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Introduction 
During RAN4#99 RedCap HPUE was discussed and as an outcome RAN tasked RAN4 to study how to enable HPUE including PC2 for RedCap in band agnostic way [1]. In this contribution we provide our views on the possible ways to do this and also discuss related challenges.


Discussion

Discussion on HPUE RedCap started in RAN4#106bis-e and a WF was agreed in [2]. The contents of the WF have been reproduced below.Issue 1: Form factor for PC2 RedCap HPUE
Candidate options for further discussion:
· Option 1: Not restrict the applicable form factor for PC2 RedCap HPUE in the specification
· Option 2: Clearly add the restriction on the applicable form factor for PC2 Redcap in the specification

Issue 2: How to specify HPUE including PC2 for RedCap
Way forward:
· PC2 RedCap HPUE requirements can be specified in the band agnostic way at least for TDD and HD-FDD.
· The band agnostic way means the PC2 requirements for non-RedCap UE can be re-used for PC2 RedCap UE in a band agnostic way. Only the operating bands for which PC2 on non-RedCap UE has been introduced can be considered for RedCap UE. 
· Further discuss whether the band agnostic way can be applied for PC2 FD-FDD bands with 1Rx and 2Rx, based on more analysis on the RF requirements including A-MPR and RSD.
· Note 1: 1Tx architecture is assumed for RedCap PC2.
· Note 2: PC2 for Rel-17 Redcap is considered under this RAN task. 




Generally enabling higher power class for an operating band requires consideration both Tx and Rx requirements. In transmitter side required A-MPR for any additional emission requirements is typically studied, and new A-MPR values are specified for higher power class. On receiver side reference sensitivity degradation (RSD) needs to be studied, as with higher transmitter power level the Tx-to-Rx leakage will increase and negatively impact reference sensitivity at least in cases where the frequency separation between Tx and Rx is not sufficiently large.
Generally, both A-MPR and RSD studies are band specific work. Additional emission requirements are band specific, and therefore there is no straightforward general solution available. Similarly duplex distance, PA noise level as well as other component level performance metrics such as duplexer/filter rejection differ between operating bands. As a consequence, RAN4 is putting a lot of effort in band specific analysis e.g. in defining PC2 for FDD operating bands.

Observation 1: Both A-MPR and RSD are operating band specific.

Because of the band specific nature of the requirements, it is challenging to have a increase the power level without doing the analysis. Next some possible options which could be utilized are discussed. 

As first option, it could be possible to allow RedCap HPUE to have significant allowance for A-MPR and RSD. That is, A-MPR and RSD would be essentially left up to the UE implementation or increased so much that there would be no concerns on meeting the requirements. The downside of this option would be that guaranteed minimum performance could be very poor and worse than for lower power class depending purely on implementation.

Observation 2: Band specific work could be avoided by giving sufficient A-MPR and RSD allowance to the UE.

Another option would be to lower the ambition level and aim to allow HPUE RedCap only for operating bands where regular NR UE has higher power class enabled. This would mean that the same A-MPR and RSD would be applied both for regular UE and RedCap UE. However, this approach may not be applicable for RedCap UE with 1 Rx only. NR UE requirements may see limited degradation in reference sensitivity due to always having diversity Rx. In 1 Rx RedCap UE help from diversity Rx is not available and RSD impact may be larger.

Secondly, regular NR UE may have Tx side implemented with 1 or 2 Tx chains. UL MIMO is not applicable for RedCap which reduces the value of having more than 1 Tx chain. If regular NR UE A-MPR is derived using 2Tx, it seems technically questionable to automatically apply it to RedCap as only 1 Tx for RedCap is assumed. Therefore, Tx architecture for HPUE RedCap UE requires further discussion.
Observation 3: Re-using RSD from regular NR UE may not be possible as RedCap UE may not have diversity Rx and may suffer from worse RSD.
Observation 4: Re-using A-MPR from regular NR UE would require the regular NR UE A-MPR be based on single Tx or be at least as much as single Tx A-MPR

Given these observations, it seems challenging to go further in band agnostic approach than already agreed in WF from previous meeting. Still, there are possibilities to re-use analysis done for regular NR UE, but this is better to be done on case-by-case manner instead of being fully band agnostic.

Observation 5: Even if fully band agnostic approach is not possible, there are possibilities to leverage the analysis done for regular NR UE in case-by-case manner.
 

Conclusions

In this contribution RAN task of enabling HPUE for RedCap in band-agnostic manner was discussed. Following observations were made.

Observation 1: Both A-MPR and RSD are operating band specific.

Observation 2: Band specific work could be avoided by giving sufficient A-MPR and RSD allowance to the UE.

Observation 3: Re-using RSD from regular NR UE may not be possible as RedCap UE may not have diversity Rx and may suffer from worse RSD.
Observation 4: Re-using A-MPR from regular NR UE would require the regular NR UE A-MPR be based on single Tx or be at least as much as single Tx A-MPR

Observation 5: Even if fully band agnostic approach is not possible, there are possibilities to leverage the analysis done for regular NR UE in case-by-case manner.
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