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1 Introduction
During the RAN# 90e meeting, the WI for Redcap was set with the following objectives[1]. 
	· Specify support for the following UE complexity reduction features [RAN1, RAN4]:

· Reduced maximum UE bandwidth:
· Maximum bandwidth of an FR1 RedCap UE during and after initial access of 20 MHz is supported. The possibility of, and any associated conditions for, optional support of a wider bandwidth up to 40MHz after initial access for this case will be further discussed at RAN#91e.
· Maximum bandwidth of an FR2 RedCap UE during and after initial access is 100 MHz
· Reduced minimum number of Rx branches:
· For frequency bands where a legacy NR UE is required to be equipped with a minimum of 2 Rx antenna ports, the minimum number of Rx branches supported by specification for a RedCap UE is 1. The specification also supports 2 Rx branches for a RedCap UE in these bands.
· For frequency bands where a legacy NR UE (other than 2-Rx vehicular UE) is required to be equipped with a minimum of 4 Rx antenna ports, the minimum number of Rx branches supported by specification for a RedCap UE will be decided at RAN#91e; hence no specific work for these frequency bands will be done before RAN#91e.
· Maximum number of DL MIMO layers:
· For a RedCap UE with 1 Rx branch, 1 DL MIMO layer is supported.
· For a RedCap UE with 2 Rx branches, 2 DL MIMO layers are supported.
· 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.

· Duplex operation:

· HD-FDD type A with the minimum specification impact (Note that FD-FDD and TDD are also supported.)

· Specify higher layer support of enhancements listed above [RAN2, RAN1]. Details are to be refined at RAN#91e taking the outcome of the RedCap SI into account, and work on this objective shall start after RAN#91e:

· Specify definition of RedCap UE type(s) including set(s) of L1 capabilities for RedCap UE identification and for constraining the use of those RedCap L1 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.

· Specify functionality that will enable RedCap UEs to be explicitly identifiable to networks and allow operators to restrict their access if desired.

· Specify necessary updates of UE capabilities (38.306) and RRC parameters (38.331).

· Specify RAN4 core requirements for the above. 

Notes:

· Rel-15 SSB bandwidth is reused and L1 changes minimized.

· The work defined as part of this WI is not to overlap with LPWA use cases.

· Coexistence with non-RedCap UEs is to be ensured.

· This WI focuses on SA mode and single connectivity with operation in a single band at a time.

· The work in other WGs than RAN1 starts after RAN#91e.
· The appropriate WI for handling of any potential coverage recovery aspects related to RedCap UEs devices will be considered at RAN#91e.



In this contribution, we will discuss the potential higher layer support of Redcap from the aspects of network control, UE identification of Redcap by network and the potential UE type definition. 
2 Discussion 
2.1 Network control 
In the WID, the objectives include specifying functionality that would allow the operator to restrict the access of Redcap. This issue was also extensively discussed in the SI and several potential solutions were identified [2]. 
· Implicit or explicit indication (as may apply): 

· Alt. A: Via separate SSB and/or CORESET 0.

· Alt. B: Via indication in MIB.

· Alt. C: Via indication in DCI format scheduling SIB1.

· Alt. D: Via indication in SIB1.

· Other methods are not precluded.
When choosing the appropriate solutions, some principles should be bearded in mind. The first principle is try to reusing the existing functionalities/ signalling as much as possible to minimize the specification impact. The second principle is to inform Redcap devices of the access restriction as early as possible for power saving.
 For Alt.A, it requires additional SSB and / or CORESET 0 at any time. It seems that this alternative goes against the statement “Rel-15 SSB bandwidth is reused and L1 changes minimized”. Furthermore, it always increases the system overhead. From these two perspectives, Alt.A is not desirable. Regarding Alt.B, it provides almost the earliest indication of access restriction of Redcap devices and minimize the detection power consumption in vain. From this point, Alt.B is more friendly to Redcap devices in terms of power consumption. One issue for Alt.B is how to indicate the access restriction via MIB considering the very limited usable bits. One possible option is to utilize the spare bit in MIB. For Alt.C, the indication can be achieved by using the reserved bits in the scheduling DCI of SIB1. Compared with the Alt.B, more power would be consumed for the detection of DCI format scheduling SIB1. But the bits in MIB are quite valuable and very limited. In that sense, Alt.C is a good compromise. In Alt.D, before the Redcap devices get the indication of access restriction, the Redcap devices have to detect a serious of signalling including the SSB, DCI scheduling SIB1 and SIB1, which would consume more power compared with Alt.B and Alt.C. Thus, Alt.D is not a preferable due to more power consumption. 
Proposal 1：Prioritize the following alternatives for the indication of access restriction

· Alt. B: Via indication in MIB.

· Alt. C: Via indication in DCI format scheduling SIB1.

2.2 UE identification of Redcap by network 
Specifying functionality that will enable RedCap UEs to be explicitly identifiable to networks is one of the objectives. During the SI phase, RAN1 has studied the feasibility, necessity, pros and cons for the following potential schemes 
· Option 1: During Msg1 transmission

· E.g., via separate initial UL BWP, separate PRACH resource, or PRACH preamble partitioning

· Option 2: During Msg3 transmission

· Option 3: Post Msg4 acknowledgment. 

· E.g., during Msg5 transmission or part of UE capability reporting

· Option 4: During MsgA transmission

· Subject to support of 2-step RACH procedure

Among the above schemes, Option 4 was deprioritized. In this section, we will just focus on the discussion of Option 1, Option 2 and Option 3.

According to the study and TR 38.875 [3], the corresponding necessity for Option 1, Option 2 and Option 3 is summarized as below 
Table 1 Summary of the necessity for Option 1, Option2 and Option 3

	Options
	Summary of the necessity 

	Option 1
	· 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

	Option 2
	If early identification of RedCap UE type(s) via Option 1 is not supported, identification of RedCap UE type(s) during transmission of Msg3 may be necessary for coverage recovery (including link adaptation) for one or more of: Msg4 PDCCH/PDSCH, Msg5 PUSCH and associated PDCCH.

	Option 3
	If early identification of RedCap UE type(s) via Options 1, 2, or 4 are not supported, then RedCap UE type(s) need to be identified either during transmission of Msg5 or as part of UE capability reporting.


The exact necessity depends on outcome of studies on UE cost/complexity reduction and coverage recovery, and the SI on Coverage Enhancements. So, we will analyse the validity of each necessity one by one. 
For the necessity of coverage recovery, it is concluded that for FR1, under the consideration of potential reduced antenna efficiency due to device size limitations, the MIL(s) of PUSCH and/or Msg3 are worse than that of the bottleneck channel for the reference NR UE and coverage recovery is needed. For carrier frequency of 4 GHz with DL PSD 24 dBm/MHz, coverage recovery may be needed for the downlink channels of Msg2, Msg4 and PDCCH CSS. A small or moderate compensation can be considered. Although, whether support 1Rx is deferred to next RAN plenary meeting, at least from aspect of the indication of coverage recovery for Msg.3 PUSCH, early indication is necessary.  During the WI scoping discussion, the processing time relaxation and the UL modulation order relaxation is not included. So these two reasons are not valid for the support of option 1. As for the reduced UE bandwidth, currently 20MHz in FR1 and 100MHz in FR2 is considered during initial access. Now the Msg.3 and Msg.5 is scheduled within the initial UL BWP. When the BW of the configured initial UL BWP is larger than the Redcap’s maximum UE bandwidth, without early indication in Option 1, the gNB may schedule the Msg.3 /Msg.5 out of Redcap UE’s monitoring frequency band. Secondly, frequency hopping can be configured for PUCCH carrying HARQ-ACK of Msg.4 and frequency hopping range may also be beyond Redcap devices’ capability. From this point, early indication is required to avoid the frequency hopping in a wide frequency range. Thus, from the aspect of identifying UE max bandwidth capability for Msg.3 and Msg.5 scheduling and PUCCH in response to Msg.4, early indication in Option 1 is necessary. 
Proposal 2: UE identification of Redcap during Msg.1 is supported at least considering the following 2 necessities
· Coverage recovery for Msg.3 PUSCH
· Identifying UE max bandwidth capability for Msg3 and Msg5 scheduling and PUCCH in response to Msg4
2.3 UE type definition
Three typical use cases are identified in the RedCap. For these use cases, the reference bit rate and the peak data rate is quite different as shown in Table.1.  For example, reference bitrate for smart wearable application can be 5-50 Mbps in DL and minimum 2-5 Mbps in UL， while the reference bit rate is less than 2 Mbps for industrial sensors. Besides the performance requirement is different, there is also some other particular requirement for some use cases. For example, for the wearables, the requirement on the form size is more stringent than that of other use case. 

Table 1 Performance requirement for different use case
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During the SI phase and WI scoping discussion, variable UE capabilities are also considered to provide specific product in specific scenario. For example, both 1 Rx and 2 Rx is supported in FR1 FDD is agreed. And the support of 1Rx for FR1 TDD and the support of 40MHz in FR1 is also under discussion. 
When variable UE capabilities is considered, how to define the device type is another issue. As agreed in RAN2 meeting, the number of UE device type should be minimized to avoid the market fragment. On the other hand, the number of device type should cover the wide range of use case as well. 

To balance the market fragment with the use cases, we think defining 2 device types is a good compromise. For example, low-end device type and high-end device type can be defined. High-end devices could provide up to 150Mbps data rate in DL and up to 50Mbps data rate in the UL and low-end devices could support the data rate of up to [10] Mbps in DL and up to [5]Mbps in UL.
Proposal 3: At least two RedCap device types providing different peak data rate should be supported to adapt different use cases
Since the provided data rate highly depends on the bandwidth, MIMO layer. Therefore, the following table lists possible combinations for these 3 capabilities and calculate the corresponding peak data rate for analysis. Generally, Redcaps with 20MHz and 1 Rx can be set as the low-end device type. For the high-end device type, now it can be achieved by supporting 20MHz and 2 Rx. However, as analysed in our companion contribution [4], since it is quite challenge for the wearable devices equip with 2 Rx, to achieve the required data rate, equipping the Redcap devices with 1Rx and 40MHz is more feasible. 
Table 2 Possible RedCap device types

	Types
	Rx
	Tx
	bandwidth
	Peak data rate

	Low end
	L1
	1
	1
	20MHz 
	~80 Mbps

	High end
	H1
	2
	1
	20MHz
	~160 Mbps

	
	H2
	1
	1
	40MHz
	~160 Mbps


Proposal 4: Consider the following two options for the high-end device type from RAN1 point of view

· Option 1: 40MHz and 1 Rx
· Option 2: 20MHz and 2Rx
3 Conclusion
In this contribution, we’ve discussed the potential higher layer support of Redcap from the aspects of network control, UE identification of Redcap by network and the potential UE type definition. Our proposals are summarized as below
Proposal 1：Prioritize the following alternatives for the indication of access restriction

· Alt. B: Via indication in MIB.

· Alt. C: Via indication in DCI format scheduling SIB1.

Proposal 2: UE identification of Redcap during Msg.1 is supported at least considering the following 2 necessities

· Coverage recovery for Msg.3 PUSCH

· Identifying UE max bandwidth capability for Msg3 and Msg5 scheduling and PUCCH in response to Msg4
Proposal 3: At least two RedCap device types providing different peak data rate should be supported to adapt different use cases
Proposal 4: Consider the following two options for the high-end device type from RAN1 point of view

· Option 1: 40MHz and 1 Rx
· Option 2: 20MHz and 2Rx
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