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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 which were revised in RAN#91e.
	· 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] 


[bookmark: _Ref39918561]
2	Early identification of RedCap UEs
2.1	Reasons for Early RedCap Identification
The motivation of early RedCap UE identification is that RedCap UEs may have to be treated differently than legacy UEs during initial access, i.e. before the UE capabilities are known. The possible reasons for this have earlier been listed by RAN1 in TR 38.875 [1] as the following:
	-	Coverage recovery (including link adaptation) for one or more of: Msg2 PDCCH/PDSCH, Msg3 PUSCH and PDCCH scheduling Msg3 retransmission, Msg4 PDCCH/PDSCH or PUCCH in response to Msg4, Msg5 PUSCH and associated PDCCH, if it is determined that coverage recovery for RedCap UEs is necessary for one of more of these channels
-	Identifying UE minimum processing times capabilities for PDSCH processing and PUSCH preparation, if relaxations to UE min processing times are defined for N1 and N2
-	Identifying UE capability for UL modulation order for Msg3 and Msg5 scheduling, if relaxations to max UL modulation order (i.e., UL modulation order restricted to lower than 64QAM) are introduced
-	Identifying UE max bandwidth capability for Msg3 and Msg5 scheduling and PUCCH in response to Msg4


[bookmark: _Hlk71446673]Starting from the bottom, the minimum device BW for initial access has been agreed to be 20 MHz in FR1 and 100 MHz in FR2 [2]. With such relatively wide RedCap BW there will likely not be any practical limitation for Msg2, Msg3, Msg4, or Msg5 scheduling during initial access since the TBS is relatively small. However, the initial UL BWP may be configured to be wider than 20 MHz in FR1 as this is one of the options being considered in RAN1, and in this case early RedCap indication could be beneficial (as the gNB can take into account RF‑retuning time while transmitting RAR if the RACH occasion (RO) associated with the best SSB falls outside the RedCap UE bandwidth, see our associated RAN1 paper [3]). 
Further, with regards to relaxation of maximum UL modulation order, RAN1 did not find the complexity reduction to be large enough to motivate any relaxations and in practice the only outcome is to make 256QAM optional instead of mandatory for DL in FR1. Therefore, relaxed max modulation order, as it is included in the WI [2], does not motivate any early RedCap indication.
	· Relaxed maximum modulation order:
· Support of 256QAM in DL is optional (instead of mandatory) for an FR1 RedCap UE.
· No other relaxations of maximum modulation order are specified for a RedCap UE.


Regarding minimum processing time, it was in RAN#90 decided to not include it in the WI scope [2]. Therefore, relaxed minimum processing time does not motivate any early RedCap indication.
Note that HD-FDD is not included in the above RAN1 list from TR 38.875 since it is in practice always assumed to be used for initial access. Therefore, the following can be concluded:
[bookmark: _Toc61349029][bookmark: _Toc71584199]RedCap early indication is not required for any of the following: UE capability for UL modulation order, UE minimum processing time capabilities, or UE HD/FD-FDD capability. 
What then remains from the list is that an early RedCap UE indication could potentially be useful for coverage recovery during initial access. According to the RAN1 SI outcome in Table 9.1.1-2 in TR 38.875, for the Urban scenario at 2.6 GHz, only PUSCH requires coverage compensation of 3 dB for RedCap (both with 1 Rx and 2 Rx branches). However, this is only the case when 3 dB antenna efficiency loss for wearables is assumed. Even in such case the TR concludes that coverage compensation can be achieved by reducing the PUSCH target data rate.
For the rural scenario at 700 MHz (Tables 9.1.2-2 and 9.1.2-3), similarly there is with the same assumptions a need for an average coverage compensation of 2.8 dB and 1 dB for PUSCH and Msg3, respectively.
For the urban scenario at 4 GHz (Tables 9.1.3-2 to 9.1.3-5), the need for coverage loss was studied by RAN1 at two different power spectrum densities (PSDs) for DL; 33 dBm/MHz and 24 dBm/MHz. These correspond to different base station output power classes, i.e. to macro and micro deployments, respectively. For the 33 dBm/MHz PSD cases (1 and 2 Rx branches), again only need 3 dB coverage compensation for PUSCH (assuming 3 dB UE antenna efficiency loss). However, the combination of 24 dBm/MHz and 1 Rx for RedCap in addition requires coverage compensation for some DL channels, approximately 6.2 dB, 2.5 dB and 0.8 dB for Msg2, Msg4 and PDCCH CSS, respectively (assuming 3 dB UE antenna efficiency loss). That is, DL channels only need coverage compensation in the very specific case of RedCap UEs with 1 Rx antenna[footnoteRef:2] in “micro deployments” (and except for Msg2, only when there is 3 dB antenna efficiency loss). [2:  Also the 2 Rx case requires 1.1 dB compensation, but focusing on worst case here since the early indication can be reused for other cases.] 

For the indoor scenario at 28 GHz, RAN1 presents results for both 50 MHz and 100 MHz RedCap device BW, but since this has been down-selected to 100 MHz we will only discuss this case. For 100 MHz RedCap device BW, there is no need for coverage compensation at all according to Table 9.1.4-2 in the TR (antenna efficiency loss is not assumed in FR2).
In summary, coverage compensation is only needed in FR1 and in specific cases, as seen from Table 1.
[bookmark: _Ref61167360]Table 1: Coverage recovery need and RedCap early indication.
	PHY channel
	Coverage compensation
	Scenario
	Coverage compensation solution
	Early indication

	Msg3
	1 dB
	Only for 700 MHz and with 3 dB antenna efficiency loss.
	E.g. lower-MCS table, repetition for Msg3 PUSCH, and/or HARQ retransmission (+legacy frequency hopping).
	Msg1 indication.

	PUSCH
	3 dB
	Only with 3 dB antenna efficiency loss and in FR1.

	Lower data target rate.
	Msg1 or Msg3 indication.

	Msg2
	6.2 dB 
	[bookmark: _Hlk71034837]Only in 4 GHz band with 24 dBm/MHz and 1 Rx1
AND with 3 dB antenna efficiency loss
	TBS scaling.
	Msg1 indication.

	Msg4
	2.5 dB
	Only in 4 GHz band with 24 dBm/MHz and 1 Rx
AND with 3 dB antenna efficiency loss.
	Can be solved by more robust scheduling.
	Msg1 or Msg3 indication.

	PDCCH CSS
	0.8 dB
	Only in 4 GHz band with 24 dBm/MHz and 1 Rx
AND with 3 dB antenna efficiency loss.
	E.g. keep-trying. 
	Msg1 indication



Unlike in the SI, the 3 dB antenna efficiency loss is not however included in the WID [2]. Therefore, as seen from Table 1 above, only Msg2 would need coverage compensation of around ~3 dB, and this only in the rare event of a 1 Rx branch UE in the 4 GHz frequency band with 24 dBm/MHz. Msg2 coverage compensation does not require specification changes and can be solved by network implementation through scheduling.[footnoteRef:3] The connection to the early RedCap indication is that either Msg2 coverage compensation is applied for all UEs in the cell (which may lead to unnecessarily high radio resource consumption for legacy UEs), or it is selectively applied only to RedCap UEs after the reception of the early indication in Msg1 (or MsgA preamble part). [3:  E.g. using “existing TBS scaling technique” for Msg2 according to RAN1 in the TR [1], which refers to a legacy procedure of scheduling the UE over a larger number of PRBs to achieve a lower code rate.] 

[bookmark: _Toc61349030][bookmark: _Toc71584200]Coverage compensation is only needed for Msg2 and then only in the specific case with 24 dBm/MHz PSD (e.g. micro deployment) and 1 Rx, which can be solved by existing TBS scaling technique for Msg2.
Since the need for coverage compensation is limited to few specific deployment scenarios, i.e. RedCap UEs with 1 Rx branch in “micro deployments”, it may not be desirable to be restricted to always have the Msg1 early indication for RedCap. Therefore, to avoid unnecessarily reserving Msg1 resources for the indication when it is not needed, and to limit Rel-17 preamble partitioning fragmentation (see discussion in Section 2.2), we propose the following: 
[bookmark: _Toc61349040][bookmark: _Toc71584211]Support optionally configurable early RedCap indication in Msg1.
Note that the WID already states that the indication should be configurable: “…including the ability for the early indication to be configurable by the network.”
During the WI phase, RAN1 has also discussed the option of disabling PUCCH frequency hopping in response to Msg4 in order to avoid PUSCH resource fragmentation for non-RedCap UEs. For this, early RedCap indication in Msg1 or Msg3 would also be needed (since the f-hopping is applied selectively for RedCap).
In addition to the possible motivations from RAN1 in the list the TR, it could from RAN2 point of view also be beneficial to have the possibility of RRC rejection of RedCap UEs in Msg4/MsgB, and/or to have prioritization of non-RedCap UEs compared to RedCap UEs, e.g. in contention resolution.

In summary, the motivation for RedCap early indication would then be:
[bookmark: _Toc71584201]RedCap early indication may be beneficial for:
i. [bookmark: _Toc71584202]UE max bandwidth capability, for scheduling, enabling access in UL BWP wider than RedCap BW
ii. [bookmark: _Toc71584203]Coverage compensation of Msg2
iii. [bookmark: _Toc71584204]Disable PUCCH frequency hopping for Msg4 feedback 
iv. [bookmark: _Toc71584205]RRC rejection of RedCap UEs
v. [bookmark: _Toc71584206]Prioritization differentiation of non-RedCap UEs to RedCap UEs
Note that in a cell which supports RedCap, gNB could potentially assume that all UEs accessing are RedCap UEs until the full UE capabilities become known, e.g. by always applying any potential coverage compensation for Msg2 that is, not only for RedCap UEs but also for non-RedCap UEs. The purpose of the early RedCap indication would be to avoid negative impact on system and non-RedCap performance.
[bookmark: _Toc61349031][bookmark: _Toc71584207]For coverage compensation and for the UE max bandwidth capability, the purpose of the potential RedCap early indication is to selectively be able to apply specific treatment of RedCap UEs to avoid negative system and non-RedCap UE impact.
If there is no early indication in Msg1, it could still be beneficial to have a RedCap early indication in Msg3, at least for motivations i, iii, iv, and v above. If the UE comes from RRC_INACTIVE, this early Msg3 indication comes “for free” since gNB can determine the full UE capabilities from the UE context retrieved using the I‑RNTI in Msg3. However, for UEs coming from RRC_IDLE, a new RedCap early Msg3 indication would be required.
[bookmark: _Toc61349039][bookmark: _Toc71584212]Support early RedCap indication in Msg3.
TR 38.875 [1] lists the following solutions for including the RedCap early indication in Msg3:
-	Using the spare bit in existing Msg3 definition
-	Extending the Msg3 size to carry additional one or more bits, indicating RedCap UE type(s)
-	Introduction of new larger RRC message (e.g. on CCCH1)
-	New MAC control element or LCID

[bookmark: _Toc71584208]If Proposal 2 is agreed, RAN2 should discuss which option to specify for Msg3 early indication.
For support of 2-step RACH the need for early indication is somewhat different. The early indication could either be in the ‘preamble part’ or the ‘PUSCH part’ of MsgA. MsgA PUSCH part indication would be sufficient for most cases (all but coverage compensation in the list above), and MsgA preamble part indication would only be motivated for coverage recovery.  As noted above the only coverage compensation need is for Msg2 and MsgB will be more similar to Msg2 or Msg4 depending on if it includes an RRC message or not. Coverage compensation will only be required if it is not because then MsgB is scheduled over few PRBs and similar to Msg2.  In such case it could be beneficial for gNB to know if the UE is of RedCap type, but an early indication in MsgA PUSCH part would be sufficient if it can be successfully decoded. I.e. early indication in MsgA preamble part is only required in case MsgA PUSCH decoding fails. RAN1 is currently discussing the coverage recovery need for MsgB, see e.g. the discussion in [3], and therefore it is suggested that RAN2 awaits the outcome of that discussion.

2.2	Differentiation for Early RedCap Identification
Regarding the early indication, RAN1 has an FFS regarding if the indication needs differentiation for the number of Rx branches (1 or 2):

	Agreements:
· At least using UE capability report according the existing framework to indicate (implicitly or explicitly) the number of Rx branches  
· FFS: whether/how to support earlier indication of Redcap UEs with # Rx branches by Msg1 and/or Msg3, and MsgA 
· FFS: Network configurability of early indication of the number of Rx branches via SIB1, if supported 



Msg1 indication and preamble partitioning is being introduced for several Rel-17 features: RedCap, Small Data Transmission, Coverage Enhancement, slicing, NTN, etc. In addition, there is already preamble partitioning for group A/B, and 4-step RACH or 2-step RACH. If, in addition, combinations of all these features should be supported, very many preamble partitions would be required to support all the combinations of such features. This issue is further discussed in our contribution R2-2104933 [4]. In practice, a considerably lower number of preambles than 64 may be configured in the field. Therefore, it is not feasible to require more than one partition for RedCap alone (to indicate RedCap and non-RedCap as well as 1 Rx or 2 Rx branches). A better solution is therefore that the Msg1 early RedCap indication indicates that the UE is of RedCap type, and gNB assumes any RedCap UE has 1 Rx branch until the full UE capabilities have been retrieved (as stated in the first RAN1 agreement above). The main impact of a UE having 1 Rx branch instead of  2 Rx branches is worse coverage [1], but as seen above in Section 2.1 the need for coverage compensation in the WI phase is greatly reduced compared to the SI phase.
[bookmark: _Toc71584209]The impact of gNB assuming all RedCap UEs have 1 Rx branch during initial access is minimal.
[bookmark: _Toc71584213]If introduced, early Msg1 indication of RedCap UE type is binary, i.e. the UE either indicates to be a RedCap UE or not.
[bookmark: _Ref189046994]3	RedCap access restrictions
This section discusses the topics listed in Section 11.2 ‘Access restrictions’ in Study Item TR 38.875 [1]. 
3.1	RedCap camping restrictions
Regarding cell barring and which cells a RedCap UE should consider for cell (re-)selection the WID states the following: 
	· 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] 



First, any new cellBarredRedCap indication will not fit in MIB, so it will have to be put in a SIB, most naturally SIB1. Because of this, it would be straightforward to use multiple bits for the indication, and at least 2 bits are required to indicate if 1 Rx branch and 2 Rx branch RedCap UEs are allowed to camp on the cell according to the WI objective. 
[bookmark: _Toc71584214]Separate cellBarredRedcap indications are added to SIB1 to indicate whether 1 Rx branch and 2 Rx branch RedCap UEs, respectively, are allowed to camp on the cell.
[bookmark: _Hlk71109099]Second, it is an open issue whether to reuse the same or have a separate intraFreqReselection IE for RedCap. In our view it would be a network-wide decision to allow UEs to camp on other cells than the strongest cell, and not RedCap-specific, so reusing the existing intraFreqReselection IE in MIB also for RedCap would be sufficient. In [5] it is argued that a separate intraFreqReselection would be required in the scenario where an entire frequency is devoted to RedCap only, and that a particular cell in that frequency is barred for RedCap due to congestion. We think it is highly unlikely first that an entire frequency band would be devoted to RedCap, and second that cell barring would be used for temporary congestion since that is instead the function of UAC. Separate indications are also advocated in [6] with the argument that “the network may want to bar the RedCap UEs from accessing any other cells on the same frequency”. This would however still be possible with since cellBarredRedCap in SI is indicated per cell, intraFreqReselection is just an optimization(to minimize UE cell search). Therefore, unless some other use case is brought up showing that a separate intraFreqReselection IE for RedCap is really needed, we propose the following:
[bookmark: _Toc71584215]RedCap reuses the existing intraFreqReselection IE in MIB.
3.2	RedCap UAC
For RedCap UAC the following statement is included in TR 38.875:
Unified access control is studied in clause 11.2.3. UAC should apply to RedCap UEs and one option is that UAC can differentiate between RedCap and non-RedCap UEs. Different solutions for RedCap UAC have been studied and down-selection can be done in WI phase.
The UAC solutions listed in the TR are the following:
A. Define one or more RedCap specific Access Identities 
B. Define RedCap specific Access Categories
C. Use operator defined Access Categories for RedCap
D. Broadcast different UAC parameters for RedCap
E. No UAC differentation for RedCap (no specification impact)
Together with the general description of the Access restrictions in Section 11.2.1 of the TR the following is stated:
The purpose of the feature is to not only provide the same functionality as for legacy UEs but to have RedCap specific access restrictions to be able to avoid or limit negative impact on legacy performance.
[bookmark: _Hlk70951137]In the RedCap WID, there is no explicit mentioning of access restrictions or UAC. However, RAN has sent an LS to CT1/SA1 requesting input on UAC. So far there has not been reply from SA1 but CT1 has replied the following [7]:
[bookmark: _Hlk69931230]From CT1 perspective it would be possible to extend UAC to support differentiation between RedCap and non-RedCap UEs via creation of one or more new Access Identities, creation of one or more new Access Categories, or both of them.
CT1 will follow SA1’s requirement on UAC for RedCap UEs.
Even though RAN2 could in principle introduce separate SI broadcast with UAC parameters for RedCap, it is therefore mainly up to RAN plenary, based on the LS reply, to determine if UAC should be supported for RedCap.
[bookmark: _Toc71584210]Support of RedCap differentiation for UAC is up to RAN plenary based on the LS reply from CT1/SA1.
4	Conclusion
In the previous sections we made the following observations: 
Observation 1	RedCap early indication is not required for any of the following: UE capability for UL modulation order, UE minimum processing time capabilities, or UE HD/FD-FDD capability.
Observation 2	Coverage compensation is only needed for Msg2 and then only in the specific case with 24 dBm/MHz PSD (e.g. micro deployment) and 1 Rx, which can be solved by existing TBS scaling technique for Msg2.
Observation 3	RedCap early indication may be beneficial for:
i.	UE max bandwidth capability, for scheduling, enabling access in UL BWP wider than RedCap BW
ii.	Coverage compensation of Msg2
iii.	Disable PUCCH frequency hopping for Msg4 feedback
iv.	RRC rejection of RedCap UEs
v.	Prioritization differentiation of non-RedCap UEs to RedCap UEs
Observation 4	For coverage compensation and for the UE max bandwidth capability, the purpose of the potential RedCap early indication is to selectively be able to apply specific treatment of RedCap UEs to avoid negative system and non-RedCap UE impact.
Observation 5	If Proposal 2 is agreed, RAN2 should discuss which option to specify for Msg3 early indication.
Observation 6	The impact of gNB assuming all RedCap UEs have 1 Rx branch during initial access is minimal.
Observation 7	Support of RedCap differentiation for UAC is up to RAN plenary based on the LS reply from CT1/SA1.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Support optionally configurable early RedCap indication in Msg1.
Proposal 2	Support early RedCap indication in Msg3.
Proposal 3	If introduced, early Msg1 indication of RedCap UE type is binary, i.e. the UE either indicates to be a RedCap UE or not.
Proposal 4	Separate cellBarredRedcap indications are added to SIB1 to indicate whether 1 Rx branch and 2 Rx branch RedCap UEs, respectively, are allowed to camp on the cell.
Proposal 5	RedCap reuses the existing intraFreqReselection IE in MIB.
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