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1. Introduction

At the RAN1#82 meeting, mechanism of multiple carrier LBT were discussed and following agreements were achieved [1]. 
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.

In this contribution, we further analyse and provide views on both alternatives of multi-carrier LBT schemes. As there is a constraint on the total transmission power across all carriers of unlicensed band, we further discuss the power allocation issue and possible solutions for multiple carrier operation.  
2. Discussion on LBT for multiple carrier transmission  
Considering the multiple carrier access, the related channelization behaviour in 802.11ac could be considered as a reference for the corresponding design in LAA. In this section, we firstly discuss the channelization behaviour of 802.11ac, and then show our view of the two alternatives of multiple carrier LBT for LAA. 
2.1. Multiple channel access of 802.11ac  
802.11ac adopts a simple approach to channelization [2]. Adjacent 20 MHz subchannels are grouped into pairs to make 40 MHz channels, adjacent 40 MHz subchannels are grouped into pairs to make 80 MHz channels, and adjacent 80 MHz subchannels are grouped into pairs to make the optional 160 MHz channels, as shown in Figure 1. 802.11ac device configures its primary and secondary 20/40/80 MHz channel for the corresponding LBT and channel bonding procedure.  
For example, for transmitting 40MHz packet, a device performs channel access on primary 20MHz channel in the usual way. Immediately before transmit, the device inspects the physical carrier sense state of the secondary 20 MHz channel for a short duration, i.e. PIFS, to make sure that the secondary channel is clear too. If clear, the 40 MHz packet is sent; otherwise the device can either (1) transmit a 20 MHz packet on the primary 20 MHz channel or (2) back off again. The similar sensing and bonding rule could be utilized for transmitting 80 MHz and 160 MHz (or 80 MHz + 80 MHz) packet. The CCA ED threshold is the same for primary and secondary 20MHz channel, but getting more and more relaxed for secondary 40MHz channel and secondary 80MHz channel [3].    
Based on above discussion, we summarize several rules on multiple carrier transmission of 802.11ac as follow.
1) Device could only be transmitted in primary 20MHz/40MHz/80Hz channel and 160 (or 80+80) MHz channel. 
2) Secondary 20MHz/40MHz/80MHz channel could not be occupied alone. 

3) Bonding among adjacent channels with same bandwidth. One point should be noted that each 20MHz channel has a small amount of the channel that is reserved at the top and bottom to reduce the interference in those adjacent channels. After bonding 40 MHz channel, these small parts of channel can be used to carry information. In other words, bonded 40MHz channel is more efficient than two 20MHz channel.  
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Figure 1.  Example of 802. 11ac channelization (United States)

2.2. Discussion on multiple carrier LBT of LAA   
Considering the two LBT alternatives for multiple carriers agreed in last RAN1 meeting, we provide our understanding as follow. 
Alt. 1 allows eNB to transmit on clear carriers by performing Cat.4 based LBT on only one carrier and short duration sensing, e.g. for PIFS, on other carriers. For convenience, we could call the carrier need to perform Cat.4 LBT and other carriers need not to perform Cat.4 LBT as “primary carrier” and “non-primary carrier”, respectively. The merit of the approach is reducing the sensing period for non-primary carriers. However, the transmission probability of LAA is relative low, since once the primary carrier is crowed and always busy, LAA could not transmit. In this case, fast primary carrier changing is one of the possible methods to increase the carrier access probability. Considering the transmit efficiency of LAA, it is better that the primary carrier configuration could be changed in milliseconds or tens milliseconds. Another discussion point is that whether Wi-Fi channel bonding rule is needed or not for LAA. From section 2.1, it is found that Wi-Fi could benefit from the channel bonding by re-using the guard bandwidth between two adjacent channels. But for LAA, it is difficult to transmit data on the guard bandwidth between two adjacent channels. As a result, if alternative 1 is adopted for multiple carrier LBT of LAA, Wi-Fi channel bonding rule should not be applied. In addition, back off counter freezing for adjacent carriers, like the behaviour defined in Alt.2, may be also needed for Alt.1.   
Proposal 1: For Alt.1, it is preferred that eNB can change the carrier requiring Cat.4 based LBT in millisecond or tens of milliseconds. Wi-Fi channel bonding rule should not be applied to LAA.  

For Alt. 2, there is no primary channel configuration. Carriers need to perform Cat.4 based LBT before transmission while self-deferral could be used to achieve synchronous transmission over carriers. As eNB will try to access each available carrier in unlicensed band, Alt.2 achieves relative higher transmit probability and efficiency than Alt.1. Meanwhile, current agreements already support operation of Alt.2, thus standardization effort is minimized. 
Proposal 2: Alt.2 is more preferable than Alt.1 considering the channel access probability and standardization effort.  
3. Power allocation for multiple carrier operation of LAA    
In regulations, maximum transmission power is limited for the entire unlicensed band irrespective of the number of CCs used for transmission. Fixed and dynamic power sharing approach across multiple carriers could be considered for LAA. In the former one, fixed maximum power is allocated for all configured carriers in a long time. However, the number of available carriers for transmission varies with time due to LBT and different interference condition of each carrier. If transmit power is set considering possible large number of transmission carriers, the power level of each carrier is relative low. As a result, the coverage of LAA is small. Apart from this, there will be a waste of the power when some CCs are not used for transmission. 

Dynamic power allocation for each carrier during each transmission burst according to the number of transmitted carriers is a better approach to fully utilize the power resource. But power fluctuation causes negative impact on RRM/CSI measurement and PDSCH demodulation. Therefore, transmit power of some of the reference signals could be fixed for accurate measurement and transmit power of others could be dynamically allocated. RRM measurement is important for cell identification and CC addition/removal, so the measurement accuracy should be guaranteed first. Based on above considerations, there are two approaches as follow for dynamic power allocation for multiple carriers. 
· Approach 1: Fixed power of reference signals for both RRM and CSI measurement and dynamically allocated power for other signals including PDSCH/(E)PDCCH/DMRS.  

· Approach 2: Fixed power of DRS for RRM measurement and dynamic allocated power for other signals, including CRS/CSI-RS outside of DRS for CSI measurement and PDSCH/(E)PDCCH/DMRS. 

Approach 1 ensures the accurate RRM measurement, while approach 2 could protect both the RRM and CSI measurement. With dynamic power allocation above, enhancements on demodulation and CSI measurement should be considered.    
For approach 1, considering fixed power of CRS and dynamic power of PDSCH in each subframe, a L1 signaling to indicate the power ratio between CRS and PDSCH is needed to demodulate CRS based PDSCH. Although RRM measurement based on DRS will not fluctuate due to fixed power of DRS, CSI measurement/report needs enhancement. The channel part of CSI will not fluctuate due to fixed power of DRS/CSI-RS. However, it cannot reflect the real power of data for link adaptation. eNB should re-calculates CSI for channel part before link adaptation as it knows the actual transmission power of data. On the other hand, the interference part of CSI fluctuates due to variable power of neighbors. Thus one-shot CSI measurement for interference part within each transmission burst without averaging across different bursts is necessary   
For approach 2, only transmit power of DRS is semi-static fixed, similar as approach 1, a L1 signaling to indicate the power ratio between CRS and PDSCH is needed to demodulate CRS based PDSCH. Besides, in subframes containing DRS, CRS in DRS and DRS outside of DRS has different transmit power. Then it may need additional signaling of absolute power level of CRS outside of DRS for demodulation. One-shot CSI measurement is also required by using this approach. 

Proposal 3: Two approaches of dynamic power allocation for multiple carriers could be considered.  

· Approach 1: Fixed power of reference signals for both RRM and CSI measurement and dynamically allocated power for other signals including PDSCH/(E)PDCCH/DMRS.  
· One shot CSI measurement for interference part without averaging across different bursts would be necessary in addition to L1 signaling to indicate the power ratio between CRS and PDSCH.
· Approach 2: Fixed power of DRS for RRM measurement and dynamic allocated power for other signals, including CRS/CSI-RS outside of DRS for CSI measurement and PDSCH/(E)PDCCH/DMRS. 
· One shot CSI measurement without averaging across different bursts would be necessary in addition to L1 signaling to indicate the power ratio between CRS and PDSCH and the absolute power level of CRS outside of DRS.
4. Conclusion 

In this contribution, we have discussed on LBT and power allocation issues on multiple carrier operation in unlicensed band. We made the following proposals. 
Proposal 1: For Alt.1, it is preferred that eNB can change the carrier requiring Cat.4 based LBT in millisecond or tens of milliseconds. Wi-Fi channel bonding rule should not be applied to LAA.  

Proposal 2: Alt.2 is more preferable than Alt.1 considering the channel access probability and standardization effort.  
Proposal 3: Two approaches of dynamic power allocation for multiple carriers could be considered.  

· Approach 1: Fixed power of reference signals for both RRM and CSI measurement and dynamically allocated power for other signals including PDSCH/(E)PDCCH/DMRS.  
· One shot CSI measurement for interference part without averaging across different bursts would be necessary in addition to L1 signaling to indicate the power ratio between CRS and PDSCH.
· Approach 2: Fixed power of DRS for RRM measurement and dynamic allocated power for other signals, including CRS/CSI-RS outside of DRS for CSI measurement and PDSCH/(E)PDCCH/DMRS. 
· One shot CSI measurement without averaging across different bursts would be necessary in addition to L1 signaling to indicate the power ratio between CRS and PDSCH and the absolute power level of CRS outside of DRS.
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