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1
Background
In this contribution we briefly present our proposals for Rel-19 scope in the UE RF area.
2
Discussion
2.1  
UE power control/maximum power for UL CA and DC (FR1/FR2)

We have three different proposals on improved “UE power control/maximum power for UL CA and DC” topic.  
2.1.1 Solving Scell dropping using power limits on serving cells for FR1 and FR2
The issue on Scell dropping (power prioritization problem) in FR2 was discussed for the first time under Rel-15/Rel-16 UE RF maintenance, RAN5 observed that secondary cells were dropped in intra-band UL CA FR2 conformance tests. A detailed solution based on network control was proposed (see e.g. [1], which covers both FR1 and FR2) but was only agreed and implemented as a “test mode” for conformance tests. The problem is that the solution is not available to the gNB in the field where the same problem could also occur due to unpredictable UE behaviour. The problem has been observed for FR2; our concern is that the same problem will also exist in FR1 since the prioritization rules are the same. We recognize that this issue has been discussed also in Rel-16 and Rel-17 but since the problem still hasn’t been solved, it is important to address it in Rel-19.
Our proposed solution consists of modifying the configured maximum power for the serving cells by UE-specific configured power limits which are relative, to account for the actual power back-off used and the implementation-specific plane of reference for PCMAX,f,c for FR2 (a RAN4 only change). The limits are only appliable for concurrent uplink transmissions and can be modified by the network by MAC signaling (much faster than RRC reconfigurations).
2.1.2 Power control for FR1 – FR2 band combinations (DC) for improved control of available FR2 power
Currently there is no specified mechanism which considers simultaneously compliance to both SAR in FR1 and MPE/PFD-limits in FR2 for FR1-FR2 Dual Connectivity (both EN-DC and NR-DC) configurations. In Rel-16 and Rel-17 solutions with network-configured power limit per Cell Group (CG) have been discussed but not agreed in RAN4, leaving the problem to be addressed with UE proprietary solutions. 

If the power control balance is not appropriately implemented, there is a risk that the less prioritized carrier, which is potentially FR2 carrier, could be dropped due to e.g. UE heat management.

Our proposed solution consists of the power sharing (power control balance) between FR1 and FR2 cell groups with due account of Total Exposure Ratio (SAR in FR1 and MPE/PFD-limits in FR2) and UE heat management and configurable limits by the network. Note that for Total Exposure Ratio, the weighted sum of ‘actual SAR’/’SAR limit’ and ‘actual MPE’/’MPE limit’ should be less or equal to 1.
2.1.3 Improved SRS reporting for Antenna Switching
Insertion Loss (IL) imbalance reporting for SRS Antenna Switching (AS) has been currently discussed under “8Rx UE RF requirements” topic in ongoing Rel-18 WI “Further RF requirements enhancement for NR and EN-DC in frequency range 1 (FR1)” [2]. The motivation for this feature is that an information on insertion loss imbalance between diversity branches (which can be important) can be used at the gNB for an improved reciprocity-based DL channel estimation. An LS has been sent to RAN1 [3] with three proposed solutions but RAN1 has decided to stop discussing this topic in Rel-18. 
RAN4 will discuss the optimal solution in this meeting (RAN4#109), but since it is a last meeting of Rel-18 there is a chance that a common agreement cannot be found in such a short time. In that case, in our view it would be beneficial to have a Work Item on this topic in Rel-19 which could be driven in both RAN4 and RAN1. This feature also has a potential to be defined for 2Rx and 4Rx if concluded to be beneficial.

2.2  
Enhanced UL coverage

On topic “Enhanced UL coverage” we have three different proposals.  

2.2.1 Enhancements to realize increasing UE power high limit for CA and DC
This topic has been discussed for enhancements of the UE-gNB information exchange in the ongoing Rel-18 WI “Further NR coverage enhancements” [4]. In Rel-18, RAN1 has inquired RAN4 [5] on the need to enhance information exchange between the UE and the gNB related to enhancements to realize the increase of UE power high limit for CA and DC. After long discussions in RAN4 and difficulties to have a common understanding, four LS responses have been sent ([6], [7], [8] and [9]). There, RAN4 has only provided a recommendation and guidance to RAN1 to:
· Enable UE report on the ΔPPowerClass to indicate which power class requirements that the UE is referring to where only ΔPPowerClass (power reduced) resulting from duty cycle exceedance or ΔPPowerClass (power return) resulting from duty cycle reduction.

· The occasion of the report should be limited to either when the scheduled duty cycle exceeds the UE maximum duty cycle capability or reduces to equal to or below the UE maximum duty cycle capability after exceedance.

In our view, a new Rel-19 Work Item would be very beneficial where it would be further discussed how to improve network scheduling and performance when using higher power CA/DC. In particular, it would be advantageous if both ΔPPowerClass and P-MPR could be reported, or at least one of those depending on which mechanism is used by the UE for SAR compliance (per cell/BC). Such reporting could be part of an aperiodic enhanced PHR for both UL CA and NR-DC cases. In FR2, P-MPR could be reported based on transmission type.

2.2.2 Enhancement of DMRS bundling for CA
DMRS bundling support for CA has been discussed under “Phase continuity core requirement maintenance” topic in Rel-17 WI on “NR coverage enhancements” [10]. The CA support of DMRS bundling has been added after the core work item finished, where the feature was added with UE reporting the band combination but under certain limitations in UE capability. For example, for FR1 inter-band UL CA with DMRS bundling, it has been agreed that concurrent transmissions scheduled/configured over multiple carriers are not expected by UE. 
In our view, adding support of concurrent two DMRS bundling carrier transmission for FR1 inter-band UL CA case would be beneficial, under the assumption of the dual PA architecture where UEs should report same length of the maximum duration for inter-band UL CA bands for DMRS bundling carrier. Any other enhancement for CA to increase the UL coverage could be part of a potential Work Item.

2.2.3 New Power Classes for handheld UEs in FR2
To enhance the UL coverage, in our view it would be beneficial to introduce new power classes for FR2 handheld UEs as some current FR2 UEs are capable of transmitting with the power higher than PC3. In particular, the min peak EIRP requirement could be increased by 2-3 dB (compared with PC3), ensuring a minimal antenna directivity at least for bands <30GHz, while the TRP requirement could remain unchanged (which is a regulatory requirement in some countries). Since the proposal affects only the min peak EIRP requirement, the impact on MPE compliance (regulatory requirement) is not expected to be high for such “high-power” handheld UEs.
3
Conclusion

In this contribution, we have briefly presented our proposals for Rel-19 scope in the UE RF area.
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