TSG-RAN Working Group 4 (Radio) meeting #88
  R4-1810056
Gothenburg, Sweden, 20 – 24 August 2018


Source:
Ericsson
Title:
Power control for EN-DC: power back-off and UL timing
Agenda item:
7.6.5.3
Document for:
Discussion
1 Background

In this contribution we discuss the discrepancy between RAN1 and RAN4 power-control decisions observed in [1] and propose a resolution that does

· not break the LTE timeline

· not necessitate any A-MPR changes for existing band combinations
· not require any modification of the NR timeline (K1/K2)

We also discuss an alternative should this not be acceptable. 

Leaving aside different understandings of this discrepancy, in [1] it is claimed that, “in the EN-DC power control procedure, RAN1 has considered that ‘NR’ in the Type 1 UE modem [dynamic power scaling] knows about ‘LTE’ but not the other way around

· This is because the different timelines of LTE and NR

· This resulted in the decision of not changing LTE power by RAN1 power control definition for

· Type 1 UEs

· This resulted in the decision of not supporting sTTI in EN-DC”
Indeed, when deriving the A-MPR for EN-DC, RAN4 assumed that a “NR” Type 1 UE modem knows both the ‘LTE’ and also the other way around despite the different CG timelines (LTE UL preparation can be significantly shorter that the 4 ms at least for non-CA). The motivation was that the required A-MPR if applied to the total signal (and same back-off on both CGs) is significantly smaller than that required if applied to each CG separately. Furthermore, the A-MPR specification (at least for the contiguous case) is based on an assumption that the TX PSD is the same on both (e.g. the same PL estimate and target received power on both CGs) but was assumed to hold also for slightly different PSDs on the two CGs as long as the total UE power is not exceeded.
Regarding the timelines, quoting from [1], “RAN4 has defined MPR/A-MPR definitions [R1-1807805, “LS on RAN4 agreement on intraband EN-DC A-MPR”], which made different set of assumptions
· ‘LTE side knows about NR side’, even if NR UL grant arrives much later than LTE grant (e.g. much later than 4ms before the LTE transmission)

· LTE PHR has a dependency on NR grant, even if NR UL grant arrives much laterthan LTE grant

· The RAN4 decisions require substantial changes in the LTE processing”
For the TDD example with different numerologies given in [1] and reproduced in Figure 1, 
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Figure 1: TDD timing example.
this above means that the LTE side would have to adjust its gain setting (the A-MPR can in fact be obtained from the NR side since the same on both) and modify its PHR calculation after the NR UL_SG is received in the slot preceding the concurrent transmission. This would require a change to legacy LTE implementations. (The gain setting may have to be modified anyway even if static sharing is used.)

Phase coherence at power changes is also addressed in [1] (an example reproduced in Figure 2) as a side note to argue for aligned transmission boundaries for overlapping transmissions.
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Figure 2: phase coherence.

This issue is presumably only relevant for shared PAs. We observe that for LTE, we observe that the power back-off in a subframe is allowed to be kept even if the power changes changes occur within the sub-frame (e.g. for piggy-backed SRS when the allocation changes). Similarly, for UL CA the back-off on the total power can be kept even if the total power changes within the sub-frame. A similar provision for NR power reduction would alleviate the phase coherence problem.
Next we discuss a resolution to the timeline problem for power control raised in [1].
2 PHR computation and CG power control with LTE and NR timelines maintained
RAN4 has assumed that the A-MPR allowed for each CG is the same as the that specified for the total power (the [image: image3.wmf]DC
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in 38.213). This is similar to UL intra-band contiguous CA for LTE for which the A-MPR is the same on both (all) UL carriers and applied to the Pcmax,c calculation (and PHR) per carrier as well as to the total UE power (Pcmax). The Pcmax,c calculation is not modified to account for the UL CA and that the total power is upper-bounded by Ppowerclass (23 dBm for PC3). This implies that the PHR calculated under the assumption that the total UE power is available for each carrier, a basic assumption for CA. The UE power scaling on the two carriers should the total UE power be exceeded is not specified, it’s up to implementation. 
Applying the allowed A-MPR of the total UE power to both CGs indeed means that the PHR and the LTE gain setting must be modified much later than the LTE UL_SG (not the case for UL CA but the A-MPR on each CC must be adjusted) as raised in [1]. Now, for EN-DC the power scaling is specified unlike for UL CA; the NR power should be reduced. One could therefore allow the LTE CG to send its PHR as calculated in accordance with the LTE UL_SG only: the total power (as given by the LTE power class) is always available to LTE for the next TTI, this would only mean that the NR power would be downscaled or dropped. For the NR CG, the PHR can be calculated using the same A-MPR as that applied for limiting the total power [image: image4.wmf]DC
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. This would also mean that the eNB/gNB would be aware of the actual A-MPR applied on the [image: image5.wmf]DC
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and the NR CG since the Pcmax is always available in the NR PHR. Moreover, the eNB/gNB is also aware of the maximum power capability (class) of both CGs and the total EN-DC signal from the UE capability. This would solve the LTE timeline issue and the PHR determination on the LTE CG.
For UE supporting dynamic power sharing, the resolution above means that:
1. the PRB allocation on the LTE CG (MCG) is known to the NR CG (SCG), but the PRB allocation on the SCG is not necessarily known to the MCG

2. the A-MPR for the total UE power [image: image6.wmf]DC
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is determined by the PRB allocations on both CGs and the UL power is limited by the Ppowerclass,EN-DC and cell-specific P-Max,EN-DC (if specified)

3. the A-MPR on the MCG is determined by the PRB allocation on the MCG only and the UL power is limited by the Ppowerclass,MCG, the cell-specific P-Max and the dedicated P_LTE (if present)

4. the A-MPR on the SCG is the same as that for the total power [image: image7.wmf]DC
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 and limited by the Ppowerclass,MCG and the cell-specific P-Max and the dedicated P_LTE if present

Hence the A-MPR for the SCG work like for UL CA for LTE: the A-MPR is the same as for the aggregate signal and the maximum power on the SCG as governed by the NR power class is the same regardless of the presence of another carrier (CG). 

For PH reporting (including extended reporting for LTE) 

1. the PHR on the MCG is determined by the PRB allocation of the MCG as indicated in the LTE UL_SG (signalling grant) in accordance with LTE UL timing 

2. the PHR on the SCG is determined by the allocation of both CG (hence the A-MPR for the total UE power) based on the NR UL_SG accordance with NR UL timing and (internal UE) information about the MCG allocation from the LTE UL_SG arriving earlier.

The resolution to the timeline issue in [1] is illustrated in Figure 3. The NR power scaling may not necessarily imply any adjustment of the LTE power (cannot be rules out even for static sharing).
[image: image8.png]A-MPR calcuation (MSG UL SG)
MCG PHR determination

| puscH |
n-4 .
sce W [ pusci |

A-MPR calcuation (MSG and SCG UL SG)
SCG PHR determination
5CG scaling (if needed) based on computed Pey ocmai





Figure 3: configuration for keeping the LTE timeline and avoiding A-MPR changes for existing band combinations.
We also observe that the NR timeline is maintained: there is no need to modify the K1/K2 for the purpose of power control.

The behaviour of a UE operating in accordance with Figure 3 may in fact not be very much different from that of a UE applying power back-off on both CGs (the current RAN4 assumption). An example: suppose that the A-MPR of the total UE power is A-MPR_tot = A-MPR_SCG = 5 dB and the A-MPR on the MCG is A-MPR_MCG = 0 dB for a UE with Ppowerclass,EN-DC = Ppowerclass,MCG = Ppowerclass;SCG = 23 dBm (we set MPR = 0 dB for simplicity). Thus [image: image9.wmf]DC
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= 18 dBm assuming that the entire A-MPR allowance is needed. Suppose also that the calculated P_MCG = 20 dBm, which means that the NR signal will be dropped. Now, it would not help much is the LTE power can be reduced in accordance with the A-MPR, then the total power can be reduced to 18 dBm – the NR CG would still be dropped. In either case the LTE CG can be increased in accordance with the LTE power calculation (up to 23 dBm) once the NR signal is dropped.
Another example of the timeline issue from [1] is reproduced in Figure 4 for a case with mixed numerology, tight NR timeline and a power change within a subframe (1 ms). Now, using the resolution above, the LTE power is determined independent of the NR power in accordance with the LTE timeline, the LTE UL_SG is known (n-4) to the NR CG for calculation of the A-MPR needed for power scaling and NR CG power control. For the A-MPR with mixed numerologies, one could make the provision that the power back-off can be allowed to be constant for the duration of the (LTE) sub-frame, which would avoid the issues with power changes within a sub-frame shown in Figure 2. At any rate, this issue is relevant for a shared PA used for intra-band contiguous EN-DC with its small MRTD (co-sited) for which a mixed numerology implementation is less likely.
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Figure 4: timeline problem with mixed numerologies.

3 An alternative: power back-off on NR only
If the reolution above is not acceptable, then the option discussed [2] to apply the back-off on the NR CG only while assuming that the LTE is “untouched” with a power calculated assuming absence of the NR CG (same back-off as for single carrier). In practice this means that the LTE power is near maximum since the allowed power-backoff is limited to MPR for the existing band combinations (LTE at 22 dBm). Specifying of the A-MPR would be awkward since a specification of A-MPR tables depening on different LTE power (as set by P_LTE) is not feasible . Actually, the resolution above also leaves the LTE “untouched” without the need for changing the NR A-MPR already specified!
Reiterating the A-MPR for a concurrent NR CG in accordance with [2] would imply substantial power back-off on the NR CR since inter-modulation products would violate the emission limits. Moreover, PEN-DC,total = 10log10([image: image11.wmf]DC
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) = Ppowerclass,EN-DC for there is no back-off allowed on the [image: image12.wmf]DC
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based on the allocation on both CGs, the actual PRB allocation is not assumed to be known to the NR side.
Next we consider the required NR power back-off for DC_(n)71B combination. We assume a UE architecture with a single PA configured for 23 dBm total output power (meets the LTE requirements at 22 dBm) and combination of the CG in the baseband follow by a common up-conversion (hence only one LO). We consider a 10 + 10 MHz channel bandwidth combination with the LTE UL at 693 MHz and the NR at 683 MHz. The Band 71 duplex filter is assumed to provide an attenuation of X = 10 dB across Band 29 (25 dB across Band 12), the Band 29 protection requirement is -38 dBm/MHz.
Figure 5 shows the output spectrum for a case with LTE power P_MCG = 22 dBm (MPR = 1 dB) and an allocation of 1 RB at the lower NR edge and 5 RB at the upper LTE edge; IM3 should then just about leak into Band 29. In this case the NR power must be reduced to 2 dBm, i.e. a 21 dB power back-off. The Band 29 emissions requirement is dimension. Assuming an P_MCG = 22 dBm (no MPR) would obviously not allow any NR transmissions.
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Figure 5: emissions with LTE UL at 693 MHz and the NR at 683 MHz, IM3 falls into Band 29 (P_MCG = 22 dBm).
Figure 6 shows and 1RB (682 MHz) + 1RB (696 MHz) such that IM5 falls into Band 29. Then the NR power must be reduced to 7.3 dBm (15.7 dB back-off) at P_MCG = 22 dBm.
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Figure 6: emissions with LTE UL at 693 MHz and the NR at 683 MHz, IM5 falls into Band 29 (P_MCG = 22 dBm).
In practice, specifying A-MPR exceeding 15 dB is not feasible. The results herein indicate that adoption of the way forward in [2] would implies that the NR CG is dropped under many circumstances if not all. 
It is interesting to compare to a case in the total UE power is reduced in accordance with the existing A-MPR specification with this power back-off also applied to the NR CG in accordance with Section (hence assuming that equal or near equal TX PSD on both CGs). Figure 7 shows the result with the same conditions are those assumed for Figure 6. The back-off is now reduced to 5.6 dB. Hence a reduction of 10 dB. The back-off can be reduced even further as we shall see next.
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Figure 7: emissions with LTE UL at 693 MHz and the NR at 683 MHz with back-off applied on the total UE power.
4 Reducing power back-off for the intra-band cases DC_(n)71 and DC_41_n41
The allowed A-MPR specified for DC_(n)71 and DC_41_n41, or at least the actual power reduction, can be reduced further if more typical values of the Band 71 duplex-filter attenuation would be used, by recogising that the Band 71 SEM is much tighter than the regulatory requirement and that the PA mode of operation could be changed for DC_41_n41 when the UE is configured for EN-DC.
Figure 8 shows results with the same setup as that assumed for the results in Figure 7 but with the Band /1 duplex attenuation across Band 29 increased by 5 dB to X = 15 dB. Then the back-off on the NR CG is further reduced to 4.0 dB. The -25 dBm/MHz (far-out) EN-DC SEM requirement is now dimensioning. 
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Figure 8: emissions with LTE UL at 693 MHz and the NR at 683 MHz with increased fduplex-filter attenuation across Band 29.
The same exercise, i.e. increasing the duplex-filter attenuation to X = 15 dB, for the case shown in Figure 6 leads to a reduction of the NR CG back-off from 15.7 dB to 14.5 dB, the SEM limiting. 
The DC_(n)71B SEM could actually be relaxed and still be within regulatory limits (-13 kHz/100 kHz), coexistence is facilitated by the ACLR that would be maintained. Another way for reducing the A-MPR required. 
For DC_41_n41 simulations are more difficult. Measured results are available in [3] to this end. These results indicate that the power back-off is only necessary when the two PAs (one per CG) are configured for envelope tracking (ET), no back-off is required if they are configured for average-power tracking (APT). But why use ET in EN-DC configuration if this would lead to e.g. 10 dB lower power on the NR CG when the UE is configured for dual UL?
5 Conclusion
In Section 2 we discussed a the resolution of the timeline and PHR issues raised in [1] that does

· not break the LTE timeline

· not necessitate any A-MPR changes for existing band combinations

· not require any modification of the NR timeline (K1/K2)

With regard to the proposals in [1] we note that for 
Proposal 1 (MPR/A-MPR) decide whether the RAN4 definition should be changed or the RAN1

definition should be changed

the Pcmax spec in RAN4 (38.101-3) should be changed in accordance with Section 2 above. For
Proposal 3 (change in the LTE PHR requirement) the UE is not expected to update LTE PHR report if the LTE reporting timeline is not met: i.e. UE does not need to include in the PHR determination any information received later than 4ms prior to the PHR reference UL subframe in the case of LTE FDD, or later than the associated DL control in the TDD HARQ timeline in the case of LTE TDD

we note that these requirements are met by the solution in section 2. For 
Proposal 5 (phase continuity)
use of a constant power backoff within a sub-frame could be allowed for synchronized EN-DC (provision relevant for shared PA).
The way forward proposed in [2], a possible alternative should the resolution in Section 2 not be accepted, leads to very large A-MPR on the NR CG. The NR CG would likely be dropped under many if not all circumstances

The allowed A-MPR specified for DC_(n)71 and DC_41_n41, or at least the actual power reduction, can be reduced further if more typical values of the Band 71 duplex-filter attenuation would be used, by recogising that the Band 71 SEM is much tighter than the regulatory requirement; and that the APT PA operating mode would allow dual UL operation at significantly smaller (no) power reduction for DC_41_n41.
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