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Introduction
In this contribution, we share some observations on ETSI BRAN LBT regulation and further proposal on RACH, PUCCH, and PUSCH on top of what has been agreed. At the previous RAN1 meeting, the following conclusion and agreements were made about channel access procedures.
	Conclusion: (RAN1 #96)
Cat 2 is not used for initiating a UE transmission outside of a gNB COT for the following channels/signals (or any combination of them):
· PUSCH (with or without UCI), 
· SRS-only, 
· PUCCH-only
Note: 
· Cat 4 for these channels was already agreed during the study item
· This does not preclude the use of Cat 2 for transmission on a LBT bandwidth if it is allowed for the case of transmission on multiple LBT bandwidths


  
	Agreement: (RAN1 #96)
For initiation of a gNB transmission:
· LBT other than Cat 4 is not used for DRS multiplexed with unicast data
· LBT other than Cat 4 is not used for PDCCH and/or PDSCH transmission outside of DRS.
Note:
· This does not preclude the use of Cat 2 for transmission on a LBT bandwidth if it is allowed for the case of transmission on multiple LBT bandwidths

Agreement: (RAN1 #96)
LBT other than Cat4 is not considered for UL transmissions that are part of a RACH procedure that initiate a channel occupancy
· Note: This does not preclude the use of Cat 2 for transmission on a LBT bandwidth if it is allowed for the case of transmission on multiple LBT bandwidths






ETSI BRAN LBT regulations
In the ETSI BRAN regulations [1] there are two methods of adaptivity (channel access mechanism) specified, one of which is Load Based Equipment (LBE) and the other of which is Frame Based Equipment (FBE).
ETSI Load Based Equipment (LBE) Adaptivity
It should be noted that ETSI has left the Adaptivity (Channel Access Mechanism) procedure unspecified for Load Based Equipment (LBE) initiating devices that have transmission gaps of greater than 25us. The relevant text for this is copied below.
If a Channel Occupancy consists of more than one transmission the transmissions may be separated by gaps. The Channel Occupancy Time is the total duration of all transmissions and all gaps of 25 μs duration or less within a Channel Occupancy and shall not exceed the maximum Channel Occupancy Time in table 7 and table 8. The duration from the start of the first transmission within a Channel Occupancy until the end of the last transmission in that same Channel Occupancy shall not exceed 20 ms.
…
The Channel Access Engine can have multiple transmissions without performing an additional CCA on this Operating Channel providing the gap in between such transmissions does not exceed 16 μs. Otherwise, if this gap exceeds 16 μs and does not exceed 25 μs, the Initiating Device may continue transmissions provided that no energy was detected with a level above the ED threshold defined in clause 4.2.7.3.2.5 for a duration of one Observation Slot.
…
The Responding Device that does not proceed with such transmissions within 16 μs after the last transmission from the Initiating Device that issued the grant, shall perform a Clear Channel Assessment (CCA) on the Operating Channel during a single observation slot within a 25 μs period ending immediately before the granted transmission time. If energy was detected with a level above the ED Threshold defined in clause 4.2.7.3.2.5, the Responding Device shall proceed with step 3). Otherwise, the Responding Device shall proceed with step 2).
It should be further noted that there could be more than one reason why an ETSI LBE initiating device might pause for more than 25us, but one such reason could simply be that the responding devices for which the pause was designated simply did not respond. Another reason for gaps exceeding 25us could be that the initiating devices has no data to send but does, however, have disperse control frames that need to be sent at specific points in time.
One could assume that initiating devices are allowed to proceed in the same manner as responding devices in this respect and perform a Clear Channel Assessment (CCA) on the Operating Channel during a single observation slot within a 25 μs period ending immediately before the resumed transmission time. However, since this is not actually specified by ETSI, it would be unwise to proceed with this assumption. The other assumption is that the initiating device is allowed to resume transmission after a successful category-4 Listen-Before-Talk (cat-4 LBT) procedure. But this is equivalent to starting a new COT, which would be the prudent approach if cat-4 LBT is mandated.
On the other hand, ETSI has provisioned for extending COT sizes for ETSI class 1 and class 2 LBE devices. The text for this is copied here:
The maximum Channel Occupancy Time (COT) of 6 ms may be increased to 8 ms by inserting one or more pauses. The minimum duration of a pause shall be 100 μs. The maximum duration (Channel Occupancy) before including any such pause shall be 6 ms. Pause duration is not included in the channel occupancy time.
ETSI does not, however, provide a procedure on how to recommence transmission after inserting at least a 100us pause.
[bookmark: _Ref4666990]Observation 1: ETSI has not specified how initiating devices should handle gaps in its own transmission that are larger than 25us.
[bookmark: _Ref4667160]Proposal 1: Draft a Liaison statement to ETSI BRAN to seek clarification on how initiating devices should handle gaps in its own transmission that are larger than 25us or draft a change request to ETSI EN 301 893 to specifically cover this missing case.
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[bookmark: _Ref4412199]Figure 1: Timing of competing ETSI devices in a 16us to 25us gap
If a devices of any type (LBE or FBE) is occupying the channel and then presents a gap of 25us or less, there is no utility in this devices performing a Clear Channel Assessment (CCA) on the Operating Channel during a single observation slot of 9us. The only other device that could feasibly gain clear access to the channel in this timeframe is a Frame Based Equipment (FBE) device with the highly improbable event that the Fixed Frame Period (FFP) of the FBE device aligns with this gap, made more improbable by the fact that coexisting FBE and LBE devices will inherently self-synchronize. Any other competing LBE devices will not have sufficient time to gain clean access to the channel. Only class 3 and class 4 LBE devices that draw q = 0 for their random back-off period could respond in time and these would subsequently collide with the device that previously had channel access.
It does not cost much to perform this CCA in 16us to 25us gaps, but it should at least be acknowledged that this should be considered superfluous. If one takes account of propagation delays, processing delays and timing differences, possibly one could consider reducing 25us to something less than 25us before CCA becomes logically useful to be performed. An ideal timing diagram of what CCA activity can occur in a 16us to 25us gap by competing ETSI devices is shown in Figure 1.
[bookmark: _Ref4666998]Observation 2: It is superfluous to expect an LBE or FBE device to perform Clear Channel Assessment (CCA) of a single observation slot in gaps that do not exceed 25us. When considering propagation, processing delays and timing differences the 25us limit could be reduced.
In Figure 3 we show the relative device utilizations of a channel in which these devices are competing for the same channel. Utilization here is defined as the amount of time a device gained exclusive access to the shared channel resource as a fraction of the total simulation time. This provides statistical probabilities of gaining access that also take into account the length of time allotted after gaining clear access. The traffic model for each device is assumed fully loaded with data always available to be sent. In all cases one of the devices is an LBE class 1 device. The relative utilization between ETSI LBE class 4 or class 3 and class 1 devices in Figure 3 demonstrate that ETSI LBE class 1 cannot expect to compete with these devices. In the IEEE 802.11 specifications, the equivalent class is referred to as the Background (BK) access class. When specifying what channels and signals use ETSI class 1, 3GPP should be cognizant of the fact that ETSI LBE class 1 was targeted for background low priority data with no reasonable expectation of timely delivery if competing with any other LBE device of a higher priority class.
It should not come as a surprise that ETSI LBE class 1 devices perform as they do if one considers the ideal timing of this class relative to any other ETSI LBE class. This can be seen in Figure 2.
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[bookmark: _Ref4501580]Figure 2: Ideal timing of all ETSI LBE priority class devices' access engines
The first two dotted vertical red lines counting from the left in the timing diagram of Figure 2 show the average and worst case delay of an ETSI LBE class 4 access engine before assuming clear access to the shared channel when taking account of enforced pause, prioritization period and random back-off procedure period. It should be noted that both these lines fall well within the prioritization period of an ETSI LBE class 1 device. This ensures that the ETSI LBE class 1 device never completes its prioritization period and therefore never gets to decrement its random back-off counter, leaving it with zero channel utilization. The third vertical dotted red line shows the worst case ETSI LBE class 3 timing which only just overlaps with the ETSI LBE class 1 device’s prioritization period, giving it just one opportunity to decrement its random back-off counter, but only when an ETSI LBE class 3 device draws its largest back-off value, which will only occur 1 in 8 or 12.5% of the time. Couple these two probabilities together using the average random back-off count value for ETSI LBE class 1 of 1 in 7.5 and one gets an approximate chance of 1/8*1/7.5 = 1.67% of winning, before taking account of collisions, CCA times and COT time differences.
 Only, in the rare event that exponential back-off takes an ETSI LBE class 3 or ETSI LBE class 4 device to a contention window (CW) of equal value to an ETSI_LBE class 1 device will the ETSI class 1 device gain some tiny proportion of the utilization (less that 0.01%). Note that this will only occur if the ETSI LBE class 3 or ETSI LBE class 4 device is contending and more importantly colliding with another device of similar priority.
[bookmark: _Ref4667006]Observation 3: ETSI LBE class 1 devices should not have any reasonable expectation of channel utilization when any other higher priority LBE devices are competing for the same channel, including access engines enabled within the same device.
[bookmark: _Ref4667168]Proposal 2: When specifying what NR-U channels or signals should use ETSI LBE class 1, 3GPP should not have any expectation of timely delivery of these channels or signals. FFS – which channels or signals can tolerate this level of uncertainty?
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[bookmark: _Ref4420764]Figure 3: ETSI LBE class 1 utilization relative to other ETSI LBE classes
All simulation parameters used to generate Figure 3 and all subsequent figures are detailed in Table 1.
[bookmark: _Ref4423451]Table 1: Simulation parameters
	Class
	p0
	CWmin
	CWmax
	Maximum COT

	4
	1
	3
	7
	2ms

	3
	1
	7
	15
	4ms

	2
	3
	15
	63
	6ms

	1
	7
	15
	1023
	6ms

	CCA slot [9us] fraction
	4us

	Traffic model
	Full buffer

	Exponential back-off
	Enabled

	Simulation length
	20 000 000 000us

	Timing
	Ideal



The use of the “full buffer” traffic model can be justified in this instance as we are trying to establish statistically fair use specifically in a coexistence scenario. There would be no point in including time periods where competing devices were not actually competing because they had no data to send, which would be the case for more real world traffic models.
A fractional period of 4us of a 9us CCA observation slot was used to ascertain if the channel was free, since both IEEE 802.11 and 3GPP LAA nominally use 4us for this. It is unclear what the ETSI BRAN expectation of this should be. Since ideal timing was used, this will only affect collision measurements between ETSI LBE and ETSI FBE devices. Ideal timing implies no propagation delays, no processing delays and no observation slot timing differences were modelled. Modelling non-ideal time will result in slightly increased collisions.
If any collisions were detected amongst competing devices, the channel time for those collisions was not counted towards the utilization totals for the colliding devices in Figure 3, while any non-colliding portions of a collided COT were counted towards devices’ totals. No assumptions were made about the ability to decode these collided COTs. The simulation is a measure of “exclusive use allocation” of channel resource time, without being technology specific about how well this time was used by any one device.
NR-U Load Based Equipment (LBE) Symbol Aligned Adaptivity
It has been discussed offline whether NR-U should adjust its adaptivity alignment such that the end of any LBT procedure aligns with a certain symbol boundary. This implies in most cases inserting a longer than required by ETSI regulations pause before progressing with its prioritization period followed by its random back-off period. The length of the additional pause will depend both on the sub-carrier spacing (SCS) and the desired symbol boundary to align to. Suggestions of single-symbol, two-symbol and four-symbol alignment have been discussed.
The rationale for doing such alignment would be to avoid the use of any length reservation signal after a successful LBT procedure but before any transmissions started on the COT. In Figure 4 we present the utilization results of such a symbol-aligned device competing with another like-for-like ETSI LBE device that was not undergoing NR-U symbol alignment, such as an IEEE 802.11 device. The legend describes the ETSI LBE class of device as well as the number of symbols it aligned to. For example LBE #3,2 implies an ETSI LBE class 3 device that aligned to NR-U 2-symbol boundaries at the relevant SCS. The SCS was swept from 15kHz to 60kHz and is shown on the x-axis.
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[bookmark: _Ref4665814]Figure 4: Channel utilization of an ETSI LBE device with NR-U symbol alignment
For equally fair utilization when competing with just one other device of the same class, one should expect exactly 50% utilization. We can observe from Figure 4 that utilization is somewhat acceptable, where we get approximately 40% utilization, for ETSI LBE class 1 and class 2 devices with NR-U single-symbol alignment provided we do not use 15kHz SCS. Likewise, for ETSI LBE class 1 and class 2 devices with NR-U two-symbol alignment provided we only use 60kHz SCS. All other cases show drastically reduced utilization numbers, with the extreme left lower corner showing < 5% channel utilization for ETSI LBE class 4 devices with NR-U single-symbol alignment. The situation is significantly worse for 2- and 4- symbol alignment.
[bookmark: _Ref4825765]Observation 4: An ETSI LBE device with NR-U symbol alignment does not perform well against an ETSI LBE device, such as an IEEE 802.11 device, as defined in the ETSI BRAN regulations.
[bookmark: _Ref4825792]Proposal 3: Start the LBT procedure as per the ETSI BRAN regulations and use a cyclic prefix extension of fractional symbol length, based on active SCS, to bring the COT to symbol alignment. The maximum length of such an extension signal should be less than 78.428us.
ETSI Frame Based Equipment (FBE) Adaptivity
It has been proposed by many companies that ETSI FBE should only be used in one of two scenarios, either environments where there would be reasonable expectation of isolation from other competing equipment, for example a factory floor, or in new greenfield spectrum not yet deployed for use by any technology, for example the 6GHz spectrum. The rationale behind the arguments has always been that ETSI FBE devices do not coexist well with ETSI LBE devices in that ETSI LBE devices will always dominate. However, with judicious choice of a Fixed Frame Period for ETSI FBE equipment, it is entirely possible for an ETSI FBE device to gain reasonable utilization of a channel when competing with an ETSI LBE device of any class. For example, a choice of Fixed Frame Period (FFP) of 2007us achieves utilizations as shown in Figure 5.
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[bookmark: _Ref4433512]Figure 5: ETSI FBE utilization relative to competing ETSI LBE device classes
[bookmark: _Ref4667013]Observation 5: An ETSI FBE device can coexist with ETSI LBE devices
ETSI has defined ETSI FBE devices in such a manner than ETSI FBE devices cannot coexist with each other without either completely colliding with each other all of the time or one ETSI FBE device always completely dominating over the other ETSI FBE devices. This is under the assumption that they share the same FFP. If they do not share a common FFP, then the ETSI FBE device with the smaller FFP will always dominate at a ratio of approximately 90.5% : 4.5%. The only way that ETSI FBE devices can coexist in the regulations as they are currently written is if all ETSI FBE devices coordinate with each other and share out the channel resource in some form of fair sharing scheme, such as a round-robin scheme. An open question would be then whether this coordination is considered a single network, or disjoint networks that are coordinated in the interests of coexistence.
[bookmark: _Ref4667022]Observation 6: An ETSI FBE device cannot coexist with another ETSI FBE device unless they coordinate with each other.
[bookmark: _Ref4667179][bookmark: _Ref4667382]Proposal 4: Draft a Liaison statement to ETSI BRAN to suggest a change to the adaptivity for FBE devices such that they can fairly coexist with each other without coordination. FFS – what sort of adaptivity for FBE results in fair use
LBT for RACH Messages
Unlink in NR licensed spectrum, channel access to unlicensed spectrum is regulated by listen-before-talk (LBT) clear channel assessment. Due to LBT, the overall access latency is expected to increase in a RACH procedure. In order to mitigate the impact of LBT for a procedure, one straightforward solution is to reduce the number of steps in the procedure which results in the proposal of 2-step RACH. But since the 4-step RACH still serves as the fall-back mechanism for 2-step RACH and is the baseline for NR-U, enhancement on 4-step RACH for NR-U should be discussed. In this section, we share our views on channel access procedures for RACH messages in both 4-step RACH (Msg1, Msg2, Msg3 and Msg4) and 2-step RACH (MsgA and MsgB). 
Based on regulation, a COT acquired by an initiating device can be shared with a responding device so that LBT requirement within a shared COT can be alleviated. Therefore, if two or more steps belonging to a same procedure (e.g. Msg1/2/3/4 in 4-step RACH) can be transmitted in the same COT, the overall LBT duration for the procedure is expected to be reduced compared with that when separate COTs are initiated for each step in the procedure. Hence, NR-U should strive to transmit two or more steps belonging to a same procedure in the same COT to reduce LBT overhead.   
[bookmark: _Ref528951204]Observation 7: If two or more steps belonging to a same procedure (e.g. Msg1/2/3/4 in 4-step RACH) can be transmitted in the same COT, the overall LBT overhead in the procedure can be reduced.
[bookmark: _Ref534990098]Observation 8: Sharing an UE-initiated COT with gNB is supported by regulation. 
[bookmark: _Ref528951140]Proposal 5: NR-U should strive to minimize the overall LBT overhead in a RACH procedure (instead of the LBT duration for an individual RACH message).
In a 4-step contention-based random access, after UE transmits Msg1 on PRACH, the UE has to start monitoring Msg2 (random access response, RAR). And when a UE receives a RAR that includes the preamble index that UE has selected for Msg1 transmission, the UE has to transmit Msg3 with its ID on the UL grant that is carried by RAR. Finally, the base station responds with Msg4 for the UE to carry out contention resolution. Note the timeline of messages in the 4-step RACH has been discussed in NR. Since gNB has higher computational capability and often demands much shorter processing time, the timing gap between an uplink transmission and a downlink reception (mainly determined by UE processing time) is often longer than the timing gap between a downlink signal reception and an uplink transmission (mainly determined by gNB processing time). For example, the timing gap between Msg1 transmission and Msg2 reception can be as short as one OFDM symbol while the timing gap between Msg2 reception and Msg3 transmission is N1+N2+0.5msec which is about 2.5msec and 1.5msec for SCS=15kHz and SCS=30kHz, respectively. Therefore, it is reasonable that NR-U should support that gNB can transmit RAR in the UE-initiated COT that has been acquired by UE(s) for PRACH transmission(s) when PRACH is not done within a gNB-initiated COT. Similarly, it would be beneficial in terms of the overall RACH latency and LBT overhead reduction if transmission of Msg4 in the same COT as Msg3 is supported in NR-U.
[bookmark: _Ref528951211]Observation 9: In NR, the timing gap between Msg1 transmission and Msg2 reception is much shorter than that between Msg2 reception and Msg3 transmission because gNB has higher computational capability. It is hence beneficial to support Msg2 transmission in the same COT as Msg1. 

As illustrated in Figure 6, if PRACH is transmitted outside of gNB-initiated COTs, then we propose that the COT acquired by UE(s) can be shared with gNB for immediate random access response (RAR). Within the UE-initiated COT, gNB can apply one-shot LBT or even no-LBT for the RAR transmission. 


[bookmark: _Ref528943823]Figure 6: UE(s) applies Category 4 LBT for PRACH transmission outside of gNB-initiated COTs. Then the COT can be shared with gNB for transmitting random access response (RAR) to enhance the 4-step RACH in NR-U.

Based on the above reasoning and observations, we have the following proposals. 
[bookmark: _Ref534990175][bookmark: _Ref528951164]Proposal 6: NR-U supports to share a UE-initiated COT with gNB for RACH message transmissions. 

CAPC determination for RACH in NR-U
3GPP 38.321 standards have introduced differentiated Random Access (RA) procedure, with two major priority classes:
1. High Priority RA: RA initiated for 
a) Beam failure recovery 
b) Handover

2. Low Priority RA: RA initiated for all other reasons
a) Initial Access 
b) Timing Alignment (Out of Sync UE) 
c) RRC Reconfiguration etc.

High priority random access procedure could be identified by configuring power ramping priority and the back off parameters, associated with the random access process. Following the standard guidelines, we can argue that RACH over an unlicensed carrier (in NR-U) could be of two major types: 
1. High priority – triggered by beam failure recovery or handover
2. Low priority – triggered by initial access, timing alignment, RRC reconfiguration

[bookmark: _Ref534990115]Observation 10: Random Access over NR is classified into two major types: (1) High Priority (beam failure recovery, handover) and (2) low priority (initial access, timing alignment, RRC reconfiguration).

Based on this observation we propose that CAPC for RACH messages in NR-U should be based on the purpose (reason) for RACH triggering. Subsequently, we propose to explore differentiated Random Access, mentioned in 3GPP 38.321 for determination of CAPC during Random Access in NR-U. High priority CAPC should be assigned for RACH triggered for beam failure recovery and handover. The CAPC for other reasons for RACH should be assigned with low priority. We assume a table, which maps RACH differentiation to different CAPC values. We assume that lower the CAPC, higher the priority.
· Such a table could be configured and signalled by RRC.
· Alternatively, it could be hardcoded and used in specifications

	Purpose for RACH
	CAPC (for RACH)

	Beam Failure Recovery
	1 (High Priority)

	Handover
	

	All other reasons for RACH 
	2 (Low Priority)


[bookmark: _Ref523830306]Table 2: CAPC Determination for RACH

[bookmark: _Ref534990224]Proposal 7: CAPC for RACH message should be based on the purpose for RACH.
[bookmark: _Ref534990230]Proposal 8: High priority CAPC should be chosen for Handover and Beam Failure Recovery and low priority for other use cases.

LBT for PUCCH
Since both stand-alone and dual-connectivity are supported in NR-U, PUCCH needs to be supported on unlicensed bands. We hence need to decide what LBT category and channel access priority class (CAPC) that UE applies to PUCCH transmission. 
Similar to the discussion on channel access procedure for RACH, we think one-shot or no-LBT can be applied to PUCCH when it is transmitted within a gNB-initiated COT. On the other hand, if it is transmitted outside of gNB-initiated COTs, it is beneficial to support both one-shot LBT and Cat.4 LBT for PUCCH transmission. When Cat.4 is applied, UE can share this UE-initiated COT with gNB. For example, if UE transmits PUCCH for Scheduling Request, then gNB can transmit PDCCH within this UE-initiated COT immediately after it detects the transmitted PUCCH for SR as illustrated in Figure 7. When gNB transmits PDCCH and/or PDSCH within a UE-initiated COT, no-LBT or one-shot LBT can be applied to reduce the overall latency and LBT overhead for a Scheduling Request procedure. 
[bookmark: _Ref528951186][bookmark: _Ref534990236]Proposal 9: Cat.4 LBT is applied by UE to initiate a COT for PUCCH transmission and this UE-initiated COT can be shared with gNB for downlink transmission. For the downlink transmission in UE-initiated COTs, LBT is decided by 
· Cat.1 immediate transmission is applied when the gap from the end of the PUCCH transmission to the beginning of the downlink transmission is up to 16usec.
· Cat.2 LBT is applied when the gap from the end of the PUCCH transmission to the beginning of the downlink transmission is larger than 16usec but not more than 25usec.
· FFS the case when the gap is larger than 25use.



[bookmark: _Ref528950346]Figure 7: When Category 4 LBT is applied to PUCCH outside of gNB-initiated COTs, this UE-initiated COT can be shared with gNB to reduce LBT overhead and the overall latency for example for a SR procedure. 

LBT type for HARQ-A/N feedback 
In RAN1#AH1901 meeting, there is a conclusion was made for that gNB requesting HARQ-ACK feedback outside of the gNB-initiated COT by PDSCH-to-HARQ-timing-indicator can be supported in NR-U without enhancement to NR Rel-15. However, RAN1 should further discuss the details for determining the LBT type for the UE transmission of a HARQ-ACK feedback falling outside of the gNB-initiated COT. In our views, if a HARQ-ACK feedback for PDSCH(s) is scheduled outside of the gNB-initiated COT, the LBT type could be indicated by the gNB through the DCI(s) scheduling the PDSCH(s), or determined by the UE based on the indicated channel occupancy information, or both. 
[bookmark: _Ref4825828]Proposal 10: To determine the LBT type for the UE transmission of a HARQ-A/N feedback falling outside of the gNB-initiated COT, the following mechanisms could be considered:
· Indication by the gNB through the DCI(s) scheduling the PDSCH(s)
· UE determination based on the indicated channel occupancy information 
· Both of the above
CAPC determination for Scheduling Request
Category 4 LBT requires determination of CAPC, where lower CAPC values reflect higher priority. We propose multiple options for estimating CAPC values corresponding to SR. We prefer gNB to explicitly configure the CAPC values for SR. However, UE can use UL Logical Channel Priorities to estimate the CAPC values. As a third alternative, uplink QCI could also be used to estimate the CAPC of SR in NR-U. If UL logical channel priorities or UL QCI are used, a table mapping the UL LCP priorities or UL QCI to CAPC need to be configured and signalled by RRC. Alternatively, the table could be hardcoded and used in specifications
[bookmark: _Ref535052963]Proposal 11: CAPC for UL SR could be based on multiple options:
· Network (gNB) can explicitly configure CAPC for UL SR transmissions.
· UE can map UL Logical channel priority values to CAPC for SR. 
· Alternatively, UE can use UL QCI to determine the CAPC for SR. 

CAPC Determination for PUSCH
In LTE LAA, generally speaking, there are two mechanisms that can be used by the network to control the CAPC to be used by the UE for uplink transmissions. For dynamic scheduling, the UL grant issued by the eNB indicates both the type of LBT (Type 1 or Type2) as well as the CAPC (in case of Type 1) that is to be used by the UE for PUSCH transmission. 
On the other hand, for configured grants, i.e., Type 1 autonomous uplink (AUL) channel access, the eNB signals the CAPC for each logical channel, and the UE selects the highest CAPC of the logical channel with data in the MAC PDU formed after executing LCP. 
[bookmark: _Ref534990121]Observation 11: In LTE LAA, the CAPC used by the UE is either explicitly provided by the eNB (dynamic scheduling) or derived from a mapping from logical channels to CAPC (AUL).
For dynamic scheduling, the eNB is expected to choose a suitable CAPC based on the latest BSR and received uplink traffic, as mandated by the following excerpt from 3GPP TS36.300:
For uplink LAA operation, the eNB shall not schedule the UE more subframes than the minimum necessary to transmit all the traffic corresponding to the selected Channel Access Priority Class or lower (i.e., with a lower number in the Table 5.7.1-1), than the:
· Channel Access Priority Class signaled in UL grant based on the latest BSR and received uplink traffic from the UE if type 1 uplink channel access procedure (see section 15.2.1.1 of [6]) is signalled to the UE;

In our opinion, this approach for choosing CAPC suffers from several shortcomings. It is possible that the eNB does not have an accurate picture of the buffer status of the UE, and may not be fully able to predict the QoS class of the data that is eventually transmitted over unlicensed carrier. For example, current LCP rules do not always result in the most QoS sensitive data to be selected for transmission (In order to ensure fairness, the LCP mechanism prevents higher priority logical channels from exhausting every grant from the eNB based on PBR and BSD parameters). Also, the QoS sensitive data may have been sent over licensed carrier before LBT is successful, leaving relatively QoS tolerant data for transmission over unlicensed carrier. QoS sensitive data is also more likely to have been discarded as a result of PDCP discard. In these cases the UE may end up using high priority CAPC for sending low priority data, which is not desirable. Similarly, it is possible that new data arrives after the UE sends an SR but before it receives a grant. If the new data happens be of high priority, and the grant indicates a low priority CAPC, then the UE is forced to contend for channel access with low priority defeating the purpose of QoS differentiation afforded by multiple CAPCs. 
[bookmark: _Ref534990126]Observation 12: The current mechanism where the eNB selects CAPC with dynamic grants prevent the UE from choosing the appropriate uplink LBT CAPC that is consistent with the QoS requirements of the data that is actually transmitted.  
The current mechanism also imposes an unnecessary computation burden on the eNB in that it needs to keep track of BSR and uplink received data for purposes of CAPC calculation. Finally, with AUL, there is already a mechanism that relies on the UE to select the correct CAPC value based on the contents of the data to be transmitted. This mechanism is completely under network control since it is the network that maps logical channels to CAPC values. For these reasons, it seems that there is some benefit in considering a CAPC determination mechanism at the UE that is common for dynamic and configured grants.
[bookmark: _Ref534990261]Proposal 12: NR-U should consider developing a common CAPC selection mechanism for uplink dynamic and configured grants based on a mapping from logical channels to CAPC.

Conclusion
In this contribution, we have observed the following. 
Observation 1: ETSI has not specified how initiating devices should handle gaps in its own transmission that are larger than 25us.
Observation 2: It is superfluous to expect an LBE or FBE device to perform Clear Channel Assessment (CCA) of a single observation slot in gaps that do not exceed 25us. When considering propagation, processing delays and timing differences the 25us limit could be reduced.
Observation 3: ETSI LBE class 1 devices should not have any reasonable expectation of channel utilization when any other higher priority LBE devices are competing for the same channel, including access engines enabled within the same device.
Observation 4: An ETSI LBE device with NR-U symbol alignment does not perform well against an ETSI LBE device, such as an IEEE 802.11 device, as defined in the ETSI BRAN regulations.
Observation 5: An ETSI FBE device can coexist with ETSI LBE devices
Observation 6: An ETSI FBE device cannot coexist with another ETSI FBE device unless they coordinate with each other.
Observation 7: If two or more steps belonging to a same procedure (e.g. Msg1/2/3/4 in 4-step RACH) can be transmitted in the same COT, the overall LBT overhead in the procedure can be reduced.
Observation 7: If two or more steps belonging to a same procedure (e.g. Msg1/2/3/4 in 4-step RACH) can be transmitted in the same COT, the overall LBT overhead in the procedure can be reduced.
Observation 8: Sharing an UE-initiated COT with gNB is supported by regulation.
Observation 9: In NR, the timing gap between Msg1 transmission and Msg2 reception is much shorter than that between Msg2 reception and Msg3 transmission because gNB has higher computational capability. It is hence beneficial to support Msg2 transmission in the same COT as Msg1.
Observation 10: Random Access over NR is classified into two major types: (1) High Priority (beam failure recovery, handover) and (2) low priority (initial access, timing alignment, RRC reconfiguration).
Observation 11: In LTE LAA, the CAPC used by the UE is either explicitly provided by the eNB (dynamic scheduling) or derived from a mapping from logical channels to CAPC (AUL).
Observation 12: The current mechanism where the eNB selects CAPC with dynamic grants prevent the UE from choosing the appropriate uplink LBT CAPC that is consistent with the QoS requirements of the data that is actually transmitted.
 
Based on the observations, we have the following proposals. 
Proposal 1: Draft a Liaison statement to ETSI BRAN to seek clarification on how initiating devices should handle gaps in its own transmission that are larger than 25us or draft a change request to ETSI EN 301 893 to specifically cover this missing case.
Proposal 2: When specifying what NR-U channels or signals should use ETSI LBE class 1, 3GPP should not have any expectation of timely delivery of these channels or signals. FFS – which channels or signals can tolerate this level of uncertainty?
Proposal 3: Start the LBT procedure as per the ETSI BRAN regulations and use a cyclic prefix extension of fractional symbol length, based on active SCS, to bring the COT to symbol alignment. The maximum length of such an extension signal should be less than 78.428us.
Proposal 4: Draft a Liaison statement to ETSI BRAN to suggest a change to the adaptivity for FBE devices such that they can fairly coexist with each other without coordination. FFS – what sort of adaptivity for FBE results in fair use
Proposal 5: NR-U should strive to minimize the overall LBT overhead in a RACH procedure (instead of the LBT duration for an individual RACH message).
Proposal 6: NR-U supports to share a UE-initiated COT with gNB for RACH message transmissions.
Proposal 7: CAPC for RACH message should be based on the purpose for RACH.
Proposal 8: High priority CAPC should be chosen for Handover and Beam Failure Recovery and low priority for other use cases.
Proposal 9: Cat.4 LBT is applied by UE to initiate a COT for PUCCH transmission and this UE-initiated COT can be shared with gNB for downlink transmission. For the downlink transmission in UE-initiated COTs, LBT is decided by
· Cat.1 immediate transmission is applied when the gap from the end of the PUCCH transmission to the beginning of the downlink transmission is up to 16usec.
· Cat.2 LBT is applied when the gap from the end of the PUCCH transmission to the beginning of the downlink transmission is larger than 16usec but not more than 25usec.
· FFS the case when the gap is larger than 25use.
Proposal 10: To determine the LBT type for the UE transmission of a HARQ-A/N feedback falling outside of the gNB-initiated COT, the following mechanisms could be considered:
· Indication by the gNB through the DCI(s) scheduling the PDSCH(s)
· UE determination based on the indicated channel occupancy information 
· Both of the above
Proposal 11: CAPC for UL SR could be based on multiple options:
· Network (gNB) can explicitly configure CAPC for UL SR transmissions.
· UE can map UL Logical channel priority values to CAPC for SR. 
· Alternatively, UE can use UL QCI to determine the CAPC for SR. 
[bookmark: _GoBack]
Proposal 12: NR-U should consider developing a common CAPC selection mechanism for uplink dynamic and configured grants based on a mapping from logical channels to CAPC.
Reference
[1] ETSI EN 301 893 V2.1.1 (2017-05)
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