TSG-RAN Working Group 4 (Radio) meeting #110bis
R4-2405059
Changsha, China, 15th – 19th April, 2024
Source:
CHTTL
Title:
Initial discussion on Rel-19 High power UE (HPUE) support for EN-DC 
Agenda item:
9.1.2
Document for:
Discussion
1. Introduction
During last RAN meeting, a new Rel.19 RAN4-led work item, UE RF enhancements for NR FR1/FR2 and EN-DC, Phase 4, was approved [1]. This work item includes three main topics, including High power UE (HPUE) for CA in terrestrial network (TN) (including 3Tx), Power boosting and/or MPR reduction and 6 Rx for handheld and FWA UE.

Here we listed the objective for High power UE (HPUE) for CA in terrestrial network (TN) in [1] below:
	· Specify the generic requirements of high power UE (HPUE) for NR uplink (UL) CA in FR1 and EN-DC with NR FR1 bands

· Power class 1.5 (PC1.5) UE for NR TDD intra-band UL contiguous and non-contiguous CA with 2Tx

· Specify the requirements for intra-band UL contiguous CA with or without UL-MIMO

· Example band combinations: 

· CA_n41C, CA_n78C, CA_n77C, CA_n79C for intra-band uplink contiguous CA configurations

· Focus on the maximum output power (MOP), MPR/A-MPR requirements, SAR solution

· Specify the requirements for intra-band UL non-contiguous CA without UL-MIMO

· Example band combinations: 

· CA_n78(2A), CA_n77(2A) for intra-band uplink non-contiguous CA configurations

· Focus on the maximum output power (MOP), MPR/A-MPR requirements, SAR solution

· NOTE: leave the other band combination specific requirements to the corresponding Rel-19 basket WIs

· PC1.5 UE for two band NR inter-band uplink CA with 2Tx and/or 3Tx for handheld and FWA, and PC1.5 and PC2 for two band EN-DC with 2Tx and/or 3Tx for handheld and FWA

· Focus on the SAR solution

· Enable power class 2 (PC2) and PC1.5 of two band inter-band uplink CA and EN-DC with 3Tx for handheld UE

· Identify and update the requirements if necessary

· Only PC3 is considered for LTE FDD in EN-DC 

· NOTE: leave the band combination specific requirements, e.g., MSD to the corresponding Rel-19 basket WIs

· Investigate and if feasible, support increasing UE transmission power limit up to the sum of maximum output power per band for NR inter-band uplink CA and EN-DC HPUE with the different existing power classes which have already been specified

· Introduce the signaling to support the above objectives, if needed.

Consider release independency, if needed


As this is the first meeting to discussion the Rel.19 HPUE items, we focus some initial topics to be discussed in this contribution. And we focus on HPUE EN-DC according to our interests [2].

2. Discussion

2.1 FR1 inter-band EN-DC 3Tx for handheld UE
First of all, since the Rel.19 WID includes both the handheld and FWA UE for the 3Tx EN-DC and NR-CA, before discuss the new HPUE EN-DC scenarios in Rel.19, we think RAN4 needs to first discuss whether the Rel.18 3Tx requirements for FWA can be applicable to handheld UE in Rel.19.

In Rel.18, the MSD requirements for 2Tx inter-band PC2 EN-DC are directly reused for 3Tx inter-band EN-DC operation [3][4][5], and it seems that when companies did the analysis, some parameters are similar as what we use for the handheld UE. Therefore, we think we can simply re-use the same requirements for handheld UE in Rel.19.
Proposal 1: The 3Tx EN-DC configurations and the corresponding requirements defined in Rel.18 are applicable for handheld UE in Rel.19.

2.2 Suggested HPUE scenarios for FR1 inter-band EN-DC in Rel.19
Based on the objectives in the WID [1], the considered HPUE scenarios for FR1 inter-band EN-DC include PC1.5 and PC2 for two band EN-DC with 2Tx and/or 3Tx for handheld and FWA, while only PC3 is considered for LTE FDD bands. As different approaches are applied for different power class and even same power class with different combinations of bands (ex: FDD/TDD) in the current specifications. We provide further information on what HPUE scenarios for FR1 inter-band EN-DC we are seeking for in Rel.19.

First we look into what is already specified. Up to Rel.18, PC2 and PC3 are specified for the uplink inter-band EN-DC power class, while the PC3 is the default power class and PC2 is regarded as the high power UE. And the supported combinations between FDD and TDD for PC2 inter-band EN-DC are listed below.

- PC2 with total 2Tx: LTE FDD + NR TDD with PC3+PC3 & PC3+PC2 configurations

- PC2 with total 2Tx: LTE TDD + NR TDD with 1Tx PC3 + 2Tx PC3 or PC2 configurations

- PC2 with total 2Tx: LTE FDD + NR TDD with PC3+PC3 & PC3+PC2 configurations

- PC2 with total 2Tx: LTE TDD + NR TDD with 1Tx PC3 + 2Tx PC3 or PC2 configurations
So in Rel.19, except to extend the above scenarios to PC1.5 3Tx, it is also preferred to consider new scenarios including LTE FDD + NR FDD combinations since PC2 is already supported for the single band NR FDD bands for handheld UEs. However, since PC1.5 is not yet supported in NR FDD bands, we think it is reasonable to consider PC2 only for NR FDD related scenarios at his stage.
Here we provide our interests and proposals for the HPUE scenarios of EN-DC for handheld and FWA to be considered in this WID.
Proposal 2: At least the following scenarios of EN-DC for handheld and FWA are considered in Rel.19.

- PC2 with total 2Tx: LTE FDD + NR FDD with PC3+PC3 & PC3+PC2 configurations

- PC2 with total 3Tx: LTE FDD + NR FDD with 1Tx PC3 + 2Tx PC3 or PC2 configurations
- PC1.5 with total 3Tx: LTE FDD + NR TDD with 1Tx PC3 + 2Tx PC1.5 configuration

2.3 Initial consideration on SAR solution
Based on the objectives in the WID, the work is focused on the SAR solution. Here we first look into what solution we have for the inter-band EN-DC HPUE in the past.
Since the PC2 one LTE FDD band plus one NR TDD band are supported with P-MPR based solution by default, and with an additional optional support of duty cycle based solution, and both 23+23 (dBm) and 23+26 (dBm) of power class combinations are supported.
Table 1: UE capability of maximum uplink duty cycle for PC2 EN-DC
	Definitions for parameters
	Per
	M
	FDD-TDD

DIFF
	FR1-FR2

DIFF

	
maxUplinkDutyCycle-interBandENDC-FDD-TDD-PC2-r16

Indicates the maximum percentage of symbols during a certain evaluation period that can be scheduled for NR uplink transmission and EUTRA FDD uplink transmission so as to ensure compliance with applicable electromagnetic energy absorption requirements provided by regulatory bodies. This field is only applicable for inter-band FDD+TDD EN-DC power class 2 UE as specified in TS 38.101-3 [4]. This capability signalling comprises of maxUplinkDutyCycle-FDD-TDD-EN-DC1 and maxUplinkDutyCycle-FDD-TDD-EN-DC2 which indicate the maxUplinkDutyCycle capability of NR band corresponding to different LTE reference configurations as described in TS 38.101-3 [4], clause 6.2B.1.3. Value n30 corresponds to 30%, value n40 corresponds to 40% and so on.
	BC
	No
	N/A
	FR1 only


So for the PC1.5 LTE FDD band plus one NR TDD band in Rel.19, probably much reasonable way is to apply the same solution as PC2 that the P-MPR based solution is applied by default, and as the duty cycle signalling is applicable for PC2, we think it might worth to discuss whether and how to map this signalling to the PC1.5, similar as what is specified for PC1.5 single band and NR-CA that basically half of the duty cycle value for PC2 is applied.
Proposal 3: Regarding the SAR mitigation solution for PC1.5 LTE FDD + NR TDD EN-DC, the UE-implementation based methods (i.e. P-MPR) is applied by default, and re-using the PC2 duty cycle signalling with some scaling for PC1.5 can be further considered as an additional method.
Then for the PC2 LTE FDD band plus one NR FDD band in Rel.19, if we check the work for NR FDD PC2 [6] single band, it can be found that only the UE implemented based method reached conclusion for the SAR solution, so for PC2 LTE FDD band plus one NR FDD band, the P-MPR based solution should also be the default solution, as the BS might not receive the duty cycle information from the NR FDD PC2 single band. However, if we check the specifications, it seems that the specification does not prohibit UE to signal the max PC2 duty cycle for NR FDD bands. Here we pasted the related signalling for HPUE single band in the below table.
Table 2: UE capability of maximum uplink duty cycle for PC2 NR single band
	Definitions for parameters
	Per
	M
	FDD-TDD

DIFF
	FR1-FR2

DIFF

	maxUplinkDutyCycle-PC2-FR1

Indicates the maximum percentage of symbols during a certain evaluation period that can be scheduled for uplink transmission to ensure compliance with applicable electromagnetic energy absorption requirements provided by regulatory bodies. This field is applicable for FR1 power class 2 UE and also applicable for FR1 power class 1.5 UE as specified in clause 6.2.1 of TS 38.101-1 [2]. If the field and maxUplinkDutyCycle-PC1dot5-MPE-FR1-r16 are both absent, 50% shall be applied as the upper limit of the UL duty cycle for power class 2. Value n60 corresponds to 60%, value n70 corresponds to 70% and so on. This capability is not applicable to IAB-MT.
	Band
	No
	N/A
	FR1 only

	maxUplinkDutyCycle-PC1dot5-MPE-FR1-r16

Indicates the maximum percentage of symbols during a certain evaluation period that can be scheduled for uplink transmission to ensure compliance with applicable electromagnetic energy absorption requirements provided by regulatory bodies. This field is only applicable for FR1 power class 1.5 UE as specified in clause 6.2.1 of TS 38.101-1 [2]. If the field and maxUplinkDutyCycle-PC2-FR1 are both absent, 25% shall be applied as the upper limit of the UL duty cycle for power class 1.5.
	Band
	No
	N/A
	FR1 only


It can be observed that there is no FDD/TDD differentiation for the maxUplinkDutyCycle-PC2-FR1 and maxUplinkDutyCycle-PC1dot5-MPE-FR1-r16 signallings, which means that they can also be included for the NR FDD bands in the UE capability siganalling. Therefore, we think it might be worth to further investigate the duty cycle method for the PC2 LTE FDD plus NR FDD at this stage.
Proposal 4: Regarding the SAR mitigation solution for PC2 LTE FDD + NR FDD EN-DC, the UE-implementation based methods (i.e. P-MPR) is applied by default, and whether to introduce duty cycle method can be further investigated.

3. Conclusion

Four proposals are made in this contribution. 
Proposal 1: The 3Tx EN-DC configurations and the corresponding requirements defined in Rel.18 are applicable for handheld UE in Rel.19.

Proposal 2: At least the following scenarios of EN-DC for handheld and FWA are considered in Rel.19.

- PC2 with total 2Tx: LTE FDD + NR FDD with PC3+PC3 & PC3+PC2 configurations

- PC2 with total 3Tx: LTE FDD + NR FDD with 1Tx PC3 + 2Tx PC3 or PC2 configurations

- PC1.5 with total 3Tx: LTE FDD + NR TDD with 1Tx PC3 + 2Tx PC1.5 configuration

Proposal 3: Regarding the SAR mitigation solution for PC1.5 LTE FDD + NR TDD EN-DC, the UE-implementation based methods (i.e. P-MPR) is applied by default, and re-using the PC2 duty cycle signalling with some scaling for PC1.5 can be further considered as an additional method.
Proposal 4: Regarding the SAR mitigation solution for PC2 LTE FDD + NR FDD EN-DC, the UE-implementation based methods (i.e. P-MPR) is applied by default, and whether to introduce duty cycle method can be further investigated.
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