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1 Introduction

In RAN 70 meeting, the work item on enhanced LAA has been approved [1]. UL channel access procedure is one of the most important issues to be studied for eLAA. In RAN1 84 meeting, RAN1 agreed to support two types of UL LBT [2], 

Agreements:
· Support UL LBT based on a Cat-4 channel access procedure.

· Support UL LBT based on a CCA of at least 25 µs before the UL transmission burst.

· FFS: Condition and restriction on when these options are used
In this contribution, we discuss the remaining issues of UL LBT. Particularly, we discuss the UL LBT for self-carrier scheduling. The detailed on the UL LBT for cross-carrier scheduling could be found in our companion contribution [3].
2 Discussion on UL LBT
2.1 Location of CCA gap 
The location of CCA gap depends on whether SRS-only transmission is supported. If SRS-only transmission is not supported, it would be desirable to reuse the legacy PUSCH frame structure as much as possible. The CCA gap should be located in the first symbol if there is a gap, and then PUSCH follows and finally the SRS in the last symbol (option 5-1 in [84-14] email discussion). The length of CCA gap is fixed to one OFDM symbol no matter enhanced Cat-2 LBT or faster Cat-4 LBT is applied, which is discussed in section 2.2 and 2.3 respectively. It seems the new PUSCH frame structure does not require much standard work except the PUSCH of 12 OFDM symbols. However, if SRS-only transmission is supported (even though the gain is not clear [4]), it makes the system quite complicated. Single CCA gap in one subframe shared by both SRS-only and PUSCH transmission is desirable. Then, SRS is located prior to PUSCH. Considering the 2nd or 2nd to last symbol would contain UCI information, such as RI, these two symbols should not be changed. Then, the CCA gap could be in the last symbol. Hence, the desirable PUSCH frame structure is SRS + PUSCH + CCA gap (option 5-4 in [84-14] email discussion) if SRS-only transmission is supported. The CCA gap is for the LBT for the next subframe. It requires eNB to know the scheduling for the next subframe when eNB determines whether there is a CCA gap in the current subframe, and it increases the signaling overhead for LBT as analyzed in section 2.5. Similarly, PUSCH of 12 OFDM symbols should be specified. 

  [image: image1.png]PUSCH

CCA gap



              [image: image2.png]PUSCH

«—
CCA gap



 

   (a) Frame structure w/o SRS-only (option 5-1)                    (b) Frame structure w/ SRS-only (option 5-4)

Figure 5 PUSCH frame structure 

 Proposal 1: The CCA gap should be in the first symbol of the UL subframe. Frame structure option 5-1 is preferred. 
2.2 Cat-2 LBT

For simplicity, the “UL LBT based on a CCA of at least 25 µs before the UL transmission burst” is referred as enhanced Cat-2 LBT in this contribution. For enhanced Cat 2 LBT, LAA UEs sense the channel on the pre-defined CCA resources, which is located right before the UL transmission burst. LAA UE may transmit UL burst immediately if the power detected by the UE during this one CCA slot is less than the threshold. No reservation signal is needed. Otherwise, LAA UE shall drop the UL transmission if this one CCA slot is busy. 
Thanks to the aligned starting point of UL transmission, it enables easy support for UL multiplexing of multiple UEs in one subframe by FDMA and MU-MIMO within the same cell. But in the case of asynchronous deployment, such as inter-operator deployment scenario, enhanced Cat 2 LBT may suffer persistent blocking between UL transmissions from asynchronous neighboring LAA cells. Cell-specific variable starting point of UL transmission could be introduced to alleviate inter-user blocking between asynchronous cells, e.g., by TA adjustment or time varying cell-specific offset [5]. 
Because enhanced Cat-2 LBT only requires 25us CCA slot, a 25us CCA gap seems sufficient. In this CCA gap, neither UE nor eNB can transmit any signals.  However, the signal structure of PUSCH only supports the OFDM symbol level shortening. Therefore, one symbol is shortened by PUSCH to reserve a CCA gap. Whether reservation signal could be transmitted in the remaining parts of this one-symbol gap could be left as implementation issue. For instance, when there is a CCA gap within consecutive UL subframes of a UE, transmitting reservation signal in the CCA gap other than the 25us CCA slot could help to hold the channel for a longer time. But it is noted that if UEs with different type of LBT would appear in the same subframe, e.g. one UE performing enhanced Cat-2 LBT while the other UE performing Cat-4 LBT in the same CCA gap, the reservation signal would cause blocking problem. In this case, the whole one symbol should be blanked. 
One scenario for enhanced Cat-2 LBT is the UL LBT within the MCOT. For self-carrier scheduling, if the total duration of DL transmission including the UL grant and the corresponding UL transmission is smaller than MCOT, it is sufficient for the UE to perform the enhanced Cat-2 LBT right before the UL transmission. It is noted that such enhanced Cat-2 LBT could be applied to the 1st subframe of UL transmission and the subframe within the consecutive UL subframes as long as these UL subframes are within the same MCOT. 
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Figure 1 Enhanced Cat-2 LBT for UL within the DL+UL MCOT 

Similarly, for the case of a separate MCOT of UL transmission, Cat-2 LBT could be applied to UL transmissions within one UL burst less than MCOT while Cat-4 LBT could be applied before starting the UL burst. It is common to both self-carrier scheduling and cross-carrier scheduling. 
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Figure 2 Enhanced Cat-2 LBT for UL within the UL MCOT 

Proposal 2: Enhanced Cat-2 LBT could be applied to the UL transmission within the MCOT, including the cases of   MCOT starting with DL transmission which includes the UL grant and MCOT staring with UL transmission   

Proposal 3: For enhanced Cat-2 LBT, cell-specific variable starting point of UL transmission could be introduced to alleviate inter-user blocking between asynchronous cells

2.3 Cat-4 LBT

For Cat 4 UL LBT, the basic procedure is same as that for Cat 4 DL LBT. The difference points are, 

· Transmission alignment to avoid intra-cell blocking
The main problem for Cat-4 LBT is the reservation signal can cause channel congestion, which prevents the multi-user multiplexing in one subframe. To alleviate such inter-user blocking problem, it could be considered that CW size is maintained at eNB and a common back-off counter is generated by eNB. The selected counter is signalled to the scheduled UEs in uplink grant. Since the scheduled UEs in one subframe have the same back-off counter, inter-user blocking problem could be resolved to some extent. However, common backoff counter only works efficiently when all scheduled UEs in the same subframe are performing Cat-4 LBT, while the blocking is still inevitable if UEs in the same subframe are performing different type of LBT. For instance, UEs to transmit different UL channels/UL signals in the same subframe may perform different types of LBT, or UEs to transmit the same UL channels/UL signals but have separate UL MCOT may perform different type of LBT. As one example in Figure 3, a PUSCH UE (UE1) performing Cat-4 LBT and a SRS-only UE (UE2) performing enhanced Cat-2 LBT are multiplexed in the same subframe. If UE1 finishes LBT procedure before the OFDM symbol boundary and transmits the reservation signal, UE2 may fail the LBT due to the reservation signal from UE1. Therefore, reservation signal is not desirable. One possible way is to introduce the self-defer to align the transmission time. That is, UE need to do self-defer and perform a final sensing right before the intended transmission time. Because the duration of single CCA check of enhanced Cat-2 LBT is the same as the duration of final CCA check after self-defer by Cat-4 LBT, the CCA slot of Cat-2 LBT could be a subset of Cat-4 LBT. Thus, the transmission time is aligned. The CCA staring point of Cat-4 LBT could be not be restricted to a particular time instance. Another way is to align the CCA starting point that ensures the end of the whole LBT procedure is right before the intended transmission time if none of the CCA check is busy. Certainly, either self-defer or the particular CCA starting point may obliterate the flexibility of Cat-4 LBT. It becomes more conservative than enhanced Cat-2 LBT. In some cases, e.g., when only UEs performing Cat-4 LBT are in the subframe, it would be desirable not to apply self-defer or particular CCA starting point to improve the channel access opportunity. 
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Figure 3 Blocking issue due to reservation signal 
· Smaller Contention window size to increase the channel access opportunity

According to the observation of the UL LAA simulation, the performance of Wi-Fi could be improved when WiFi coexists with LAA for both self and cross carrier scheduling [6]. And the self-carrier scheduled LAA UEs suffers lower throughput compared with Wi-Fi when the maximum CW size is 7 [7].  Considering the impact of self-defer and the OFDM symbol duration, it would be desirable to choose the maximum CW size no larger than 6. It could almost perfectly fit into one symbol, which enables common CCA gap length for both enhanced Cat-2 LBT and Cat-4 LBT. It not only saves the signaling overhead for gap length indication (i.e. only 1 bit would be enough to indicate whether a gap is there, if yes, then it is one symbol length), but also avoid the potential impact on UCI transmission of PUSCH which may be in the 2nd or 2nd to last symbol. 

· Contention window size adaptation 

It would be prefered to have common approach on CWS adaptation for both DL and UL, even LBT parameters for DL and UL would be different. But it should be noted that collision condition for uplink is different from that for downlink. For example, there are multiple and different transmitters in each UL burst while only eNB is a transmitter in downlink. Therefore, some modifications on the ratio of ACK/NACK or the reference subframe may be considered to ensure fair coexistence with Wi-Fi while guaranteeing reasonable performance of LAA especially UL. Besides, if eNB can distinguish DTX of PUSCH due to LBT, it may not be counted as NACK.
One scenario for Cat-4 LBT is the LBT at the beginning of the UL burst from which the MCOT without DL transmission starts. It is shown in Figure 2. The other scenario is for the UL transmission out of the MCOT including both DL and UL transmission. For example, the UE1 in figure 4 is scheduled to transmit PUSCH from  subframe 5 to subframe 8, and subframe 8 is out of DL+UL MCOT. Actually, the subframe 8 could be deemed as the beginning of a new UL burst. Hence, Cat-4 LBT is performed. It is noted that eNB should avoid scheduling consecutive subframes across the MCOT by a single UL-grant [8].  On the other hands, UL burst can be extended to large MCOT such as 8 without separation due to the limitation of DL+UL MCOT, if the end of DL burst is partial and Cat-4 LBT is applied for first subframe of the UL burst.
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Figure 4 Cat-4 LBT for UL out of the DL+UL MCOT 

Proposal 4: Fast Cat-4 LBT with maximum CW =6 could be applied to the beginning of the UL burst from which the MCOT without DL transmission starts . 

Proposal 5: Fast Cat-4 LBT with Self-defer or fixed CCA staring point to align the transmission time with enhanced Cat-2 LBT should be support. 
2.4 LBT for UL grant  

When LAA has uplink traffic to transmit over the unlicensed spectrum, the UE needs to obtain an uplink grant from its associated eNB, which specifies the time-frequency resources scheduled for the uplink transmissions. In current LTE system, after the reception of uplink grant, UE needs another few milliseconds to perform decoding and preparation for uplink transmission. Moreover, in Rel-13, it has been agreed that all LAA downlink transmission requires LBT before accessing the channel. Then, for self-carrier scheduling, the transmission of uplink grant right after reception of scheduling request may not be always feasible due to failed LBT, which will further increase the UL grant – PUSCH timing. Hence, a proper prioritization of uplink grant LBT can efficiently increase the downlink channel access opportunity and help improving the uplink performance.

In self-carrier scheduling, there are two key issues concerned for the design of uplink grant LBT. First, in order to complete an uplink transmission, both downlink and uplink channel access are required. In light of this, allowing uplink grant to utilize a more aggressive LBT process is reasonable. Secondly, uplink grant generally carries short messages and can be transmitted over much smaller time duration, comparing to downlink data. This is another reason to adopt faster LBT process for uplink grant only transmission. Based on the two considerations, we propose that the prioritization of uplink grant LBT can be higher than downlink data LBT, e.g. the contention window size of CAT4 LBT for uplink grant can be smaller than the one in downlink data LBT. 
For uplink grant only transmission, after successfully completing the LBT, the transmission duration shall be determined to be quite short (e.g. 1 or 2 ms) in general, due to the small traffic requirement of uplink grant. Then, after exhausting the scheduling of uplink grant traffic, if downlink data traffic is also available, the eNB can multiplex those downlink data into the remaining transmission resources on PDSCH, but the total transmission duration cannot be enlarged (which is determined by uplink grant traffic size). 
Proposal 6: The LBT for transmitting uplink grants should be more aggressive than the one for transmitting downlink data.
2.5 Indication of UL LBT

According to the discussion above, there’re two types of UL LBT which is applicable to different cases. Because UE may not clearly know the situation, e.g., UE may not know whether the current UL subframe is within the MCOT or not, it is eNB’s responsibility to indicate proper LBT type to UE. Though such information could be included in the common DCI, it is more robust to include such indication information in the UL grant, because there is a risk that UE receives the UL grant while not correctly receive the common DCI.  
The presence of CCA gap may also need to be indicated by the eNB. For the case the CCA gap is in the same subframe of UL transmission, such as Gap symbol + PUSCH frame structure, UE may implicitly know whether there is CCA gap by receiving the LBT indication (no LBT, enhanced Cat-2 LBT or Cat-4 LBT). No LBT means no CCA gap while enhanced Cat-2 LBT or Cat-4 LBT means one symbol CCA gap if the maximum CW size is 6. Because the duration of CCA gap is fixed to one symbol, no additional bit is needed to indicate the CCA gap length.  But for the case that the CCA gap is in the previous subframe, such as PUSCH + Gap symbol frame structure, UE has to be explicitly indicated the CCA gap presence.  
Proposal 7: eNB should explicitly indicate the LBT type and explicitly/implicitly indicate the presence of CCA gap in the UL grant.   
3 Conclusions
In this contribution, we discussed several aspects of UL LBT, particularly for the self-carrier scheduling. We have the following proposals:

Proposal 1: The CCA gap should be in the first symbol of the UL subframe. Frame structure option 5-1 is preferred. 
Proposal 2: Enhanced Cat-2 LBT could be applied to the UL transmission within the MCOT, including the cases of  MCOT starting with DL transmission which includes the UL grant and MCOT staring with UL transmission.   

Proposal 3: For enhanced Cat-2 LBT, cell-specific variable starting point of UL transmission could be introduced to alleviate inter-user blocking between asynchronous cells.

Proposal 4: Fast Cat-4 LBT with maximum CW =6 could be applied to the beginning of the UL burst from which the MCOT without DL transmission starts. 

Proposal 5: Fast Cat-4 LBT with Self-defer or fixed CCA staring point to align the transmission time with enhanced Cat-2 LBT should be support.
Proposal 6: The LBT for transmitting uplink grants should be more aggressive than the one for transmitting downlink data. 
Proposal 7: eNB should explicitly indicate the LBT type and explicitly/implicitly indicate the presence of CCA gap in the UL grant.  
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