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1 Introduction

In 3GPP TSG RAN #70 meeting, the work item (WI) of “New Work Item on enhanced LAA for LTE” was approved for Release 14 study [1] with the scope of UL LBT, PUSCH and SRS transmission and so on. In this contribution, we provide the discussion on CCA gap and symbol locations for PUSCH and/or SRS for eLAA, according to the way forward in the RAN1 #84 meeting [2] and the summary of the following related email discussion of [84-14] and [84-15] [3][4]. 
2 Discussion
In this section, we discuss several aspects that could be relevant to each other including indication of blanked symbol(s), the number of blanked symbols, symbol positions for PUSCH and/or SRS, need of SRS-like reservation signal, etc. 
2.1 Need of blanked symbol(s) and indication

For UL transmission of PUSCH and/or SRS on an eLAA SCell, time resource (e.g., one or more SC-FDMA symbols) needs to be reserved for UL LBT usage. One case is that for a concern UE, blanked symbol(s) for UL LBT would be reserved for at the very first subframe of a UL burst, and also between two contiguous UL bursts due to the limitation of maximum channel occupancy time (MCOT) for each UL burst. Another case is that from the perspective of inter-UE UL transmissions, one or more symbols during UL burst of the previous scheduled UE need to be blanked to let another UE that is scheduled afterward to occupy the channel for its UL transmission. 
Furthermore, it is very clear that there is no need to always reserve blanked symbol(s) in every UL subframe. Otherwise, this would lead to high UL overhead and then low UL throughput. On the other hand, reserving blanked symbol(s) in every UL subframe might lead to loss of the channel occupancy due to the potential surrounding competitive nodes. Therefore, indication for the blanked symbol(s) by the eNB is preferred. Since the behaviour of blanking symbol(s) is due to dynamic scheduling, dynamic signaling, such as UL_grant or common DCI, would be more appropriate to carry such an indication. 
Proposal 1: At least one SC-FDMA symbol in a UL subframe can be blanked for LBT purpose. eNB indicates which subframe has blanked SC-FDMA symbol(s) by UL_grant or common DCI. 
2.2 Symbol positions for PUSCH and/or SRS
The next issue is to determine the positions of the blanked symbol(s), e.g., at the starting or the end part of a subframe, which would impact the symbol positions for PUSCH transmission. Furthermore, the change of the symbol position for SRS that is originally transmitted in the last symbol of a subframe should be also considered together with that of PUSCH. The following five options as shown in Figure 1 are provided for the discussion on the symbol positions of PUSCH and/or SRS [3]. There are several main impact factors for such down selection including:  
· Factor 1: Shared CCA gap for the SRS and PUSCH transmission

· Factor 2: Self-contained principle for UL scheduling and aperiodic SRS triggering 

· Factor 3: Enable DL burst to transmit in the following subframe
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Figure 1.  Different options for symbol locations of PUSCH and SRS 
Among these factors, factor 1 should be first considered to efficient support standalone aperiodic SRS transmission, which can be transmitted in a normal UL subframe and also in the UL first partial subframe right following the DL end partial subframe, and this is clearly beneficial to utilize the channel reciprocity for the UE with less UL traffic but high DL load. Based on factor, option 1-2, option 1-4 and option 1-5 are all supportive, and in contrary, option 1-1 and option 1-3 can be precluded. For option 1-2, a large TA adjustment can be used to reserve CCA gap for the DL burst following the UL burst even if no symbol is blanked at the end of the UL subframe. Both option 1-2 and 1-5 are self-contained. For clear illustration, Table 1 summaries the pros and cons for each option considering the above factors. 
Table 1.  Comparisons for different options considering different factors

	
	Option 1-1
CCA/PUSCH/SRS
	Option 1-2
CCA/SRS/PUSCH
	Option 1-3
PUSCH/SRS/CCA
	Option 1-4
SRS/PUSCH/CCA
	Option 1-5
PUSCH/CCA/SRS

	Factor 1
(Shared CCA)
	No
	Yes
	No
	Yes
	Yes

	Factor 2
(Self-contain)
	Yes
	Yes
	No
	No
	No

	Factor 3
(Enable DL burst in the following subframe)
	No
	Yes (semi-statically TA adjustment)
	Yes
	Yes
	Yes (if no SRS)


Proposal 2: For symbol positions for PUSCH and/or SRS, down select from option 1-2, 1-4 and option 1-5. 
· Option 1-2: Blanking starting symbol(s) in a subframe, and SRS is located in the first symbol of the subframe except the blanked symbol(s). 

· Option 1-5: Blanking end symbol(s) in a subframe except the SRS symbol, and SRS is located in symbol #13. 
2.3 Number of blanked symbols as CCA gap

As agreed in RAN1 #84 meeting, LBT schemes based on category 4 and at least 25 us CCA are both supported. For the LBT based on at least 25 us CCA, clearly one blanked symbol is enough. For category 4 LBT, only one blanked symbol in a subframe may be also enough for the UE scheduled before the very first subframe of a UL burst. However, this is not always the case. As shown in Figure 2(a), only one blanked symbol between two contiguous UL bursts is not enough if the backoff counter is drawn as a value of 6 or 7. In another case as shown in Figure 2(b), even within one UE’s UL burst, more than one symbol may need to be blanked as CCA gap for another UE with a large backoff counter. Careful design is needed to justify the spectrum efficiency loss and the increased channel access opportunity.
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(a) CCA gap between two UL bursts
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Figure 2.  Use cases for more than one blanked symbol 
Proposal 3: eNB can indicate one or two symbols to be blanked in a UL subframe. 
2.4 Need of reservation signal

As shown in Figure 3, when UE1 and UE2 are simultaneously scheduled in the same subframe, and UE1 is triggered to send aperiodic SRS (i.e., real SRS) while UE2 is not, UE2 should perform CCA in the same symbol as UE1. If the CCA of UE2 succeeds, the issue is that what signal should be transmitted in the same symbol where UE1 transmits its real SRS. One solution is that a reservation signal is transmitted in the same symbol containing the real SRS, which is orthogonal to the real SRS in a CDM or FDM manner. Another solution is to transmit PUSCH of UE2 in the same symbol as the UE1 SRS in different RBs. This can be seen as an implementation solution, especially if RB-interleaved waveform is adopted for SRS transmission. 
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Figure 3.  Need of reservation signal 
Proposal 4: Further study the need of reservation signal, which depends on whether existing or new SRS waveform is used.
2.5 Analysis of a special case

As a special case shown in Figure 4, UE2 is scheduled with multiple contiguous UL subframes, so eNB may indicate the first scheduled subframe having one blanking symbol and other subsequent scheduled subframes with no blanking symbol. However, UE2 may miss UL_grant(s) scheduling the first few subframe(s), or may receive the UL_grant(s) but the LBT may fail for the subframe(s) scheduled by the received UL_grant(s). In this case, the first subframe (i.e., subframe n+2) for PUSCH transmission by UE2 may not be the first scheduled subframe (i.e., subframe n) by the eNB. Then, the issue is where for UE2 performs the CCA. One option is to follow the indication for the current subframe n+2 and performs CCA at the end of subframe n+1, but may be blocked by the PUSCH transmission from UE1. Another option is to perform CCA at the start of subframe n+2 for every first valid UL subframe. eNB then has to perform PUSCH existence detection to determine the transmission failing in the previous subframes and the symbol mapping for the current subframe n+2. 
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Figure 4.  Inconsistent between eNB indication and UE performing 
Proposal 5: If a UE is scheduled in consecutive UL subframes, the number of blanked symbol in the first successful transmitted UL subframe may not follow the eNB indication.

3 Conclusion
In this contribution, UCI transmission for eLAA is discussed. According to the analysis, the following proposals and observations were achieved.
Proposal 1: At least one SC-FDMA symbol in a UL subframe can be blanked for LBT purpose. eNB indicates which subframe has blanked SC-FDMA symbol(s) by UL_grant or common DCI. 
Proposal 2: For symbol positions for PUSCH and/or SRS, down select from option 1-2, 1-4 and option 1-5. 

· Option 1-2: Blanking starting symbol(s) in a subframe, and SRS is located in the first symbol of the subframe except the blanked symbol(s). 

· Option 1-5: Blanking end symbol(s) in a subframe except the SRS symbol, and SRS is located in symbol #13. 
Proposal 3: eNB can indicate one or two symbols to be blanked in a UL subframe. 
Proposal 4: Further study the need of reservation signal, which depends on whether existing or new SRS waveform is used.
Proposal 5: If a UE is scheduled in consecutive UL subframes, the number of blanked symbol in the first successful transmitted UL subframe may not follow the eNB indication.
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