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1. Introduction

In RAN1 #82 meeting, there were discussions on UL LBT and the following working assumptions (WAs) were made [1, 2].
	Working assumptions:
· For self-carrier scheduling, the following UL LBT candidate procedures should be considered
· A CCA duration of 25 us before the transmission burst
· The sensing duration can be less than the CCA duration
· A category 4 LBT scheme with a defer period of 25 µs including a defer duration of 16 us followed by one CCA slot, and a maximum contention window size of X={3, 4, 5, 6, 7}, respectively
· FFS: The random back off counter is generated at the eNB and is signalled to the UE
· The UL maximum contention window size should be smaller than for DL category 4 LBT
· Note that X = 7 can be revisited later after DL LBT discussions, if necessary
· FFS: Transmission without LBT when UL transmission burst follows DL transmission burst with a gap of at most 16 µs between the two bursts


In this contribution, we discuss remaining issues on LBT parameters for UL LBT and TX gap for UL TX burst.
2. Discussion

2.1. LBT parameters for UL LBT
When self-carrier scheduling is used for LAA UL, carrier sensing (CS) at eNB side is required to transmit UL grant as well as CS at UE side for PUSCH transmission. It may significantly reduce the opportunity of UL channel access and hence relatively faster LBT scheme should be considered for UL LBT compared to DL LBT as shown in [3]. In this perspective, the above WAs were made and there have been vigorous discussions on UL LBT details mainly focusing on self-carrier scheduling case. For the case of cross carrier scheduling, however, it is still unclear whether UL LBT should be faster than DL LBT or not. To this end, we evaluate DL and UL performance in LAA and WiFi coexistence scenario with category 4 (Cat 4) UL LBT with different contention window size (CWS). To see the direct impact of CWS on performance, CWS adaptation is not applied in the evaluation. The packet arrival rate is adjusted to achive buffer occupancy (BO) of 60% in the case of the baseline which is WiFi only scenario. Firstly, in Table 1 and 2, we provide DL and UL performance in terms of mean UPT when Cat 4 UL LBT is applied and TX gap is set to 1 SC-FDMA symbol. The maximum UL TX burst length of LAA and CWS is set to [1, 2, 4] subframes and [3, 7, 15] channel sensing slots, respectively.
Table 1. DL Mean UPT [Mbps] with Cat 4 UL LBT; 1 Symbol TX gap
	(a) LAA

Max. UL TX [subframes]
CWS
1
2
4
3
37.52 
39.76 
40.63 
7
32.21 
36.30 
38.83 
15
25.98 
31.93 
38.19 

	(b) WiFi
Max. UL TX [subframes]
CWS
1
2
4
3
28.73 
30.79 
31.71 
7
24.46 
27.88 
30.21 
15
20.25 
24.91 
29.89 



Table 2. UL Mean UPT [Mbps] with Cat 4 UL LBT; 1 Symbol TX gap
	(a) LAA

Max. UL TX [subframes]
CWS
1
2
4
3
35.25 
42.31 
45.97 
7
22.50 
30.99 
39.11 
15
13.04 
19.66 
32.57 

	(b) WiFi
Max. UL TX [subframes]
CWS
1
2
4
3
30.23 
32.19 
33.09 
7
25.94 
29.32 
31.63 
15
21.52 
26.22 
31.32 



As shown in Table 1 and 2, increasing CWS of Cat 4 UL LBT can cause severe performance degradation as maximum UL TX burst length is getting smaller. One possible reason is that PUSCH transmission dropping can be more probable with larger CWS (e.g., larger than or equal to 7) which may choose large back-off counter value and require longer idle time than TX gap (e.g., 1 SC-FDMA symbol) between TX burst. The performance impact due to PUSCH transmission dropping would be relatively large when UL TX burst length is small.
Observation 1: For cross carrier scheduling case, LAA UL performance with Cat 4 UL LBT can decrease significantly as CWS increases when TX burst length and TX gap is small.

Secondly, in Table 3 and 4, we provide DL and UL performance in terms of mean UPT when Cat 4 UL LBT is applied and UL TX burst length is set to 1 ms. The TX gap and CWS is set to [1, 2] SC-FDMA symbols and [3, 7, 15], respectively.
Table 3. DL Mean UPT [Mbps] with Cat 4 UL LBT; 1 ms TX burst length

	(a) LAA

TX gap [symbols]
CWS
1
2
3
37.52 
36.86 
7
32.21 
35.35 
15
25.98 
34.39 

	(b) WiFi
TX gap [symbols]
CWS
1
2
3
28.73 
28.25 
7
24.46 
27.23 
15
20.25 
27.03 



Table 4. UL Mean UPT [Mbps] with Cat 4 UL LBT; 1 ms TX burst length

	(a) LAA

TX gap [symbols]
CWS
1
2
3
35.25 
34.11 
7
22.50 
28.90 
15
13.04 
24.47 

	(b) WiFi
TX gap [symbols]
CWS
1
2
3
30.23 
29.71 
7
25.94 
28.68 
15
21.52 
28.28 



It can be seen from Table 3 and 4 that the use of longer TX gap (e.g., 2 symbols) can mitigate performance degradation due to large CWS of Cat 4 UL LBT. For example, TX gap of 2 SC-FDMA symbols can increase mean UPT of LAA UL by about 30 % over that with TX gap of 1 SC-FDMA symbol when CWS is set to 7.
Observation 2: For cross carrier scheduling case, degradation of LAA UL performance with Cat 4 UL LBT due to relatively large CWS can be lessened with longer TX gap.
However, it should be noted that LAA UL performance is still low even for the case where TX gap (e.g., 2 symbols) is enough to cover CWS of 7. This is because increase of CWS can lower the probability of UL channel access in a single subframe especially when TX bust length is small. Therefore, short maximum CWS should be considered for the LAA UL performance when Cat 4 UL LBT is adopted with small TX burst length such as 1 subframe.
Proposal 1: For cross carrier scheduling case, maximum CWS for Cat 4 UL LBT should be shorter than Cat 4 DL LBT for small TX burst length such as 1 subframe.
In LAA UL, simultaneous transmission of multiple UEs in a same subframe should be supported for MU-MIMO or FDM operation even if each UE performs independent LBT operation. An approach to enhance the chance of simultaneous UL transmission of multiple UEs is to apply same LBT parameters (random back-off number, CWS, etc.) to those UEs. For this purpose, a considerable option is that eNB indicates LBT parameters such as back-off counter value and/or timing for LBT to UE.
Proposal 2: Consider an option that eNB indicates LBT parameters such as back-off counter value and/or timing for LBT to UE.
2.2. TX gap for UL TX burst
As shown in our companion contribution [4], the use of TX gap can enhance LAA DL performance by enabling consecutive DL TX burst transmission just after the end of previous transmitted DL TX burst. In our view, it can also beneficial to adopt TX gap for UL TX burst considering consecutive UL TX burst transmission when cross carrier scheduling is adopted for UL. For self-scheduling case, TX gap would be needed to transmit consecutive DL TX burst followed by UL TX burst or vice versa.
Proposal 3: Adopt TX gap for UL TX burst, where UE may transmit partial TTI within a subframe to generate TX gap.
If a UE can decide to set a TX gap at the start or end of UL TX burst, there can be an ambiguity when UE misses UL grant from eNB. For example, assume that eNB schedules consecutive 4 UL subframes (e.g., SF #n, SF #n+1, SF #n+2, SF #n+3) for a UE and the UE can set a TX gap at the end of UL TX burst on its own. If the UE detects UL grants for only first 3 UL subframes, it may conclude that UL TX burst ends at SF #n+3 and set a TX gap at the end of SF #n+3 for next DL or UL TX burst. In SF #n+3, the rate-matching due to TX gap is unexpected by eNB and PUSCH transmission will be corrupted.
Proposal 4: If TX gap is adopted for UL TX burst, whether TX gap exists or not in a scheduled UL SF can be indicated by eNB.
Moreover, the position of TX gap within UL SF (i.e., whether set a TX gap at the start of UL SF or at the end of UL SF) may be affected by the position of TX gap within DL SF. Consider that two TX gaps are set at the end of DL SF and at the start of UL SF, respectively. Then, there would be no time gap when SF type is changed from UL SF to DL SF as depicted in Figure 1. Then, PDSCH cannot be transmitted at the DL SF right after UL SF since there is no time gap for performing LBT before that subframe.
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Figure 1. UL to DL switching case with different TX gap position
As a simple solution, the position of TX gap within SF can be aligned for both traffic types (i.e., DL and UL), but other solutions may be considered depending on the further design of DL/UL LBT operation and TX burst structure.
3. Conclusion
In this contribution, we discussed details of the LBT operation and parameters for LAA UL. The proposals of this paper are summarized as follows.
Proposal 1: For cross carrier scheduling case, maximum CWS for Cat 4 UL LBT should be shorter than Cat 4 DL LBT for small TX burst length such as 1 subframe.
Proposal 2: Consider an option that eNB indicates LBT parameters such as back-off counter value and/or timing for LBT to UE.
Proposal 3: Adopt TX gap for UL TX burst, where UE may transmit partial TTI within a subframe to generate TX gap.
Proposal 4: If TX gap is adopted for UL transmission, whether TX gap exists or not in a scheduled UL SF can be indicated by eNB.
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Appendix A: Simulation Parameters and Assumptions
	
	LAA
	WiFi

	Number of carriers
	1

	Antenna configuration
	1Tx2Rx

	CCA threshold
	-62 dBm
	-62 dBm for CCA-ED

-82 dBm for CCA-CS

	CCA slot length
	43 us (Defer period for DL)
25 us (Defer period for UL)

8 us (ECCA)
	8 us

	TX burst length
	< 4 ms
	< 4 ms

	MCS
	Exclude 256 QAM

	RTS/CTS
	Not modelled

	HARQ
	Asynchronous HARQ

	Rate control
	Closed loop
	Open loop
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