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1
Introduction
LAA operation in the 5GHz band is subject to a total transmit power and per MHz PSD constraint on the entire bandwidth available in each band. This implies that in each band the total power needs to be shared between the set of active carriers which are instantaneously being transmitted. This is different from current mode of operation in LTE where the there is no constraint on the total power per operating band and the amount of power can be independently set per carrier in a given band.
In this document, we discuss various aspects of multi-carrier operation for LAA secondary cells including cell discovery and coverage, RRM and CQI measurement and network operation.
2
Maximum transmit power constraint in 5GHz band [1]
Several regulatory domains specify a maximum transmit power constraint per band/sub-band for operating in the unlicensed spectrum. For example, Table 1 illustrates the power and PSD constraints as part of the ETSI regulations for the 5GHz band. In specific, the regulation states that the limits in Table 1 are applicable to the system as a whole and in any possible configuration. This includes smart antenna systems and device with multiple transmit channels. In case of multiple (adjacent or non-adjacent) channels within the same sub-band, the total RF power of all channels in that sub-band shall not exceed the limits defined in Table 1. In case of multiple, non-adjacent channels operating in separate sub-bands, the total RF power in each sub-band shall not exceed the limits as defined in Table 1.
Table 1: Power and PSD limitations in European regulations
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As can be noted from Table 1, a total of 23dBm transmit power is allowed in the 5150MHz to 5350MHz irrespective of the amount of bandwidth being used for transmission. For example, a 20MHz LAA transmission can utilize the entire 23dBm power available on a single carrier. A 40MHz LAA transmission on the other hand splits the power between the two 20MHz carrier and an 80MHz transmission has to split the transmission between 4 20MHz carrier.
We note that there is no restriction on allocating power uniformly across the entire band and different 20MHz LAA carriers can be allocated different amounts of maximum power. For example, when 4 20MHz carriers share a total power of 23dBm (200mW), one possible split of the maximum power allocated to the 4 carriers could be 20dBm (100mW), 17dBm (50mW), 14dBm (25mW) and 14dBm (25mW) respectively.
2.1
WiFi dynamic bandwidth scaling and power sharing
As described in [2], the amount of bandwidth available for each WiFi transmission is very dynamic and is determined by the 25us CCA (PIFS [2]) on the secondary channels at the time instant just before transmission. In addition, the WiFi transmission is a single PPDU transmission over the entire instantaneously available bandwidth (in contrast to LTE which aggregates carriers). To enable such dynamic bandwidth scaling, the total amount of power available for transmission is shared equally between all the active 20MHz channels dynamically for each transmission. For example, the power allocated to an 80MHz transmission is always 6dB lower per 20MHz channel compared to a 20MHz transmission. 
To enable such dynamic bandwidth operation and to maximize coverage, the beacon, control and management frames for the UEs associated with each AP are broadcast only on the primary 20MHz channel. This implies that each WiFi STA is always camped on the primary 20MHz channel of an AP and may flexibly increase the operating bandwidth depending on the coverage of the AP and the amount of bandwidth dynamically available. Figure 1 shows the coverage achievable by the AP when using different bandwidths. In principle, nodes close to the transmitter can use the entire bandwidth and nodes away from the transmitter can only use part of the total available bandwidth depending on the distance and coverage limitations.

[image: image2.emf]20MHz coverage

40MHz coverage

80MHz coverage


Figure 1: Coverage of a transmitter when using different bandwidths
2.2
LAA multi-carrier operation 
As discussed in [2], LAA scales to higher bandwidths using the CA framework and thus each 20MHz LAA carrier is independent of the other. The DRS is transmitted on each 20MHz carrier and different sets of UEs can be associated with different carriers. For example, an LAA eNB using 4 different carriers and having 10UEs can have 3 UEs associated with the first 2 carriers and the other 7 UEs associated with the rest of the carriers. Such a choice could be based on the power allocated to each carrier and the measurements reported by each UE etc.
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Power sharing mechanisms between LAA carriers 

Power sharing between LAA carriers can be performed in several different ways
1. Fixed and equal maximum power allocation between all configured carriers

2. Fixed and unequal maximum power allocation between all configured carriers

3. Dynamically varying power allocation for each carrier per transmission burst

In this section, we discuss the PHY layer impact when using each of the proposed options for LAA system operation.
3.1
Fixed and Equal/Unequal Maximum Power Allocation between carriers

In this method, each carrier that is configured at the eNB is allocated a fixed amount of maximum power. The allocated power for each carrier is reserved for that carrier irrespective of whether the carrier is being actively used for transmission at a given instant of time and cannot be reused for other carriers. Note that even when a carrier is being transmitted, it need not utilize the maximum power allocated to it (partial loading for example) and this spare power is wasted and not usable by other carriers in this approach.
From a system operation perspective, this option is the most simplest as there is no inter-dependency between carriers. Each carrier gets allocated a certain amount of maximum power and that power can be used either partially or fully by that carrier. As each carrier gets only a fraction of the total power allocated to the band, the coverage of each carrier is smaller with a fixed power allocation when compared to a scenario where power is dynamically shared across carriers.

One readily feasible option to improve coverage is to have a fixed but unequal power allocation between carriers that operate on the same band. This ensures that carriers with higher allocated power can be used to provide coverage to a larger number of UEs and carriers with lower allocated power can serve UEs much closer to the serving eNB. A fixed but unequal power allocation can also enable the eNB to trade-off between providing lower bandwidth coverage to a larger group of UEs and a higher capacity using larger bandwidth to a smaller group of UEs located closer to the eNB.

Both equal and unequal power sharing between carriers have no impact on UE measurement and reporting of serving cell and interferers as the amount of power allocated per carrier is fixed for a relatively long time scale. An RRC or system information reconfiguration can be used to notify the UEs of a change in power allocation of each carrier in this scenario. 

3.2 
Dynamic maximum power allocation per carrier for each transmission burst
In this method, the total power allocated to each carrier transmission changes dynamically as a function of the number of carriers on eNB chooses to transmit at the start of each transmission burst. As discussed in Section 2, WiFi uses a similar dynamic but equal power allocation across all transmitting channels. There are several pros and cons and design choices with this approach for LAA multi-carrier operation.
3.2.1
CCA threshold and channel access
As the CCA threshold used for channel access on each carrier may be a function of the long term maximum power allocated to a carrier, a conservative CCA threshold has to be used for each carrier which reduces the chance of CCA success. This can have a significant impact as an LAA eNB may be active on several tens of carriers and thus the used CCA threshold may be much lower than is needed on that carrier. For example, if 8 carriers are used the CCA threshold should be conservative by 9dB, as in principle, all the power may be used for one 20MHz carrier for final transmission (see [2] for multi-carrier LBT operation).
3.2.2 
Reference signal power variation

If the power is dynamically allocated per carrier, we note that the power allocated to the reference signals changes dynamically with each transmission burst. This impacts several functions of the UE including RSRP and RSSI measurements for both serving and neighbouring cells, channel and interference measurement for CSI reporting etc. as the power of the reference signals used for the measurements changes in each burst. This may also result in situations where a UE at a cell edge experiences a ping-pong effect by going in and out of coverage due to a change in transmit power per carrier at the eNB side or in a scenario where there is a fast variation in the reported CQI due to the varying amount of power allocated for CSI and variable power interference (Note that this would be observed for a WiFi interferer as well as each WiFi node can dynamic scale the bandwidth and hence the power allocated per channel).
3.2.3
Coverage impact

Such a dynamic power sharing across carriers can improve unlicensed band coverage as the eNB can dynamically allocate all the power to a 20MHz carrier and serve UEs at the cell edge and use a larger bandwidth but lower power per carrier to serve UEs with good coverage in different transmission bursts/TXOPs.

3.3
Possible solutions for LAA operation with dynamic power allocation per carrier
Several enhancements may need to be considered for truly power flexible LAA operation in the unlicensed spectrum. We briefly discuss some possible techniques for allowing flexible power allocation without major impact on LAA operation.

3.3.1
Fixed reference signal power but variable PDSCH power 
In this scenario, the power allocated to reference signals such as PSS/SSS/CRS/CSI-RS is fixed per carrier and is known to the UEs while the power allocated to PDSCH transmission can change dynamically. The power allocated to the reference signals is wasted if the carrier is not being transmitted and the rest of the power is allocated to PDSCH dynamically on the active carriers. 
Such as scheme can be especially useful if demodulation is always based on UERS based pilots which are transmitted at the same dynamic power as the PDSCH data. This imposes minimal constraints on dynamic power scaling operation as the power allocated to reference signals on each carrier is a small fraction of the total maximum power allocated to each 20MHz carrier while providing a significant amount of scheduling flexibility to the eNB compared to a fixed maximum power distribution.
A fixed reference signal power for each carrier enables a UE to make consistent RRM measurements and channel estimates for CSI. However, the interference power experienced may still be variable due to the presence of WiFi or other asynchronous LAA nodes resulting in a fluctuating CQI measurement.

3.3.2
eNB/UE compensates for measurement variations due to power fluctuations
As the eNB is aware of the actual power used in each transmission burst, it can adjust the measurement and CSI reports by the UE according to deal with fluctuations due to power variation. While this be accomplished for serving cell based measurements, it might be difficult to do so for neighbour cell measurements in the absence of UE indication of the power variation.
4
Conclusions

In this document, we address several aspects of multi-carrier operation for LAA especially with a total transmit power constraint for all carriers in a given band. We discuss several feasible solutions for power sharing such as
1. Fixed but equal/unequal power allocation across all carriers

2. Dynamically varying power allocation for each carrier in a transmission burst 

We also discussed at a high level the pros and cons of each approach and suggest solutions which can achieve close to fully dynamic power allocation across carriers while minimizing the drawbacks.
Proposal
1. Dynamic power sharing across carriers should be considered for LAA operation.
2. Fixed reference signal power but dynamic PDSCH power is one approach for achieving such dynamic power sharing across carriers.
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