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1. Introduction

In RAN1#84 meeting, we agreed on supported UL LBT options [1].
	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 various aspects related to LBT schemes in LAA UL such as signalling of LBT parameters, partial subframe, support of FDM/MU-MIMO, and so on.
2. LBT procedure
As stated in section 1, there are two LBT options supported for LAA UL. For the convenience of discussion, we classify LBT options as follows.

· Option 1: UL LBT based on a Cat-4 channel access procedure

· Option 1A: UL LBT same as channel access procedure for transmission including PDSCH
· Option 1B: UL LBT shorter than channel access procedure for transmission including PDSCH

· Option 2: UL LBT based on a CCA of at least 25 us before the UL transmission burst

2.1. Condition and restriction on which options are used

Considering scheduling based UL transmission in LTE system, eNB should determine LBT options. However, some limitation to the choice of LBT option can be necessary depending on scheduling method, boundary of maximum channel occupancy time (MCOT) acquired by eNB, and UL physical channel type.
· Cross/self-carrier scheduling

As for cross-carrier scheduling case, Option 1B as well as Option 1A can be acceptable based on evaluation results in [2]. However, for self-carrier scheduling case, Option 1B seems more reasonable than Option 1A since it is hard to grab the channel due to duplicate LBT procedures for both UL grant and PUSCH transmission. In addition, Option 2 can be applicable to UL grant only DL SF as fair coexistence between LAA and Wi-Fi is shown in [2].
· Within or outside MCOT acquired by eNB

As we discussed in RAN1 email reflector, Option 2 can be sufficient within MCOT acquired by eNB. Furthermore, Option 2 can be applied for UL transmission at any subframe within MCOT acquired by eNB. On the other hand, Option 2 may not be allowed for PUSCH outside MCOT acquired by eNB. This does not mean that eNB should indicate Option 2 to all UEs that are scheduled within MCOT acquired by eNB, but it is up to eNB to ensure that Option 2 is applied only within MCOT acquired by eNB.
· Physical channel type

LBT procedure can be differentiated depending on which UL channel is transmitted. That is, Option 2 can be applied for at least one of PRACH, PUCCH (if introduced), PUSCH with UCI (without UL-SCH, if introduced), SRS without PUSCH (if introduced).

Suggestion 1: Consider to differentiate LBT procedure for following cases with the classification of LBT options.
· LBT options

· Option 1: UL LBT based on a Cat-4 channel access procedure

· Option 1A: UL LBT same as channel access procedure for transmission including PDSCH

· Option 1B: UL LBT shorter than channel access procedure for transmission including PDSCH

· Option 2: UL LBT based on a CCA of at least 25 us before the UL transmission burst

· For cross-carrier scheduling case, consider both Option 1A and Option 1B.

· For self-carrier scheduling case, consider Option 1B for PUSCH and Option 2 for UL grant only DL SF.

· Within MCOT acquired by eNB, consider Option 2.

· Outside MCOT acquired by eNB, do not consider Option 2 for PUSCH.

· Option 2 can be applied for at least one of PRACH, PUCCH (if introduced), PUSCH with UCI (without UL-SCH, if introduced), SRS without PUSCH (if introduced).
3. LBT parameters

In this section, we address some issues necessary to determine, related to LBT parameters such as MCOT, contention window size (CWS), energy detection (ED) threshold, channel access priority class. Then, we discuss how to inform UEs on LBT parameters.
3.1. MCOT

If MCOT acquired by eNB is X ms (e.g., X=2, 3, 8, or 10 ms), MCOT can be defined as X ms from the instance that eNB starts DL transmission. With this definition, there can be two options based on whether it is necessary for UE to know starting (or ending) subframe of MCOT acquired by eNB or not.

· Method 1: UE does not need to know the structure of MCOT acquired by eNB.

· Method 2: If UE determines that the scheduled subframe is within MCOT acquired by eNB, then the UE performs LBT Option 2.
For Method 1, eNB can command allowed LBT scheme depending on whether the scheduling subframe is within or outside MCOT acquired by eNB. From the UE perspective, UE just performs LBT scheme signalled by scheduling grant without the knowledge of the boundary of MCOT acquired by eNB.

However, if eNB schedules UL subframe within the next MCOT, UE may have to know whether the scheduled UL subframe is within the next MCOT or not such that UE applies LBT option defined only within MCOT for the scheduled subframe (e.g., Option 2). For instance, as shown in Fig. 1, when eNB schedules PUSCH at SF#n+4 in the last subframe of the current MCOT, eNB may indicate LBT Option 1B since eNB cannot predict whether SF#n+4 will be contained in the next MCOT or not. If eNB grabs the channel from SF#n+2, it seems helpful for UE to know that SF#n+4 is within the newly acquired MCOT (e.g., by common PDCCH). This is because UE can perform LBT Option 2 for SF#n+4 PUSCH instead of Option 1B indicated by scheduling DCI. For Method 2, the signalling to indicate LBT Option 2 may not be necessary in scheduling DCI and eNB may have to indicate remaining DL COT via common PDCCH in each subframe. However, considering network’s controllability, we slightly prefer Method 1.
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Figure 1. Case that eNB schedules UL subframe within next MCOT
Suggestion 2: Discuss two methods of UE behaviour related to MCOT.

· Method 1: UE does not need to know the structure of MCOT acquired by eNB.

· Method 2: If UE determines that the scheduled subframe is within MCOT acquired by eNB, then the UE performs LBT Option 2.
3.2. CWS

According to our evaluation results [2], CWS adjustment may not be necessary for self-carrier scheduling case. However, for cross-carrier scheduling case, CWS adjustment still can be required to satisfy fair coexistence between LAA and Wi-Fi. If CWS adjustment is applied in LAA UL, eNB can manage UE-specific CWS and reference subframe can be defined as the starting subframe of the most recent transmission made by each UE from the same context as Rel-13 LAA.
Suggestion 3: Need to discuss the necessity of CWS adjustment in LAA UL.
3.3. ED threshold
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 is defined from the perspective of eNB in Rel-13 LAA, that is, it is the set maximum eNB output power in dBm for the carrier. However, if we consider UL transmission, it is natural that 
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 is defined from the perspective of UE. For example, it is set to 
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 semi-statically.

Suggestion 4: Define 
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 of ED threshold adaptation procedure from the perspective of UE (e.g., 
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3.4. Channel access priority class

In legacy LTE system, it is hard for eNB to exactly know which type and what amount of traffic exists for each UE. Even if eNB knows which type and what amount of traffic a UE has, it is difficult to make the UE to transmit a specific type of traffic due to logical channel prioritization rule. Therefore, even though multiple channel access priority classes are supported in LAA UL, it can be practical that each priority class is independent on traffic type. Instead, priority class can be related to LBT parameter such as CWS with the principle that the longer MCOT of a priority class is, the more CCA slots are need for LBT completion.
Suggestion 5: If multiple channel access priority classes are supported for LAA UL, channel access priority class is independent on traffic type.
3.5. Signaling of LBT parameters

Since eNB schedules UE’s transmission in LTE system, it is natural for eNB to inform each scheduled UE on how to perform LBT procedure. Therefore, we can consider the indication of following LBT related information to UEs by scheduling DCI.

· LBT type (e.g., LBT Option 1B or Option 2)

· CWS or random backoff counter

If different LBT schemes are applied depending on cross-carrier scheduling or self-carrier scheduling case (e.g., LBT Option 1A for cross-carrier scheduling and Option 1B for self-carrier scheduling), the interpretation for LBT type can also be different. In this case, signaling the exact value of random backoff counter seems not proper due to its signaling overhead especially for LBT Option 1A (e.g., for cross-carrier scheduling case). In other words, eNB can indicate CWS for LBT Option 1A (or for cross-carrier scheduling case) and backoff counter for LBT Option 1B (or for self-carrier scheduling case).
Suggestion 6: Consider to indicate following LBT parameters by scheduling DCI.

· LBT type (e.g., LBT Option 1B or Option 2)

· CWS or random backoff counter

· Interpretation can be different depending on cross-carrier scheduling or self-carrier scheduling case if different LBT schemes are applied to cross-carrier scheduling and self-carrier scheduling cases.

As to signaling method, eNB has to include LBT parameter in every DCI against UL grant missing case as shown in Fig. 2 (a) and (b). For instance, in Fig. 2, eNB schedules a UE from SF#n+4 to SF#n+6 by single subframe scheduling DCIs in every subframe. If LBT parameter is signaled by scheduling DCI only in SF#n and UE fails to decode it, UE cannot know which LBT parameter should be used to transmit from SF#n+5. Furthermore, LBT parameter can be different even in a UL transmission burst as shown in Fig. (c). If a UE cannot transmit two subframes in a UL transmission burst and only one scheduled subframe is remaining, it seems reasonable to indicate LBT parameter corresponding to a smaller MCOT (if LBT paramter is differentiated per MCOT) than the case of three consecutive subframe scheduling.
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Figure 2. Example of LBT parameter signaling

Suggestion 7: LBT parameter is signaled in every scheduling DCI and LBT parameters signaled from separate DCIs can be different even for the subframes in a same UL transmission burst.
4. Partial TTI

4.1. TX gap

Between consecutive transmission bursts, TX gap shorter than 1 ms TTI is necessary for the following reasons

· to enable transmission of DL and UL TX bursts over consecutive subframes by allowing CCA operation within a part of subframe
· to provide RX-TX or TX-RX switching time
We consider two options regarding the configuration of TX gap for UL transmission as follows:

· Atl. 1: TX gap is created by omitting several symbols at the end of the last subframe of UL TX burst as shown in Figure 3.

· Alt. 2: TX gap is created by omitting several symbols at the start of the first subframe of UL TX burst as shown in Figure 3.
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Figure 3. TX gap alternatives
According to the discussion in [3], we prefer Alt. 1 considering SRS transmission.
Suggestion 8: For the following options for SRS symbol location, Alt. 1 is preferred.
· Alt. 1: End TX gap
· SRS can be transmitted in the first symbol in any UL subframe.
· Alt. 2: Start TX gap
· SRS can be transmitted at the last symbol in any UL subframe.
4.2. Method of indication of UL SF length

In order to prevent a misalignment on the length of PUSCH(/PUCCH) between eNB and UE, explicit signaling to indicate the length of partial TTI with TX gap should be introduced. Specifically, the bit-width to indicate UL SF length can be 1 bit (e.g., 14 symbols or 13 symbols).
When a UE is scheduled with consecutive subframes, the UE can determine when on-going UL transmission stops and LBT operation is performed, depending on the indication of UL SF length as shown Fig. 4. For Alt. 1 (end TX gap), UE performs LBT for SF#n+1 transmission from the end (e.g., 13th symbol) of SF#n if the length of SF#n is indicated to be shorter than 14 symbols. For Alt. 2 (start TX gap), UE performs LBT for SF#n+1 transmission from the start (i.e., first symbol) of SF#n+1 if the length of SF#n+1 is indicated to be shorter than 14 symbols.
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Figure 4. LBT start timing depending on TX gap alternatives
Suggestion 9: Bit-width to indicate UL SF length can be 1 bit (e.g., 14 symbols or 13 symbols). When a UE is scheduled with consecutive subframes, the UE can determine when on-going UL transmission stops and LBT operation is performed, depending on the indication of UL SF length.
5. LBT for support of FDM/MU-MIMO/CDM

In LAA SI [4], it is recommended that LAA should target the support of UL multiplexing of multiple UEs in one subframe by multiplexing in the frequency domain and by multiplexing using MU-MIMO. In addition, if PUCCH on LAA SCell is supported, LAA has to support the multiplexing of PUCCH from multiple UEs. However, there are several difficulties in supporting FDM/MU-MIMO/CDM in LAA UL. If interference environment is different between UEs, the moment when LBT procedure is completed can be different between UEs. Thus, a UE cannot start UL transmission if it senses the channel as busy due to other UE’s UL transmission.
A simple solution is to indicate whether reservation signal is allowed to transmit or not by scheduling DCI. If eNB indicates UEs to not transmit reservation signal for SF#n PUSCH, then all UEs will transmit PUSCH without reservation signal from subframe boundary at the same time.

Suggestion 10: To support FDM/MU-MIMO/CDM for LAA UL, introduce the signaling to indicate whether reservation signal transmission is allowed or not.
6. Multi-carrier LBT

Considering single RF UE design, simultaneous reception of DL data and transmission of UL data in a subframe is basically not allowed. Also, UE cannot sense the channel on some carriers while it transmits UL transmissions on the other carriers. In order to provide a high peak data rate in unlicensed band, multi-channel LBT and transmission should be supported. Similar to Rel-13 LAA, following two types of multi-channel LBT procedures can be the baseline.

· Type A: UE performs category 4 LBT on each channel on which the UE is scheduled to transmit.
· Type B: UE performs category 4 LBT on only one unlicensed carrier among a group of carriers.
For Type A multi-channel access procedure, if common random backoff counter is used, UE may assume same values (e.g., backoff counter, CWS) are signaled on scheduled carriers or UE may use largest value (e.g., backoff counter, CWS) among signaled values.

For Type B multi-channel access procedure, eNB can configure the carrier on which the UE has to perform category 4 LBT. eNB can adjust UE-specific CWS per each carrier or commonly for all carriers and indicate the largest CWS for random backoff counter selection considering which UE(s) is(are) scheduled on which carrier(s).

Other types (e.g., single slot CCA for all carriers) can also be considered and eNB can inform each UE on which type of multi-carrier LBT is applied.
Suggestion 11: Consider following two types of multi-channel LBT procedure as the baseline.

· Type A: UE performs category 4 LBT on each channel on which the UE is scheduled to transmit.
· Type B: UE performs category 4 LBT on only one unlicensed carrier among a group of carriers.
7. Summary and conclusions

In this contribution, we discuss various aspects related to LBT schemes in LAA UL such as signalling of LBT parameters, partial subframe, support of FDM/MU-MIMO, and so on. The suggestions of this contribution are summarized as follows.
Suggestion 1: Consider to differentiate LBT procedure for following cases with the classification of LBT options.

· LBT options

· Option 1: UL LBT based on a Cat-4 channel access procedure

· Option 1A: UL LBT same as channel access procedure for transmission including PDSCH

· Option 1B: UL LBT shorter than channel access procedure for transmission including PDSCH

· Option 2: UL LBT based on a CCA of at least 25 us before the UL transmission burst

· For cross-carrier scheduling case, consider both Option 1A and Option 1B.

· For self-carrier scheduling case, consider Option 1B for PUSCH and Option 2 for UL grant only DL SF.

· Within MCOT acquired by eNB, consider Option 2.

· Outside MCOT acquired by eNB, do not consider Option 2 for PUSCH.

· Option 2 can be applied for at least one of PRACH, PUCCH (if introduced), PUSCH with UCI (without UL-SCH, if introduced), SRS without PUSCH (if introduced).
Suggestion 2: Discuss two methods of UE behaviour related to MCOT.

· Method 1: UE does not need to know the structure of MCOT acquired by eNB.

· Method 2: If UE determines that the scheduled subframe is within MCOT acquired by eNB, then the UE performs LBT Option 2.
Suggestion 3: Need to discuss the necessity of CWS adjustment in LAA UL.

Suggestion 4: Define 
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 of ED threshold adaptation procedure from the perspective of UE (e.g., 
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Suggestion 5: If multiple channel access priority classes are supported for LAA UL, channel access priority class is independent on traffic type.

Suggestion 6: Consider to indicate following LBT parameters by scheduling DCI.

· LBT type (e.g., LBT Option 1B or Option 2)

· CWS or random backoff counter

· Interpretation can be different depending on cross-carrier scheduling or self-carrier scheduling case if different LBT schemes are applied to cross-carrier scheduling and self-carrier scheduling cases.

Suggestion 7: LBT parameter is signaled in every scheduling DCI and LBT parameters signaled from separate DCIs can be different even for the subframes in a same UL transmission burst.
Suggestion 8: For the following options for SRS symbol location, Alt. 1 is preferred.
· Alt. 1: End TX gap
· SRS can be transmitted in the first symbol in any UL subframe.
· Alt. 2: Start TX gap
· SRS can be transmitted at the last symbol in any UL subframe.
Suggestion 9: Bit-width to indicate UL SF length can be 1 bit (e.g., 14 symbols or 13 symbols). When a UE is scheduled with consecutive subframes, the UE can determine when on-going UL transmission stops and LBT operation is performed, depending on the indication of UL SF length.
Suggestion 10: To support FDM/MU-MIMO/CDM for LAA UL, introduce the signaling to indicate whether reservation signal transmission is allowed or not.
Suggestion 11: Consider following two types of multi-channel LBT procedure as the baseline.

· Type A: UE performs category 4 LBT on each channel on which the UE is scheduled to transmit.
· Type B: UE performs category 4 LBT on only one unlicensed carrier among a group of carriers.
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