[bookmark: _Hlk514061252]3GPP TSG-RAN4 Meeting #106	R4-2300826
Athens, Greece, 27th Feb – 3rd March 2023

Title:	Intra UL CA Equation Issue

Source:	Qualcomm Incorporated

Agenda item:	4.1
Release:	Rel-16
WI: 	NR_RF_FR1-Core
Lead WG: 	RAN4

Document for:	Approval

1.	Introduction
In RAN4#104-e the UL CA MPR equations were corrected [1] by removing a double definition of NRB_alloc. In this paper we discuss how the double definition came to the specification and what is the impact of the correction and invite discussion about an alternative correction.    
2. 	Discussion
2.1	History of the Equations
The work item NR_RF_FR1-Core [2] created the feature for contiguous and non-contiguous intra-band UL CA for HPUE. The first cat B CR [3] was agreed and it used the Equation 2. See Equation numbering for ease of reading in Figure 1. 

Figure 1. The two equations (1) and (2)
In the very next meeting, a CR was agreed to change the Equation 2 to Equation 1 [4]. 
Observation 1: The technical discussion resulted in agreeing the use of Equation 1 for defining requirements
Unfortunately there was a CR in the same meeting that was meant to be nearly editorial intended to fix clause numberings, the reason in the CR is given as: 
“In RAN4#95e a CR R4-2008468 CR for intra-band UL contiguous CA RF requirements was agreed. It introduced intra-band UL contiguous CA feature for FR1. CR used clauses 6.xA.x.1 as was the intention when 38.101-1 specification structure was discussed in REL15. When CR was implemented new clause numbers were used 6.xA.x.4 instead ( some time also 6.xA.x.5 and 6.xA.x.6 was used in addition to 6.xA.x.4). Now 6.xA.x.1 remain Void.”
The way this CR was executed, is that it copy-pastes the whole contents of the clauses to new clauses and deleting the old ones. Intention was to change the clause numbering, not the content. However, since in same meeting, the content of one the clauses was changed by CR [4], the resulting summary in the specification was a superset of all changes, adding the new Equation 1 and also re-introduction of the old Equation 2 which came with the copy paste from the structure CR [5]. Figure 2 shows the resulting   
Observation 2: The double definition of NRB_alloc was an unfortunate editorial mishap 
Some if the contents of the structure CR were not implemented, there is discussion on the reflector under title “RAN4 CR implementation after RAN#89-e, 38.101-1, 38.101-2 and 38.133” October 7th 2020. 
For the purposes of this paper, we will not go deeper in to the spec editing of such era. 
2.2	Impact of Eq1 vs Eq2
The [1] correctly chose to keep the Eq2 since inner allocation definition is smaller than Eq1 and therefore MPR is always larger with Eq2 than it is with Eq1. This way NBC change was avoided in case someone implemented according to Eq1.  In Figure 2 and Figure 4 we present the comparison between inner waveforms between Eq1 and Eq2. 
  
Figure 2 inner waveform visualization for 50+50 MHz BW CA

Figure 3 inner waveform visualization for 90+10 MHz BW CA
Observation 3: With Equation 2 the inner waveform coverage is much smaller especially with non-equal BW deployments. 
What is not shown in the figures is that with the Equation 1, the inner waveform definition is same as singe CC inner waveform. Using the same definition would therefore simplify network scheduler and UE implementation and our preference would be to revert to using the Equation 1, the benefits with the smaller MPR are obvious. However, we recognise that the changing the specification to Equation 1 would be non-backwards compatible change hence our proposal for this meeting seeking further input is:
Proposal: Companies are encouraged to check if their implementations would be compatible with the inner MPR definition with the Equation 1.
 For reference, the change would be as follows, in section 6.2A.2.1 for contiguous allocations:
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A contiguous allocation that is not an Inner contiguous allocation is an Outer contiguous allocation
.
)
We also provide a CR to introduce this change [6].
Conclusion
We made the following observations
Observation 1: The technical discussion resulted in agreeing the use of Equation 1 for defining requirements
Observation 2: The double definition of NRB_alloc was an unfortunate editorial mishap 
Observation 3: With Equation 2 the inner waveform coverage is much smaller especially with non-equal BW deployments. 
And one proposal
Proposal: Companies are encouraged to check if their implementations would be compatible with the inner MPR definition with the Equation 1.
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A contiguous allocation that is not an Inner contiguous allocation is an Outer contiguous allocation.

For intra-band contiguous carrier aggregation the allowed Maximum Power Reduction (MPR) for the maximum output
power in Table Table 6.2A.1.1-1 with non-contiguous RB allocation is specified in Table 6.2A.2.1-2 for UE power
class 3 CA bandwidth classes B and C. The MPR with non-contiguous RB allocation is specified in Table 6.2A.2.1-2a
for power class 2 CA bandwidth classes B and C when the signalling is absent for dualPA-Architecture 1E.




