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1 Background

In this contribution we reiterate (and update) the results on power control discussed in [1] and propose requirements for the power tolerance for eLAA UL. The existing tolerances need not be relaxed for the unlicensed transmissions, but there is a need to modify the maximum transmission gap length for which the relative power control requirements apply. From a system performance perspective, a maintained relative power control performance may be required across a longer transmission gap for a highly loaded system in which the LBT indicates a busy channel with high probability as we shall see. 
2 UL power control requirement with inter-laced transmissions and LBT
The standard absolute power tolerance requirements are lax, particularly at output power near the maximum. For eLAA the same requirement can most likely be adopted without a cost penalty. 
The standard relative power tolerance requirements are also lax. Considering that the interlaced transmissions are always “full bandwidth” then the impact of filter ripple is less. The latter was one of the main reasons for the specification of large margins for the relative requirements during Rel-8, primarily due to (small) allocations that change between the reference and target subframes and are therefore possibly subject to different parts of the filter (front-end) frequency response. An interlaced transmission can be shifted in frequency between subframes but the transmissions are still “full bandwidth” so the impact of the filter frequency response is less. Hence the existing relative power tolerance requirements can be adopted for eLAA.
One particular aspect is the applicability of the relative power control requirements with regard to a transmission gap between the reference and the target subframes. Normally these gaps are created between bursts of UL control and data traffic but, for eLAA a gap can also be created by deferral of channel access due to listen-before-talk (LBT). The existing relative power control requirement applies for a transmission gap of up to 20 ms between the target and the reference subframes. The 20 ms gap length may have to be modified for eLAA due to both LBT in the DL such that the UL SG cannot be sent or/and LBT in the UL. 

3 Transmission gap length
In order to assess the transmission gap length in the UL with LBT functionality from a system performance perspective, we look at coexistence with a Wi-Fi network. Figure 1 shows the CDF of the transmissions corresponding to the load points shown in Figure 2 that displays the 5% percentile throughput. Self-scheduling is considered (grant transmission is modelled), and shared MCOT (Maximum Channel Occupancy Time) between the DL and UL. The latter means that the LBT is a short 25 s CCA if within the same MCOT, otherwise a CAT4 LBT is performed.
The collection of curves in Figure 1 represent the load points in Figure 2; the higher the load the longer the transmission gap as expected. It can be seen that the transmission gap length can be very long at higher loads at which the user throughput is low (almost 0 Mbps at the highest load point). The corresponding ratio of cancelled UL transmissions is shown in Figure 3; at the highest load the cancellation ratio exceeds 0.5.
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Figure 1: the CDF of the transmission gap length. The leftmost curve represent the lowest load.
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Figure 2: the user throughput at the 5% percentile as a function of the served traffic per AP.
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Figure 3: the ratio of cancelled UL transmissions as a function of the served traffic per AP.
The maximum transmission gap between the reference and target subframes is 20 ms for the relative power control requirements. This would still be sufficient for low loads but there may be a merit in extending the gap to ensure power control accuracy under higher load conditions. Extending the gap to 40 ms would cover 95% of the cases in Figure 1 up to a 95% level for “medium” load.
4 Implementation aspects and the ON/OFF mask for eLAA
Intended UL transmissions will be preceded by either a short 25 s or a full CAT4 LBT procedure. The general ON/OFF mask have to be changed to account for the shortened first symbol specified to allow CCA within the first symbol. The power control requirements are only applicable during power ON periods. The following is an excerpt from the latest version of 36.213 on the baseband signal generation in the UL (l = 0 means the first symbol) for FS3:

For frame structure type 3, if the associated DCI indicates PUSCH starting position other than ‘00’,  
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A delay tD should be introduced in the ON/OFF mask as shown in the Figure 4 taken from the proposal in [2]. The delay is conditioned on the PUSCH starting position. The OFF power should then apply during the delay period. The transient period following the CCA would still be 20 us.

[image: image9.png]Start Sub-frame

End of OFF power
requirement

1o et
Transient period

i, Start of ON power

JStart of OFF power
requirement
*The OFF power requirements does not
apply for DTX and measurement gaps.

o ]

Transient period tena





Figure 4: proposed general ON/OFF time mask for eLAA UL.
The LBT procedure precedes the transient period in which the PA power can be ramped. The PA may have to be “OFF” during CCA periods in which the OFF power requirements would apply. Normally, the OFF power requirement also applies in between UL burst separated by a transmission gap up to 20 ms for which the relative requirements apply. This indicates that the LBT mechanism would not itself introduce any further constraints with regard to maintaining the output power across transmission gaps.
5 In the 36.101

A modified requirement for the maximum transmission gap for unlicensed transmissions would be included in clauses applicable for inter-band CA as follows:
6.3.5A
Power control for CA
The requirements apply for one single PUCCH, PUSCH or SRS transmission of contiguous PRB allocation per component carrier with power setting in accordance with Clause 5.1 of [6].
6.3.5A.1
Absolute power tolerance

The absolute power tolerance is the ability of the UE transmitter to set its initial output power to a specific value for the first sub-frame at the start of a contiguous transmission or non-contiguous transmission with a transmission gap on each active component carriers larger than 20ms. For component carriers with Frame Structure Type 3 the absolute power toleance requirements apply when the said transmission gaps are larger than 40 ms. The requirement can be tested by time aligning any transmission gaps on the component carriers.
When SRS carrier based switching is used, then the above mentioned absolute power tolerance is the ability of the UE transmitter to set its initial output power to a specific value for the first sub-frame at the start of a contiguous transmission or non-contiguous transmission with a transmission gap on component carriers (to which SRS switching occurs) larger than 40ms.

6.3.5A.1.1

Minimum requirements 

For inter-band carrier aggregation with uplink assigned to two E-UTRA bands, the absolute power control tolerance is specified on each component carrier exceed the minimum output power as defined in subclause 6.3.2A and the total power is limited by maximum output power as defined in subclause 6.2.2A. The requirements defined in Table 6.3.5.1.1-1 shall apply on each component carrier with all component carriers active. The requirements can be tested by time aligning any transmission gaps on all the component carriers.
For intra-band contiguous carrier aggregation bandwidth class B and C and intra-band non-contiguous carrier aggregation the absolute power control tolerance per component carrier is given in Table 6.3.5.1.1-1.
6.3.5A.2
Relative power tolerance

6.3.5A.2.1
Minimum requirements 

For inter-band carrier aggregation with uplink assigned to two E-UTRA bands, the relative power tolerance is specified when the power of the target and reference sub-frames on each component carrier exceed the minimum output power as defined in subclause 6.3.2A and the total power is limited by PUMAX as defined in subclause 6.2.5A. The requirements shall apply on each component carrier with all component carriers active. The UE transmitter shall have the capability of changing the output power independently on all component carriers in the uplink and:

a)
the requirements for all combinations of PUSCH and PUCCH transitions per component carrier is given in Table 6.3.5.2.1-1.

b)
for SRS the requirements for combinations of PUSCH/PUCCH and SRS transitions between subframes given in Table 6.3.5.2.1-1 apply per component carrier when the target and reference subframes are configured for either simultaneous SRS or simultaneous PUSCH.

c)
for RACH the requirements apply for the primary cell and are given in Table 6.3.5.2.1-1.
For component carriers with Frame Structure Type 3 the requirements for the target sub-frame relative to the power of the most recently transmitted reference sub-frame shall be met with a transmission gap ≤ 40 ms.

For intra-band contiguous carrier aggregation bandwidth class B and C and intra-band non-contiguous carrier aggregation, the requirements apply when the power of the target and reference sub-frames on each component carrier exceed -20 dBm and the total power is limited by PUMAX as defined in subclause 6.2.5A. For the purpose of these requirements, the power in each component carrier is specified over only the transmitted resource blocks.
The UE shall meet the following requirements for transmission on both assigned component carriers when the average transmit power per PRB is aligned across both assigned carriers in the reference sub-frame:
a)
for all possible combinations of PUSCH and PUCCH transitions per component carrier, the corresponding requirements given in Table 6.3.5.2.1-1;

b)
for SRS transitions on each component carrier, the requirements for combinations of PUSCH/PUCCH and SRS transitions given in Table 6.3.5.2.1-1 with simultaneous SRS of constant SRS bandwidth allocated in the target and reference subrames;

c)
for RACH on the primary component carrier, the requirements given in Table 6.3.5.2.1-1 for PRACH.

For a) and b) above, the power step P between the reference and target subframes shall be set by a TPC command and/or an uplink scheduling grant transmitted by means of an appropriate DCI Format.

For a), b) and c) above, two exceptions are allowed for each component carrier for a power per carrier ranging from -20 dBm to PUMAX,c as defined in subclause 6.2.5. For these exceptions the power tolerance limit is ±6.0 dB in Table 6.3.5.2.1-1.
6 Proposal 
It is proposed that 
1. for component carriers with Frame Structure Type 3, the relative tolerance requirements for the target sub-frame relative to the power of the most recently transmitted reference sub-frame shall be met with a transmission gap ≤ 40 ms.
2. the absolute power tolerance requirements apply when the said transmission gaps are larger than 40 ms.
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