3GPP TSG RAN WG4 #85 meeting                   
R4-1713213
Reno, Nevada, U.S.A., 27 Nov. – 01 Dec., 2017
Agenda Item:
9.4.3.4.2
Source:
LG Electronics

Title:
UE configured Tx power for NSA DC UE at sub-6GHz
Document for:
Approval
1. Introduction
In the last RAN4 #84BIS meeting, UE configured Tx power was discussed and agreed as below,
Background:

· LS from RAN1 for Power sharing mechanism
· For NR, UE scales down/drops NR transmission and NR power scaling details are left to UE implementation (note: it is not intended to have RAN4 test from RAN1 perspective)
· If there are two or more UL carriers, the power scaling or tx dropping can be performed for each of the UL carriers separately or jointly up to UE implementation
· For LTE, no change in power control procedure
Agreement: 

· Option1 : Follow Prose UE operation (R4-1710997)
Legacy LTE Transmission is always prioritized compare to NR Transmission ( LTE sub-frame is always defined as reference sub-frame to define Pcmax
· Option2: Follow LTE DC operation while considering K1, K2 values for NR part. (R4-1710165)
K1, K2 are currently defined in RAN1 (K1 is for HARQ feedback- PUCCH, K2 is for DCI to PUSCH timing relation)
The NR K1,K2 flexibility is taken in account when possible for Pcmax_L, and Pcmax_H range definition for LTE-NR DC in sub-6GHz range
· Option 3 : Optimize NR DC UE Pcmax definition between options 1 and 2
* Other solutions are not precluded.
Hence, in this paper, we provide the UE configured Tx power for DC UE at sub-6GHz based on above RAN1 and RAN4 agreements.
2. Detail description for LTE UE Configured Tx power
For LTE DC operation, RAN4 define the DC UE configured Tx power considering both synchronous transmission and asynchronous transmission according to the which CC is leading case. 

In case, the PCMAX_L   and PCMAX_H  are decided by the reference sub-frame which is always decided as a leading sub-frame between MCG and SCG as below in specified in sub-clause 6.2.5C in TS36.101. 
If the UE is configured in Dual Connectivity and asynchronous transmissions, the subframes of the leading CG are taken as reference subframes for the measurement of the total configured output power PUMAX.  If subframe p of CG 1 and subframe q of CG 2 overlap in time in their respective slot 0 and 

1.
if p leads in time over q, then p is the reference subframe and the (p,q) and (p,q-1) pairs are considered for determining the PCMAX tolerance

2.
if q leads in time over p, then q is the reference subframe and the (p-1,q) and (p,q) pairs are considered for determining the PCMAX tolerance;

for the reference subframe p duration (when subframe p in CG 1 leads):

P’CMAX_L   = MIN {PCMAX_L   (p,q) , PCMAX_L  (p,q-1)}

P’CMAX_H  = MAX {PCMAX_H   (p,q) , PCMAX_H  (p,q-1)}

while for the reference subframe q duration (when subframe q in CG 2 leads):

P’CMAX_L   = MIN {PCMAX_L   (p-1,q) , PCMAX_L  (p,q)}

P’CMAX_H  = MAX {PCMAX_H   (p-1,q) , PCMAX_H  (p,q)}

The DC operation in LTE system can be changed the each MCG and SCG transmitted output power if the PCMAX_H is over the UE power class, then the DC UE should scale down the MCG and/or SCG to meet the maximum output power of UE power class. 
Observation 1: For DC operation in LTE system, if the PCMAX_H is over the UE power class, then the DC UE should scale down the MCG and/or SCG to meet the maximum output power of UE power class.

However, RAN1 agreed that only NR band will be scale down/drop on the NR transmission and not allow the change of the transmission power of LTE signal.
So the configured Tx power should be decided based on LTE signal as reference sub-frame to keep the transmission power of LTE signal. This approach is similar for Prose service which should be protect WAN signal as shown in Figure 1. Therefore the reference sub-frame is always defined as LTE legacy transmission regardless of which CC is leading sub-frame as below in specified in sub-clause 6.2.5D in TS36.101.

[image: image1.emf]Subframe n Subframe n+1 Subframe n+2

WAN UE Tx 

in CC1

TA1 =2xT1

Subframe m+1 Subframe m+2

Subframe m

D2D UE Tx 

in CC2

Case 1: D2D leading case

...

...



[image: image2.emf]Subframe n Subframe n+1 Subframe n+2

WAN UE Tx 

in CC1

TA1 =2xT1

Subframe m+1 Subframe m+2 Subframe m

D2D UE Tx 

in CC2

Case 2: WAN leading case

...

...

Subframe m-1





Figure 1. Pcmax definition for LTE and ProSe  concurrent operation
When a UE is configured for asynchronous ProSe and uplink transmissions, the carrier configured for uplink transmission is taken as the reference. If subframe p for the E-UTRA uplink carrier and subframe q for the E-UTRA ProSe carrier overlap in time and

1. if uplink carrier leads in time over q, then p is the reference subframe and, the (p,q) and (p,q-1) pairs are considered for determining the PCMAX tolerance

2. if ProSe carrier leads in time over p, then p is the reference subframe and, the (p,q) and (p,q+1) pairs are considered for determining the PCMAX tolerance

For the reference subframe p duration when uplink carrier leads:

P'CMAX_L   = PCMAX_L,,cE-UTRA (p)
P'CMAX_H  = MAX {PCMAX_H   (p,q-1) , PCMAX_H  (p,q)}

For the reference subframe p duration when ProSe carrier leads:

P'CMAX_L   = PCMAX_L,cE-UTRA (p)
P'CMAX_H  = MAX {PCMAX_H   (p,q) , PCMAX_H  (p,q+1)}

3. Detail description for NR UE Configured Tx power
One clarification point is that RAN1 agree to support the self contained slot for NR UE. In LTE system, the time difference is alwasys 4ms for PUCCH transmission w/ HARQ feedback of PDSCH reception. Also the time difference is always 4ms for PUSCH transmission after PDCCH reception in FDD mode.
However, in NR system, the PDSCH and PUCCH for HARQ feedback can be allocated in a slot. Also the PDCCH for DCI uplink grant and PUSCH transmission also allocated in a slot.
In the paper [3], they proposed to consider K1 or K2 flexibility in NR as shown in Figure 2 and 3 for Pcmax definition of DC UE.
  Case 1) K1 and/or K2 < 4ms (including K1, K2=0 for self contained in a slot)
DCI LTE UL grant for subframe p is p-4ms

----|------------------------------------------------------------------------------------------------------------
	        LTE sub-frame p

(15kHz SCS)


                                                     DCI NR UL grant for slot q-1 < 4ms

-----------------------------|----------------------------------------------------------------------------------

	NR  slot q-1 (30kHz SCS)
	NR  slot q (30kHz SCS)
	NR  slot q+1 (30kHz SCS)
	NR   slot q+2 (30kHz SCS)






Figure 2. Overlapping LTE and NR TTI and slots

Case 2) K1 and/or K2 >= 4ms
DCI LTE UL grant for subframe p is p- 4ms

------------------|----------------------------------------------------------------------------------------------

	        LTE sub-frame p
(15KHz SCS)


            DCI NR UL grant for slot q-1 > 4ms

|----------------------------------------------------------------------------------------------------------------

	NR  slot q-1 (30kHz SCS)
	NR  slot q (30kHz SCS)
	NR  slot q+1 (30kHz SCS)
	NR   slot q+2 (30kHz SCS)






Figure 3. Overlapping LTE and NR TTI and slots
In Case2, the DC UE configured Tx power should be determined by LTE reference time p since LTE NR DC UE already known the Tx power for each transmission according to leading subframe or slot. So RAN4 can apply the same principle as LTE subframe is always defined as reference subframe to decide the P'CMAX_L and P'CMAX_H for LTE NR DC UE as shown in Figure 4.
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Figure 4. Pcmax for LTE NR DC w/ K2 >= 4ms cases according to SCS
However, in Case1, if K2 < 4ms , then NR PUSCH transmission will be operated in a shorter time than LTE UE as shown in Figure 5.
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Figure 5. Pcamx for LTE NR DC w/ K2 < 4ms cases according to SCS
If UE support for self-contain slot or small time interval with K1/K2 < 4ms, then DC UE should have Pcmax calculating and applying sufficient power or dropping for the NR transmission not to over the UE power class. But this is quite depending on UE implementation performance. Specially when NSA DC UE consider different modem chipset between NR and LTE system, then the inter-process communication delay to share the each carrier allocated power.
Also, RAN WG1 are discussed for the sufficient K1/K2 values for LTE NR DC UE case. But they have not reach the consensus for the K1/K2 for DC UE. Hence RAN4 can reflect the agreements after RAN1decision to determine UE configured Tx power for DC UE at sub-6GHz.
Based on above analysis, we propose that RAN4 only consider the Case 2 to specify Pcmax definitions for NSA DC UE at sub-6GHz.

Therefore, we derive NSA DC UE configured Tx power for Case 2 as follow.
*************Proposed UE configured Tx power for DC UE at sub-6GHz ****************
If the NSA UE is configured in Dual Connectivity and synchronous transmissions of the UE on subframe p for a LTE serving cell in one CG overlaps some portion of the first symbol of the transmission on slot q +1 for a different NR serving cell in the other CG, the UE minimum of PCMAX_L between subframe and slot pairs (p, q) and (p+1, q +1) respectively applies for any overlapping portion of subframe and slot pair (p, q) and (p +1, q+1). PPowerClass shall not be exceeded by the UE during any period of time.
If different SCS 30kHz are used in NR carrier, then, the UE minimum of PCMAX_L between subframe and slot pairs (p, q), (p, q+1), (p+1, q +2) and (p+1, q +3) respectively applies for any overlapping portion of subframe and slot pair (p, q), (p, q+1), (p+1, q +2) and (p+1, q +3).
If different SCS 60kHz are used in NR carrier, then, the UE minimum of PCMAX_L between subframe and slot pairs (p, q), (p, q+1), (p, q+2), (p, q+3), (p+1, q+4), (p+1, q+5), (p+1, q+6) and (p+1, q+7) respectively applies for any overlapping portion.

The measured total maximum output power PUMAX over both CGs is

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

If the NSA UE is configured in Dual Connectivity and synchronous transmissions

PCMAX_L(p, q)   –  TLOW (PCMAX_L(p, q))  ≤  PUMAX  ≤  PCMAX_H(p, q)  + THIGH (PCMAX_H(p, q))

where PCMAX_L (p,q) and PCMAX_H (p,q) are the limits for the pair (p,q) and with the tolerances TLOW(PCMAX) and THIGH(PCMAX) for applicable values of PCMAX specified in Table 6.2.5X-1. PCMAX_L may be modified for any overlapping portion of subframes (p, q) and (p +1, q+1).
For the different SCS 30kHz are considered, PUMAX defined as below
Min {PCMAX_L(p, q), PCMAX_L(p, q+1)}  – Min{TLOW (PCMAX_L(p, q)), TLOW (PCMAX_L(p, q+1))}  ≤  PUMAX  ≤  Max{PCMAX_H(p, q), P CMAX_H(p, q+1)}  + Max{THIGH (PCMAX_H(p, q)), THIGH (PCMAX_H(p, q+1))}
For the different SCS 60kHz are considered, PUMAX defined as below
Min {PCMAX_L(p, q) ~ PCMAX_L(p, q+3)}  – Min{TLOW (PCMAX_L(p, q)) ~ TLOW (PCMAX_L(p, q+3))}  ≤  PUMAX  ≤  Max{PCMAX_H(p, q)~P CMAX_H(p, q+3)}  + Max{THIGH (PCMAX_H(p, q)) ~ THIGH (PCMAX_H(p, q+3))}
When a DC UE is configured for asynchronous NR uplink and LTE uplink transmissions, the carrier configured for LTE uplink transmission is taken as the reference. If subframe p for the LTE uplink carrier and slot q for the NR carrier overlap in time and K1 and K2 >=4ms and 
1. if LTE uplink carrier leads in time over q, then p is the reference subframe and, the (p,q) and (p,q-1) pairs are considered for determining the PCMAX tolerance

2. if NR uplink carrier leads in time over p, then p is the reference subframe and, the (p,q) and (p,q+1) pairs are considered for determining the PCMAX tolerance

For the reference subframe p duration when LTE uplink carrier leads:

P'CMAX_L   =  PCMAX_L,,cE-UTRA (p)
P'CMAX_H  = MAX {PCMAX_H   (p,q-1) , PCMAX_H  (p,q)}

For the reference subframe p duration when NR uplink carrier leads:

P'CMAX_L   = PCMAX_L,cE-UTRA (p)
P'CMAX_H  = MAX {PCMAX_H   (p,q) , PCMAX_H  (p,q+1)}

where PCMAX_L,,cE-UTRA (p) and PCMAX_H are the applicable limits for each overlapping subframe pairs (p,q) , (p, q+1) , (p, q-1). 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 6.2.5X-1.
[Editor Note]: For the multiple SCS combination of DC UE, RAN4 need further discussion
Table 6.2.5X-1: PCMAX tolerance for LTE and NR inter-band Dual Connectivity at sub-6GHz
	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 of proposal on UE configured Tx power for DC UE at sub-6GHz ***********
4. Conclusions


In this contribution, we provide detail description for the NSA DC UE configured Tx power at sub-6GHz. Based on the analysis in session 2, we share our proposals as below
Proposal 1: RAN4 only consider the Case 2 to specify Pcmax definitions for NSA DC UE at sub-6GHz.
Proposal 2: The proposed LTE and NR DC UE configured Tx power definitions will be considered for specifying of NSA DC UE configured Tx power.
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