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1
Introduction
The revised WI “Support of reduced capability NR devices” was approved at RAN#91-e meeting [1] with the following objectives: 
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In this paper we share our initial views on RedCap UE RF requirements.

2
Discussion

In the following part we share our views on some selected detailed objectives related to RAN4 UE RF from [1]:

· 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 is 1. The specification also supports 2 Rx branches for a RedCap UE in these bands.

· A means shall be specified by which the gNB can know the number of Rx branches of the UE.
Clearly, a reduced number of Rx branches will affect several aspects of RAN4 UE RF specifications, including UE assumption and new RF requirements. The receiver reference sensitivity requirements specified in TS 38.101-1/2 are based on at least 2 Rx in FR1 (4 Rx requirements are specified for bands n7, n38, n41, n77, n78 and n79), and 2 Rx in FR2. Therefore, reduction of Rx antenna to 1 will need to update the FR1 and FR2 RF Rx requirements.
Observation 1: RAN4 RF requirements need to be updated based on 1Rx antenna port of RedCap UE.
For FR1, the Rx requirement is conductive, 1 Rx requirements need to be derived and added into TS 38.101-1. For FR2, the requirements are based on radiated condition, unlike the conducted requirements, will account for antenna gain in specific directions at the UE. Therefore, it is necessary to discuss the new antenna implementation for RedCap devices to derive these radiated requirements.
For example, for PC3, the FR2 RF requirements, such as minimum peak EIRP and EIRP/EIS spherical coverage are derived using 2 antenna panels, with each panel supporting 4x1 or 2x2 antenna elements. The REFSENS and spherical coverage requirement should be derived based on new UE antenna assumption.
Observation 2: RAN4 need to define new antenna assumption for RedCap UEs.
In addition, we also need to consider the new type of UE, the form factor and antenna size is limited. For RedCap devices, such as smart wearables and wall-mounted industrial wireless sensors, where some portion of the UE’s radiation sphere may be blocked by the human body and wall, and maybe only one panel is used in the device, even for the 2Rx requirements, the EIRP/EIS spherical coverage requirements specified in RAN4 can be relaxed. 

Observation 3: RAN4 need to consider different UE type (form factor and antenna size) for RedCap devices, the 2Rx REFSENS and spherical coverage need to be relaxed based on new assumption. 

Proposal 1: A simulation campaign for RedCap UEs is needed to specify the Rx requirements.
Given the 1Rx REFSENS need to be defined, some Rx requirements related to REFSENS should also be updated accordingly.

Observation 4: All the REFSENS related Rx requirements need to be updated. 

In addition, one aspect needs to be clarified further in RAN Plenary whether the above objectives related to Reduced minimum number of Rx branches are for FR1&FR2, or for FR1 only.
According to the conclusions in session 13 of RAN1 TR 38.875 [2]:
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The minimum number of Rx branches is only applied to FR1 bands. Given this aspect has huge impact on RAN4 RF requirement spec, RAN plenary should further clarify the WID in June meeting.

Proposal 2: There is confusion about the applicability of minimum number of branches in the WID, clarification feedback from RAN Plenary is needed.
· Reduced maximum UE bandwidth:
· Maximum bandwidth of an FR1 RedCap UE during and after initial access is 20 MHz. 
· Maximum bandwidth of an FR2 RedCap UE during and after initial access is 100 MHz.
The maximum bandwidth of RedCap UE has been reduced, the corresponding impacts on the specification would be that the applicability of the channel bandwidth table should be redefined. A note is need to reflect the above agreement clearly.
· Duplex operation:

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

Regarding the duplex operation, the impacts of Half-duplex FDD is discussed in our reply LS [3]. Moreover, the HD-FDD may also have impact on the design of RF front-end, RAN4 should further consider whether any RF requirement will be impacted by the HD-FDD operation.
3 Conclusion

In this paper, we share our general views on RedCap UE RF requirements.
Observation 1: RAN4 RF requirements need to be updated based on 1Rx antenna port of RedCap UE.

Observation 2: RAN4 need to define new antenna assumption for RedCap UEs.

Observation 3: RAN4 need to consider different UE type (form factor and antenna size) for RedCap devices, the 2Rx REFSENS and spherical coverage need to be relaxed based on new assumption. 

Observation 4: All the REFSENS related Rx requirements need to be updated. 

Proposal 1: A simulation campaign for RedCap UEs is needed to specify the Rx requirements.
Proposal 2: There is confusion about the applicability of minimum number of branches in the WID, clarification feedback from RAN Plenary is needed.
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This WI has the following objectives: 


Specify support for the following UE complexity reduction features [RAN1, RAN2, RAN4]:


Reduced maximum UE bandwidth:


Maximum bandwidth of an FR1 RedCap UE during and after initial access is 20 MHz. 


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 is 1. The specification also supports 2 Rx branches for a RedCap UE in these bands.


A means shall be specified by which the gNB can know the number of Rx branches of the UE.


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 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]


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] 


Specify necessary updates of UE capabilities (38.306) and RRC parameters (38.331). [RAN2]


Specify support for the following Extended DRX enhancements for RedCap UEs [RAN2, RAN3, RAN4]:


Extended DRX for RRC Inactive and Idle with eDRX cycles up to 10.24 s, without using PTW and PH, and with common design (e.g. common set of eDRX values) between RRC Inactive and Idle


Extended DRX for RRC Inactive and Idle with eDRX cycles up to 10485.76 s; the details of mechanisms and feasibility regarding maximum length of the extended DRX cycles for RRC Inactive and Idle need to be checked by SA2, CT1 and/or RAN4.


RAN2 to decide which Node(s) configure eDRX in RRC_Idle and RRC_Inactive.


RRM relaxations for neighbouring cells for RedCap devices: for RRC_Idle/Inactive/Connected, considering the alternatives identified in the RedCap SI:


Study until RAN#92e, and, if agreed, specify RRM measurement relaxation criteria (where, for RRC_Idle/Inactive the Rel-16 mechanism is the baseline, and for RRC_Connected the mechanism reuses the Rel-16 RRM relaxation criteria from RRC_Idle/Inactive so as to maximize the commonality with Idle/Inactive UEs) [RAN2]


Enabling/disabling of RRM relaxation should be under the network’s control. Specify both broadcast and dedicated signalling for enabling/disabling of RRM relaxation.


After RAN#92e, if agreed in RAN2, specify RRM measurement relaxation [RAN4]


No RRM relaxations are specified for the serving cell. 


Specify RAN4 core requirements for the above. 








-	Number of Rx branches:


-	For FR1 FDD or FR2 bands where a non-RedCap UE is required to be equipped with a minimum of 2 Rx branches, the minimum number of Rx branches supported by specification for a RedCap UE is 1. The specification also supports of 2 Rx branches for a RedCap UE.


-	For FR1 TDD bands where a non-RedCap UE is required to be equipped with a minimum of 4 Rx branches, the minimum number of Rx branches supported by specification for a RedCap UE is N, where N is to be down-selected during the WI phase or at RAN plenary between the following alternatives:


-	Alt 1: N=2


-	Alt 2: N=1, where N=2 is also supported








