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1. Introduction

In RAN1#82, the following was agreed regarding multi-carrier LBT [1] and dynamic power sharing among multiple unlicensed carriers was addressed in [2]. In this contribution, we discuss remaining details on multi-carrier LBT and show our view on dynamic multi-carrier power sharing.
	Agreements:
· For multi-Carrier LBT on a group carriers
· Alt1: eNB performs Cat-4 based LBT on only one unlicensed carrier

· When the eNB completes LBT on a carrier, the eNB can sense other configured carriers for a period, e.g., PIFS (25 microseconds), immediately before the completion of LBT on the carrier.

· The eNB is allowed to transmit DL data burst(s) on the carriers sensed idle according to above procedure.

· FFS: How fast the eNB can change the carrier requiring Cat-4 based LBT

· FFS: Whether to apply the Wi-Fi channel bonding rule

· FFS: Energy detection threshold used on channels not performing Cat-4 based LBT

· Alt2: eNB performs Cat-4 based LBT on more than one unlicensed carriers

· The eNB is allowed to transmit DL data burst(s) on the carriers that has completed Cat-4 based LBT with potential self-deferral (including idle sensing for a single interval) to align transmission over multiple carriers. 

· FFS: If the eNB can receive on a carrier while transmitting on another carrier, freeze backoff counter(s) for the carrier(s) not transmitting while other carrier(s) is transmitting if the carriers are within X MHz apart

· FFS: X MHz

· FFS: Whether LAA supports Alt1 + Alt2 or Alt2 only.


2. Multi-carrier LBT
In order to provide a high peak data rate in unlicensed band, multi-carrier transmission should be supported. For an efficient multi-carrier transmission, two alternatives of multi-carrier LBT operation were agreed in RAN1#82.

· Alt. 1: eNB performs category 4 LBT on only one unlicensed carrier among a group of carriers.

· Alt. 2: eNB performs category 4 LBT on more than one unlicensed carriers
Regarding Alt. 1, it can be considered that eNB changes the carrier performing category 4 LBT but the limitation on the minimum period to change the carrier requiring category 4 LBT may be needed. Different from WiFi which allows channel bonding only with the set of predefined channels, LTE CA framework enables more flexible channel bonding. Specifically, Alt.1 can be supported for a limited number of the unlicensed carriers in a same band (contiguous and non-contiguous carriers). Considering that carriers not requiring category 4 LBT exploits channel sensing in a single time period (e.g., 25 us), ED threshold for carriers not performing category 4 LBT can be lower than the threshold for carriers performing category 4 LBT, just as WiFi. In addition, there can be two methods for contention window size (CWS) update.
· Method 1: CWS is adjusted per carrier and CWS is determined from the CWS of the carrier performing category 4 LBT.
· Method 2: CWS is adjusted per carrier and CWS is determined considering the CWSs of the group of carriers (e.g., the largest CWS).

For Alt. 2, each carrier individually performs category 4 LBT. Once eNB starts to transmit DL transmission burst on some carriers, channel sensing on the other carriers may be corrupted and backoff counters for the carriers may be frozen because of severe RF leakage from adjacent transmitting carriers. However, provided that eNB equips the capability such as the removal of RF leakage by itself, eNB can decrease backoff counters for carriers not transmitting based on the result of channel sensing. Therefore, whether eNB freezes backoff counter(s) for carrier(s) not transmitting while other carrier(s) is transmitting should be up to eNB implementation. In addition, each carrier has its own CWS and CWS should be adjusted per carrier.
Suggestion 1: For Alt. 1 based multi-carrier LBT,

· Consider the limitation on the minimum period to change the carrier requiring category 4 LBT.

· Alt. 1 is supported for a limited number of the unlicensed carriers in a same band (contiguous and non-contiguous carriers)
· ED threshold for carriers not performing category 4 LBT can be lower than ED threshold for carriers not performing category 4 LBT.

· Consider following methods for contention window size (CWS) update.

· Method 1: CWS is adjusted per carrier and CWS is determined from the CWS of the carrier performing category 4 LBT.
· Method 2: CWS is adjusted per carrier and CWS is determined considering the CWSs of the group of carriers (e.g., the largest CWS).
Suggestion 2: For Alt. 2 based multi-carrier LBT,

· Whether eNB freezes backoff counter(s) for carrier(s) not transmitting while other carrier(s) is transmitting should depend on eNB implementation.
· Each carrier has its own CWS and CWS should be adjusted per carrier.
3. DL(/UL) multi-carrier power sharing
According to ETSI regulation [3], there is a constraint that total transmit power within the same band should not exceed the predefined limit. For example, with 23 dBm total power constraint, for 20 MHz transmission 23 dBm can be fully utilized, but for 40 MHz transmission, available maximum transmit power for each 20 MHz carrier is 20 dBm. As the number of carriers configuring a DL transmission burst can be varied on the result of multi-carrier LBT, transmission power of each carrier can be dynamically changed every DL transmission burst.
On the other hand, allowing dynamic CRS power variation accompanies many specification/implementation issues since legacy operation of UE assumes constant CRS transmission power. In this sense, the introduction of dynamic adaptation of CRS/CSI-RS doesn’t seem to be an urging requirement for LAA since PDSCH power can be adjusted to satisfy maximum transmission power constraints while CRS/CSI-RS power can be set constant considering maximum number of simultaneously scheduled cells. However, to support larger variation of PDSCH transmit power than in Rel-12, power offset range between CRS/CSI-RS and PDSCH in unlicensed carrier may be extended.
Suggestion 3: CRS/CSI-RS power should be set constant in LAA DL.
4. Summary and conclusions

In this contribution, we discussed remaining details on multi-carrier LBT operation and provide our view on dynamic multi-carrier power sharing. The suggestions of this contribution are summarized as follows.
Suggestion 1: For Alt. 1 based multi-carrier LBT,

· Consider the limitation on the minimum period to change the carrier requiring category 4 LBT.

· Alt. 1 is supported for a limited number of the unlicensed carriers in a same band (contiguous and non-contiguous carriers)
· ED threshold for carriers not performing category 4 LBT can be lower than ED threshold for carriers not performing category 4 LBT.

· Consider following methods for contention window size (CWS) update.

· Method 1: CWS is adjusted per carrier and CWS is determined from the CWS of the carrier performing category 4 LBT.
· Method 2: CWS is adjusted per carrier and CWS is determined considering the CWSs of the group of carriers (e.g., the largest CWS).
Suggestion 2: For Alt. 2 based multi-carrier LBT,

· Whether eNB freezes backoff counter(s) for carrier(s) not transmitting while other carrier(s) is transmitting should depend on eNB implementation.
· Each carrier has its own CWS and CWS should be adjusted per carrier.
Suggestion 3: CRS/CSI-RS power should be set constant in LAA DL.
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