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1
Introduction
At the last RAN1 meeting, there has been a nice overview contribution on multi-carrier power allocation in [1] that led to capturing the following agreements to the TR as noted in [2]:

Agreements:
· The following candidate options are identified for future investigations for power sharing between LAA carriers in the DL

· Option 1: Fixed and equal maximum power allocation per carrier

· Option 2: Fixed and unequal maximum power allocation per carrier

· Option 3: Dynamic maximum power allocation between carriers at least based on the number of carriers being transmitted in each DL transmission burst

· Other options are not precluded 

· Capture the above in the TR

Clearly, as pointed out in [1] having a fixed power allocation (of Options 1 or 2) will result in not using all the available transmission power instantaneously (compared to the case of WiFi) and is thereby wasting potential coverage/throughput etc. compared to enabling some dynamic maximum power allocation between carriers. 
In this contribution, we discuss this issue on top of the discussions and considerations in [1].  

2
Limiting the number of options on power allocation
The different options were captured in the TR [3] and other options are not precluded. One might ask here, what kind of limitation on the number of options is actually needed. 

In general, a target of the LAA design should be to optimize the unlicensed band operation (as much as possible) which includes enabling an efficient and flexible TX power utilization of the anyhow rather limited TX power values given by unlicensed band regulations. Otherwise, TX power might be left unused which clearly will lead to sub-optimality. 
Proposal 1: LAA to enable flexible TX power allocation to optimize the LAA performance.

Looking at LAA system design, the number of power allocation options may need to be limited to enable efficient LAA system operation and to avoid excessive complexity. However, any additional, artificial limitations should not be enforced that would potentially limit the LAA system efficiency and reduce the eNB implementation and scheduling/bandwidth adaptation/power allocation flexibility. 

Proposal 2: 
· RAN1 not to limit the power allocation per carrier more than needed to enable reliable system operation in order to retain as much flexibility as possible in LAA eNB bandwidth allocation/power allocation/scheduling. 
· Transmission power and power spectral density limitations given by regulation can be considered as LAA eNB implementation specific and do not need to be handled in the specifications. 

As noted in [1], limitations might be coming from regulation as well as from CCA, cell identification as well as RRM operation point of view. 

3
Limitations given by regulation 
As noted in [1], there are limitations on the total maximum TX power from a single node in a certain band – e.g. in the ETSI regulations. 

But in certain regions, the limitation is not just given by the total max. TX power but a limitation is set also in terms of PSD as a function of the transmission power. As an example in Korea, as captured in Sec. 4.3.3 of [3], there is a PSD limit as a function of the bandwidth – the relevant table is copied below:
Table 4.3.3-1: Transmit power requirements for 5GHz Devices

	Frequency Range(MHz)
	5100-5250
	5250-5350
	5470-5650
	5725-5825,

2400~2483.5 (Note 7)

	Average PSD requirement (mW/MHz)
	BW(MHz)
	PSD
	BW(MHz)
	PSD
	BW(MHz)
	PSD
	BW(MHz)
	PSD

	
	0.5-20
	≤2.5
	0.5-20
	≤10
	0.5-20
	≤10
	0.5-26
	≤10

	
	20-40
	≤1.25
	20-40
	≤5
	20-40
	≤5
	26-40
	≤5

	
	40-80
	≤0.625
	40-80
	≤2.5
	40-80
	≤2.5
	40-80
	≤2.5

	
	
	
	
	
	
	
	40-60 (Note 1)
	≤0.1 (Note 1)

	Assumed antenna gain G (dBi) (Note 4)
	6
	7
	7
	6, 20  (PTP) (Notes 2, 3)

	Out of band emission, EIRP (dBm/MHz)
	-27
	-27
	-27
	For any 100kHz in outside band, less than -30dBm(2400-2483.5MHz)

-27dBm/MHz (5725-5825MHz)

	DFS (Note 5)
	No
	Yes
	Yes
	No

	TPC (Note 6)
	No
	Yes
	Yes
	No

	NOTE 1:
2400-2483.5MHz devices

NOTE 2:
Fixed point to point operation power scaling threshold is 20 dBi

NOTE 3:
PTP: Point to Point communication

NOTE 4:
Peak power is reduced by G-THR dB for directional antennas with gain > THR dBi (THR = 6 dBi for 51005250MHz and 5725-5825MHz or 7dBi for 5250-5350MHz and 5470-5650MHz)

NOTE 5:
DFS: Dynamic Frequency Selection

NOTE 6:
TPC: Transmit Power Control

NOTE 7:
5725-5825MHz, 2400-2483.5MHz are not allowed to be used for point-to-multipoint service for the same information and omni-directional electro-magnetic wave transmission



Therefore, usage of uneven power allocation to provide different coverage for different carriers, as suggested in [1], is in principle possible. But for certain geographical areas additional PSD limitations might clearly limit the uneven power allocation (i.e. in case all the available TX power is utilized, an uneven power allocation would not be possible).
Observation: Uneven power allocation for different LAA carriers might be restricted in certain geographical areas by PSD limits as a function of the bandwidth (e.g. at least in Korea [3]). Such specific restriction should be left to eNB implementation. 
This specific restriction should be left to eNB implementation. Having pointed this out, we don’t see a need to specifically prevent uneven/unequal power from 3GPP specification point of view.
4
Effect of dynamic power boosting on LAA operation
As pointed out in [1] having a varying power of certain signals such as PSS/SSS/CSI-RS/CRS may result in unreliable and ambiguous: 

· Cell detection and identification performance (PSS/SSS/CRS)

· RSRP (RRM) measurements (CRS/CSI-RS)

· CSI measurements (CSI-RS/CRS)

In order to limit a variance in these procedures, one would need a fixed TX power per carrier (and related coverage) for these signals. Transmission power variations would then be limited to only the other transmitted signals/channels (e.g. PDSCH, (E)PDCCH, DM-RS).

Enabling temporary boosting of the PSS/SSS power may improve the probability of detection a certain cell and also help the coarse time/frequency synchronization. Therefore, we think that dynamic power boosting of PSS/SSS should not have a negative effect on LAA system operation and should therefore be allowed for.

A change in power for signals used for RRM measurements (i.e. CRS and potentially CSI-RS, if configured) might create varying RSRP (and correspondingly also RSRQ) measurement results. As noted in [1], an eNB should be able to take potential power variations due to power boosting into account for its own cells. But of course, in case of neighbor cell measurements this might not be possible and therefore, comparable RRM measurements of neighbor cells might no longer be possible. 

As a consequence, we think that it would be advisable to not enable rather dynamic power boosting of reference signals used for RRM measurements, but these should be fixed up to a medium-term time scale. A medium-term time scale change should enable the eNB to take a new carrier into use or drop a carrier from its LAA operation in case of strong congestion or expected low load for a longer period of time. The definition of a medium-term scale in terms of 100s of ms is FFS.
Looking at the issue of CSI measurements, the eNB would be able to take the power boosting of RS used for CSI measurements into account in its operation involving scheduling decisions as well as link adaptation at least to some extent. As the intention is anyhow to allow dynamic power boosting for PDSCH, reusing the reported CQI for link adaptation directly will anyhow not be sufficient here. 
Summarizing the discussions here, we suggest the following:

Proposal 3: 

· Dynamic power allocation for PSS/SSS, PDSCH, (E)PDCCH, RS used for demodulation as well as RS used for CSI measurement should not be prevented by specifications and should be left to eNB implementation.

· Dynamic power allocation for reference signals used for RRM measurements (CRS and potentially CSI-RS as part of the DRS) should not be allowed in order to enable reliable multi-cell system operation. Variation of the RS power for RRM measurements on a medium-term scale should nevertheless be possible.
6
Conclusions
In this contribution we discussed dynamic multi-carrier transmit power allocation for LAA motivated by regulation in combination with scheduling decisions and CCA/LBT operation. 
Based on the discussions in this contribution, we would like to summarize our related proposals:

Proposal 1: LAA to enable flexible TX power allocation to optimize the LAA performance.

Proposal 2: 
· RAN1 not to limit the power allocation per carrier more than needed to enable reliable system operation in order to retain as much flexibility as possible in LAA eNB bandwidth allocation/power allocation/scheduling. 
· Transmission power and power spectral density limitations given by regulation can be considered as LAA eNB implementation specific and do not need to be handled in the specifications. 

Proposal 3: 

· Dynamic power allocation for PSS/SSS, PDSCH, (E)PDCCH, RS used for demodulation as well as RS used for CSI measurement should not be prevented by specifications and should be left to eNB implementation.

· Dynamic power allocation for reference signals used for RRM measurements (CRS and potentially CSI-RS as part of the DRS) should not be allowed in order to enable reliable multi-cell system operation. Variation of the RS power for RRM measurements on a medium-term scale should nevertheless be possible.
Considering uneven power allocation for different carriers, we still would like to note the following regional limitation as:

· Observation: Uneven power allocation for different LAA carriers might be restricted in certain geographical areas by PSD limits as a function of the bandwidth (e.g. at least in Korea [3]). Such specific restriction should be left to eNB implementation.  
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