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1. Introduction
In RAN1#AH1901 meeting, an LS [1] has been agreed to inform RAN4 of RAN1’s agreement on capabilities for the UE to support full Tx power in UL transmission for power class 3 UEs. However, applicability of the new UE capabilities for power class 2 UEs was not concluded in RAN1 and RAN4 was asked to provide views on two questions. The contents are as following:
	1. Overall Description:

RAN1 made the following agreement on new UE capabilities for the UE to support full Tx power in UL transmission for power class 3 UEs. However, applicability of the new UE capabilities for power class 2 UEs was not concluded in RAN1.
Agreement

Full TX power UL transmission with multiple power amplifier is supported at least for codebook based UL transmission for non-coherent and partial/non-coherent capable UEs. The support of this feature is indicated by the UE as part of UE capability signalling. For power class 3:

· UE capability 1: for the UE to support full Tx power in UL transmission, full rated PAs on each Tx chain is supported with a new UE capability. 

· FFS: detailed power scaling description 

· Note: Full Tx power means UE delivers total power of 23dBm for PC3

· UE capability 2: for the UE to support full Tx power in UL transmission, no Tx chain is assumed to deliver full power with the new UE capability 

· FFS: detailed design
· UE capability 3: for the UE to support full Tx power in UL transmission, subset of Tx chains with full rated PAs is supported with a new UE capability.

FFS: Whether all three capabilities will be specified or a subset will be specified

FFS: UE capability signalling/reporting details

Note: Two or more of the above capabilities could be merged depending on the further details
It should be noted that how to reflect the assumed PA power per Tx chain in UE capability detail is to be further discussed, and so the UE capabilities above may not directly indicate maximum PA power on each of the UE’s Tx chains.

2. Actions:

To RAN4:

RAN1 respectfully asks RAN4 to take the agreements into account and to provide their views on

· applicability of the new UE capabilities for power class 2 UEs

· any differences in their applicability between 2 and 4 port UL MIMO capable UEs.


In current paper, a discussion is provided.on these two questions. It is proposed that the new UE capabilities were not applied for power class 2 UE and 4 port UL MIMO capable UEs were not considered by RAN4 yet.
2. Discussion
Capability and Reference Architecture for power class 2
In the LS, capability 1/2/3 corresponds to the following PA configuration: 23 + 23 / 23 + 20 /20 + 20 for PC3, respectively. RAN1’s intenetion of introducing such implementation specfic capabilities is to ensure UE can reach the maximum transmit power and ensure the UL coverage. The physical layer spec explaination can be referenced to [2] that :"Observation 2: For codebook based transmissions, only coherent UL MIMO capable UE can transmit on both tx ports for 1 layer transmissions”. The details have been explained in [2] that at TS 38.212 Table 7.3.1.1.2-4 and -5, non-coherent ULMIMO capable UE cannot enable both ports for codebook based transmissions, while for coherent ULMIMO, both ports can be enabled. The codebook definition itself can be referenced to Table 6.3.1.5-1 in 38.211. E.g. only code book like this is allowed for single-layer transmission for non-coherent UL-MIMO:
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Although current LS is Rel-16 discussion, these basic principles stays the same. The potential introduction of capability 1 and 2 is try to ensure that when UE only support non-coherent UL-MIMO, maxiumu UE power can still be reached using this codebook. 
Observation 1: RAN1’s intention is achieve UE maximum output power using one antenna port (single-layer) for non-coherent UL-MIMO UE. 
If we directly extend the capabilities from PC3 to PC2. It means that three configuration are used for 1/2/3: 26+26/26+23/23+23. Actually, this PA architecture have been discussed before in RAN4 for Power class 2 HPUE, since it has significant impact to UE implementation. For UL-MIMO, PC2 HPUE was defined for Band n41/n77/n78/n79, a WF has been agreed in [3], in which :
Only PA configurations of 23+23dBm for UL MIMO and 26dBm for 1Tx are supported by specification for NR TDD bands for PC2 UE in Rel-15 
Observation 2: In rel-15, only 23+23dBm was considered for PC2 UE UL MIMO in RAN4, which is similar to capability 3 described in LS.
The problem in RAN1 LS is already discussed in RAN4 for PC2 and an agreement have been reached.  In last RAN4 meeting, [4] also discussed similar problem and propose similar capability for PC2 UL-MIMO. However, a WF [5] is agreed in which the following contents were agreed, without capability:
· Maximum output power 
· Clarity in the spec that if PC2 UE is configured for transmission on single-antenna port, the requirements of the same power class in subclause 6.2.1 apply for the UE.
· How to configure for transmission on single-antenna port is up to UE implementation
The first sub-bullet is actually the same to RAN1’s intention that for single-antenna port transmission, the maximum output power should be reached for PC2 UE, that is to say 26dBm. This has not preclude non-coherent UE, and still under the previous agreement that only PA configuration s of 23+23 dBm. Achieve coherent UL-MIMO is not that difficult, and even for non-coherent case, there are implementation method to ensure 2-antenna transmission and using the UL full power. 
Observation 3: The problem in RAN1 LS is already discussed in RAN4 for PC2 and an agreement have been reached. In rel-15, RAN4 already agreed to use implementation to ensure PC2 (26dBm) single-antenna port UL transmit power based on 23+23dBm PA configuration, without capability. 
Admittedly, optional UE capabilities can always be raised and it is not difficult to find certain scenario in which some benefits could be found. However, 26+26 and 26+23 would mean increased UE cost and power consumption, and may be significantly, although the total power is limited to 26dBm.  As long as the current Rel-15 solution is valid, we do not think it is necessary to introduce capabilities for PC2 in Rel-16.
Observation 4: Introducing new capabilities for HPUE may significantly increase UE cost and power consumption. Rel-15 solution can already satisfy RAN1’s concern for PC2.
Proposal 1 : Do not apply the capabilites to PC2 UE and continue using Rel-15 mechanism.
Considerations for FR2

Although not mentioned in the LS, our understanding of the discussion is focused on FR1. For FR2, different power class was for differnt UE types and the difference between them is mainly min peak EIRP and spherical coverage. Those requirements have nothing to do with 23dBm which was mentioned in the LS. So FR2 should be another topic and not covered by current discussion. 
Observation 5 : Current capability discussion only appliable to FR1.
Proposal 2 : Clarify that current capability discussion only appliable to FR1.
4Tx UL-MIMO

In both LTE and NR, for UL-MIMO RAN4 only considered 2Tx case and never discussed 4Tx requirments. So the following Observation and propoasl was provided. 
Observation 6: RAN4 did not consider setup requirments for 4 port ULMIMO capable UE and also do not have a plan for that currently. 
Proposal 3 : Feed back RAN4 status for 4port UL MIMO that RAN4 never consider this yet
Based on the previous discussion ,a draft LS was provided.
3. Conclusion

In this paper, the following observations were provided :
Observation 1: RAN1’s intention is achieve UE maximum output power using one antenna port (single-layer) for non-coherent UL-MIMO UE. 

Observation 2: In rel-15, only 23+23dBm was considered for PC2 UE UL MIMO in RAN4, which is similar to capability 3 described in LS.

Observation 3: The problem in RAN1 LS is already discussed in RAN4 for PC2 and an agreement have been reached. In rel-15, RAN4 already agreed to use implementation to ensure PC2 (26dBm) single-antenna port UL transmit power based on 23+23dBm PA configuration, without capability. 
Observation 4: Introducing new capabilities for HPUE may significantly increase UE cost and power consumption. Rel-15 solution can already satisfy RAN1’s concern for PC2.
Observation 5 : Current capability discussion only appliable to FR1.
Observation 6: RAN4 did not consider setup requirments for 4 port ULMIMO capable UE and also do not have a plan for that currently. 
Based on these observations, the following proposals were provided.
Proposal 1 : Do not apply the capabilites to PC2 UE and continue using Rel-15 mechanism.
Proposal 2 : Clarify that current capability discussion only appliable to FR1.
Proposal 3 : Feed back RAN4 status for 4port UL MIMO that RAN4 never consider this yet
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