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1. Introduction
A discrepancy in assumptions between RAN1 and RAN4 in the definition of MPR and A-MPR for EN-DC was identified [1] and an LS sent to RAN1 [2].  RAN1 has responded [3] indicating that the majority view in RAN1 is that such an inconsistency exists.  Furthermore, RAN1 asks the feasibility of aligning the power control framework from the RAN4 perspective.  In this contribution, we describe a possible RAN4-based solution to address the misalignment.

2. Discussion

The inconsistency in assumptions between the RAN1 power control design and RAN4 MPR/A-MPR definition originates from timing and availability of information.  For a UE capable of dynamic power sharing, RAN4 jointly optimized the definition of MPR and A-MPR power backoff requiring knowledge of the allocation on both radios.  The specified MPR and A-MPR is intended to be taken equally on both carriers.  However, the RAN1 power control design allows for separate timelines, slower for LTE than NR.  Due to the difference in timing of uplink grants for LTE vs. NR and a requirement to maintain LTE power control timing without the possibility of look-ahead, it is in general not possible for LTE to be fully aware of the NR grant at the time the LTE modem is calculating its MPR/A-MPR.  Therefore, the MPR/A-MPR for LTE must be determined based on the LTE grant alone without knowledge of NR’s grant or even that NR will be transmitting at the same time as LTE.  Although there may also be (partial) solutions available whereby the power control timelines are adjusted for LTE and/or NR, those are out-of-scope of this document since those are more suitably discussed in RAN1.  This contribution focuses on RAN4 terms of reference.
2.1. Method for MPR/A-MPR calculation
To align with the RAN1 power control design, a modification of the MPR/A-MPR calculation defined in RAN4 is described.  The proposed method is defined in two steps as follows

1. Compute LTE transmission power.  When the LTE grant becomes available, calculate the MPR/A-MPR for LTE.  There are multiple options for doing this 
· Option 1.  Apply the MPR/A-MPR for single carrier LTE as defined in 36.101.  This option assumes no simultaneous transmission with NR and favors LTE with the highest transmission power.

· Option 2.  Assume the worst case NR transmission; that is, a single RB allocation transmitted at maximum power, say PNR.  This option favors NR since it would result in the smallest transmission power for LTE.  However, the MPR/A-MPR for this option is not currently defined in the specifications -- the current definition assumes equal power backoff so NR would not be transmitting at maximum power.
· Option 3.  Assume the worst case allocation assumption for NR (single RB), but with the assumption that it is transmitting with some power backoff.  The existing MPR/A-MPR definition assuming equal backoff could be used.  
While the second and third options result in LTE transmission power that provides an opportunity to share the power between LTE and NR, the disadvantage is that they always compel LTE to take a larger backoff even in the case that there is ultimately no NR transmission.   Therefore, in the case that there is no overlapping NR transmission scheduled, LTE power backoff is taken unnecessarily and LTE will never be able to transmit at full power.

2. Compute NR transmission power.  When the NR grant becomes available, full knowledge of any overlapping LTE transmission as well as the LTE MPR/A-MPR calculated above in step 1 should be available.  In theory, it should be possible to calculate the optimal NR transmission power taking all information into account.  However, in practice, it is too complex to fully specify and calculate NR MPR/A-MPR as a function of allocation on both LTE and NR as well as a function of transmit power on LTE.  The existing MPR/A-MPR definition takes into account the allocations but is based on equal PSD and equal power backoff so assumes a particular power distribution between LTE and NR.  Therefore, it is highly unlikely that the MPR/A-MPR calculated for LTE in the first step where the NR allocation had to be assumed would equal the MPR/A-MPR for LTE calculated in the second step where the backoff curve is only defined for one particular power distribution between LTE and NR.  However, to comply with emissions requirements, it is only necessary that the LTE transmission power calculated in the first step is less than or equal to what is calculated in the second step.  If this condition is met, then the MPR/A-MPR calculated in the second step can be applied to NR.

If MPRLTE(Step 1)  ≥ MPRLTE(Step 2)


Then apply MPRNR as computed in Step 2


Else Drop NR

Unfortunately, this may lead to the NR transmission being frequently dropped in case the LTE calculated power from step 1 is higher than the LTE calculated power from step 2, assuming that the requested power is actually approaching configured maximum output power (i.e., cell edge scenario).  It can be seen that NR is dropped if the LTE MPR in the first step is small, for example if it is based on “LTE only” since such a calculation would not leave any EN-DC power budget for NR.  NR is also dropped if the LTE MPR calculated in the second step is large.  To improve the probability that NR will be transmitted, the following is proposed.

· The LTE calculation in the first step should follow option 1 to protect LTE transmission power in the case that NR grant is not available.  
· The calculation of LTE and NR MPR/A-MPR in step 2 should be evaluated against multiple power distributions.  The current specification only defines a single power distribution (equal PSD) and therefore has limited flexibility to support varying network conditions.  This lack of flexibility may lead to the condition where NR is frequently dropped.  Therefore, it is proposed that N power distribution curves are defined in the specifications, for example equal PSD, equal power, etc., and that the LTE MPR calculated in step 1 is compared to the LTE MPR from each of these curves.  The curve which exceeds but most closely matches the LTE MPR is then the one from which the NR MPR is determined.  Care must be taken in selecting these different curves to respect the limitations in the UE with respect to PSD differences between the two carriers, especially if a single PA is assumed.
We then have the following, assuming n ∈ {1, N} curves 


For n = 1:N



Find n which minimizes the quantity {Actual LTE Tx power (Step 1) – LTE Tx power according to MPRLTE(Step 2, Curve n)}, 

subject to {Actual LTE Tx power – LTE Tx power according to MPRLTE(Step 2, Curve n) }≥ 0
If for all n, there is never a curve ≥ 0


Then Drop NR


Else Apply MPRNR according to Curve n
A larger number of curves defined increases flexibility in the calculation to find a more optimal value for NR MPR given that LTE transmission power given by MPR as well as by the actual requested power was already established in Step 1.  A larger number of curves defined also can decrease the probability that NR will not be dropped since the LTE transmission power established in Step 1 may leave headroom for NR if not at cell edge condition where maximum power is needed for LTE.  However, a larger number of curves also requires a commensurate increase in the amount of RAN4 work required, as well as additional complexity in the implementation.  We suggest that N=3 could be a reasonable compromise where the power distribution from each curve can be separately discussed.  However, it is anticipated that equal PSD is one curve, so there are two that remain to be defined.
2.2. Specification changes

The required specification changes to align RAN4 MPR/A-MPR with RAN1 power control design are listed.  The changes only relate to intra-band EN-DC configurations when simultaneous dual transmission is configured.  Currently, the only two band combinations affected are Band 71/n71 and Band 41/n41 where the A-MPR is defined in subclauses 6.2B.3.1.1 and 6.2B.3.1.2 of 38.101-3.  MPR has not been defined for intra-band EN-DC since the A-MPR values are intended to specify the total of MPR+A-MPR.  Since A-MPR curves as a function of RB allocation have already been defined for the case of equal PSD, then the remaining work is to define additional curves according to other power distributions.  We suggest that a total of 3 curves might be defined, so 2 more remain to be defined.  Additionally, to find the best choice of power distribution for the 2 remaining curves may also require some investigation but for the time being, perhaps equal power and/or 3 dB mismatch can be examples.
The changes to the RAN4 specification would then include

	DC_(n)71B
	Equal PSD
	Already existing in 38.101-3, sub-clause 6.2B.3.1.1

	
	-3 dB power mismatch
	New

	
	3 dB power mismatch
	New

	DC_(n)41AA
	Equal PSD
	Already existing in 38.101-3, sub-clause 6.2B.3.1.2

	
	-3 dB power mismatch
	New

	
	3 dB power mismatch
	New

	DC_41A-n41A
	Equal PSD
	Already existing in 38.101-3, sub-clause 6.2B.3.2.1

	
	-3 dB power mismatch
	New

	
	3 dB power mismatch
	New


Thus, 6 new curves are required to be generated to support this new method of MPR/A-MPR for intra-band EN-DC.
3. Conclusion

A method to calculate MPR and A-MPR for intra-band EN-DC that conforms to RAN1’s power control design is described.  This method accounts for the timing mismatch between LTE and NR uplink grants such that the LTE modem will not necessarily have information about any overlapping NR grant at the time it needs to calculate its MPR and A-MPR.  The method described in this contribution consists of two steps where the first step is aligned to the LTE grant and determines LTE MPR and A-MPR without any knowledge of NR, though it may make an assumption.  The second step is aligned to the later NR grant where full information is available.  This contribution describes a modification to increase the flexibility of the calculation in order to improve the probability that the NR transmission, if it should be scheduled, can be transmitted within the power envelope.  The required changes to the specification are also described where it is reported that 6 additional MPR/A-MPR curves are needed.
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