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1 Introduction
At RAN #81 meeting the power sharing issue for multicarrier operation of LAA is mentioned [1].
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.
In this contribution, candidate solutions are presented to enable the simultaneous transmission for multicarrier. In addition, the power sharing issues are also analyzed.
2 Issue of simultaneous transmission over multicarriers for LAA
Substantial capacity gains can be achieved for LAA by exploiting abundant carriers on unlicensed spectrum. However, when the eNB operating on unlicensed spectrum captures the channel after LBT and starts transmitting on one carrier, severe interference will be observed by other carriers in the same band due to RF leakage, which may probably prevent them from capturing the channel if they are still performing LBT. This implies that the eNB can simultaneously transmit over intra-band, especially contiguous carriers only if it achieves successful LBT at the same time on all potential carriers. For the LBE based eNB, however, it is difficult to simultaneously capture the channel if the eCCA checks are individually performed over carriers due to two factors: 1) the backoff counters generated by carriers may be different; 2) the channel status for the same eCCA slot may be different over carriers, i.e. the eCCA slot sensed as idle on one carrier may be sensed as busy on another. Therefore, multicarrier operation for LAA has to be investigated to align the eCCA checks and enable the simultaneous transmission over contiguous or discontinuous carriers. In addition, the impact of power sharing among carriers should also be analyzed. The above restriction may be relaxed for non-contiguous or inter-band carriers where less impact is caused by RF leakage, however for design commonality the same handling as for continuous carriers may be specified.
3 Support of simultaneous transmission over multicarriers for 802.11ac
The 802.11ac amendment supports the mandatory bandwidth of 20 MHz, 40 MHz, 80 MHz and the optional bandwidth of contiguous 160 MHz channel and non-contiguous 80+80 MHz channel. For each channel bandwidth, one 20 MHz primary channel is at least required. 40 MHz bandwidth can be achieved if the transmitter can occupy the 20 MHz primary channel and the 20 MHz secondary channel adjacent to the 20 MHz primary channel. This combination of 20 MHz primary channel and 20 MHz secondary channel is called the primary 40 MHz channel. 80 MHz bandwidth can be achieved if the transmitter can occupy the 40 MHz primary channel and the 40 MHz secondary channel adjacent to the 40 MHz primary channel. This combination of 40 MHz primary channel and 40 MHz secondary channel is called the primary 80 MHz channel. 160 MHz/ 80+80 MHz bandwidth can be achieved if the transmitter can occupy the 80 MHz primary channel and the 80 MHz secondary channel adjacent/ non-adjacent to the primary 80 MHz channel.
3.1 Channel access procedure
Static and dynamic channel access schemes are supported by 802.11ac, and are illustrated under a 80 MHz bandwidth in Figure 1. To achieve the simultaneous transmission over multicarriers, the primary 20MHz channel performs normal backoff after a DIFS interval, while the three 20 MHz non-primary channels (NCHs) will wait for one aligned PIFS interval immediately preceding the expiration of the backoff counter of the primary channel. 
For static channel access as shown in Figure 1 (a), the transmitter can only occupy the 80 MHz bandwidth when the primary 20 MHz channel and all three NCHs sense idle channel when the backoff counter is 0. Otherwise the transmitter shall reattempt to access the 80 MHz channel by restarting the channel access attempt with a random number chosen from its current contention window size for the backoff counter. This channel access attempt will be continued until all NCHs are idle.
For the dynamic channel access as shown in Figure 1 (b), flexible bandwidth of 20 MHz channel or 40 MHz contiguous channels will also be allowed to be occupied depending on the CCA results of the NCHs. Considering that the primary 20 MHz channel is idle for the last backoff counter, 20 MHz primary channel can be occupied if the adjacent NCH-1 is busy during the PIFS. 40 MHz channel can be occupied if the adjacent NCH-1 is idle during the PIFS but NCH-2 or NCH-3 is busy. 80 MHz channel can be occupied if all NCHs are idle which is similar as the static channel access scheme.
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Figure 1. 802.11ac CCA procedure for simultaneous transmission over 80 MHz bandwidth
802.11ac has to configure a primary channel which at least needs to be clean before a transmission burst, i.e. the transmission can’t be started if the primary channel is busy even if other NCHs are clean. Compared to 802.11ac, the primary carrier for LAA is on licensed band, and all unlicensed carriers are individual in channel access. Additionally configuring a “primary channel” on unlicensed spectrum for LAA like 802.11ac may result in the transmitter failing to access other carriers when the “primary channel” is blocked. Therefore, adopting 802.11ac multicarrier channel access mechanism and would decrease the channel access opportunity for LAA.
Observation 1: Adopting 802.11ac multicarrier channel access mechanism would decrease the channel access opportunity for LAA.
3.2 CCA threshold
There are two types of CCA thresholds defined for 802.11ac, CCA-signal detection (CCA-SD) and CCA-energy detection (CCA-ED), where the channel can be occupied only if it is sensed as idle under both detections. The channel can be sensed as busy if the start of the Wi-Fi PPDU is detected to exceed the CCA-SD threshold, or any signal is detected to exceed the CCA-ED threshold.
The CCA-SD threshold for the operating channel bandwidth of 20MHz, 40MHz, 80MHz, and 160MHz (or 80+80MHz) defined in 802.11ac should satisfy the following table. 
Table 1 CCA-SD thresholds for different operating channel bandwidths of 802.11ac

	
	Primary 20MHz
	Primary 40 MHz
	Primary 80 MHz
	160MHz /80+80MHz
	Secondary 20 MHz
	Secondary 40 MHz
	Secondary 80 MHz

	20 MHz
	-82 dBm
	-
	-
	-
	-
	-
	-

	40 MHz
	-82 dBm
	-79 dBm
	-
	-
	-72 dBm
	-
	-

	80 MHz
	-82 dBm
	-79 dBm
	-76 dBm
	-
	-72 dBm
	-72 dBm
	-

	160 MHz /80+80 MHz
	-82 dBm
	-79 dBm
	-76 dBm
	-73 dBm
	-72 dBm
	-72 dBm
	-69 dBm


In addition, the CCA-ED threshold for the operating channel bandwidth of 20MHz, 40MHz, 80MHz, and 160MHz (or 80+80MHz) defined in 802.11ac should satisfy the following table.

Table 2 CCA-ED thresholds for different operating channel bandwidths of 802.11ac

	
	Primary 20MHz
	Secondary 20 MHz
	Secondary 40 MHz
	Secondary 80 MHz

	20 MHz
	-62 dBm
	-
	-
	-

	40 MHz
	-62 dBm
	-62 dBm
	-
	-

	80 MHz
	-62 dBm
	-62 dBm
	-59 dBm
	-

	160MHz /80+80 MHz
	-62 dBm
	-62 dBm
	-59 dBm
	-56 dBm


4 Solutions of multicarrier operation for LAA
A natural way to align the CCA checks over multicarriers is the FBE scheme defined in ETSI regulation. However, it is difficult to guarantee the fairness channel occupancy among transmitters camping on the same carrier. E.g., for two small cells which can sense the transmitting of each other, one small cell may be persistently blocked by another small cell which transmits data all the time. To enable the simultaneous transmission over contiguous carriers, enhanced LBE channel access scheme over multicarriers is presented in the following.
4.1 Channel access procedure
As mentioned previously, the primary channel for LAA is on the licensed band, and all unlicensed carriers are symmetric when performing the LBT. Thus the same LBT scheme should be performed for all available carriers. Take 80 MHz available bandwidth for example, we present a static channel access scheme and a dynamic channel access scheme to coordinate the channel sensing among carriers. 
4.1.1 Static channel access

For the static channel access as shown in Figure 2, the transmission bandwidth is fixed 80 MHz. One single backoff counter can be generated for all 4 carriers over 80 MHz, which then jointly perform the eCCA check. The eCCA slot can be sensed as busy if the total power detected over the entire 80 MHz exceeds the corresponding CCA-ED threshold for 80 MHz bandwidth according to formula (1); otherwise the eCCA slot is idle. The static channel access is easy to be implemented. However, the channel is easily blocked when there are strong contention nodes on any one of the carriers even if other carriers are clean, which decreases the opportunity to access the channel. In addition, the CCA-ED threshold for 80 MHz channel is 6dB higher than that for per 20 MHz channel, thus the transmitter may still occupy the 80 MHz channel even when one 20 MHz carrier is slightly busy but the other three carriers are clean, which causes increased interference compared to 20 MHz available bandwidth detection.

[image: image2.emf]CC 1

CC 2

CC 3

CC 4

80 MHz aggregation

20 MHz Wi-Fi PPDU

40 MHz Wi-Fi PPDU

40 MHz Wi-Fi PPDU

80 MHz aggregation

80 MHz aggregation

80 MHz aggregation

Busy eCCA slot Idle eCCA slot

Occupancy of 

the sensing eNB

Occupancy of the 

contending node


Figure 2. Static 80 MHz bandwidth channel access for LAA

4.1.2 Dynamic channel access

For the dynamic channel access, flexible number of occupied carriers instead of the entire bandwidth can be supported. All available carriers first individually implement eCCA checks using 20 MHz CCA-ED threshold. To enable simultaneous transmission of multicarriers, the carrier finishing the backoff countdown can wait on that carrier instead of immediately transmitting. The length of the waiting time can be fixed or adaptively decided by the eNB depending on the expiration of the backoff counters of other carriers. The eNB stops the waiting of multiple carriers at the same time and an additional CCA (ACCA) check is aligned for the carriers which have finished the countdown. All idle carriers during the ACCA check can be occupied simultaneously.
By enabling flexible bandwidth transmission, the dynamic channel access scheme can achieve more transmission opportunities than the static channel access at the expense of decreased bandwidth per transmission burst. In addition, the dynamic channel access scheme will not cause more harmful impact to other co-existing systems such as Wi-Fi than single carrier operating channel bandwidth because the waiting time on each carrier is at least not decreased as compared to single carrier LBT. 
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Figure 3. Dynamic bandwidth channel access based on defer time
Observation 2: The dynamic channel access scheme will not cause more harmful impact to other co-existing systems such as Wi-Fi than single carrier operating channel bandwidth.
Proposal 1: It is suggested to adopt dynamic channel access scheme to achieve the trade-off between channel access opportunity and occupied bandwidth.
4.2 Power sharing issues
According to the regulation of certain countries and regions, maximum transmission power is mandated for transmitters on unlicensed spectrum. Take ETSI regulation for example, the maximum transmission power in 5150-5350 MHz band is 23 dBm in e.i.r.p., and the corresponding maximum power density is 10 dBm/MHz. Therefore, considering that the transmitter always configures the total transmission power as 23 dBm e.i.r.p., the transmission power per carrier has to be reduced if the occupied bandwidth is extended from one carrier to multicarriers, i.e., the multicarrier transmission is at the expense of reducing the coverage per carrier. 
The CCA-ED threshold defined in ETSI regulation is given as
TL = -73 dBm / MHz + (23 dBm - PH) / (1 MHz),                                 (1)
where PH is the maximum transmission power specified in dBm e.i.r.p. For 20 MHz operating bandwidth with 23 dBm maximum transmission power, the CCA-ED threshold is -60 dBm. For multicarrier operation, the CCA-ED threshold could be increased since the maximum transmission power per carrier is reduced. E.g. for 80 MHz operating bandwidth with equal power allocation over each carrier, the transmission power per carrier is reduced to 17 dBm and the CCA-ED could be increased to -54 dBm. Therefore, the CCA-ED threshold may varies for different transmission bursts since the maximum transmission power per carrier is not fixed. 
To ensure complying with the regulation, the CCA-ED should be performed with a most sensitive threshold based on the maximum number of available carriers, which may significantly decrease the opportunity to capture the channel. From implementation point of view, by allowing dynamic change of the transmission power on unlicensed carrier for each transmission burst, the LAA eNB may transmit signal at a lower power if it accesses multiple carriers to control the interference to neighbour cell and improve its own cell throughput; on the other hand it may transmit at a higher power to make sure the cell edge user be served. In this case, it is beneficial to indicate the transmission power of each burst to UEs dynamically, e.g., the power information is carried by PDCCH, to help UE perform PDSCH demodulation and CSI measurement.
Observation 3: The LAA eNB may improve cell throughput by implementation if dynamic change of the transmission power on unlicensed carrier for each transmission burst is allowed.
Proposal 2: It is beneficial to indicate the transmission power of each burst to UEs dynamically to help UE perform PDSCH demodulation and CSI measurement.
5 Conclusion

We analyzed the multicarrier operation and presented candidate solutions for simultaneous transmission and power sharing among carriers. Based on the analysis we draw the following conclusions:
Observation 1: Adopting 802.11ac multicarrier channel access mechanism would decrease the channel access opportunity for LAA.
Observation 2: The dynamic channel access scheme will not cause more harmful impact to other co-existing systems such as Wi-Fi than single carrier operating channel bandwidth.
Observation 3: The LAA eNB may improve cell throughput by implementation if dynamic change of the transmission power on unlicensed carrier for each transmission burst is allowed.
Proposal 1: It is suggested to adopt the dynamic channel access scheme to achieve the trade-off between channel access opportunity and occupied bandwidth.
Proposal 2: It is beneficial to indicate the transmission power of each burst to UEs dynamically to help UE perform PDSCH demodulation and CSI measurement.
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(a) Static 80 MHz bandwidth channel access
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