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Introduction
In this contribution, we discuss some issues that were identified and discussed in the NR-U study item phase yet not fully concluded. Specifically we focus on the channel access procedures for some uplink and downlink channels and the CAPC determination for PUCSH.    
	Agreement: (RAN1 #93)
· For 5GHz band, a no-LBT option is beneficial for NR-U, such as for supporting fast A/N feedback, and is permitted per regulation. 
· Restrictions/conditions on when no-LBT option can be used will be further identified, e.g., in consideration of fair coexistence. 
· No-LBT option can be applied to 6GHz band if allowed by regulation
· Restrictions/conditions on when no-LBT option can be used will be further identified, if fair coexistence criterion is defined for 6GHz band
Note: Channel access mechanisms need to comply with regulations and may therefore need to be adapted for particular frequency ranges.



	Agreement: (RAN1 #95)
· For initiation of a COT by the gNB (operating as an LBE device), following LBT schemes are used (the table below, see also possible exception in the Note, to be discussed later)
	Channels / signals initiating the COT
	Cat 2 LBT
	Cat 4 LBT

	DL
	DRS alone or multiplexed with non-unicast data (e.g. OSI, paging, RAR) 
	when the DRS duty cycle <= 1/20, and the total duration is up to 1 ms:
· 25 us Cat 2 LBT is used (as in LAA)
	When DRS duty cycle is > 1/20, or 
total duration > 1 ms, 


	
	DRS multiplexed with unicast data 
	N/A except for the cases discussed in the Note below
	Channel access priority class is selected according to the multiplexed data


	
	PDCCH and PDSCH
	N/A except for the cases discussed in the Note below
	Channel access priority class is selected according to the multiplexed data



· To be captured into the TR:
· Note: Applicability of an LBT scheme other than Cat 4 for control messages related to initial/random access, mobility, paging, reference signals -only, and PDCCH-only transmissions, e.g. “RACH message 4”, handover command, GC-PDCCH, or short message paging transmitted either alone or when multiplexed with DRS have been discussed. 
· Further discuss in the work item the aspects related to the note



	Agreement: (RAN1 #95)
· For initiation of a COT by the UE, following LBT schemes are used 
	Channels / signals initiating the COT
	Cat 2 LBT
	Cat 4 LBT

	UL
	PUSCH (including at least UL-SCH with user plane data)
	N/A except for the cases discussed in Note 2 below
	Channel access priority class is selected according to the data

	
	SRS-only
	N/A
	Cat4 with lowest channel access priority class value (as in LTE eLAA)

	
	RACH -only
	(see Note 2)
	Cat4 with lowest channel access priority class value

	
	PUCCH -only
	(see Note 2)
	Cat4 with lowest channel access priority class value



Note 1: If the COT includes multiple signals/channels with different channel access categories / priority classes, the highest channel access priority class value and highest channel access category among the channel access priority classes and channel access categories corresponding to the multiple signals/channels applies.
Note 2: Applicability of an LBT scheme other than Cat 4 for the following signals / channels have been discussed. 
· UL control information including UCI only on PUSCH, e.g.: 
· HARQ-ACK
· Scheduling Request
· Channel State Information
· Random Access
· Further discuss the aspects related to Note 2 in the work item



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 1: 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 2: Sharing an UE-initiated COT with gNB is supported by regulation. 
[bookmark: _Ref528951140]Proposal 1: 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 3: 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 1, if PRACH is transmitted outside of gNB-initiated COTs, then we propose to apply Category 4 LBT so 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: _Ref528951219]Observation 4: UE can only share a COT with gNB when Cat.4 LBT has been applied to obtain that COT. 


[bookmark: _Ref528943823]Figure 1: 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 2: NR-U supports to share a UE-initiated COT with gNB for RACH message transmissions. 
[bookmark: _Ref534990181]Proposal 3: Cat.4 LBT is applied to Msg1, Msg3, and MsgA transmissions in UE-initiated COTs. 
[bookmark: _Ref528951172][bookmark: _Ref534990189]Proposal 4: Cat.4 LBT is applied to Msg2, Msg4, and MsgB transmissions in gNB-initiated COTs.  For Msg2, Msg4, and MsgB transmitted in UE-initiated COTs that are shared with gNB, LBT is decided by 
· Cat.1 immediate transmission is applied when the gap from the end of the uplink 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 uplink 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. 

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 5: 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 1: CAPC Determination for RACH

[bookmark: _Ref534990224]Proposal 5: CAPC for RACH message should be based on the purpose for RACH.
[bookmark: _Ref534990230]Proposal 6: 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 2. 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 7: 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 2: 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. 
CAPC determination for PUCCH in NR-U
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 8: 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. 

LBT for PDCCH-only Transmission
There are some examples for downlink transmissions that could contain only PDCCHs, e.g. group-common PDCCH (GC-PDCCH) and short-message paging. Similar to LTE, paging can be used to notify UE for system information change, earthquake or tsunami warning notifications, etc. However, unlike LTE, NR supports short-message paging transmissions. In other words, when paging is used for such notifications, gNB can simply transmit a paging PDCCH without necessarily scheduling the corresponding PDSCH. Since these PDCCH-only transmission is short, we propose that Cat.2 LBT can be applied when gNB initiates a COT for PDCCH-only transmission. 
[bookmark: _Ref534990256]Proposal 9: Cat.2 LBT can be applied when gNB initiates a COT for PDCCH-only transmission.

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 6: 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 7: 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 10: 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: 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 2: Sharing an UE-initiated COT with gNB is supported by regulation.
Observation 3: 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 4: UE can only share a COT with gNB when Cat.4 LBT has been applied to obtain that COT.
Observation 5: 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 6: 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).
[bookmark: _GoBack]Observation 7: 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: 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 2: NR-U supports to share a UE-initiated COT with gNB for RACH message transmissions.
Proposal 3: Cat.4 LBT is applied to Msg1, Msg3, and MsgA transmissions in UE-initiated COTs.
Proposal 4: Cat.4 LBT is applied to Msg2, Msg4, and MsgB transmissions in gNB-initiated COTs.  For Msg2, Msg4, and MsgB transmitted in UE-initiated COTs that are shared with gNB, LBT is decided by
· Cat.1 immediate transmission is applied when the gap from the end of the uplink 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 uplink 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 5: CAPC for RACH message should be based on the purpose for RACH.
Proposal 6: High priority CAPC should be chosen for Handover and Beam Failure Recovery and low priority for other use cases.
Proposal 7: 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 8: 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. 
Proposal 9: Cat.2 LBT can be applied when gNB initiates a COT for PDCCH-only transmission.
Proposal 10: 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.
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