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1
Introduction
RAN1 has sent an LS to RAN4 on intra-band EN-DC A-MPR in [1] requesting further information from RAN4. In this contribution we discuss what RAN4 should respond to RAN1 and the information that RAN1 has shared with RAN4 on its own assumptions.
2
Discussions
In the LS [1] RAN1 would like RAN4 to clarify the following:  
	RAN1’s view is that LTE UL and NR UL in intra-band EN-DC will not operate with equal PSD in general. It is RAN1’s understanding that this in itself would not be in conflict with RAN4’s equal PSD assumption because the MPR/A-MPR values defined by RAN4 would be applied irrespective of the PSD delta between LTE and NR. RAN1 would like to ask RAN4 to kindly clarify whether this is the correct interpretation of the RAN4 agreements.  

Regarding the RAN1 action in the RAN4 LS: “RAN4 respectfully requests RAN1 to consider whether the RAN4 definition of MPR and A-MPR where the calculation of transmission power for LTE may take into consideration NR transmission and vice versa is consistent with RAN1 power control design.” 


As RAN4 has used equal PSD assumption for the definition of A-MPR calculation and for ensuring that UE can meet all the relevant minimum requirements like emission requirements in the worst case, we agree with RAN1’s understanding and thus, there is no conflict between the RAN1 and RAN4 specification on this. It is also worth noting that earlier RAN4 has used the same equal PSD assumption in the LTE CA as well without any conflict with the RAN1 LTE UL PC specifications.
Proposal 1: We propose the following response to RAN1’s first question to RAN4:

RAN4 confirms RAN1’s understanding that LTE UL and NR UL in intra-band EN-DC are not required to operate with equal PSD. Instead RAN4 has used equal PSD assumption for defining the worst-case UE A-MPR requirements. Thus, there is no conflict between the RAN1 and RAN4 specifications.

In the LS RAN1 also provides the following information on its assumptions:
	The basic design principle for the RAN1 power control agreements was that LTE processing times in EN-DC are the same as in LTE CA and LTE DC, while NR processing times are faster and therefore either the calculation of transmission power for LTE cannot take into account the RB allocation(s) of simultaneous NR transmission(s), or the calculation of transmission power for LTE cannot take into account both the presence and RB allocation(s) of simultaneous NR transmission(s), at least in the following cases:

· when the NR grant is less than 4ms in advance

· when the overlapping NR transmission incudes HARQ ACK/NAK corresponding to DL grant(s) less than 4ms in advance

when either NR uses PUSCH mapping Type B or LTE and NR use different numerologies, or both, so multiple NR transmissions overlap with a single LTE subframe and those NR transmissions cannot be scheduled in the same DL control monitoring occasion 4ms earlier (in which case, in order to meet the LTE 4ms processing time, some NR grants may have to be even more than 4ms in advance).
 


RAN1’s above-mentioned EN-DC UE processing time assumptions for LTE would mean some EN-DC system performance degradations compared to the earlier assumed performance. If the conclusion also in RAN4 is that NR scheduling time assumption in the Rel-15 specifications is too fast for some UEs’ LTE modems , we would like to find a solution, which at least would minimize and isolate the negative EN-DC system performance implications. Therefore, we see that it is important that the Rel-15 specifications also efficiently support EN-DC UEs with better and more EN-DC compatible LTE MPR/A-MPR calculation latency times and thus not needing any further performance relaxations.  
Proposal 2: Rel-15 specifications should efficiently support UEs with faster LTE processing times in EN-DC operations and avoid negatively impacting the performance of the UEs not needing additional relaxations for intra-band EN-DC operations.
If RAN4 confirms the RAN1 assumptions that in Rel-15 the NR scheduling timeline may be too fast for some UEs’ LTE modems to take into account in MPR/A-MPR calculation, the specification may need to allow some additional relaxation for these UEs. In our view it is also important that NR performance is not generally degraded e.g. by aligning NR scheduling operations with LTE operations or by introducing UE relaxations to other cases than where what they are really unavoidable. Thus, we need to avoid these additional UE relaxations impacting all NR or EN-DC operations and do not see it feasible that generic dropping rules for NR UL transmission could be introduced in the RAN1 specifications as discussed in [3]. As the RAN1 specifications are generic rather than specific for intra-band EN-DC cases, we see that it is better to allow additional UE relaxations or exceptions in the RAN4 specifications like TS38.101-3 and limit the relaxations to intra-band EN-DC cases only. 

Furthermore, we see that when defining these additional UE relaxations, it would be important to avoid using the worst case MPR calculation in the LTE transmissions during EN-DC operations, as that would effectively mean that no matter whether or not there was an NR transmission the LTE modem would always use the worst case MPR in its LTE UL power calculation. This would mean that there would not be a way for the network to mitigate the implications and the LTE coverage would take a significant hit. Instead of using the worst case MPR assumptions for defining the LTE transmission power, NR side could be allowed to reduce its Tx power so that all the UE requirements like emission requirements are met. This could be obtained by using similar approach as P-MPR in the LTE specifications. This way the LTE coverage is untouched, and the NR coverage is not affected if the LTE side left sufficient power for NR. 
If the network knows with separate UE capability signalling, which UEs cannot support similar UE power calculation latency for LTE as for NR and thus, needs additional P-MPR for NR, the network could aim for TDMing the LTE and NR uplinks to avoid negatively impacting the LTE or NR coverage. If in some cases collisions happen and UE cannot obtain NR scheduling in timely manner for its LTE UE Tx power calculations, the UE would be allowed to use P-MPR for its NR transmission. In this way we could avoid impacting LTE coverage and negative NR implications would only be limited to certain cases in Rel-15 rather than reducing the overall NR or EN-DC system performance.
If RAN4 confirms the RAN1 assumptions that in Rel-15 the NR scheduling timeline may be too fast for some UEs’ LTE modems to take into account in TX power calculation, the UE relaxations could be allowed as shown in the following proposals.

Proposal 3: Rel-15 NR UE indicating with separate UE capability signalling that it is incapable of taking the NR timeline into account in the LTE MPR/A-MPR calculation would be allowed to use P-MPR specified for intra-band EN-DC operations in TS38.101-3.
Additionally, we see that it would be important to to ensure that any UE relaxations defined for this case are only allowed for the Rel-15 UEs. Within the Rel-16 timeline it should be possible to enhance UE LTE processing time requirements in EN-DC so these additional UE performance relaxations would not be needed and system performance degradations can be avoided. In Rel-15 LTE specifications shorter processing times and TTI are already specified, which should help in bringing shorter UE LTE processing time EN-DC operations as well, and it is worth noting that the shortened time needed is not touching the LTE data path processing, only the MPR/A-MPR calculation.
Proposal 4: Limit any possible UE relaxations due to slower LTE processing than NR UE processing time to Rel-15 only. In Rel-16 these additional UE relaxations would not be allowed but instead UE LTE processing times would need to be improved.
3
Conclusions 

In this contribution we have discussed the RAN1 LS to RAN4 on intra-band EN-DC A-MPR in [1] and make the following proposals for progressing this topic.
Proposal 1: We propose the following response to RAN1’s first question to RAN4:

RAN4 confirms RAN1’s understanding that LTE UL and NR UL in intra-band EN-DC are not required to operate with equal PSD. Instead RAN4 has used equal PSD assumption for defining the worst-case UE A-MPR requirements. Thus, there is no conflict between the RAN1 and RAN4 specifications.

Proposal 2: Rel-15 specifications should efficiently support UEs with faster LTE processing times in EN-DC operations and avoid negatively impacting the performance of the UEs not needing additional relaxations for intra-band EN-DC operations.
Proposal 3: Rel-15 NR UE indicating with separate UE capability signalling that it is incapable of taking the NR timeline into account in the LTE MPR/A-MPR calculation would be allowed to use P-MPR specified for intra-band EN-DC operations in TS38.101-3.
Proposal 4: Limit any possible UE relaxations due to slower LTE processing than NR UE processing time to Rel-15 only. In Rel-16 these additional UE relaxations would not be allowed but instead UE LTE processing times would need to be improved.
4
Text proposal to TS38.101-3

In this section we present how additional P-MPR for NR transmission could be introduced in TS38.101-3. As the current version of TS38.101-3 does not yet include the definitions for the Configured output powers for EN-DC cases, we have utilized one of the latest intra-band EN-DC configured output power proposals in [4] to illustrate how P-MPRNR could be introduced in the intra-band contiguous EN-DC configured output power equations. Similar update should also be made for the Configured output power equations of Intra-band non-contiguous EN-DC.
************************modified text************

6.2B.4
Configured output power for EN-DC

6.2B.4.1
Configured output power level

<Editor’s note: The title of 6.2B.4.1 to be updated by later RAN4 decision>

6.2B.4.1.1
Intra-band contiguous EN-DC

< equations for Pcmax >
For intra-band contiguous dual connectivity with one uplink serving cell per CG on E-UTRA 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_ E-UTRA,c (p) in sub-frame p for the configured E-UTRA uplink carrier shall be set within the bounds:
PCMAX_L_ E-UTRA,c (p) ≤  PCMAX_ E-UTRA,c (p) ≤  PCMAX H _ E-UTRA,c (p)

where PCMAX_L_ E-UTRA,c and PCMAX H _ E-UTRA,c are the limits for a serving cell c as specified in 36.101 sub-clause 6.2.5 modified by PLTE as follows:

PCMAX_L_ E-UTRA,c = MIN {MIN(PEMAX,c , PLTE) – tC_ E-UTRA,c,  (PPowerClass – ΔPPowerClass) – MAX(MPR E-UTRA, c + A-      MPR E-UTRA, c + ΔTIB,c  + tC_ E-UTRA,c + TProSe, P-MPRc)}


PCMAX H _ E-UTRA,c = MIN {PEMAX,c,  PLTE, PPowerClass – ΔPPowerClass}

The configured maximum output power PCMAX_ NR,c (q) in slot q for the configured NR carrier shall be set within the bounds:

PCMAX_L,f,c,,NR (q) ≤  PCMAX,f,c,NR (q) ≤  PCMAX_H,f,c,NR (q)

where PCMAX_L_ NR,c and PCMAX H _ NR,c are the limits for a serving cell c as specified in sub-clause 6.2.4 of 38.101-1 modified by PNR as follows:

PCMAX_L,f,c,,NR = MIN {MIN(PEMAX,c , PNR ) - tC_NR,c,  (PPowerClass – ΔPPowerClass) – MAX(MPR NR, c + A-MPR NR, c + ΔTIB,c + tC_NR,c + ∆TRxSRS,  P-MPRc, P-MPRNR) }

PCMAX_H,f,c,NR = MIN {PEMAX,c, PNR , PPowerClass – ΔPPowerClass }

· PLTE and PNR are the linear values for the PLTE and PNR respectively signaled by RRC defined in [7]

· for overlapping UL transmissions A-MPR E-UTRA, c = A-MPR NR, c and are equaly applied on each RAT carrier respectively and defined in subclause 6.2B.3.1. When A-MPR is applicable, MPR E-UTRA, c = MPR NR, c = 0dB.
· TC_ E-UTRA,c = 1.5dB when NOTE 2 in Table 6.2.2-1 in 36.101 applies for a serving cell c, otherwise TC_ E-UTRA,c = 0dB;

· TC_NR,c = 1.5dB when NOTE 3 in Table 6.2.1-1 in 38.101-1 applies for a serving cell c, otherwise TC_NR,c = 0dB;
· ΔTIB,c specified in sub-clause 6.2.7 for EN-DC, the individual Power Class defined in table 6.2B.1-2 and any other additional power reductions parameters specified in sub-clauses 6.2B.2 and 6.2B.3 for EN-DC are applicable to PCMAX_ E-UTRA,c and PCMAX_ NR,c evaluations.
· P-MPRNR is the allowed maximum output power reduction of NR transmission during intra-band EN-DC operations for dynamic power sharing capable UEs, which has indicated with the UE capability signalling, that it is incapable of taking NR timeline into account in the LTE MPR/A-MPR calculation of intra-band EN-DC operations. The UE shall apply P-MPR NR for NR cell only. 
If the transmissions from NR and E-UTRA do not overlap, then the complete sub-clauses for configured transmitted power for E-UTRA and NR respectively from their own specifications apply with the modifications specified above. The lower value between PPowerClass, EN-DC or PEMAX, EN-DC shall not be exceeded at any time by UE.
If the EN-DC UE is not supporting dynamic power sharing, then the complete sub-clauses for configured transmitted power for E-UTRA and NR respectively from their own specifications 36.101 and 38.101-1 respectively apply with the modifications specified above, and if total possible transmit power expressed by PLTE + PNR exceeds PPowerClass, EN-DC, then single UL operation is assumed by the UE. The lower value between PPowerClass, EN-DC or PEMAX, EN-DC shall not be exceeded at any time by UE.
When a UE supporting dynamic sharing is configured for overlapping E-UTRA uplink and NR uplink transmissions, the UE can set its configured maximum output power PCMAX_ E-UTRA,c and PCMAX_ NR,c for the configured E-UTRA and NR uplink carriers, respectively, as specified above and its total configured maximum output power PCMAX upper limit.
When an UL subframe transmission p from E-UTRA overlap with a slot q from the NR, then for PCMAX (p,q) upper limit  evaluation, the E-UTRA subframe p is taken as reference period TREF and always considered as the reference measurement duration and the following rules are applicable.
The total UE configured maximum output power PCMAX (p,q) in a subframe p of CG 1 and a scheduling unit (slot) q of CG 2 that overlap in time shall be evaluated for each Teval over the TREF and respect the following upper limit for synchronous and asynchronous operation unless stated otherwise:

PCMAX (p,q)  ≤  PCMAX_ EN-DC _H (p,q)

With

PCMAX_ EN-DC _H(p,q) = MIN {10 log10 [pCMAX H _ E-UTRA,c (p) + pCMAX H _ NR,c(q)], PEMAX, EN-DC ,PPowerClass, EN-DC}

where 
· pCMAX H _ E-UTRA,c (p) is the E-UTRA higher limit of the maximum configured power expressed in linear scale; 

· pCMAX H _ NR,c (q) is the NR higher limit of the maximum configured power expressed in linear scale; 

· PPowerClass, EN-DC is defined in sub-clause 6.2B.1.1-1 for intra-band contiguous EN-DC;

· PEMAX, EN-DC is  PMAX, EN-DC value signaled by RRC and defined in [7];
TREF and Teval are specified in Table 6.2B.4.1.3-1 when same or different subframes and slots durations are used in aggregated carriers. 

PPowerClass ,EN-DC shall not be exceeded by the UE during any period of time. 
Table 6.2B.4.1.3-1: PCMAX evaluation window 

	transmission duration
	TREF
	Teval

	Different transmission duration in different RAT carriers
	LTE Subframe 
	NR slot


For each TREF, the PCMAX_H is evaluated per Teval and given by the maximum value over the transmission(s) within the Teval as follows:

PCMAX_H  = MAX { PCMAX_ EN-DC _H (p,q) , PCMAX_ EN-DC _H (p,q+1), … , PCMAX_ EN-DC _H (p,q+n), }

where PCMAX_ EN-DC _H are the applicable upper limits for each overlapping scheduling unit pairs (p,q) , (p, q+1) , up to (p, q+n) for each applicable Teval duration, where q+n is the last NR UL slot overlapping with LTE subframe p.
The measured total maximum output power PUMAX over both CGs/RATs, measured over the TREF duration is

PUMAX = 10 log10 [pUMAX,c,E-UTRA + pUMAX,c,NR],
where pUMAX,c,E-UTRA and pUMAX,c,NR denotes the measured output power of serving cell c for E-UTRA and NR respectively, expressed in linear scale. 

The measured total configured maximum output power PUMAX shall be within the following bounds:

PCMAX_H -TLOW (PCMAX_H)  ≤  PUMAX  ≤  PCMAX_H + THIGH (PCMAX_H)

with the tolerances TLOW(PCMAX_H) and THIGH(PCMAX_H) for applicable values of PCMAX specified in Table 6.2B.4.1.3-2.

Table 6.2B.4.1.3-2: PCMAX tolerance for Dual Connectivity LTE-NR

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

	23 ≤ PCMAX ≤ 33
	[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]


6.2B.4.1.2
Intra-band non-contiguous EN-DC

< equations for Pcmax >
6.2B.4.1.3
Inter-band EN-DC within FR1

< equations for Pcmax >

6.2B.4.1.4
Inter-band EN-DC including FR2

< equations for Pcmax >

6.2B.4.1.5
Inter-band EN-DC including both FR1 and FR2

< equations for Pcmax >
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