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1. Introduction

In RAN1#84 and RAN1#84bis meetings, following agreements were made on channel access procedure for LAA UL [1][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
Agreement:

· If the sum total duration of DL and UL transmissions [and UL LBT] is less than the obtained channel occupancy duration, it is sufficient for the UE(s) to perform a single 25us LBT to access the channel and perform UL transmission

· FFS the conditions, if any, on the usage of 25us LBT especially w.r.t. traffic class

· FFS the […] part
Agreement:
· UL grant only transmission by eNB based on Rel-13 Cat-4 LBT priority class is supported.

· FFS: UL grant only transmission by eNB based on a 25 µs CCA is supported. 

· eNB can choose between Cat-4 or 25 µs CCA LBT.


In this contribution, we discuss further details on channel access for LAA UL such as signalling of LBT parameters, LBT procedure per UL physical channel, support of FDM/MU-MIMO, and so on.
2. LBT parameters

In this section, we address some issues necessary to determine, related to LBT parameters such as LBT type, contention window size (CWS), energy detection (ED) threshold, and channel access priority class. Also, we discuss how to inform UEs on LBT parameters.
2.1. LBT type
In RAN1 email reflector, we discussed that the eNB acquiring the channel through category 4 based LBT can share its occupied channel with its UEs and the UE can grab the channel based on 25 usec LBT within the MCOT limit. That is, a UE can perform 25 usec LBT within the COT acquired by eNB while a UE shall perform category 4 based LBT outside COT acquired by eNB.

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. Thus, eNB can indicate which type of LBT should be performed by UL grant. The details of signaling in multi-subframe scheduling will be discussed in section 2.4.
Suggestion 1: A UE is dynamically signaled on whether it should perform 25 usec LBT or category 4 based LBT for PUSCH transmission via UL grant.
In case that 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 25 usec LBT for the scheduled subframe. 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 category 4 based LBT 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., with common PDCCH indicating the number of subframes). This is because UE can perform 25 usec LBT for SF#n+4 PUSCH instead of category 4 based LBT indicated by scheduling DCI. Even though the change of LBT scheme would be beneficial in terms of channel access probability, it causes additional signalling overhead and UE has to rely on common PDCCH detection. Therefore, it seems not desirable to allow for UE to override the signalling on LBT type.
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Figure 1. Case that eNB schedules UL subframe within next MCOT
Suggestion 2: Do not support overriding the signalling on LBT type.
In addition, we can consider the channel occupancy initiated by a UE is shared by its eNB or other UEs. Especially for the case that the UE starting the UL transmission based on category 4 based LBT shares other UEs, we should carefully design the procedure considering that the transmission power allocated for cell center UE is relatively lower than that for cell edge UE. Since ED threshold can be reversely proportional to transmission power, category 4 based LBT success of cell center UE cannot guarantee that all nodes within the coverage of its eNB are silent. Therefore, the channel occupancy initiated by a UE can be shared by other UEs considering the transmission power of channel occupancy initiator and responder.
Suggestion 3: If it is supported that UE-initiated MCOT is shared by other UEs, eNB can indicate 25 usec LBT to a UE when an MCOT initiated by another UE can be shared by the UE considering transmit power of those UEs.
2.2. Channel access priority class and CWS
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 since RAN2 agreed not to change current logical channel prioritization rule for Rel-14 eLAA. 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 4: If multiple channel access priority classes are supported for LAA UL, do not restrict the content of PUSCH within a UL transmission, related to the applied channel access priority class.
Based on Rel-13 channel access priority class, the set of allowed CWSs is defined per priority class and CWS can be adjusted with HARQ-ACK statistics. However, according to our evaluation results [3], CWS adjustment may not be necessary for self-carrier scheduling case and also for cross-carrier scheduling. Nevertheless, for cross-carrier scheduling case, CWS adjustment still can be required to satisfy fair coexistence between LAA and Wi-Fi. Thus, priority class or the set of allowed CWs can be different between the UE configured with cross-carrier scheduling and the UE configured with self-carrier scheduling.

Suggestion 5: Need to discuss the necessity of CWS adjustment in LAA UL.
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. Thus, we can consider the indication of CWS to UEs by scheduling DCI. If CWS is fixed for the UE configured with self-carrier scheduling, the exact value of random backoff counter can be signaled by scheduling DCI. 
Suggestion 6: If CWS adjustment is applied in LAA UL, eNB manages UE-specific CWS and dynamically signals CWS to UE by scheduling DCI.
2.3. 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 UE perspective. For example, it can be set to 
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 for LAA SCell because it seems simple for UE implementation to determine 
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 semi-statically.

In Rel-13 LAA, ED threshold adaptation procedure is differentiated depending on whether LAA coexists with any other technology. Therefore, eNB can indicate the proper value of ED threshold based on whether LAA coexists with other technology.
Suggestion 7: Define 
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 of ED threshold adaptation procedure based on a semi-statically configured maximum transmission power from the UE perspective (e.g., 
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 for LAA SCell).
Suggestion 8: Whether LAA coexists with any other technology can be indicated by RRC signalling for ED threshold adaptation procedure as in Rel-13 LAA DL.
2.4. Signaling of LBT parameters

Based on above discussion and [4], we can consider the indication of following LBT related information to UEs by scheduling DCI.

· LBT type (e.g., 25 usec LBT or category 4 based LBT)

· CWS, if CWS adjustment is applied in LAA UL
· Starting symbol of PUSCH
· Ending symbol of PUSCH
For multi-subframe scheduling, it seems preferable that LBT related information is indicated per DCI (not per subframe) considering DCI overhead. In detail, 2 bit signaling is necessary to signal starting symbol and ending symbol of PUSCH, which means that the signaling for starting or ending symbol of PUSCH is applied to the first or last scheduled UL subframe, respectively. If the first scheduled UL subframe is indicated that the start symbol of PUSCH is DFTS-OFDM symbol 1 and if LBT fails for the first scheduled UL subframe, other scheduled UL subframes (if LBT succeeds) are transmitted from DFTS-OFDM symbol 0.
Suggestion 9: Following LBT related information is signaled per DCI.

· LBT type (e.g., 25 usec LBT or category 4 based LBT)

· CWS, if CWS adjustment is applied in LAA UL
· Starting symbol of PUSCH
· applied only to the first scheduled subframe, in case of multi-subframe scheduing DCI
· Ending symbol of PUSCH
· applied only to the last scheduled subframe, in case of multi-subframe scheduling DCI
Since the type of LBT is signaled only once in a scheduling DCI, it is reasonable that each DCI schedules all or a part of UL subframes composing a UL transmission burst. In other words, single DCI for multi-subframe scheduling cannot schedule UL subframes belonging to different UL transmission bursts. Also, it is allowed that UL subframes in a single UL transmission burst are scheduled by multiple DCIs. In this case, LBT parameters can be different between DCIs even in a UL transmission burst as shown in Fig. 2. If a UE cannot transmit UL subframes scheduled by DCI#1, it seems reasonable to indicate LBT parameters corresponding to a smaller MCOT (if LBT paramter is differentiated per MCOT).
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Figure 2. Example of LBT parameter signaling
Suggestion 10: Single DCI for multi-subframe scheduling cannot schedule UL subframes belonging to different UL transmission bursts.

· Subframes of a single UL transmission burst can be scheduled by multiple DCIs, where LBT parameters signalled by different DCIs can be different.
3. LBT procedure per UL physical channel

In this section, we discuss LBT procedure for PRACH, PUSCH with UCI (or without UL-SCH), and SRS. Firstly, for PRACH, it seems desirable to apply only 25 usec LBT for reducing the random access delay.

Suggestion 11: For PRACH, support only 25 usec LBT.
For PUSCH with UCI (or without UL-SCH) or SRS, if it is followed by PUSCH with UL-SCH, a UE can perform LBT indicated by scheduling DCI to transmit PUSCH with UCI or SRS and following PUSCH. On the other hand, without following PUSCH with UL-SCH, we can consider 3 alternatives (or their combination).
· Alt. 1: Support 25 usec LBT.

· Alt. 2: Support No LBT.

· Alt. 3: Support 25 usec LBT within the channel occupancy acquired by eNB and category 4 based LBT outside the channel occupancy acquired by eNB, same as LBT procedure for PUSCH (with UL-SCH).

For Alt. 2, we need more clarification how it works. During RAN1 email discussion, it is discussed that No LBT can be applied if a UL transmission begins no later than 16 usec after the end of a DL transmission. However, we have to make sure how to arrange the gap no later than 16 usec between the end of a DL transmission and the start of UL transmission.
For Alt. 3, since LBT type can be different depending on either within or outside eNB’s channel occupancy, LBT type can be signalled by triggering DCI or common PDCCH. In addition, CWS adjustment can be improper because there is no explicit acknowledgement for SRS without PUSCH or PUSCH with UCI. Therefore, pre-defined and fixed CWS or CWS of the latest PUSCH can be applied.

Suggestion 12: For PUSCH with UCI (or without UL-SCH) or SRS,
· If it is followed by PUSCH with UL-SCH, a UE performs LBT indicated by DCI scheduling the following PUSCH.
· Otherwise, consider following three alternatives or their combination.

· Alt. 1: Support 25 usec LBT.

· Alt. 2: Support No LBT.

· Alt. 3: Support 25 usec LBT within the channel occupancy acquired by eNB and category 4 based LBT outside the channel occupancy acquired by eNB, same as LBT procedure for PUSCH (with UL-SCH).
· For category 4 based LBT, pre-defined CWS or CWS of the latest PUSCH is applied.
4. LBT for support of FDM/MU-MIMO

In LAA SI [5], 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. However, there are several difficulties in supporting FDM/MU-MIMO in LAA UL. If interference environment is different between UEs, the moment that 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 initial signal is allowed to transmit or not by scheduling DCI. If eNB indicates UEs to not transmit initial signal for SF#n PUSCH, then all UEs will transmit PUSCH without initial signal from subframe boundary at the same time.

Suggestion 13: To support FDM/MU-MIMO for LAA UL, introduce the signaling to indicate whether initial signal transmission is allowed or not.
5. Summary and conclusions

In this contribution, we discussed further details on channel access for LAA UL such as signalling of LBT parameters, LBT procedure per UL physical channel, support of FDM/MU-MIMO, and so on. The suggestions of this contribution are summarized as follows.
Suggestion 1: A UE is dynamically signaled on whether it should perform 25 usec LBT or category 4 based LBT for PUSCH transmission via UL grant.

Suggestion 2: Do not support overriding the signalling on LBT type.

Suggestion 3: If it is supported that UE-initiated MCOT is shared by other UEs, eNB can indicate 25 usec LBT to a UE when an MCOT initiated by another UE can be shared by the UE considering transmit power of those UEs.
Suggestion 4: If multiple channel access priority classes are supported for LAA UL, do not restrict the content of PUSCH within a UL transmission, related to the applied channel access priority class.
Suggestion 5: Need to discuss the necessity of CWS adjustment in LAA UL.
Suggestion 6: If CWS adjustment is applied in LAA UL, eNB manages UE-specific CWS and dynamically signals CWS to UE by scheduling DCI.
Suggestion 7: Define 
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 of ED threshold adaptation procedure based on a semi-statically configured maximum transmission power from the UE perspective (e.g., 
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Suggestion 8: Whether LAA coexists with any other technology can be indicated by RRC signalling for ED threshold adaptation procedure as in Rel-13 LAA DL.
Suggestion 9: Following LBT related information is signaled per DCI.

· LBT type (e.g., 25 usec LBT or category 4 based LBT)

· CWS, if CWS adjustment is applied in LAA UL
· Starting symbol of PUSCH
· applied only to the first scheduled subframe, in case of multi-subframe scheduing DCI
· Ending symbol of PUSCH
· applied only to the last scheduled subframe, in case of multi-subframe scheduling DCI
Suggestion 10: Single DCI for multi-subframe scheduling cannot schedule UL subframes belonging to different UL transmission bursts.

· Subframes of a single UL transmission burst can be scheduled by multiple DCIs, where LBT parameters signalled by different DCIs can be different.
Suggestion 11: For PRACH, support only 25 usec LBT.
Suggestion 12: For PUSCH with UCI (or without UL-SCH) or SRS,

· If it is followed by PUSCH with UL-SCH, a UE performs LBT indicated by DCI scheduling the following PUSCH.

· Otherwise, consider following three alternatives or their combination.

· Alt. 1: Support 25 usec LBT.

· Alt. 2: Support No LBT.

· Alt. 3: Support 25 usec LBT within the channel occupancy acquired by eNB and category 4 based LBT outside the channel occupancy acquired by eNB, same as LBT procedure for PUSCH (with UL-SCH).
· For category 4 based LBT, pre-defined CWS or CWS of the latest PUSCH is applied.
Suggestion 13: To support FDM/MU-MIMO for LAA UL, introduce the signaling to indicate whether initial signal transmission is allowed or not.
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