3GPP TSG-RAN4 Meeting #94-e






R4-2000109
Online, , 24th Feb 2020 - 6th Mar 2020
Title:
Background for PCMAX correction for CA
Source:
Qualcomm Incorporated
Agenda item:
6.5.7.1
Release:
Rel-15
Work Item:
NR_newRAT
Responsible WG:
RAN1
Document for:
Approval
1.
Introduction
PCMAX description for FR2 CA in RAN4 specification TS 38.101-2 is not aligned with the RAN1 power control procedure. This paper explains what assumptions must be made in UE implementation of the power control process and how RAN1 specifications define those and why RAN4 specification is wrong. The key issue is whether PCMAX can be adjusted based on prioritization rules or not.    
2. 
Discussion
2.1
Power control processing time

Before looking in the to the power control process and order of calculations, we shall state that latency targeted for NR system and greatly dependent on the UE’s ability to change power and respond to UL grants from the network. The time allowed for UE to respond to UL grant is 
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Where d2,1 is 0 or 1 depending if first symbol is DMRS or not. [image: image3.png]
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 is  64, TC = 0.5 nsec, μ=0…4 and N2 according to Table 6.4-1 in TS 38.214. Resulting times are 

Table 1. PUSCH preparation times for UE

	μ
	PUSCH preparation time N2
	Time

(msec)

	0
	10
	0.714

	1
	12
	0.428

	2
	23
	0.410

	3
	36
	0.321


This time allowance includes the decoding of the PDCCH grant, preparing the next slot of data for transmission i.e. converting the data to resource elements, the going through power control process we described in Section 2.2, setting the TX to correct state. In addition to the mentioned actions, the PHR must be calculated and the information needs to be embedded to the PUSCH data as well as other information that may have been configured to be sent over PUSCH grant. This cannot be done in advance since only after receiving the UL grant, the actual allocation and number of symbols are known, and power control process can be initiated based on that information. 

Observation 1: PUSCH preparation time is short 
Observation 2: Power control process can not be iterative 

2.2 Power control According to TS 38.213 Section 7

The hanging paragraph under section heading “7.1 Physical uplink shared channel” describes scaling rules i.e. in which configuration UE is expected to scale the power for different number of UL ports. This part can be omitted for this purpose. 

Starting from Section 7.1.1 UE behaviour, the first formula UE needs to calculate is the following
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Result of this formula is what we can call here “desired power” for PUSCH in UL BWP b, for carrier f in serving cell c. The parameters are explain in the 38.213 but in short they are 

PO_PUSCH is given from network or if not UE can calculate it from other given parameters. In essence, it is the target received power at the BS reciever
α is a path loss compensation parameter ie does to UE try to compensate the path loss partially, fully or exceed it

M is RB allocation dependent scaling factor

PL is the calculated path loss

∆TF is MCS dependent parameter i.e. higher MCS may need higher power at the BS

f contains TPC i.e. closed loop power control command

PCMAX is the one we are very familiar with in RAN4

Those above-mentioned parameters need to be available for calculation of PPUSCH. If other CC’s or BWP’s are allocated, same is repeated for each BWP, carrier and cell. In next sections of TS 38.213, the calculations with similar formulas for “desired powers” for PUCCH, SRS’s and PRACH are specified. PCMAX is involved in all those sections.
Observation 3: Section 7.1 through 7.4 conclude what are the desired powers for the channels in a transmission occasion

After desired power for all channels and cells is available, in Section 7.5 UE is instructed to check value of total transmit power for every transmission occasion i and whether if it exceeds PCMAX(i) as defined in 38.101-2. If the total transmit power exceeds PCMAX(i), then UE is instructed to prioritise transmission in an order PRACH, PUCCH with HARQ or PUSCH with HARQ, PUCCH or PUSCH with CSI, PUSCH, SRS or PRACH other cell than PCell.  In some cases, this may mean scaling down to zero i.e. some channel may become zero-power. 

Observation 4: Actual power to be transmitted is known only after scaling according to section 7.5 in TS 38.213 is performed  
In Figure 1, we present a flow diagram for the process described above. 
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Figure 1. Process flow diagram of the power control process in the UE. The red dashed line is the problem we are addressing here

It should be mentioned here again that the PHR is calculated based on actual transmission. This means the PUSCH grant can be built only after the scaled powers are available.
PCMAX is clearly a parameter that is calculated in the beginning. If PCMAX was to be recalculated (red dashed line) the whole process needs to become iterative and need to be run multiple times. This not possible due to tight timing constrains. 

Observation 5: PCMAX can be calculated for each transmission occasion once based on only on grant

2.3
RAN4 TS 38.101-2 misalignment with RAN1
In section 2.2 we presented the power control flow and in section 2.1 we determined the time for the whole grant preparation including power control calculation is short. RAN4 TS 38.101-2 section 6.2A.4 states that:


[image: image8]
The highlighted text indicates that the PCMAX is calculated based on non-zero granted transmission power but according to RAN1 description, PCMAX must be available before scaling so PCMAX must be calculated based on grant alone. Only way for UE to set the PCMAX according to the highlighted sentence is to go back to beginning (follow the red dashed line) and recalculate the desired powers with the knowledge of how much power is exceeded and apply different PCMAX for different channels based on prioritizations. In the given time as discussed in section 2.1, this is impossible. 

Observation 6: RAN4 specification is misaligned with the assumptions made in RAN1 specification
Proposal: RAN4 specification must be corrected to align with the RAN1 specification
Conclusion
We discussed the power control procedure outline by RAN1 specification and what is PCMAX’s role in it. We showed that PCMAX for UE need to be available in the beginning of the power control process and it is used in calculation of the needed power for each channel, RACH, PUSCH, PUCCH and SRS. We showed that due to strict timing requirements, PCMAX can not be modified after scaling based on prioritization rules are executed. Following observations support this conclusion:

Observation 1: PUSCH preparation time is short 
Observation 2: Power control process can not be iterative 

Observation 3: Section 7.1 through 7.4 conclude what are the desired powers for the channels in a transmission 
Observation 4: Actual power to be transmitted is known only after scaling according to section 7.5 in TS 38.213 is performed  

Observation 5: PCMAX can be calculated for each transmission occasion once based on only on grant
With the knowledge above, we concluded that change in RAN4 specification is mandatory. 
Observation 6: RAN4 specification is misaligned with the assumptions made in RAN1 specification

Proposal: RAN4 specification must be corrected to align with the RAN1 specification
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A UE configured with carrier aggregation can configure its maximum output power for each uplink carrier f of activated serving cell c and its total configured output power PCMAX. The definition of the configured UE maximum output power PCMAX,f,c for each carrier f of a serving cell c is used for power headroom reporting for carrier f of serving cell c only and is in accordance with that specified in clause 6.2.4 with parameters MPR, A-MPR and P-MPR replaced with those specified below. The total configured power PCMAX in a transmission occasion is the sum of the configured power for carrier f of serving cell c with non-zero granted transmission power in the respective reference point.
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