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1. Introduction

In RAN1#78bis, regulatory requirements [1] for the operation in 5 GHz unlicensed spectrum are agreed to be included in TR36.889 as the reference for LAA study. However, further clarifications are necessary for some of the regulatory requirements in designing LAA operation. Especially, the followings are those regulatory requirements which require clarifications
· LBT operation

· maximum PSD

· minimum occupation bandwidth

In this paper, we discuss what correct understandings are for those regulatory requirements and suggest clarifications on them.

2. Further details of regulatory requirements for LAA
2.1. LBT
As summarized in [1], regulation in Europe and Japan mandates LBT (Listen-Before-Talk) operation in 5 GHz unlicensed spectrum. While LBT is generally understood as the operation where a network node checks via carrier sensing if the channel is empty before transmitting something, it seems unclear whether LBT regulations mandate the “carrier-sensing node” and the consequent “transmitting node” should be identical or not. 
Point 1: In LBT regulation in Japan and Europe, it should be clarified whether “carrier-sensing node” and the consequent “transmitting node” should be identical or not. In other words, whether it is allowed a master node do carrier sensing and trigger a slave node’s transmission based on the sensing result.
· Impact to LAA design

For the LBT operation for UE transmission in uSCell (SCell in unlicensed band), two options can be considered [2]:
Option 1) eNB scheduling + UE sensing and transmission

Option 2) eNB sensing and scheduling + UE transmission
With option 1, even when eNB has scheduled an UL transmission to a UE, the UE may or may not transmit PUSCH in depending on the carrier sensing result. Moreover, UE may have to be allowed to adjust its PUSCH transmission timing to get more chance for the transmission as well as to avoid collision via random back off as illustrated in figure 1(a). Thus, LBT operation with UE sensing would lead to ambiguity in the eNB reception perspective and modification of PUSCH-related timings.

With option 2, timing relation between UL grant and PUSH transmission can be maintained as it is and eNB can expect UE would transmit PUSCH as long as the UL grant is received by the UE correctly. On the other hand, eNB may have to transmit something during the time interval between UL grant and PUSCH transmission to prevent the channel to be intercepted by other nodes, which may degrade system throughput due to increased signaling overhead, which is illustrated in figure 1(b).
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(a) UE-sensing based LBT operation in UL
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(b) eNB-sensing based LBT operation in UL

Figure 1. Options for carrier sensing for LBT operation in UL
Considering pros and cons of eNB sensing and UE sensing options above, it is worthwhile to discuss both options for UL LBT operation in uSCell. On the other hand, if LBT regulation itself prohibits, for example, the option of eNB sensing for UE transmission, we may not need to discuss that option any more.
· Review of related regulations
	In Japanese regulation on carrier sensing [3], it is defined that within maximum 4ms duration, a slave node which follows a master node’s decision on carrier sensing can omit carrier sensing in the communication between the master node and the slave node. The exact description is copied below.
エ 無線設備は、新たな送信に先立ち、キャリアセンスによる干渉確認を実行した後、送信を開始すること。ただし、この新たな送信を行う無線設備を主とし、主局のキャリアセンスによる判断に従い送信を行う無線設備を従として、主及び従の相互間でこのキャリアセンスを起点として行われる通信に関しては、最大4ms の間、主と従の無線設備におけるキャリアセンスは省略できるものとする


This seems to allow decision on UE transmission according to the scheduling eNB’s carrier sensing within 4ms.

In European regulation on LBT [4], it is described “Before starting transmissions on an Operating Channel, the equipment shall perform a Clear Channel Assessment (CCA) check using energy detect.” and no other description which hints the possibility of separating nodes of carrier sensing and transmission. This may be interpreted UE should do carrier sensing before it transmits PUSCH.

On the other hand, PSMP functionality defined in IEEE801.11e [5] defines a functionality where AP does all the necessary carrier sensing and STAs do transmission following AP’s scheduling decision. Since it is most likely that IEEE802.11 standards should also work in 5GHz unlicensed band in Europe, this may lead to an interpretation that carrier sensing at scheduling node rather than an actual transmission node is allowed.

2.2. Maximum PSD
As summarized in [1], regulation for 5 GHz unlicensed spectrum in most region mandates that transmit power spectral density (PSD) should not exceed an upper limit. For example, regulation details are as follows:

· In Korea, average PSD is upper-limited by X mW/MHz per system bandwidth for each frequency band

· In Europe, Max Mean ERIP density is defined as X dBm/MHz for each frequency band
· In USA, peak PSD is defined as dBm/MHz or dBm/500kHz for each frequency band. It is also specified PSD shall not exceed 8 dBm in any 3kHz band

· In Japan, maximum e.i.r.p is defined as mW/MHz for each frequency band

Theoretically, PSD means a transmit power within any given small frequency interval. In practice, it seems unclear whether PSD regulation is satisfied if PSD in an average-sense within each specified unit bandwidth (e.g. per-MHz) is under the maximum PSD or not.

Point 2: In maximum PSD regulation in most region, it should be clarified whether PSD regulation is satisfied if transmit power is under the maximum PSD in an average-sense within each specified unit bandwidth (e.g. per-MHz)

· Impact to LAA design

If PSD regulation is interpreted as restriction to the “theoretical PSD”, for example, transmit power of all the OFDM subcarriers of LAA downlink should be below a specific power level. This may restrict the coverage of PSS/SSS or CRS/DM-RS since power boosting of those signals should be limited. In LAA uplink, further limitation on the coverage may occur with conventional narrow band design of PUCCH/PRACH. On the other hand, if PSD regulation is interpreted as restriction of average PSD per, e.g., 1MHz unit bandwidth, PSS/SSS/CRS/DM-RS/PUCCH/PRACH may utilize full eNB/UE transmit power by an appropriate subcarrier spacing.
· Review of related regulations
In European regulation on PSD [4], test procedure for maximum PSD is defined to utilize spectrum analyzer with resolution bandwidth setting of 1MHz. In USA regulation [1], much relaxed PSD limitation is defined for 3 kHz separately from the PSD limitation per MHz. Considering these regulation specifications, PSD regulation may be interpreted to be applied to average PSD over 1 MHz unit bandwidth.
2.3. Minimum occupied bandwidth
As summarized in [1], European regulation for some 5 GHz bands mandates occupied channel bandwidth shall be larger than 80% of the nominal channel bandwidth. In practice, it seems unclear if there is any regulation or assumption on the signal waveform to occupy a certain bandwidth. For example, a signal waveform may occupy a certain bandwidth via continuous or discontinuous power spectrum density in frequency domain. Moreover, a signal waveform may occupy a certain bandwidth via frequency-hopping manner in time domain
Point 3: In minimum occupied bandwidth regulation in Europe, it should be clarified if there is any restriction or assumption on the signal waveform to occupy a certain bandwidth
· Impact to LAA design

If the regulation mandates, for example, signal power should be over a certain level compared to the noise power lever over a whole occupied bandwidth as illustrated in figure 2(a), eNB or UE should transmit something over all the subcarriers within a 80% of the LAA system bandwidth when it transmit something in the unlicensed band, which may affect the PSS/SSS/RS/PUCCH/PRACH design like the case with PSD regulation. On the other hand, if occupied bandwidth is defined as, for example, the bandwidth where the designated signal exists regardless whether the signal consists of frequency-discontinuous components or not in frequency domain as illustrated in figure 2(b) or regardless whether the signal consists of frequency-hopping components or not, current PUCCH structure hopping over both edges of the system bandwidth may satisfy the regulation.
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Figure 2. Examples of definition of occupied bandwidth
· Review of related regulations
In European regulation [4], test procedure for occupied channel bandwidth is defined to utilize 99% bandwidth function of spectrum analyzer to measure occupied bandwidth with resolution bandwidth set to 100 kHz and sweep time set to > 1 s. In general, 99% bandwidth function of a spectrum analyzer would assess the 99% occupied bandwidth of a signal as the bandwidth where 99% power of the signal is detected within a given sweep time regardless of the signal waveform. In that sense, test for occupied bandwidth may be satisfied without specific restriction to the signal waveform in frequency and time domain.
3. Summary and conclusions

In this paper, we discussed the further issues on the regulatory requirements in 5 GHz unlicensed spectrum for LAA which may affect the LAA design, especially regarding LBT operation, maximum PSD and minimum occupied bandwidth. Based on the observations in this paper, we suggest sending an LS to RAN4 to ask for a clarification on those regulatory requirements.
Suggestion: send an LS to RAN4 to ask for a clarification on the following regulatory requirements
Point 1: In LBT regulation in Japan and Europe, it should be clarified whether “carrier-sensing node” and the consequent “transmitting node” should be identical or not. In other words, whether it is allowed a master node does carrier sensing and triggers a slave node’s transmission based on the sensing result
Point 2: In maximum PSD regulation in most region, it should be clarified whether PSD regulation is satisfied if transmit power is under the maximum PSD in an average-sense within each specified unit bandwidth (e.g. per-MHz)
Point 3: In minimum occupied bandwidth regulation in Europe, it should be clarified if there is any restriction or assumption on the signal waveform to occupy a certain bandwidth
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