx (dB)


 


For example, if RedCap UEs with 1 Rx branch measures 3 dB lower RSRP compared to a 2 Rx UE, Qrxlevmin_1Rx equal to Qrxlevmin plus a 3 dB offset should be used in the calculation of Srxlev. The modification is illustrated in Figure 2 below, where in A) no compensation is applied for 1 Rx RedCap UEs, leading to a smaller cell size for 1 Rx and 2 Rx, and in B) separate Qrxlevmin_1Rx is applied for 1 Rx RedCap UEs, leading to the same experiences cell size for all UEs.
[image: ]
[bookmark: _Ref92708037]Figure 2: Illustration of cell size compensation for 1 Rx RedCap UE.
We therefore support option 2) of introducing optionally configurable separate Qrxlevmin and Qqualmin. Further, since the configuration of such would be optional, there is really no drawback of specifying it in Rel-17. The specification impact would be minimal, i.e., adding the above lines to TS 38.304 and specifying two parameters in TS 38.331 (Qrxlevmin_1Rx and Qqualmin_1Rx). On the other hand, the consequences of not specifying the optional support for this could be very problematic if it later turns out it is crucial in some scenarios to ensure the same cell size for 1 Rx and legacy UEs.
[bookmark: _Toc92708197]With no RedCap specific cell selection criteria, 1 Rx RedCap UEs would experience a smaller cell size than 2 Rx RedCap and legacy UEs.
[bookmark: _Toc92708198]Introducing cell (re)selection compensation for 1 Rx RedCap UEs does not add complexity in Rel-17; otherwise, backwards compatibility issues would arise if done in later releases.
[bookmark: _Toc92708208]Support optional configuration of RedCap specific Qrxlevmin_1Rx and Qqualmin_1Rx.
4	Conclusion
In the previous sections we made the following observations: 
Observation 1	Always using the dedicated LCID in Msg3 is the simplest solution and there is no benefit of not using it under certain conditions.
Observation 2	Not supporting RedCap in a cell by removing IFRI in SIB1 does not fill any practical purpose and only adds unnecessary complexity.
Observation 3	It is not feasible for system information to contain non-static information, such as RedCap access barring info for neighbour cells, since it generates a lot of SI update.
Observation 4	When RedCap is supported in an entire frequency band, RedCap specific IFRI in SIB1 can already provide the same gain as providing information on which neighbour cells accept RedCap UE access in SI.
Observation 5	Currently SIB3 and SIB4 do not contain any feature specific information at all and adding RedCap info (and assistance info for other features) will lead to increased SI size which will have negative impact on both UE and system performance.
Observation 6	Similar gains as providing information on if neighbour cells support RedCap in SI could be achieved by RedCap specific IFRI and/or through UE implementation, without any specification impact and negative impact from increases SI size.
Observation 7	With no RedCap specific cell selection criteria, 1 Rx RedCap UEs would experience a smaller cell size than 2 Rx RedCap and legacy UEs.
Observation 8	Introducing cell (re)selection compensation for 1 Rx RedCap UEs does not add complexity in Rel-17; otherwise, backwards compatibility issues would arise if done in later releases.

Based on the discussion in the previous sections we propose the following:
Proposal 1	RedCap UE uses the dedicated LCID in Msg3 whenever CCCH data is included (i.e., no precondition).
Proposal 2	In MAC perspective, a RedCap UE uses MsgA PRACH early identification when it transmits preamble for CBRA if MsgA PRACH early identification is configured for RedCap by NW.
Proposal 3	For MsgA PRACH early identification, RAN2 confirms both dedicated ROs and dedicated PRACH preamble can be supported from signalling point of view.
Proposal 4	For RedCap, MsgA PRACH early identification is enabled/disabled implicitly by the presence of dedicated RACH configuration for MsgA PRACH early identification.
Proposal 5	RedCap UE uses the dedicated LCID in MsgA PUSCH part whenever CCCH data is included (i.e., no precondition).
Proposal 6	If cell is barred according to MIB, RedCap UEs follow RedCap specific IFRI in SIB1 if present.
Proposal 7	If cell is barred for any reason and RedCap specific IFRI in SIB1 is absent, RedCap UEs follow the legacy IFRI in MIB.
Proposal 8	Revert the agreement “If RedCap-specific IFRI is absent from broadcast SI, the UE considers the cell does not support RedCap.”
Proposal 9	Information on which neighbour cells accept RedCap UE access is not provided in system information broadcast.
Proposal 10	Support optional configuration of RedCap specific Qrxlevmin_1Rx and Qqualmin_1Rx.
 
[bookmark: _In-sequence_SDU_delivery]References
RP-211574, “Revised WID on support of reduced capability NR devices”, Ericsson, 3GPP TSG RAN Meeting #92e, June 2021.
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