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1. Introduction

In this contribution, we discuss the Pcmax definition for LTE – NR DC for range 1 and propose a TP for this sub-clause.
2. LTE DC Pcmax definition and assumptions
Based on the previous meeting contributions on this topic and approved WF in [1], we re-evaluated our previous proposal and accommodated the case where the NR scheduling cannot be taken in account due to an ongoing LTE UL transmission or NR UL grant timing that cannot be considered due to late DCI decoding.
3. NR -  LTE DC Pcmax sharing considerations 
For the specification text, to avoid confusion, we propose to use the term scheduling unit, since LTE uses TTI and sTTI, whilst NR uses slot.
Proposal 1: For the LTE-NR DC the “scheduling unit” terminology to be used to denote a TTI, sTTI or NR slot when applied generally to both LTE-NR DC system.

The main goal of power sharing for RAN4 specification is to deliver a reasonable and measurable Pcmax value that considers as much as possible all overlapping transmissions for range definition.

There are mainly two cases:

a. When NR UL scheduling grant(s) is(are) known before LTE UL scheduling grant:

i. In this case both UL conditions for the overlapping scheduling units are known and can be considered for Pcmax per UE range definition.

b. When NR UL scheduling grants are known after a LTE UL grant or during a LTE UL transmissions. 

i. In this case, as LTE cannot modify an ongoing transmission power, only LTE Pcmax range is considered for the Pcmax per UE range definition.

 Proposal 2: 
a. When NR UL scheduling grant(s) is(are) known before LTE UL scheduling grant:

i. In this case both UL conditions for the overlapping scheduling units are known and shall be considered for Pcmax per UE range definition.

b. When NR UL scheduling grants are known after a LTE UL grant or during a LTE UL transmissions. 

ii. In this case, as LTE cannot modify an ongoing transmission power, only LTE Pcmax range shall be considered Pcmax per UE range definition.

4.  LTE – NR DC reference (s)TTI/slot definition for range 1
Since the asynchronous scenario is the main deployment scenario in LTE – NR DC while the synchronous one is just a particular case as specified in the approved WF in [2], we propose to have a simplified approach where the reference scheduling unit is the first grant known (in time) by UE.
Proposal 3: If the UE is configured in Dual Connectivity with LTE and NR and the UL transmissions overlap in time, the scheduling unit of the first known UL grant in time, either LTE or NR, is considered as reference.

However, the measured configured maximum power Pumax shall be measured over the longest scheduling unit that overlaps in time.
Proposal 3: The measured configured maximum output power PUMAX over both CGs/RATs, is measured over the longest scheduled overlapping transmission unit.
5.  TP - Pcmax definition for LTE-NR DC for range 1
Proposal 4: The proposed Pcmax definition is presented for approval in Annex 1 (for specification text formatting compliance reason).
6. Conclusion 

In this contribution, we discussed and proposed a TP Pcmax definition for LTE-NR DC for range 1. 
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Annex 1:
TP for power sharing in FR1 (sub-6GHz range)

=======================================START==================================

6.x.y
Configured transmitted power for Dual Connectivity LTE-NR

For inter-band or intra-band with two RF chains dual connectivity with one uplink serving cell per CG on LTE and NR respectively, the UE is allowed to set its configured maximum output power PCMAX,c(i),i for serving cell c(i) of CG i, i = 1,2, and its total configured maximum output power PCMAX.

The configured maximum output power PCMAX,c(i),i (p) in a scheduling unit (LTE TTI, sTTI or NR slot) p of  serving cell c(i) on CG i shall be set within the following bounds:

PCMAX_L,c(i),i (p) ≤  PCMAX,c(i), i (p) ≤  PCMAX_H,c(i),i (p)

where PCMAX_L,c(i),i (p) and PCMAX_H,c(i),i (p) are the limits for a serving cell c(i) of CG i as specified in subclause 6.2.5 for LTE in 36.101 and 6.a.b in 38.101 for NR respectively.

If the UE is configured in Dual Connectivity with LTE and NR and the UL transmissions overlap in time, the scheduling unit of the first known UL grant in time, either LTE or NR, is considered as reference.

When an UL scheduling unit transmission p from one RAT overlap with another UL scheduling unit q from the other RAT, then for PCMAX (p,q)  evaluation, the following rules are applicable.
The total UE configured maximum output power PCMAX (p,q) in a scheduling unit (TTI, sTTI or slot) p of CG 1 and a scheduling unit (TTI, sTTI or slot) q of CG 2 that overlap in time shall be set within the following bounds for synchronous and asynchronous operation unless stated otherwise:

PCMAX_L(p,q) ≤  PCMAX (p,q)  ≤  PCMAX_H (p,q)

with
PCMAX_L (p,q) = MIN {10 log10 [pCMAX_L,c(1),1 (p) + pCMAX_L,c(2),2 (q)], PPowerClass}

PCMAX_H (p,q) = MIN {10 log10 [pCMAX_H,c(1),1 (p) + pCMAX_H,c(2),2 (q)], PPowerClass}

where pCMAX_L,c(i),i is pCMAX_H,c(i),i are the respective limits PCMAX_L,c(i),i (p) and PCMAX_H,c(i),i (p) expressed in linear scale. 

If the NR UL slot q, q+1,…,  q+n scheduling grants become known after LTE UL TTI or sTTI p scheduling grant (the reference) or they occur and supposed to be transmitted during an LTE ongoing UL transmission, then only LTE scheduling unit related Pcmax is taken in account for the overlapping scheduling units and NR related pCMAX_L,c(2),2 (q), pCMAX_H,c(2),2 (q), … pCMAX_L,c(2),2 (q+n), pCMAX_H,c(2),2 (q+n),  all in linear scale, are considered equal to zero in the above equations when determining PCMAX_L (p,q+s) and PCMAX_H (p,q+s) pairs limits, where s = 0, 1,… n.
For the above described case, the following low and high limits will be considered for measured PUMAX:

P’CMAX_L   = PCMAX_L,c(i),i (p)
P’CMAX_H  = PCMAX_H,c(i),i (p)
If the  UL slot scheduling grant units q, q + 1, …, q + n (TTI or sTTI or slot ) for one RAT that overlap in time with a scheduling unit p (TTI or sTTI or slot ) from the other RAT are known before or during the UL grant decoding time of the reference scheduling unit p, then all individual applicable overlapping pairs (p, q), (p,q+1), (p, q+n) will be considered for the definition of the P’CMAX_L    and P’CMAX_H  limits per UE as follows:

P’CMAX_L   = MIN {PCMAX_L   (p,q) , PCMAX_L  (p,q+1), … , PCMAX_L  (p,q+n) }

P’CMAX_H  = MAX {PCMAX_H   (p,q) , PCMAX_H  (p,q+1), … , PCMAX_H  (p,q+n), }

where PCMAX_L   and PCMAX_H are the applicable limits for each overlapping scheduling unit pairs (p,q) , (p, q+1) , up to applicable (p, q+n). 

The measured total maximum output power PUMAX over both CGs/RATs, measured over the longest scheduled overlapping transmission reference unit duration is

PUMAX = 10 log10 [pUMAX,c(1),1 + pUMAX,c(2),2],
where pUMAX,c(i),i  denotes the measured output power of serving cell c(i) of CG i expressed in linear scale. 

The measured total configured maximum output power PUMAX shall be within the following bounds:
P’CMAX_L   –  TLOW (P’CMAX_L)  ≤  PUMAX  ≤  P’CMAX_H + THIGH (P’CMAX_H)

with the tolerances TLOW(PCMAX) and THIGH(PCMAX) for applicable values of PCMAX specified in Table 6.2.5C-1.

Table 6.2.5C-1: PCMAX tolerance for inter-band Dual Connectivity LTE-NR

	PCMAX(dBm)
	Tolerance 
TLOW (PCMAX_L) (dB)
	Tolerance 
THIGH (PCMAX_H) (dB)

	PCMAX = 23
	3.0
	2.0

	22 ≤ PCMAX < 23
	5.0
	2.0

	21 ≤ PCMAX< 22
	5.0
	3.0

	20 ≤ PCMAX < 21
	6.0
	4.0

	16 ≤ PCMAX < 20
	5.0

	11 ≤ PCMAX < 16
	6.0

	-40 ≤ PCMAX < 11
	7.0


=======================================End==================================

