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In 3GPP TSG RAN Meeting #82, a new WID on NR-based access to Unlicensed Spectrum (RP-182878) [1] was approved. As part of the objectives of the work item, the following physical layer aspects related to the design of initial access signals and channels for unlicensed operation were suggested to be specified as per the outcome of the study item (TR38.889) [2]:
	Physical layer procedure(s) including [RAN1, RAN2]:
- For LBE, channel access mechanism in line with agreements from the NR-U study item (TR 38.889, Section 7.2.1.3.1). Specification work to be performed by RAN1.
- For FBE, channel access mechanism in line with agreements from the NR-U study item (TR 38.889, Section 7.2.1.3.1). FBE is intended for environments where the absence of Wi-Fi is guaranteed (e.g., by level of regulations, private premises policies, etc. Further, the targeted scenario is limited to a single NR-U network (i.e. single operator) in the operating band and geographic area. Specification work to be performed by RAN1.



  In this contribution, in the context of channel access procedures for NR-unlicensed, and the agreements made along this WI [3-9], the following aspects are addressed:
· CP extension for CBRA or in absence of higher layer signaling
· Processing Time for Scheduled PUSCH and PUCCH Transmissions
· Interpretation of the CP extension and CAPC information for FBE
· Back-to-back CG and GB transmission
· Clarification on gNB and eNB behavior on CWS adjustment for multi-channel access 
· Clarification on CWS adjustment in the Configured Grant case with CBG transmissions
· Correction of ED Threshold formula for 10 MHz transmit bandwidth case in the case that the higher layer parameter absenceofAnyOtherTechnology-r14 and absenceofAnyOtherTechnology-r16 are not provided
CP extension for CBRA or in Absence of Higher Layer Signaling
In previous RAN1 #100-e meeting, the following agreement was made: 
	Agreement:
For UL transmissions prior to dedicated RRC configuration or in CBRA, C2 and C3 before RRC configuration are set to the maximum integers which satisfy following:
· C2*symbol length – 16 us – TA < symbol length
· C3*symbol length – 25 us – TA < symbol length



In TS 38.211 Sec. 5.3.1, the aforementioned agreement has been translated through the following text:
	*** Unchanged text is omitted ***
For contention-based random access, or in absence of higher-layer configuration of  and , the value of shall be set to the largest integer fulfilling  for each of the values of .
*** Unchanged text is omitted ***



However, if we consider the case when a gap  assumes a value in between the symbol length of the first OFDM symbol in an half of a subframe and that of the rest of the OFDM symbols, i.e. , and the SLIV starts from the OFDM symbol #2 within half of a subframe, then the text above (highlighted in yellow) leads to applying an non positive CP extension. In order to better clarify this behaviour, let’s consider the case when = 16 + TA, =1, and , and the UL transmission starts from symbol  =2, as illustrated in Fig. 1
[image: ]
Fig. 1 – Illustration of a possible error case, when = 16 + TA, and .
Based on the fact that , and and based on the description above highlighted in yellow, a UE must pick the largest C2 that satisfy which translates to the following hypothesis that a UE must check:
I. If C2=1, then  <     --- valid case 
II. If C2=2, then  +   --- invalid case
III. If C2=3, then  +   --- invalid case
Given that hypothesis I is the only one satisfying the rules described in the specification, then C2=1 is picked. However, for C2=1, this also implies that , which means that , which is not feasible. 
In order to solve the issue describe above, the related rule can be modified so that is set to the largest integer fulfilling  for each of the values of . By applying this modification, then in the example above C2=2 will be chosen given the following hypothesis:
I. If C2=1, then  <               --- valid case which still leads to it is             
II. If C2=2, then  +  --- valid case
III. If C2=3, then  + --- invalid case
Proposal 1: For contention-based random access, or in absence of higher-layer configuration of C2 and C3, the value of Ci shall be set to the largest integer fulfilling for each of the values of i ∈ {2,3} the following equation:

Given the proposal above, the following text should be implemented in Sec. 5.3.1 of TS 38.211:
	-----------------------------------------------------   TP1: TS 38.211 section 5.3.1  ----------------------------------------------------
*** Unchanged text is omitted ***
For contention-based random access, or in absence of higher-layer configuration of  and , the value of shall be set to the largest integer fulfilling  for each of the values of .
*** Unchanged text is omitted ***



Processing Time for Scheduled PUSCH and PUCCH Transmissions
In previous RAN1 #98bis meeting [8], the following agreement was made:
	Agreement:
· For the CP extension prior to at least a dynamically scheduled PUSCH transmission, the CP extension is located in the symbol(s) immediately preceding the PUSCH allocation indicated by SLIV. The supported durations for CP extension at the UE are: 
· 0 (i.e. no CP extension) 
· C1*symbol length – 25 us 
· C2*symbol length – 16 us - TA 
· C3*symbol length – 25 us – TA
· C1=1 for 15 and 30 kHz SCS, C1=2 for 60 kHz SCS
· FFS: Whether C2/C3 is fixed or implicitly derived based on TA for each subcarrier spacing
· The N2 timeline (UL grant to PUSCH delay) needs to be relaxed to take the CP extension into account
· FFS: Whether the limit as per the previous agreement bounding the resulting CP extension to be less than or equal to one symbol for the given subcarrier spacing should be relaxed
· FFS: Applicability of this to other UL transmissions
· FFS: Whether the number of durations for CP extension that the UE can be signalled dynamically can be configured




With the highlighted text, the goal was to relax the N2 timeline in order to avoid any additional complexity at the UE in order compensate for a reduced minimum processing time given that a CP extension may be appended before a scheduled PUSCH transmission. However, the highlighted part of this agreement has not been captured yet within the specification. One way to reflect this portion of the agreement is by extending the PUSCH preparation time by a factor that accounts for the CP extension that is appended right before the scheduled PUSCH transmission. 
For this purpose, the following text should be implemented in TS 38.214 in section 6.4:
	-------------------------------------------------------   TP2: TS 38.214 section 6.4  ----------------------------------------------------
*** Unchanged text is omitted ***
[bookmark: _Toc11352166][bookmark: _Toc20318056]6.4	UE PUSCH preparation procedure time


[bookmark: _Hlk496825264][bookmark: _Hlk496824026]If the first uplink symbol in the PUSCH allocation for a transport block, including the DM-RS, as defined by the slot offset K2 and the start and length indicator SLIV of the scheduling DCI and including the effect of the timing advance, is no earlier than at symbol L2, where L2 is defined as the next uplink symbol with its CP starting  after the end of the reception of the last symbol of the PDCCH carrying the DCI scheduling the PUSCH, then the UE shall transmit the transport block. 
-	N2 is based on µ of Table 6.4-1 and Table 6.4-2 for UE processing capability 1 and 2 respectively, where µ corresponds to the one of (µDL, µUL) resulting with the largest Tproc,2, where the µDL corresponds to the subcarrier spacing of the downlink with which the PDCCH carrying the DCI scheduling the PUSCH was transmitted and µUL corresponds to the subcarrier spacing of the uplink channel with which the PUSCH is to be transmitted, and κ is defined in subclause 4.1 of [4, TS 38.211].


-   For operation with shared spectrum channel access, is calculated according to [4, TS 38.211], otherwise =0.
-	If the first symbol of the PUSCH allocation consists of DM-RS only, then d2,1 = 0, otherwise d2,1 = 1. 
-	If the UE is configured with multiple active component carriers, the first uplink symbol in the PUSCH allocation further includes the effect of timing difference between component carriers as given in [11, TS 38.133]. 
-	If the scheduling DCI triggered a switch of BWP, d2,2 equals to the switching time as defined in [11, TS 38.133], otherwise d2,2=0. 
[bookmark: _Hlk530136445]-	For a UE that supports capability 2 on a given cell, the processing time according to UE processing capability 2 is applied if the high layer parameter processingType2Enabled in PUSCH-ServingCellConfig is configured for the cell and set to enable,
-	If the PUSCH indicated by the DCI is overlapping with one or more PUCCH channels, then the transport block is multiplexed following the procedure in subclause 9.2.5 of [9, TS 38.213], otherwise the transport block is transmitted on the PUSCH indicated by the DCI.
*** Unchanged text is omitted ***



Proposal 2: Adopt TP2 into TS 38.214 section 6.4.

According to the current agreements, a CP extension may be also appended right before a scheduled PUCCH transmission. However, there has been no discussion regarding the related implications this may have on the UE PDSCH processing timeline. If a CP extension has to be applied to a scheduled PUCCH transmission carrying feedback information related to a specific PDSCH, and if the current minimum N1 timeline is not modified, and adjusted properly, then the UE would be forced to be able to process that PDSCH faster, imposing more burden on the UE complexity. Motivated by this, the N1 timeline must be relaxed, and the following text should be implemented in TS 38.214 in section 5.3: 
	-------------------------------------------------------   TP3: TS 38.214 section 5.3  ----------------------------------------------------
*** Unchanged text is omitted ***
[bookmark: _Toc11352135][bookmark: _Toc20318025]5.3	UE PDSCH processing procedure time


[bookmark: _Hlk500865557][bookmark: _Hlk508187268]If the first uplink symbol of the PUCCH which carries the HARQ-ACK information, as defined by the assigned HARQ-ACK timing K1 and the PUCCH resource to be used and including the effect of the timing advance, starts no earlier than at symbol L1, where L1 is defined as the next uplink symbol with its CP starting after  after the end of the last symbol of the PDSCH carrying the TB being acknowledged, then the UE shall provide a valid HARQ-ACK message. 
-	N1 is based on µ of table 5.3-1 and table 5.3-2 for UE processing capability 1 and 2 respectively, where µ corresponds to the one of (µPDCCH, µPDSCH, µUL) resulting with the largest Tproc,1, where the µPDCCH corresponds to the subcarrier spacing of the PDCCH scheduling the PDSCH, the µPDSCH corresponds to the subcarrier spacing of the scheduled PDSCH, and µUL corresponds to the subcarrier spacing of the uplink channel with which the HARQ-ACK is to be transmitted, and κ is defined in subclause 4.1 of [4, TS 38.211]. 


-   For operation with shared spectrum channel access, is calculated according to [4, TS 38.211], otherwise =0.
-	If the PDSCH DM-RS position  for the additional DM-RS in Table 7.4.1.1.2-3 in subclause 7.4.1.1.2 of [4, TS 38.211] is  then N1,0=14 in Table 5.3-1, otherwise N1,0=13.
-	If the UE is configured with multiple active component carriers, the first uplink symbol which carries the HARQ-ACK information further includes the effect of timing difference between the component carriers as given in [11, TS 38.133].
*** Unchanged text is omitted ***



Proposal 3: Adopt TP3 into TS 38.214 section 5.3.
Clarification for FBE Operation
In previous RAN1 #99 meeting [9], the following agreement was made:
	Agreement:
At least for LBE operation:
· For signaling of LBT type & CP extension for both Fallback DL assignment and Fallback UL Grant, the following table is used:

	LBT Type
	CP extension

	Cat1 16 µs
	C2*symbol length – 16 us – TA

	Cat2 25 µs
	C3*symbol length – 25 us – TA

	Cat2 25 µs
	C1*symbol length – 25 us

	Cat4
	0



· CAPC is not indicated explicitly: 
· For the UL grants 
· The UE assumes CAPC=4 was used by the gNB to acquire the CO, 
· For UE initiated COTs (Cat4 case) the UE may select the CAPC by itself.
· Note: The mapping between priority classes and traffic classes follows the same mechanism as defined for UL CG transmissions.
· Note: For PUCCH associated with DL assignments may use the highest priority CAPC when CAT4 LBT is used, as agreed earlier.
· If the network indicates FBE operation, for an indication of LBT type of Cat 2 25 us or Cat4 the UE follows the mechanism whereby one 9 microsecond slot is measured within a 25 microsecond interval as in 37.213.




However, in TS 38.212, TS 38.213, and TS 37.213, the highlighted part of this agreement related to the FBE operation has not been captured yet.  
[bookmark: _GoBack]In particular, in TS 37.213 according to the description of the type 2A channel access procedure a channel is assessed to be idle if within both observations periods the channel is assessed to be idle. However, according to the agreement above if ChannelAccessMode-r16 = "semistatic", a channel can be considered idle if at least within an observation window the channel is detected to be idle. Given that in TS 37.213, type 2A, 2B and 2C channel access have been defined, for consistency a new channel access procedure, which reflects the agreement above, should be also included so that it may be easier to reference this procedure along the specification. For this purpose, the following text should be implemented in TS 37.213:
	--------------------------------------------------   TP4: TS 37.213 --------------------------------------------------
*** Unchanged text is omitted ***
4.1.2.4 Type 2D DL channel access procedure
An eNB/gNB may transmit a DL transmission immediately after sensing the channel to be idle for at least a sensing interval . consists of a duration  immediately followed by one sensing slot and includes a sensing slot at start of . The channel is considered to be idle for   if at least one of the sensing slots of is sensed to be idle.
*** Unchanged text is omitted ***
4.2.1.2.4 Type 2D UL channel access procedure
If a UE is indicated to perform Type 2D UL channel access procedures, the UE uses Type 2D UL channel access procedures for a UL transmission. The UE may transmit the transmission immediately after sensing the channel to be idle for at least a sensing interval .  consists of a duration immediately followed by one slot sensing slot and includes a sensing slot at start of . The channel is considered to be idle for  if at least one of the sensing slots of is sensed to be idle.
*** Unchanged text is omitted ***



Proposal 4: Adopt TP4 into TS 37.213.

In TS 38.212, for both fallback and non-fallback DCIs the signalling related to the CP extension for FBE operation has not been properly implemented. For example, for DCI 0_0, a table describing the LBT type and CP extension to use when FBE is configured was not captured. Furthermore, no signalling is provided in DCI 0_1 related to the FBE operation, which is not correct since at least Type 2C and Type 2D LBT must be supported. One possible way to implement this with few spec impact may be to reinterpret the current tables and signalling available for LBE, given that some of entries related to CAPC and CP extension no longer apply. For instance, any CAPC indication may be ignored, and the UE should either not expect any type 1 or type 2B channel access configuration, and in some cases when type 1 and type 2A are configured this should be handle as if type 2D LBT would be configured. With that said, the following text should be implemented in TS 38.212:
	--------------------------------------------------   TP5: TS 38.212 --------------------------------------------------
*** Unchanged text is omitted ***
7.3.1.1.1  Format 0_0
*** Unchanged text is omitted ***
The following information is transmitted by means of the DCI format 0_0 with CRC scrambled by C-RNTI or CS-RNTI or MCS-C-RNTI:
*** Unchanged text is omitted ***
-	ChannelAccess-CPext – 2 bits indicating combinations of channel access type and CP extension as defined in Table 7.3.1.1.1-4 for operation in a cell with shared spectrum channel access; 0 bit otherwise. For operation in a cell with shared spectrum, if ChannelAccessMode-r16 = "semistatic" and ChannelAccess-CPext indicates index 1-3, the UE interprets the channel access type as if Type2D-ULChannelAccess, which is defined in [subclause 4.2.1.2.4 in 37.213], is configured.
The following information is transmitted by means of the DCI format 0_0 with CRC scrambled by TC-RNTI:
*** Unchanged text is omitted ***
-	ChannelAccess-CPext – 2 bits indicating combinations of channel access type and CP extension as defined in Table 7.3.1.1.1-4 for operation in a cell with shared spectrum channel access; 0 bit otherwise. For operation in a cell with shared spectrum, if ChannelAccessMode-r16 = "semistatic" and ChannelAccess-CPext indicates index 1-3, the UE interprets the channel access type as if Type2D-ULChannelAccess, which is defined in [subclause 4.2.1.2.4 in 37.213], is configured.
*** Unchanged text is omitted ***
[bookmark: _Toc19798776]7.3.1.1.2	Format 0_1
*** Unchanged text is omitted ***
-	ChannelAccess-CPext-CAPC – 0, 1, 2, 3, 4, 5 or 6 bits. The bitwidth for this field is determined as  bits, where I is the number of entries in the higher layer parameter ul-dci-trigered-UL-ChannelAccess-CPext-CAPC- r16 for operation in a cell with shared spectrum channel access and ChannelAccessMode-r16 = "dynamic"; otherwise 0 bit. One or more entries from Table 7.3.1.1.2-35 are configured by the higher layer parameter ul-dci-trigered-UL-ChannelAccess-CPext-CAPC-r16. For operation in a cell with shared spectrum, if ChannelAccessMode-r16=”semi-static”, the UE ignores the CAPC value indicated by ChannelAccess-CPext-CAPC and reinterprets the channel access type to Type2D-ULChannelAccess if ChannelAccess-CPext-CAPC indicates Type2A-ULChannelAccess.
*** Unchanged text is omitted ***
7.3.1.2.1	Format 1_0
DCI format 1_0 is used for the scheduling of PDSCH in one DL cell. 
The following information is transmitted by means of the DCI format 1_0 with CRC scrambled by C-RNTI or CS-RNTI or MCS-C-RNTI:
*** Unchanged text is omitted ***
-	ChannelAccess-CPext – 2 bits indicating combinations of channel access type and CP extension as defined in Table 7.3.1.1.1-4 for operation in a cell with shared spectrum channel access; 0 bit otherwise. For operation in a cell with shared spectrum, if ChannelAccessMode-r16 = "semistatic" and ChannelAccess-CPext indicates index 1-3, the UE interprets the channel access type as if Type2D-ULChannelAccess, which is defined in [subclause 4.2.1.2.4 in 37.213], is configured.
*** Unchanged text is omitted ***
The following information is transmitted by means of the DCI format 1_0 with CRC scrambled by TC-RNTI:
*** Unchanged text is omitted ***
-	ChannelAccess-CPext – 2 bits indicating combinations of channel access type and CP extension as defined in Table 7.3.1.1.1-4 for operation in a cell with shared spectrum channel access; 0 bit otherwise. For operation in a cell with shared spectrum, if ChannelAccessMode-r16 = "semistatic" and ChannelAccess-CPext indicates index 1-3, the UE interprets the channel access type as if Type2D-ULChannelAccess, which is defined in [subclause 4.2.1.2.4 in 37.213], is configured.
*** Unchanged text is omitted ***
[bookmark: _Toc19798779][bookmark: _Toc26467250][bookmark: _Toc29326612][bookmark: _Toc29327762]7.3.1.2.2	Format 1_1
*** Unchanged text is omitted ***
-	DMRS sequence initialization – 1 bit. 
-	Priority indicator – 0 bit if higher layer parameter PriorityIndicator-ForDCIFormat1_1 is not configured; otherwise 1 bit as defined in Clause 9 in [5, TS 38.213].
-	ChannelAccess-CPext – 0, 1, 2, 3 or 4 bits. The bitwidth for this field is determined as  bits, where I is the number of entries in the higher layer parameter dl-DCI-trigered-UL-ChannelAccess-CPext-r16 for operation in a cell with shared spectrum channel access and ChannelAccessMode-r16 = "dynamic"; otherwise 0 bit. One or more entries from Table 7.3.1.2.2-6 are configured by the higher layer parameter dl-DCI-trigered-UL-ChannelAccess-CPext-r16. For operation in a cell with shared spectrum, if ChannelAccessMode-r16 = "semistatic”, the UE reinterprets the channel access type to Type2D-ULChannelAccess if ChannelAccess-CPext indicates Type2A-ULChannelAccess.
*** Unchanged text is omitted ***


Proposal 5: Adopt TP5 into TS 38.212.

In TS 38.213 in section 8.1, the text refers to the RRC parameter “ChannelAccessType-r16”, which is a typo of “ChannelAccessMode-r16”. For this purpose, the following text should be implemented in TS 38.213:
	--------------------------------------------------   TP6: TS 38.213 --------------------------------------------------
*** Unchanged text is omitted ***
For unpaired spectrum, 
-	if a UE is not provided tdd-UL-DL-ConfigurationCommon, a PRACH occasion in a PRACH slot is valid if it does not precede a SS/PBCH block in the PRACH slot and starts at least [image: ] symbols after a last SS/PBCH block reception symbol, where [image: ] is provided in Table 8.1-2.
-	the index of the SS/PBCH block is provided by ssb-PositionsInBurst in SIB1 or in ServingCellConfigCommon 
-	If a UE is provided tdd-UL-DL-ConfigurationCommon, a PRACH occasion in a PRACH slot is valid if 
-	it is within UL symbols, or 
-	it does not precede a SS/PBCH block in the PRACH slot and starts at least [image: ] symbols after a last downlink symbol and at least [image: ] symbols after a last SS/PBCH block symbol, where [image: ] is provided in Table 8.1-2, and if ChannelAccessModeType-r16 = “semistatic” is provided, does not overlap with a set of consecutive symbols before the start of a next channel occupancy time where there shall not be any transmissions, as described in [15, TS 37.213]
*** Unchanged text is omitted ***


Proposal 6: Adopt TP6 into TS 38.213.
CWS Adjustment For Multi-Carrier
In Sec. 4.1.6.2.1 and 4.1.6.2.2 of TS 37.213, the CWS adjustment for wideband operation for NR-U is described in parallel with that of LAA. However, it is unclear which text applies for LAA and which text applies to NR-U even though the procedures are different from each other. Therefore, the text in TS 37.213 should be revised as follows:
	[bookmark: _Toc524694437]--------------------------------------------------   TP7: TS 37.213 --------------------------------------------------
*** Unchanged text is omitted ***
4.1.6.2.1	Type B1 multi-channel access procedure
A single  value is maintained for the set of channels .
For determining  at the eNB for channel access on channel , step 2 of the procedure described in subclause 4.1.4.1 is modified as follows 
-	if at least  of HARQ-ACK values corresponding to PDSCH transmission(s) in reference subframe  of all channels  are determined as NACK, increase  for each priority class  to the next higher allowed value; otherwise, go to step 1.
For determining  at the gNB for a set of channels , any PDSCH that fully or partially overlaps with any channel , is used in the procedure described in subclause 4.1.4.2.
4.1.6.2.2	Type B2 multi-channel access procedure
For the eNB, aA  value is maintained independently for each channel  using the procedure described in subclause 4.1.4.1.
For the gNB, a  value is maintained independently for each channel  using the procedure described in subclause 4.1.4.2.
For determining  for channel , at the gNB, any PDSCH that fully or partially overlaps with channel  , is used in the procedure described in subclause 4.1.4.2.
For determining  for channel ,  value of channel  is used, where  is the channel with largest  among all channels in set .
*** Unchanged text is omitted ***


Proposal 7: Adopt TP7 into TS 37.213.
Clarification for CWS Adjustment
In previous RAN1 #99 meeting [9], the following agreements were made regarding the CWS adjustment mechanism when both a TB or a CBG based transmission is performed:
	Agreement:
For TB based HARQ feedback within a single LBT subband, CW is reset if at least one “ACK” is received, or at least one NDI is toggled for the TB(s) transmitted in the reference duration
· Note: HARQ feedback includes any implicit methods of HARQ feedback determination.

Agreement:
For CBG based HARQ feedback within a single LBT subband, and when all CBGs are confined within the LBT subband, CW is reset if “ACK” is received for at least 10 % of the CBGs in the reference duration
· For purpose of CWS adjustment, a CBG TI set to 0 is assumed to be an ACK
· Note: HARQ feedback includes any implicit methods of HARQ feedback determination.


[bookmark: _Hlk32479099]
When scheduled transmissions are configured per CBG and the feedback information is provided within a DFI, it is not clear how CWS adjustment should be done.   In this case, since the HARQ-ACK information in DFI is provided per TB, the CWS adjustment should be based on the feedback information and not the transmission configuration.  This change has the advantage that the CWS will be reset in the case that DFI contains at least one ACK in the HARQ-ACK feedback even though the transmission was CBG based, independent of all other feedback information.  To address this concern, the following text is proposed in TS 37.213:
	--------------------------------------------------   TP8: TS 37.213 --------------------------------------------------
*** Unchanged text is omitted ***
4.1.4.2 	Contention window adjustment procedures for DL transmissions by gNB
If a gNB transmits transmissions including PDSCH that are associated with channel access priority class  on a channel, the gNB maintains the contention window value  and adjusts  before step 1 of the procedure described in subclause 4.1.1 for those transmissions using the following steps:
1)	For every priority class set .
2)	If HARQ-ACK feedback is available after the last update of  , go to step 3. Otherwise, if the gNB transmission after procedure described in subclause 4.1.1 does not include a retransmission or is transmitted within a duration  from the end of the reference duration corresponding to the earliest DL transmission burst after the last update of   transmitted after the procedures described in subclause 4.1.1, go to step 5; otherwise go to step 4.
3)	The HARQ-ACK feedback(s) corresponding to PDSCH(s) in the reference duration for the latest DL transmission burst for which HARQ-ACK feedback is available is used as follows:
a.	If at least one HARQ-ACK feedback is 'ACK' for PDSCH(s) with transport block based feedbacktransmissions or at least 10% of HARQ-ACK feedbacks is 'ACK' for PDSCH(s) with code block group based feedbacktransmissions go to step 1; otherwise go to step 4.
4)	Increase  for every priority class  to the next higher allowed value.
5)	For every priority class , maintain  as it is; go to step 2.
*** Unchanged text is omitted ***
4.2.2.2 	Contention window adjustment procedures for UL transmissions scheduled/configured by gNB
If a UE transmits transmissions using Type 1 channel access procedures that are associated with channel access priority class  on a channel, the UE maintains the contention window value  and adjusts  for those transmissions before step 1 of the procedure described in subclause 4.2.1.1, using the following steps:
1)	For every priority class , set ;
2)	If HARQ-ACK feedback is available after the last update of ,  go to step 3. Otherwise, if the UE transmission after procedure described in subclause 4.2.1.1 does not include a retransmission or is transmitted within a duration  from the end of the reference duration corresponding to the earliest UL transmission burst after the last update of  transmitted after the procedures described in subclause 4.1.1, go to step 5; otherwise go to step 4.
3)	The HARQ-ACK feedback(s) corresponding to PUSCH(s) in the reference duration for the latest UL transmission burst for which HARQ-ACK feedback is available is used as follows:
a.	If at least one HARQ-ACK feedback is 'ACK' for PUSCH(s) with transport block (TB) based feedbacktransmissions or at least 10% of HARQ-ACK feedbacks is 'ACK' for PUSCH(s) with code block group (CBG) based feedback transmissions go to step 1; otherwise go to step 4.
4)	Increase  for every priority class  to the next higher allowed value;
5)	For every priority class , maintain  as it is; go to step 2.
*** Unchanged text is omitted ***


Proposal 8: Adopt TP8 into TS 37.213.
LBT Procedure For 10 MHz Channel Bandwidth
During RAN #84 [10], it was agreed that the following physical layer aspect should be captured in the NR-U specifications: 
· 10MHz operation for 5GHz band via NR-U/NR-U CA or NR/NR-U CA without air-interface optimizations specific to 10MHz. 
NOTE: 
- 10MHz Pcell or SpCell is not supported in NR-U.
- The absence of WiFi channels should be guaranteed.  

The purpose of this agreement is to enable NR-U to be deployed and operated in Band n46, where 10 MHz operation is allowed. For this band, whose regulatory requirements were made available by the Indian ministry of communications on October 2018, the maximum PSD is constrained not to exceed 30 dBm [11]. In order to capture the fact that the LBT procedure for this deployment must be performed over a 10 MHz band, and that the maximum PSD for this band is constrained to 30 dBm, the value of the energy detection (ED) threshold should account for both the increase in PSD limitation (i.e., from 23 dBm to 30 dBm) and the bandwidth (BW) reduction (i.e., from 20 MHz to 10 MHz). 
In Rel. 13 and 14, the following equation was captured in TS 37.213 in Section 4.1.5 (for downlink) and Section 4.2.3 (for uplink) in order to apply a constant adjustment across all power levels (which is proportional to the channel BW) to the ED threshold when the channel BW is set to different values (e.g., 10, 15 or 20 MHz) in the specific case when the absence of any incumbent technology cannot be guaranteed:
-	 (1)
where 

	= 10dB for transmission(s) including PDSCH or PUSCH;

-	= 5dB for transmissions including discovery signal transmission(s) and not including PDSCH;

-	 = 23 dBm;

-	;
When (1) is applied to a 10 MHz transmission, there should be a 3dB shift lower to the ED threshold from its 20 MHz counterpart. In Fig. 1, a 3 dB shift exists in the low output and high output power regions, as can be seen by the red curve.  This shift can be as large as 6 dB in the middle output power region (e.g. 15 dBm).  ETSI BRAN guidelines [12] define the ED threshold using -85dBm/MHz PSD and have transition regions ranging from 13 to 23 dBm.   For 10 MHz transmissions, the current formula in 37.213 has a transition region from 10 to 20 dBm, which is not consistent with [12].   The proposed change has a transition region from 13 to 23 dBm.
[image: ]

Fig. 1 – ED threshold as function of the output power for a PUSCH transmission.
Furthermore, in RAN1#83 the following agreement was made, where the formula in question has been highlighted in yellow:
	Agreements: For the category 4 LBT procedure used by LAA:
· If the absence of any other technology sharing the carrier can be guaranteed on a long term basis (e.g. by level of regulation), the maximum energy detection threshold used by LAA is
· Min(X, Y)  
· X = -75 dBm/MHz+ 10*log10(BWMHz) + 10 dB
· 
· Y = 
· Maximum energy detection threshold defined by regulatory requirements when such requirements are defined
· Y = X, otherwise  
· Otherwise, LAA uses the maximum energy detection threshold of TH;
· TH = max(-72 dBm (20MHz), min(Tmax, Tmax – 10 dB + (PH – PTX)))
· If an LAA eNB uses channel access signals of other technologies for the purpose of LAA channel access, it shall continue to meet the LAA maximum energy detection threshold requirement. (Captured in 36.300)
· The parameters used in the above proposal are defined as the following:
· PH is a reference power equaling 23 dBm,  
· PTX is the configured maximum transmit power for the carrier in dBm
· Uses the configured maximum transmission power over a single carrier irrespective of whether single carrier or multi-carrier transmission is employed
· Tmax is defined as the following:
· Tmax = -75 dBm/MHz+ 10*log10(BWMHz). 
· BWMHz is the channel bandwidth in MHz



When the absence of any other technology sharing the carrier cannot be guaranteed, the RAN1 #83 agreement states that for PTX =20 dBm, the threshold should be -72 dBm.  When applied to the case when PTX =20 dBm, the current formula in 37.213 leads to an ED threshold of -75 dBm, which is not consistent with the agreement above. Therefore, it is proposed to modify (1) by removing the term  as shown below.

(2)
In order to address the aforementioned concerns, the following text should be implemented in TS 37.213:
	-------------------------------------------------   TP9: TS 37.213 --------------------------------------------------
*** Unchanged text is omitted ***
[bookmark: _Toc524694431]4.1.5	Energy detection threshold adaptation procedures
An eNB/gNB accessing a channel on which transmission(s) are performed, shall set the energy detection threshold () to be less than or equal to the maximum energy detection threshold .
 is determined as follows:
-	If the absence of any other technology sharing the channel can be guaranteed on a long-term basis (e.g. by level of regulation) then:
-	
-	 is Maximum energy detection threshold defined by regulatory requirements in dBm when such requirements are defined, otherwise 
-	Otherwise,
-	
-	Where:
-	=5dB for transmissions including discovery burst(s) as described in subclause 4.1.2, and  otherwise;
-	 dBm;
-	 is the set maximum eNB/gNB output power in dBm for the channel;
-	eNB/gNB uses the set maximum transmission power over a single channel irrespective of whether single channel or multi-channel transmission is employed
-	;
-	 is the single channel bandwidth in MHz.
*** Unchanged text is omitted ***
4.2.3.1 Default maximum energy detection threshold computation procedure
If the higher layer parameter absenceOfAnyOtherTechnology-r14 or absenceOfAnyOtherTechnology-r16 is provided
-	 where 
-	 is Maximum energy detection threshold defined by regulatory requirements in dBm when such requirements are defined, otherwise 
otherwise
-	
where
-	;
-	;
-	 is the set to the value of PCMAX_H,c as defined in [3];
-	;
-	 is the single channel bandwidth in MHz.
*** Unchanged text is omitted ***


Proposal 9: Adopt TP9 into TS 37.213.
Conclusion
In this contribution, we discussed several aspects related to the channel access mechanism, and made the following proposals:
Proposal 1: For contention-based random access, or in absence of higher-layer configuration of C2 and C3, the value of Ci shall be set to the largest integer fulfilling for each of the values of i ∈ {2,3} the following equation:

Proposal 2: Adopt TP2 into TS 38.214 section 6.4.
Proposal 3: Adopt TP3 into TS 38.214 section 5.3.
Proposal 4: Adopt TP4 into TS 37.213.
Proposal 5: Adopt TP5 into TS 38.212.
Proposal 6: Adopt TP6 into TS 38.213.
Proposal 7: Adopt TP7 into TS 37.213.
Proposal 8: Adopt TP8 into TS 37.213.
Proposal 9: Adopt TP9 into TS 37.213.
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