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[bookmark: _Ref521334010]Introduction
In RAN#90-e, a new Rel-17 WI on support of reduced capability NR devices, i.e. RedCap, was approved [1]. The latest WID was updated in RAN#92-e [2], where the higher layer features related to RAN1signaling are listed as follows:
	…
· 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] 


In this contribution, we provide our views on the above higher layer features related to RAN1 signaling. There are some other higher layer aspects in the WID, e.g. eDRX enhancement and RRM relaxation for RedCap UE, but are not discussed here.

Discussion
Definition of RedCap UE Type
From the revised WID, it is clear that only one RedCap UE type is defined. Besides, In RAN1#105-e, RAN1 made the following agreement on definition for RedCap UE type [3]. It is expected to make down-selection between Option 2 and Option 4, and discuss the detailed set of the reduced capabilities.
	Working assumption:
· RedCap UE type is defined based on one of the following options
· Option 2: Only include the reduced capabilities that the network needs to know during initial access, if any.
· Option 4: The corresponding minimum set of the reduced capabilities that one RedCap UE type shall mandatorily support 
· FFS: details of the set of reduced capabilities


It is expected to make down-selection between Option 2 and Option 4. In our view, both options are trying to describe RedCap UE by comparison with normal UE. Specifically, Option 2 focuses on the mandatory RedCap capabilities that different from normal UE during initial access. For Option 4, it suggests focusing on the mandatory capabilities that different from normal UE, but not limited to initial access phase. So there is no much inner difference between Option 2 and Option 4.
However, from view of type definition, we think Option 4 is more suitable than Option 2. Option 4 provides more information on ‘what a RedCap UE should be’ and helps everyone quickly realize ‘what is the difference between RedCap UE and normal UE’. It may not be a good idea to define a UE type only by the difference during the initial phase.
Proposal 1: RedCap UE type is defined based on Option 4, i.e. the corresponding minimum set of the reduced capabilities that one RedCap UE type shall mandatorily support.
Furthermore, it is still FFS the detailed set of reduced capabilities that should be included in RedCap UE type. Based on Option 4, we believe the following set can be considered:
· Maximum UE BW: 20 MHz for FR1, 100 MHz for FR2 
· Number of Rx branches: 1 or 2
· Number of maximum DL MIMO layers: 1 or 2 (equal to Rx#)
· Maximum modulation order in DL and UL: 64QAM
· Duplex mode: FDD, Type A HD-FDD, TDD
It may be arguable whether only Rx=1 (and corresponding DL MIMO layer) is included in the RedCap UE type. In our view, both Rx=1 and Rx=2 reflect the difference from normal UE with Rx=4, and thus both of them should be included in the type definition. Note that, in Option 4, RedCap UE type is defined by ‘minimum set of reduced capabilities’, but not ‘set of the minimum reduced capabilities’.
Proposal 2: The reduced capabilities for RedCap UE type definition include:
· Maximum UE BW: 20 MHz for FR1, 100 MHz for FR2 
· Number of Rx branches: 1 or 2
· Number of maximum DL MIMO layers: 1 or 2 (equal to Rx#)
· Maximum modulation order in DL and UL: 64QAM
· Duplex mode: FDD, Type A HD-FDD, TDD

Early indication of RedCap UE
In RAN1#105-e, the following agreement was reached on the early indication of RedCap UE [3].
	Conclusion
· No consensus to support early identification of the number of Rx branches in Msg1/Msg3/MsgA for Redcap UE in Rel-17
Working assumption:
· For 4-step RACH, support the early indication of RedCap UEs at least in Msg1.
· The early indication in Msg1 can be configured to be enabled/disabled
· FFS How to support enable/disable the early indication
· FFS details e.g.:
· separate initial UL BWP
· separate PRACH resource
· PRACH preamble partitioning
· FFS the possibility of supporting Msg3 for the early indication 
Agreement:
· Early indication of RedCap UEs in Msg1 can be enabled/disabled via SIB
Agreement:
· Support 2-step RACH for RedCap UEs as an optional feature
· FFS details of early indication in MsgA, e.g.:
· Separation of 2-step RACH resources or MsgA preambles
· Separation of initial UL BWP
· Using a new indication in MsgA PUSCH part
· Note: Discussion on 4-step RACH for early indication should be prioritised


In addition, the following agreement was reached in RAN2#114-e [5].
	Agreements via email (from offline 106):
1.	There is no need to support Rx branches specific early identification from RAN2 perceptive (final decision up to RAN1).


In this section, we discuss the features related to the indication of RedCap UE during initial access.
[bookmark: _Ref78190835]RACH partitioning in Rel-17
In the early release, separate preambles were applied to differentiate the purposes, e.g. CBRA and CFRA. Later, 2-step RACH was also introduced. To differentiate 4-step RACH and 2-step RACH, both separate RO (RACH occasion) or separate preambles (with shared RO) were supported by the standard. 
However, RACH partitioning in Rel-17 becomes rather complicated than the early releases. From RAN1’s view, at least the following features will take part in RACH partitioning.
· RedCap: It is required by WID that the standard should support indication of RedCap UE during the initial access.
· CE (Coverage enhancement): To enable Msg3 repetition feature, it is required to identify whether the UE supports Msg3 repetition or not during Msg1.
· SDT (Small data transmission): For RA-SDT, to differentiate whether the UE would like to transmit small data in Msg3, the UE shall request the RA-SDT scheduling during Msg1.
· RAN slicing: Different slices have different requirement in delay and reliability in scheduling (including Msg3), and thus indication in Msg1 is needed.
In the following table, we illustrate the possible combination between the features:
[bookmark: _Ref78184765]Table 1 Possible combination between the features requiring RACH partitioning.
	
	2-step RACH
	RedCap
	CE
	RA-SDT
	RAN slicing

	2-step RACH
	/
	Y
	N (?)
	Y
	Y

	RedCap
	Y
	/
	Y
	Y
	Y

	CE
	N (?)
	Y
	/
	N (?)
	Y

	RA-SDT
	Y
	Y
	N (?)
	/
	Y

	RAN slicing
	Y
	Y
	Y
	Y
	/

	Note: the above situation may become even more complicated, since preamble group A/B partitioning may be required for indication of Msg3 payload size.


From Table 1, it is observed that some combinations may not be supported. For example, it is still arguable whether 2-step RACH and RA-SDT can be combined with CE, since they are typically used in good coverage. But some may think that if MsgA PUSCH or RA-SDT fails, a fallback RAR scheduling repeated Msg3 could be helpful. Fortunately, RAN2 is going to have a joint discussion for RACH partitioning in RAN2#115-e.
But in the worst case, assuming all the above features are supported and combinable, a total number of 25 = 32 combinations are to be identified in the same initial UL BWP. Considering that only 63 PRACH preambles are defined (including CBRA and CFRA), it is almost impossible to identify all the 32 combinations just by PRACH preambles. It is suggested that both separate PRACH resources and PRACH preamble partitioning are supported to indicate the RedCap UE type.
Observation 1: Both separate PRACH resources and PRACH preamble partitioning can be supported to indicate the RedCap UE type.

Early indication of RedCap UE
· 4-step RACH
For 4-step RACH, it was agreed that early indication in Msg1 is supported. It is still FFS whether to support Msg3 for early indication. In our view, early indication in Msg1 benefits the scheduling of Msg2, Msg3 and Msg4, which helps compensating the coverage loss due to RedCap UE’s small form factor and reduced number of Rx branches. However, early indication in Msg3 only benefits the scheduling of Msg4, which is of little use but increase the standard complexity. Hence, we suggest not supporting early indication in Msg3.
Proposal 3: For 4-step RACH, early indication in Msg3 is not supported.
For 4-step RACH, it is still FFS how to support early indication in Msg1. It was agreed that separate initial UL BWP, separate PRACH resource and PRACH preamble partitioning can be further considered:
· Separate initial UL BWP & separate PRACH resource
It is nature that if a separate initial UL BWP is configured for RedCap UEs, a separate RACH configuration can also be indicated. Note that the RACH configuration (including PRACH resources and PRACH preambles) is usually under the configuration of the initial UL BWP. 
However, it is also agreed that even if a separate initial UL BWP is configured, the corresponding ROs can be dedicated for RedCap UEs or shared with non-RedCap UEs. Hence, we think that the early indication in Msg1 by separate initial UL BWP can be supported, when the configured ROs in the initial UL BWP are dedicated for RedCap UEs. 
From the above analyze, it can be seen that separate initial UL BWP and separate PRACH resource do not have much inner difference. The critical thing is whether the ROs are shared or not. If RedCap UE type is identified by PRACH resource, a dedicated PRACH resource should be configured/indicated, either in the shared initial UL BWP or in the RedCap-dedicated initial UL BWP (if configured).
Observation 2: If RedCap UE type is identified by PRACH resource, a dedicated PRACH resource should be configured/indicated, either in the shared initial UL BWP or in the RedCap-specific initial UL BWP (if configured).
· PRACH preamble partitioning
On the other hand, if the ROs are shared, then the early indication shall be up to PRACH preamble partitioning. PRACH preamble partitioning is widely applied for early identification of features in the early releases, e.g. early date transmission (EDT) in LTE-MTC, or 2-step RACH when ROs are shared. We think early indication in Msg1 by PRACH preamble partitioning can also be supported, when ROs for RedCap UEs and normal UEs are shared (regardless whether a RedCap-dedicated initial UL BWP is configured).
Nevertheless, as has been pointed out in Section 2.2.1, if all features in Table 1 can be identified by PRACH preambles, over partitioning of preambles will occur, which will seriously reduce the RACH capacity. Similarly, if all features in Table 1 are indicated by separate PRACH resources, the huge number of ROs will be a disaster to the gNB. The specification should not allow extremely high complexity for blind detection of PRACH preambles to the gNB. It is necessary to further study how to prevent over partitioning of ROs or PRACH preambles. For example, if 4-step RACH and 2-step RACH are indicated by separate ROs, then RedCap UE should be indicated by PRACH preambles, and vice versa. 
Proposal 4: For 4-step RACH,
· Early indication of RedCap UEs by PRACH preamble partitioning is supported.
· Early indication of RedCap UEs by separate PRACH resources is supported.
· Early indication of RedCap UEs by separate initial UL BWP is also supported when RedCap-dedicated ROs are configured in the RedCap-dedicated initial UL BWP.
· FFS how to prevent over partitioning of ROs or PRACH preambles with other features.
· 2-step RACH
It was agreed that RedCap UE can optionally support 2-step RACH. Generally, the mechanism of early indication in 4-step RACH can also be applied to 2-step RACH. That is to say, for 2-step RACH case, early indication of RedCap UEs by PRACH preamble partitioning and separate PRACH resources can be applied.
Observation 3: The early indication mechanism in 4-step RACH can also be applied to 2-step RACH.
As analyzed above, over partitioning in PRACH preambles or PRACH resources should be avoided. Hence, a new indication in MsgA PUSCH part can also be considered to identify the RedCap UE. This can alleviate the heavy burden of early indication in 2-step RACH ROs and MsgA PRACH preambles. 
Proposal 5: For 2-step RACH, a new indication in MsgA PUSCH part can be considered for early indication of RedCap UE.
· FFS details.

Access control and cell barring for RedCap UE
In RAN2#114-e, RAN2 made the following agreements on access control for RedCap UEs [5]:
	Agreements:
1.	SIB1 (not MIB) indicates cell barring for 1 Rx branch and 2 Rx branches separately for RedCap UEs. Further details of the solution are FFS
2.	The cell barring for RedCap UE is per cell (not per PLMN).
3.	RedCap UE supports the Intra Frequency Reselection Indicator.
4.	Either Msg1 and/or Msg3 early identification will be supported


It can be seen that RAN2 is continuing the discussion on the access control mechanism, and good progress has been made. It was agreed that SIB1 (but not MIB) will be used to indicate the cell barring for RedCap UE, where the UE with 1 Rx branch and 2 Rx branches will be separately indicated. This aligns with the WID requirement ‘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’.
To avoid duplicate work, RAN1 should wait for RAN2’s further progress on access control for RedCap UEs.
Proposal 6: RAN1 should wait for RAN2’s further progress on access control for RedCap UEs.

Conclusion
In this contribution, we provide our view on higher layer related features of RedCap UE. The observations and proposals are summarized as follows:
Observation 1: Both separate PRACH resources and PRACH preamble partitioning can be supported to indicate the RedCap UE type.
Observation 2: If RedCap UE type is identified by PRACH resource, a dedicated PRACH resource should be configured/indicated, either in the shared initial UL BWP or in the RedCap-specific initial UL BWP (if configured).
Observation 3: The early indication mechanism in 4-step RACH can also be applied to 2-step RACH.
Proposal 1: RedCap UE type is defined based on Option 4, i.e. the corresponding minimum set of the reduced capabilities that one RedCap UE type shall mandatorily support.
Proposal 2: The reduced capabilities for RedCap UE type definition include:
· Maximum UE BW: 20 MHz for FR1, 100 MHz for FR2 
· Number of Rx branches: 1 or 2
· Number of maximum DL MIMO layers: 1 or 2 (equal to Rx#)
· Maximum modulation order in DL and UL: 64QAM
· Duplex mode: FDD, Type A HD-FDD, TDD
Proposal 3: For 4-step RACH, early indication in Msg3 is not supported.
Proposal 4: For 4-step RACH,
· Early indication of RedCap UEs by PRACH preamble partitioning is supported.
· Early indication of RedCap UEs by separate PRACH resources is supported.
· Early indication of RedCap UEs by separate initial UL BWP is also supported when RedCap-dedicated ROs are configured in the RedCap-dedicated initial UL BWP.
· FFS how to prevent over partitioning of ROs or PRACH preambles with other features.
Proposal 5: For 2-step RACH, a new indication in MsgA PUSCH part can be considered for early indication of RedCap UE.
· FFS details.
Proposal 6: RAN1 should wait for RAN2’s further progress on access control for RedCap UEs.
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