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1. Introduction

In last RAN4 meeting, it was agreed to define the Tx RF requirements for Redcap using 1Tx as baseline and keep to open for 2Tx as below agreements excerpt from the WF [1]:
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In RAN1 # meeting, it had clarified that a RedCap UE does not support capabilities related to more than 2 UE Tx branches or more than 2 UL MIMO layers as below agreement, but the Redcap UE supporting 2Tx is not ruled out.
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This contribution provides a further discussion on which requirements will be impacted if the RedCap UE supports 2Tx. 
2.  Discussion
The impacts of Redcap UE supporting 2Tx in FR1 should be considered from Tx requirements and Rx requirements respectively. 

In previous RAN4 meeting, it has achieved the consensus for Redcap UE in FR1 supporting PC3 default and whether supporting PC2 based on operator request. Therefore, Redcap UE supporting 2Tx can reuse the same assumption. 
For 2Tx Redcap UE supporting PC3 (including UL MIMO and TxD), the maximum output power should be defined the sum of the maximum output power from both UE antenna connectors like normal UE, the 23 dBm is achieved over the two antennas, each PA is expected operate around 20dBm and in this situation, the ACLR, SEM, MPR and A-MPR requirements could reuse the values of 1Tx as the normal UE supporting 2Tx although the antenna isolation between 2Tx antennas for Redcap UE can’t get up to 10dB. But the EVM requirements at each transmit antenna connector can not be guaranteed due to reduced antenna isolation between 2Tx antennas for Redcap UE, since in practical implementation, to meet the EVM requirements for normal UE supporting UL MIMO, the coupling loss between 2Tx antennas need up to 20dB, the coupling loss between 2Tx antennas for wearable device in LTE is only 5-8dB. Therefore, the reduced antenna isolation between 2Tx antennas will impact the EVM requirements.
Observation 1: If the Redcap UE supports 2Tx architecture, relaxation on existing EVM requirements need be considered for Redcap UE supporting 2Tx (including UL MIMO and TxD) due to reduced antenna isolation between 2Tx antennas for Redcap UE, especially for wearable device.
Currently, the Redcap UE supports FD-FDD mode with 1Rx and 2Rx, HD-FDD mode with 1Rx and 2Rx and TDD mode with 1Rx and 2Rx, the impact of 2Tx to the Rx requirements is just related to the FD-FDD mode with 2Rx due to the reduced of antenna isolation between 2Tx antennas to realize the small device form factors. 

Assuming the Tx noise in its own Rx band in single transmitter structure is -183dBm/Hz, if the antenna isolation between 2Tx is 0dB, more than 3 dB increase for Tx noise on the receiver that would roughly result in 1 dB de-sense based on the thermal noise floor is -174dBm/Hz. In practical implementation, the antenna isolation between 2Tx for redcap UE may hard to get 10dB. If the antenna isolation between 2Tx is 5dB, more than 1 dB increase for Tx noise on the receiver that would roughly result in 0.7 dB de-sense based on the thermal noise floor is -174dBm/Hz. Slightly relaxation could be considered for Redcap UE supporting 2Tx with FD-FDD mode, i.e, 0.5dB relaxation on REFSENS requirements for FD-FDD mode with Tx/Rx+Tx/Rx architecture compared to the values for Tx/Rx+Rx architecture. Since the REFSENS requirements for normal UE supporting 2Tx reused the requirements of normal UE with Tx/Rx+Rx architecture when the parameter PUMAX is the total transmitter power over the two transmits power over the two transmit antenna connectors.
Observation 2: If the Redcap UE supports 2Tx architecture, slightly relaxation on REFSENS requirements need be considered for Redcap UE supporting 2Tx architecture in FD-FDD mode compared to the values for Redcap UE supporting 1Tx architecture in FD-FDD mode due to reduced antenna isolation between 2Tx antennas for Redcap UE, i.e., 0.5dB.
Considering the small form factors for Redcap device, we don’t suggest the Redcap UE support 2Tx architecture.

Proposal 1: the Redcap UE couldn’t support 2Tx architecture.

3. Conclusion

In this contribution, we analyzed the impact of the Redcap UE supports 2Tx architecture on Tx and Rx requirements, and got below observations and proposed:

Observation 1: If the Redcap UE supports 2Tx architecture, relaxation on existing EVM requirements need be considered for Redcap UE supporting 2Tx (including UL MIMO and TxD) due to reduced antenna isolation between 2Tx antennas for Redcap UE, especially for wearable device

Observation 2: If the Redcap UE supports 2Tx architecture, slightly relaxation on REFSENS requirements need be considered for Redcap UE supporting 2Tx architecture in FD-FDD mode compared to the values for Redcap UE supporting 1Tx architecture in FD-FDD mode due to reduced antenna isolation between 2Tx antennas for Redcap UE, i.e., 0.5dB.
Proposal 1: the Redcap UE couldn’t support 2Tx architecture.
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Issue 1-2: PC2 support 


Agreement: Support PC2 RedCap UE  based on operator request.


Use 1 Tx as baseline


Further discussion whether the antenna isolation assumptions for existing 2Tx requirements is valid for RedCap.


Issue 1-3: UE architecture for FR1 RedCap UE


Agreement: to define the Tx RF requirements for RedCap


Use 1 Tx as baseline


2Tx is kept open for discussion





� HYPERLINK "https://www.3gpp.org/ftp/tsg_ran/WG1_RL1/TSGR1_107-e/Docs/R1-2112503.zip" �R1-2112503�	FL summary on incoming LS on capability related RAN2 agreements for RedCap	Moderator (Ericsson)


Agreement: [38.306, 38.331, TR 38.822]


The following Rel-15/16 capabilities (FGs) for L1 UE features in � HYPERLINK "https://www.3gpp.org/ftp/Specs/archive/38_series/38.822/38822-g10.zip" ��TR 38.822 V16.1.0� are related to more than 2 UE Rx branches or more than 2 DL MIMO layers and should therefore not be applicable to RedCap UEs.
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16-3a-3


16-3b-2


Agreement: [38.306, 38.331, TR 38.822]


A RedCap UE does not support capabilities related to more than 2 UE Tx branches or more than 2 UL MIMO layers.
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