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1	Introduction
The work item for NR-U (WID in RP-191575) was concluded for the most part in RAN1#99. In this contribution we discuss the few remaining open issues and corrections related to channel access procedures and configured grants for NR Unlicensed.
2. Open Issues and Corrections for Channel Access Procedures
Issue #1 in [2]: 2.1 LBT type for non-contiguous SRS and PUSCH/PUCCH	
In RAN1#99, the details of using CP extension prior to UL transmission were agreed, e.g.:   
Agreement:
For fallback DL assignments scheduling UL transmissions (e.g. PUCCH):
· LBT type, and the length of the CP extension are jointly encoded in the DL assignment and signaled with 2 bits.
· The supported combinations of LBT type and length of the CP extension are hardcoded in RAN1 specs
Related clarification to 38.211 were agreed in RAN1#100-e. However, it was left open whether to support CP extension also with SRS. SRS transmissions in NR can be triggered dynamically (i.e. aperiodic SRS), using a DL assignment (DCI 1_1, 1_2), a UL grant (0_1, 0_2), or DCI format 2_3. Furthermore, periodic SRS configuration is also supported (bot (periodic or semi-persistent SRS). 
At RAN1#101e, further agreements related to this were made as reflected by the following FL summary:
	FL summary:
Based on the discussion it is agreeable to apply CP extension to SRS as well and agree the related TP in R1-2004275. Clarifications for the case when a DCI schedules multiple UL transmissions may be considered in the next meeting.



At RAN1#102 the following was further agreed:
	Agreement:
The first one of the two non-consecutive UL transmissions scheduled with a single DCI (regardless of whether it is SRS or PUSCH/PUCCH) follows the indicated CP extension and the LBT type.



Based on the agreements so far, it still needs to be agreed what CP extension and LBT type are assumed for the 2nd transmission scheduled by a single DCI.
As discussed above, NR-U supports triggering of A-SRS with DCI formats 0_1 (scheduling PUSCH), and DCI 1_1 (scheduling PDSCH and the corresponding PUCCH resource for HARQ-ACK). This results in following cases:
· Depending on the SRS configuration and the time-domain allocation of A-SRS and PUSCH/PUCCH, SRS may occur before PUCCH/PUSCH, or the other way around, see the figure below. 
· Moreover, the A-SRS and PUSCH/PUCCH may or may not be allocated back to back, i.e. in some cases there may be one or more OFDM symbols between the A-SRS and PUSCH/PUCCH resources.
[image: ]
Figure 1. location of Aperiodic SRS relative to PUSCH or PUCCH in NR-Unlicensed
However, according to the present agreements it is not clear how the CP extension and LBT type is determined in the case when a single DCI schedules both A-SRS and PUCCH or PUSCH that are non-consecutive. Here we denote the discontinuous SRS and PUSCH/PUCCH transmission that are scheduled with a single DCI as the first and the second transmission. 
As agreed at RAN1#102e, it makes sense to apply the CP extension and LBT type indicated in the scheduling DCI for the first of the non-consecutive transmissions. One the other hand, the same CP extension and LBT type may not always be suitable for the second transmissions. As an example, even if Type 2B or 2C LBT was indicated for the 1st transmissions, the second transmission should assume Type 2A LBT (assuming it is within a gNB COT). Correspondingly, as CP extension that results in a gap of 16 us is not applicable between consecutive UL transmissions, where the gap should usually be 25 us to facilitate Type 2 LBT. 
At RAN1#102e, it was also proposed to apply a “0” CP extension to the 2nd transmission, and determine the LBT type depending on whether the transmission occurs within a COT (Type 2A LBT) or not (Type 1 LBT). The challenge with this approach is that the gap between the transmission may not always be suitable for use of Type 2A LBT. 
Based on the above, we propose not to define any special behaviour for this case, but to leave it for the gNB implementation to avoid gaps between SRS and PUSCH transmissions. The related TP is embedded below. If further cases where a single DCI schedules multiple UL transmissions appear in the future, this issue may be revisited. 

Proposal 1 No special behavior is defined for the case where a single DCI schedules multiple UL transmissions. The related TP for 38.212 is in TP#1 in this document.  






	================================= Start of TP#1 for TS 38.212 ==============================
[bookmark: _Toc19798776][bookmark: _Toc26467247][bookmark: _Toc29326608][bookmark: _Toc29327758][bookmark: _Toc36045948][bookmark: _Toc36046208][bookmark: _Toc36046354][bookmark: _Toc45209271][bookmark: _Toc51852445]7.3.1.1.2	Format 0_1
================================ Unchanged Texts 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-triggered-UL-ChannelAccess-CPext-CAPC-r16 for operation in a cell with shared spectrum channel access; otherwise 0 bit. One or more entries from Table 7.3.1.1.2-35 are configured by the higher layer parameter ul-dci-triggered-UL-ChannelAccess-CPext-CAPC-r16. The indicated CP extension and the channel access type only apply to the first UL transmission scheduled by the scheduling DCI.
================================ Unchanged Texts Omitted =================================
7.3.1.2.2	Format 1_1
================================ Unchanged Texts Omitted =================================
-	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-triggered-UL-ChannelAccess-CPext-r16 for operation in a cell with shared spectrum channel access; otherwise 0 bit. One or more entries from Table 7.3.1.2.2-6 are configured by the higher layer parameter dl-DCI-triggered-UL-ChannelAccess-CPext-r16. The indicated CP extension and the channel access type only apply to the first UL transmission scheduled by the scheduling DCI.
================================ Unchanged Texts Omitted =================================
================================= End of TP#1 for TS 38.212 ================================










Issue #1 in [2]: 2.2 CP extension and LBT type for semi-static channel access
In the latest version of 37.213, in the case of semi static channel access the conditions for UE transmitting after performing LBT are bound to the duration of the gap between DL and UL transmissions. However, the UE is in general not aware of the exact duration of such gap; instead the gNB informs the UE explicitly via scheduling DCI on what type of LBT the UE shall use. The following TP addresses this issue.

Proposal 2. Clarify for semi-static channel access that the LBT type depends on what the DCI indicates, and not on the duration of the gap. The related TP for 37.213 is in TP#2 of this document.




	[bookmark: _Toc28873168][bookmark: _Toc35593626][bookmark: _Toc44669034][bookmark: _Toc51607183][bookmark: _Hlk26519519]================================= Start of TP#2 for TS 37.213 ==============================
================================ Unchanged Texts Omitted =================================
4.3	Channel access procedures for semi-static channel occupancy
Channel assess procedures based on semi-static channel occupancy as described in this Clause, are intended for environments where the absence of other technologies is guaranteed e.g., by level of regulations, private premises policies, etc. If a gNB provides UE(s) with higher layer parameters ChannelAccessMode-r16 ='semistatic' by SIB1 or dedicated configuration, a periodic channel occupancy can be initiated by the gNB every  within every two consecutive radio frames, starting from the even indexed radio frame at  with a maximum channel occupancy time , where  period in , is a higher layer parameter provided in SemiStaticChannelAccessConfig and . 
In the following procedures in this clause, when a gNB or UE performs sensing for evaluating a channel availability, the sensing is performed at least during a sensing slot duration . The corresponding   adjustment for performing sensing by a gNB or a UE is described in clauses 4.1.5 and 4.2.3, respectively.
A channel occupancy initiated by a gNB and shared with UE(s) shall satisfy the following:
-	The gNB shall transmit a DL transmission burst starting at the beginning of the channel occupancy time immediately after sensing the channel to be idle for at least a sensing slot duration . If the channel is sensed to be busy, the gNB shall not perform any transmission during the current period. 
-	The gNB may transmit a DL transmission burst(s) within the channel occupancy time immediately after sensing the channel to be idle for at least a sensing slot duration  if the gap between the DL transmission burst(s) and any previous transmission burst is more than .
-	The gNB may transmit DL transmission burst(s) after UL transmission burst(s) within the channel occupancy time without sensing the channel if the gap between the DL and UL transmission bursts is at most  
-	A UE may transmit UL transmission burst(s) after detection of a DL transmission burst(s) within the channel occupancy time as follows:
-	If the UE is indicated to perform Type 2C UL channel access procedures the gap between the UL and DL transmission bursts is at most ,  the UE may transmit UL transmission burst(s) after a DL transmission burst(s) within the channel occupancy time without sensing the channel.
-	If the UE is indicated to perform Type 2A UL channel access procedures the gap between the UL and DL transmission bursts is more than ,  the UE may transmit UL transmission burst(s) after a DL transmission burst(s) within the channel occupancy time after sensing the channel to be idle for at least a sensing slot duration  within a  interval ending immediately before transmission.
-	The gNB and UEs shall not transmit any transmissions in a set of consecutive symbols for a duration of at least  before the start of the next period.
If a UE fails to access the channel(s) prior to an intended UL transmission to a gNB, Layer 1 notifies higher layers about the channel access failure.
================================ Unchanged Texts Omitted =================================
================================= End of TP#1 for TS 38.212 ===============================






RAN2 LS on CAPC
RAN2 has agreed a CR to clarify CAPC selection in 3GPP TS 38.300 [R2-2008452]. The agreed text describes all cases when CAPC selection is performed and, in particular, covers the transmission of MSG3/MSGA during a random-access procedure. 
According to the agreed RAN2 CR, there are certain corner cases when the selected CAPC for MSG3 and MSGA PUSCH transmission can be different than p =1. Therefore, the CAPC selection mentioned in the following text for PUSCH transmission from 3GPP TS 37.213 is obsolete: 
“A UE shall use Type 1 channel access procedure for PRACH transmissions and PUSCH transmissions without user plane data related to random access procedure that initiate a channel occupancy with UL channel access priority class  in Table 4.2.1-1.”

The related TP is below:
	================================= Start of TP#3 for TS 37.213 ==============================
[bookmark: _Toc524694440][bookmark: _Toc28873150][bookmark: _Toc35593608][bookmark: _Toc44669016][bookmark: _Toc51607165]4.2.1	Channel access procedures for uplink transmission(s)
================================ Unchanged Texts Omitted =================================
A UE shall use Type 1 channel access procedure for PRACH transmissions and PUSCH transmissions without user plane data related to random access procedure that initiate a channel occupancy. with ULIn this case, channel access priority class  in Table 4.2.1-1 is used for PRACH transmission, and is determined as specified in subclause 5.6.2 in [9] for PUSCH transmissions. 
================================ Unchanged Texts Omitted =================================
================================= End of TP#3 for TS 37.213 ================================



Proposal 3. Clarify the determination of CAPC for PRACH transmission as suggested in the RAN2 LS R2-2008452. The related TP for 37.213 is in TP#3 of this document.

3. Corrections for Configured Grants
TS 38.213, Section 9 defines how multiplexing of HARQ-ACK and CG-UCI is performed:
	If a UE would multiplex HARQ-ACK information in a PUSCH transmission that is configured by a ConfiguredGrantConfig, and includes CG-UCI [5, TS 38.212], the UE multiplexes the HARQ-ACK information in the PUSCH transmission if the UE is provided cg-CG-UCI-Multiplexing; otherwise, the UE does not transmit the PUSCH and multiplexes the HARQ-ACK information in a PUCCH transmission or in another PUSCH transmission. 



The intention is that for NR-U, HARQ-ACK is multiplexed with CG-UCI, if the UE is provided with RRC parameter cg-CG-UCI-Multiplexing; otherwise, the UE drops CG-PUSCH and only transmits HARQ-ACK. 
However, in the present version of 38.213, it is not clear whether the highlighted sentence applies to the first or the second “if”. In case the sentence starting “otherwise” is interpreted to relate to the first “if”, it means that the yellow sentence applies not only to NR-U but also to Rel-15/16 CG operation. Therefore, a clarification is needed. The related TP is below:


	[bookmark: _Hlk53575444]================================= Start of TP#4 for TS 38.213 ==============================
[bookmark: _Toc12021466][bookmark: _Toc20311578][bookmark: _Toc26719403][bookmark: _Toc29894836][bookmark: _Toc29899135][bookmark: _Toc29899553][bookmark: _Toc29917290][bookmark: _Toc36498164][bookmark: _Toc45699190][bookmark: _Toc52208352]9	UE procedure for reporting control information
================================ Unchanged Texts Omitted =================================
If a UE would multiplex HARQ-ACK information in a PUSCH transmission that is configured by a ConfiguredGrantConfig, and includes CG-UCI [5, TS 38.212], then 
· the UE multiplexes the HARQ-ACK information in the PUSCH transmission if the UE is provided cg-CG-UCI-Multiplexing, the UE multiplexes the HARQ-ACK information in the PUSCH transmission; 
· otherwise, the UE does not transmit the PUSCH and multiplexes the HARQ-ACK information in a PUCCH transmission or in another PUSCH transmission. 
================================ Unchanged Texts Omitted =================================
================================= End of TP#4 for TS 38.213 ==============================



Proposal 4. Clarify the UE behavior in the case of collision between CG-UCI and HARQ as in TP#4 in this document.
  
4. Conclusions 
In this contribution we point out a couple of critical missing aspects related to channel access in NR-Unlicensed. The related proposals are:
Proposal 1 No special behavior is defined for the case where a single DCI schedules multiple UL transmissions. The related TP for 38.212 is in TP#1 in this document.  
Proposal 2. Clarify for semi-static channel access that the LBT type depends on what the DCI indicates, and not on the duration of the gap. The related TP for 37.213 is in TP#2 of this document.
Proposal 3. Clarify the determination of CAPC for PRACH transmission as suggested in the RAN2 LS R2-2008452. The related TP for 37.213 is in TP#3 of this document.
Proposal 4. Clarify the UE behavior in the case of collision between CG-UCI and HARQ as in TP#4 in this document.

References 
[1] TR 38.899 Study on NR-based access to unlicensed spectrum
[2] R1-2007396, Feature lead summary#2 on email discussion [102-e-NR-unlic-NRU-ChAcc-01], Moderator (Nokia), RAN1#102e

image1.png
| cPextension

N8 CO’ | L
{ NB COT |
| &NB Co} |





