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1. Introduction

At the RAN1#80b meeting, WF on SRS for LAA UL is discussed and the following agreements were reached [1].
· Support of SRS transmissions on LAA SCell is recommended for LAA UL[2]
· For a UE, SRS transmission with PUSCH is supported.
· FFS if SRS transmission without PUSCH is supported.
· If supported, FFS whether with or without LBT.
But, there are still some remaining issues need to be further discussed and reach a consensus for LAA UL, as follows:

· SRS transmission without PUSCH is supported for LAA UL.
· For LAA UL transmission, the eNB or UE perform LBT.
· Frame Structures for LAA UL transmission.
Therefore, in this contribution, we will further analyze and discuss the remaining issues mentioned above.
2. SRS Transmission

SRS is used to facilitate adaptive scheduling as well as to maintain UL timing. To enable efficient UL transmission on unlicensed carrier, SRS should be supported. At the RAN1#80b meeting, SRS transmission for LAA UL is discussed and two scenarios are discussed.

Case1: SRS transmission with PUSCH.
In this case, in last meeting companies have reached a consensus. SRS transmissions are supported for an LAA SCell along with a PUSCH transmission. In other words, once eNB or UE detected a clear channel and the PUSCH is transmitted, SRS can be transmitted without additional LBT.
Case 2: SRS transmission without PUSCH. 
In this case, it is concluded that further study can be considered whether the LBT is required if SRS transmission without PUSCH is supported.
· Opt1: with LBT

According to the Japanese regulation, It is required that UE perform LBT before SRS transmission to avoid possible collision with other node’s transmission. In LTE, SRS is periodically or aperiodically transmitted. 

With LBT, periodic SRS transmission shall be dropped if the channel is occupied. However, frequent dropping will lead to decline in system performance. Therefore, the method to increase the SRS transmission opportunity should be studied. 
For an aperiodic SRS triggered by PDCCH, it can also be affected if LBT is failed and UE cannot transmit SRS. On the contrary, if UE or eNB detected the channel is idle, UE can send SRS according to the received grant. But the drawback of this method is the increased signaling load on the PCell. Moreover, the control information may be affected by  LBT results, i.e. the control information from PCell needs to be very fast based on successful or unsuccessful LBT on the LAA SCell. Therefore, some design need to be considered in order to reduce signalling overhead for the PCell.
· Opt 2: without LBT
According to EU regulation on LBT, SRS may be considered as “short control signalling transmission” only occupies one OFDM symbol, SRS can always be transmitted regardless of the channel status. However, for this option, the estimation result is likely to be inaccurate since interference level is very different between the idle channel and busy channel.  
Each option has its pros and cons. However, SRS transmission without PUSCH has an indispensable rule to maintain efficient UL/DL transmission, therefore we have the following proposal
Proposal 1: SRS transmission without PUSCH shall be supported. Both options (with LBT and w/o LTE ) can be considered  as candidates solutions 
3. LBT for UL transmission
The LAA UL design could largely depend on whether a UE is allowed to transmit UL signals only based on the CCA results of the eNB or UE. In Europe and Japan, the LBT regulations should be satisfied to transmit signals through unlicensed spectrum. But it is not clear whether it is allowed for a master node to perform CCA and trigger a salve node’s transmission based on the results of that CCA. Here, we will discuss several potential alternatives on LBT for UL transmission.
Alternative 1: all UEs perform LBT for UL transmission.
In this Alternative, each UE practices UL transmission based on its own sense results. The UEs don’t transmit UL signals if the channel is detected to be occupied even if it is by a UE in a same cell or same operator. In other words, after UL grant is received, the UE is required to perform LBT before transmission. If the CCA results indicate the channel is idle, the UE would transmit UL data according to the eNB scheduling. Otherwise, the UE give up this transmission.
This way would lead to waste UL scheduling indication if the UE perform CCA fail. At the same time, the eNB would not schedule these resource to other UE, which results in spectrum inefficiency. Moreover, the eNB doesn’t know whether the scheduled transmission will actually happen in the scheduled subframe. Therefore, the eNB may need to perform a blind detection for the corresponding PUSCH resources. Or some indication may also be needed to tell eNB the sensing result to avoid eNB detection blindly. At the same time, reserves the channel may also be needed if UE perform CCA successfully before UL transmission timing.
Alternative 2: some UEs perform LBT for UL transmission.
For this Alternative, it is not required that all UEs perform CCA detection. In other words, same UEs can sent reservation signal (the reservation signal includes Cell ID, Operator identification, frequency reuse identification, group ID) and allow a UE which detects reservation signal to transmit UL signal without judging the status of operating channel by itself. For example, UE1 and UE2 belong to the same operator or Cell or UE group, if UE1 successfully senses the channel idle, UE1 send reservation signal or UL data to keep hold of the unlicensed carrier. The UE2 detects reservation signal indicate the channel is available without additional LBT.
Through the above description, UE multiplexing in the frequency domain may be realized and the resource reuse efficiency of the whole unlicensed carrier has been improved to a great extent. Furthermore, the overall system performance is significantly improved. At the same time, The merit of this option could be improved UE power saving and possibly more efficient transmission by avoiding unnecessary LBT attempts.
In order to achieve FDM of different UEs’ UL transmissions, it is suggest that define the new CCA pattern for different UEs or UE group. In other words, multi-nodes (UEs or UE group) can perform CCA detection based on its own pattern. Therefore, the use of different CCA patterns not only avoid interference but also can effectively use the unlicensed carrier resource to maximize the number of users reusing this resource.
Alternative 3: the eNB performs CCA but all UE don’t performs CCA for UL transmission.
Below, we will discuss two options on only the eNB performs CCA for UL transmission.
· eNB performs CCA before transmitting UL grant.
In this way, once the eNB senses that it is allowed to occupy the channel, it will transmit UL scheduling information to its served UEs and holds the channel until the UE transmits. Here UE just follows UL grant without performing LBT. If the operating channel is occupied, the eNB stops or delays transmitting UL grants and UE can’t send UL signal.

· eNB performs CCA after transmitting UL grant.

In this way, UE can perform UL transmission of PUSCH with pre-received grant immediately after eNB completing a successful CCA. Some form of signalling may be needed to indicate UE about UL transmission if eNB performs CCA successfully and only the UEs which received both of UL grant and detected the indication signal can transmit UL data. Therefore, UL transmission delay can be reduced.
The merit of this alternative is that UE could transmit every time an UL scheduling is received. The drawback is spectrum inefficiency since the eNB has to transmit some reservation signal to hold the channel for the UE. Moreover, the channel detection results at the eNB side and the UE side may be different, which does not reflect the real channel availability experienced by UE. Finally, the eNB performs CCA for the UE is allowed in some regions, such as Japan.
Alternative 4: both eNB and UE perform CCA before UL transmission

Besides only eNB or UE perform LBT for UL transmission discussed above, both eNB and UE perform LBT before UL transmission is also worth being considered way. Especially in the case of TDD frame structure or self-scheduling case, UL transmissions can happen only if the LAA eNB gains channel access first. In this option, an eNB senses the channel, reserves the channel with a reservation signal, and transmits uplink grants to UEs in downlink subframe, and UEs transmit PUSCH on the scheduled uplink subframe only when the channel is sensed idle by UE after eNB stop sending data. In such case, the access probability for UEs of the same cell can improve, and the hidden node problem of UL data transmission can be removed. 
Based on the above discussion, each of the four alternatives has different impacts on UE power saving and transmission efficiency. Therefore, it is recommended that LBT should be included in R13 WID, and further investigation and evaluation should be used to decided and verify which one option is a better choice from the performance and specification impact.
Proposal 2: From the above discussion and analysis we can see, these four LBT options can be considered as alternative method for LAA UL transmission.
4. Discussion of Frame Structure for LAA UL
In this part, we discuss several possible frame structure that are suitable for LAA UL transmission.
· SUL
For LAA UL transmission structure, one possible solution is to adopt similar SDL structure. In this way, only UL transmission occurs on the unlicensed carrier for each TXOP. In additional, the SUL structure can occur with the SDL structure in a TDM manner on the same carrier. 
If this structure is adopted as UL transmission structure, the impact of standardization are as follows:
· The relationship between UL grant and PUSCH timing. For the eNB performs CCA, due to timing between UL grant and PUSCH transmission especially considering the maximum 4 ms channel occupancy time limit in Japan. Therefore some new timing scheme may need to be introduced, such as 2ms.
· Signalling notification process. If UE performing CCA senses the channel is idle, the UE will send the corresponding control signal (PUCCH). For multiple PUCCH transmission from different UE, coordination is needed. 
SUL has the advantage that we can directly reuse SDL structure to a certain extent, therefore the potential standardization effort is smaller.
· TDD

Besides SUL, frame structure for UL transmission can be based on TDD operation. For TDD, UL/DL configuration should be studied, two possible approaches for DL/UL configuration can be considered. 

Alternative 1: Fixed TDD UL/DL frame structures
· Option 1: FBE

When UL and DL data transmissions on the unlicensed spectrum are supported on the same carrier, a straight forward approach would be to reuse fixed TDD frame structure, in which both the eNB and the UE have to perform CCA before transmission on unlicensed spectrum.
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Figure 1: Example of Frame structure for DL and UL, FBE (Option 1)
As shown in figure 1, CCA is performed by both eNB and UE. In other words, the eNB should perform CCA before DL transmission and the UE should perform CCA before UL transmission. With Option 1, the eNB no longer needs to hold the channel for the whole frame. As the result of that, the UL transmission cannot be guaranteed.
Due to the characteristics of FBE, the drawback of option1 is less channel sensing opportunity and resulting significant operational inefficiency. But its benefits are also obviously, i.e., standardization work is relatively small.
· Option 2: enhanced FBE
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Figure 2: Example of Frame structure for enhanced FBE (Option 2) 
One major concern for FBE is the low access probability for LAA nodes due to fixed CCA. In order to increase the access opportunity, a possible solution is to configure multiple CCAs for FBE. An example is illustrated in Figure 2. Instead of only one LBT subframe in a fixed frame period, multiple LBT subframes can be configured for CCA. And the number and start position of CCA in the LBT subframe can also be configured to increase the possibility for channel access. As in Figure 2, subframe #0, #2, #4 , #6 and #8 are configured as LBT subframes, note that #6 can also be used as a special subframe. In addition, more than one CCA positions can be configured in an LBT subframe. UE or eNB performs CCA Check at the first configured CCA position. If the channel is busy, the LAA node goes on to perform CCA check at the second configured CCA position. Such procedure will keep on until the channel is assessed to be available. There is a trade-off between standard efforts, implementation complexity and the channel access probability.
Alternative2: flexible DL/UL frame structure.
Based on the discussion above section, the channel sensing result may not be well adapted to a fixed DL/UL subframe configuration, which will result in significant physical layer inefficiencies. Therefore, a unified frame structure which enables transmission in all regulatory domains, flexible DL/UL configurations should be introduced. And the duration of continuous UL-DL subframe or DL-UL configuration could be changeable according to the traffic adaptively, and eNB could dynamically determines the number of DL and UL subframe to all UEs for each TXOP, which can maximize efficiency and more access flexibility for both DL and UL transmissions and minimize the channel occupancy time. An example is illustrated in Figure 3. 
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Figure 3: Examples of flexible DL-UL configurations
As in Figure 3, each TXOP is composed of N DL subframes, followed by a designated subframe at which the UE starts performing CCA and M UL subframes, such as N=8, M=4. Note that #8 can be considered as a LBT subframe for UL transmission. The allowed values of N and M are semi-statically configured by eNB to meet regulatory requirement, the type of scheduling used and the expected traffic load. Also the value of N and M can be different for each TXOP and can be indicated by the eNB to the UEs in at the start of each TXOP or downlink subframe of each TXOP. From the above described, this alternative provides significant flexibility for the eNB to use a wide range of frame structures.
From the perspective of LAA global unification, flexible DL/UL frame structure provide a unified framework for multiple regions with varying maximum TXOP constraints, dynamic adaptation to traffic load, medium availability etc. Finally, efficient utilization of spectrum by minimizing the number of DL-UL switch points and transmitting continuously once channel access is obtained. However, this new frame structure will have a certain impact on the number of HARQ process. Therefore, it is necessary to further study in WID.
In addition, signalling the frame structure can be indicated by the eNB to the UEs at the start of each TXOP. The advantage of this is that UE can unambiguously learn the location/presence of reference signals and can compute CSI accurately even if it is not scheduled, and this reduce the amount of interference and hidden nodes problem.
Proposal 3: It is recommended that the flexible UL/DL frame structure as an candidate option for LAA UL
5. Conclusion 

In this contribution, we discussed possible SRS transmission, frame structures and corresponding LBT mechanisms for LAA UL, our proposals and observations are summarized below.
· Proposal 1: SRS transmission without PUSCH shall be supported. Both options (with LBT and w/o LTE ) can be considered  as candidates solutions 

· Proposal 2: From the above discussion and analysis we can see, four LBT options can be considered as alternative method for LAA UL transmission.
· Proposal 3: It is recommended that the flexible UL/DL frame structure as an candidate option for LAA UL
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