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Introduction
[bookmark: _Ref129681832]In this contribution, we discuss some issues related to the configured grant procedures in NR-U Rel-16 as captured by the latest draft v16.1.0. We propose some corrections/modifications in the form of TPs targeting respective subclauses in v16.1.0 to ensure the accuracy and completeness of the final NR-U Rel-16 specifications in terms of capturing the achieved agreements [1] and the common understanding of the group. 
Discussion
UL-to-DL COT sharing
UL-to-DL COT sharing with CG-PUSCH transmission ending before the slot end
[bookmark: _Hlk26442137]According to the specifications in the draft TS 38.213 v16.1.0, if a gNB shares a channel occupancy initiated by a UE using the channel access procedures described in subclause 4.2.1.1 on a channel, the gNB may transmit a transmission that follows a PUSCH transmission on scheduled or configured resources by the UE after a gap as follows:
…
-	If the gap is up to , the gNB can transmit the transmission on the channel after performing Type 2C DL channel access as described in subclause 4.1.2.3.
-	If the gap is   or , the gNB can transmit the transmission on the channel after performing Type 2A or Type 2B DL channel access procedures as described in subclause 4.1.2.1 and 4.1.2.2, respectively.
However, given the slot-based granularity of the offset-r16 and duration-r16 parameters indicated by the row index in the COT sharing information field of the CG-UCI when ul-toDL-CO-SharingED-Threshold-r16 is provided, it is observed that the gNB will often not be able to exploit this COT sharing mechanism. This is due to the fact that a gap of the specified durations cannot be achieved when the CG UL burst ends before the end of the slot preceding the DL transmission opportunity as shown in Fig. 1.  
As such, the current specifications restrict the use of this UL-to-DL COT sharing mechanism to only UL bursts ending with a full-slot transmission. Whereas the purpose of introducing the mechanism is to increase the spectral efficiency and reduce the DL LBT overhead when the UE does not have enough data to transmit; such a restriction in fact defeats the purpose for which the dynamic overhead in the CG-UCI is incurred.   
Therefore, as shown in Fig. 1, we propose a simple enhancement to resolve that issue as follows:
· Some rows should be added to the configured RRC table cg-COT-SharingList-r16 such that each of these additional rows indicates a possible UL-burst-end symbol within a slot, e.g., according to the time-domain resource configuration(s).

· If the gNB receives a CG-UCI indicating a row index that corresponds to a UL-burst-end before the start of a DL transmission opportunity sharing the UL COT, the gNB assumes that the CG UL burst will end at the symbol indicated by the ulBurstEnd-r16 in the slot immediately preceding the slot indicated by the parameter offset-r16 in another CG-UCI received before the start of the DL transmission opportunity. In that case, the gNB may transmit the DL transmission after a gap from the symbol indicated by the ulBurstEnd-r16. 

[image: ]
Figure 1. gNB will often not be able to transmit the DL transmission because a gap of the specified durations cannot be achieved when the CG UL burst ends before the end of the immediately preceding slot 


Observation 1：Given the slot-based granularity of the offset-r16 and duration-r16 parameters indicated by the row index in the CG-UCI, gNB will often not be able to transmit the DL transmission because a gap of the specified durations (<=16 or 25us) cannot be achieved when the CG UL burst ends before the end of the immediately preceding slot.

Proposal 1：Some rows should be added to the cg-COT-SharingList-r16 table such that each additional row indicates a possible UL-burst-end symbol within a slot.
· If the gNB receives a CG-UCI indicating a row index providing a UL-burst-end before the start of a slot-based DL transmission opportunity sharing the UL COT, the gNB may transmit the DL transmission after a gap from the symbol indicated by the UL-burst-end in the immediately preceding slot.
	

	*** <Beginning of Text Proposal 1> ***
[bookmark: _Toc524694429][bookmark: _Toc28873136]4.1.3	DL channel access procedures in a shared channel occupancy
*** Unchanged text is omitted ***
[bookmark: _Hlk24364570]For the case where a gNB shares a channel occupancy initiated by a UE with configured grant PUSCH transmission, the gNB may transmit a transmission that follows the configured grant PUSCH transmission by the UE as follows: 
-	If the higher layer parameter ul-toDL-CO-SharingED-Threshold-r16 is provided, the UE is configured by cg-COT-SharingList-r16 where cg-COT-SharingList-r16 provides a table configured by higher layer. Each row of the table provides a channel occupancy sharing information given by higher layer parameter CG-COT-Sharing-r16. One row of the table is configured for indicating that the channel occupancy sharing information is not available.
-	If the 'COT sharing information' in CG-UCI detected in slot n indicates a row index that corresponds to a CG-COT-Sharing-r16 that provides channel occupancy sharing information, the gNB can share the UE channel occupancy assuming a channel access priority class p=channelAccessPriority-r16, starting from slot n+O where O=offset-r16 slots from the end of the slot where CG-UCI is detected, for a duration of D=duration-r16 slots where duration-r16, offset-r16 and channelAccessPriority-r16 are higher layer parameters provided by CG-COT-Sharing-r16.
· If additional rows are configured in the table provided by cg-COT-SharingList-r16 wherein each additional row indicates a possible ‘UL-burst-end’ symbol within a slot and if the gNB receives a 'COT sharing information' in a CG-UCI indicating a row index that corresponds to a ulBurstEnd-r16 before the start of a DL transmission opportunity sharing the UL COT, the gNB assumes that the CG UL burst will end at the symbol indicated by the ulBurstEnd-r16 in the slot immediately preceding the slot determined by the parameter offset-r16 in another CG-UCI received before the start of the DL transmission opportunity. In that case, the gNB may transmit the DL transmission after a gap duration specified earlier in this subclause from the symbol indicated by the ulBurstEnd-r16.
 
-	If the higher layer parameter ul-toDL-CO-SharingED-Threshold-r16 is not provided, and if 'COT sharing information' in CG-UCI indicates '1', the gNB can share the UE channel occupancy and start the DL transmission X= cg-COT-SharingOffset-r16 symbols from the end of the slot where CG-UCI is detected, where cg-COT-SharingOffset-r16 is provided by higher layer. The transmission shall not include any unicast transmissions with user plane data and the transmission duration is not more than the duration of 2, 4 and 8 symbols for subcarrier spacing of 15, 30 and 60 kHz of the corresponding channel, respectively.
*** Unchanged text is omitted ***
*** <End of Text Proposal 1> ***





Clarification on the use of offset-r16 to determine the DL starting slot
Current specifications in section 4.1.3 of TS 37.213 v16.1.0 recites “the gNB can share the UE channel occupancy assuming a channel access priority class p=channelAccessPriority-r16, starting from O=offset-r16 slots from the end of the slot where CG-UCI is detected, for a duration of D=duration-r16 slots”. However, the use of offset-r16 to determine the DL starting slot could be ambiguous as it might be misinterpreted in a way that is inconsistent with the use of other COT sharing offsets specified in the same document.
For instance, if the CG-UCI is detected in slot n and indicated O=1 slot, the current procedure might be misinterpreted as DL starts “starting from 1 slot from the end of slot n,” i.e., starting from slot n+2 instead of n+1, which would be inconsistent with the use of the COT sharing offsets in FeLAA subclauses quoted below from the same document: 
	-	If 'COT sharing indication' in AUL-UCI in subframe  indicates '1', an eNB may transmit a transmission in subframe , where  is subframeOffsetCOT-Sharing, including PDCCH but not including PDSCH on the same channel immediately after performing Type 2A DL channel access procedures in subclause 4.1.2.1, if the duration of the PDCCH is less than or equal to duration of two OFDM symbols and it shall contain at least AUL-DFI or UL grant to the UE from which the PUSCH transmission indicating COT sharing was received. 


  
	[bookmark: _Toc28873152]4.2.1.0.0	Channel access procedures upon detection of a common DCI
If a UE detects 'UL duration and offset' field in DCI Format 1C as described in subclause 5.3.3.1.4 of [5], the following are applicable:
-	If the 'UL duration and offset' field indicates an 'UL offset'  and an 'UL duration'  for subframe , then the scheduled UE may use channel access procedures Type 2 for transmissions in subframes  where , irrespective of the channel access Type signalled in the UL grant for those subframes, if the end of UE transmission occurs in or before subframe .
-	If the 'UL duration and offset' field indicates an 'UL offset'  and an 'UL duration'  for subframe  and the 'COT sharing indication for AUL' field is set to '1', then a UE configured with autonomous UL may use channel access procedures Type 2 for autonomous UL transmissions assuming any priority class in subframes  where , if the end of UE autonomous UL transmission occurs in or before subframe  and the autonomous UL transmission between  and  shall be contiguous.




[bookmark: _GoBack]Observation2：For offset-r16 indicated in CG-UCI in slot n, determining the DL starting slot could be ambiguous as it might be misinterpreted as DL starting in slot n+O+1 which is inconsistent with the use of other COT sharing offsets specified in the same document, i.e., COT sharing transmission starts in subframe n+X (section 4.1.3) and n+l (section 4.2.1.0.0).

Proposal 2：Adopt TP1 into Section 4.1.3 of TS 37.213.

RRC parameters with FFS value ranges 
Value ranges for the parameters of CG-COT-Sharing-r16
According to the running CR on RRC parameters [2], the value ranges for the parameters offset-r16 and duration-r16 which are part of the higher layer parameter CG-COT-Sharing-r16 corresponding to a row in the table provided by cg-COT-SharingList-r16 are left FFS as follows:
CG-COT-Sharing-r16 ::= SEQUENCE {
    duration-r16                      INTEGER (1..ffsValue),
    offset-r16                        INTEGER (1..ffsValue),
    channelAccessPriority-r16         INTEGER (1..4)
}
[bookmark: OLE_LINK1]Assume that the MCOT duration of a channel occupancy initiated by a UE has  time slots, where p represents the CAPC used to initiate the channel occupancy and μ represents the numerology configured for the respective active BWP. Given that the MCOT durations are 2, 4, 6, and 6ms for p= 1, 2, 3, and 4, respectively,  can be calculated for instance for μ = 1 (30𝑘𝐻𝑧) as follows; , , , and  slots. 
It can be seen that the maximum value possible of both parameters offset-r16 and duration-r16 for a DL transmission opportunity sharing the UL COT is  time slots. Therefore, accounting for the largest values of p and μ, i.e., , the ffsValue for both parameters should be set to 23 time slots. 
Proposal 3：For the RRC parameters duration-r16 and offset-r16, the maximum configurable value is (the total number of slots in the MCOT corresponding to the maximum p and μ)-1=23 slots.
    duration-r16                      INTEGER (1..23),
    offset-r16                        INTEGER (1..23),

As agreed and captured in the specifications, one row of the configured table indicates that the channel occupancy sharing information is not available, i.e., UL-to-DL COT sharing is disabled. Therefore, in order to generate such a disabling row from a combination of the three parameters; duration-r16, offset-r16               and channelAccessPriority-r16, we propose that channelAccessPriority-r16=0 should be used. Technically, this approach is quite intuitive since the gNB cannot transmit any DL transmission with CAPC ≤ 0. The gNB disregards any valid values of duration-r16 and offset-r16 associated with that row. 
Proposal 4：To generate one row in the configured table indicating that the COT sharing information is not available, channelAccessPriority-r16=0 is provided by the corresponding parameter CG-COT-Sharing-r16 and the gNB disregards any values of duration-r16 and offset-r16 provided in that row.
· The value range of the parameter channelAccessPriority-r16 should be changed from        INTEGER (1..4) to INTEGER (0..4). 
 
Value range for cg-COT-SharingList-r16
According to the running CR on RRC parameters [2], the value range for the parameter cg-COT-SharingList-r16 is left FFS as follows:
cg-COT-SharingList-r16                 SEQUENCE (SIZE (1..ffsValue)) OF CG-COT-Sharing-r16 OPTIONAL,   -- Need R
Referring to the notation presented in the previous section, the MCOT duration of a CO initiated by a UE has  time slots, where p represents the CAPC used to initiate the CO and μ represents the numerology configured for the respective active BWP. The table provided by the higher parameter cg-COT-SharingList-r16 could be constructed as shown in the example below 
	Row Index Range Start
	Row Index Range End
	CAPC p
	Row Index Indicates

	0
	0
	0
	COT sharing not available 

	=1
	
	1
	One of combinations of (O, D)

	
	
	2
	One of combinations of (O, D)

	
	
	3
	One of combinations of (O, D)

	
	
	4
	One of combinations of (O, D)

	
	
	None
	If any, one of  UL-burst-end points or ‘Reserved’ otherwise



In this example, a row index value of 0 indicates a “disabling” indication indicating no COT sharing available, an index value from 1 to  indicates a respective combination of an ordered set of combinations of (O, D), an index value from  to  indicates a respective combination of an ordered set of combinations of (O, D), and so on. In this example, p ranges from 0 to 4, so a total number of combinations  are required (). The number of bits required (bitwidth) to indicate  corresponding index values is  as specified in TS 38.212, and index values from  to , if any, can be used to indicate one of  UL-burst-end points or can be ‘Reserved’ otherwise.
In order to calculate the maximum configurable size of the SEQUENCE of CG-COT-Sharing-r16, the maximum value for each  should be considered as and computed for μ=2 as follows;
, , , and , which results in a maximum sequence size of 701. 

Furthermore, if configuring additional rows in the table to indicate possible UL-burst-end points in a slot is supported, the maximum number of rows needed is 11 corresponding to 11 symbol numbers considering the minimum duration of 2 symbols for CG-PUSCH. 
Proposal 5：The Value range for the parameter cg-COT-SharingList-r16 should be changed as follows:
· cg-COT-SharingList-r16                 SEQUENCE (SIZE (1..701)) OF CG-COT-Sharing-r16  
If configuring additional rows in the table to indicate possible UL-burst-end points in a slot is supported:
· cg-COT-SharingList-r16                 SEQUENCE (SEQUENCE (SIZE (1..701)) OF CG-COT-Sharing-r16, SEQUENCE (SIZE (1..11)) OF ulBurstEnd-r16)  
           
Value range for cg-COT-SharingOffset-r16
So far, the value range for the RRC parameter cg-COT-sharingOffset-r16, which is used when the ULtoDLul-toDL-CO-SharingED-Threshold-r16 is not configured, has been set to INTEGER(1…[X]) symbols [2]. As agreed, X is the number of symbols from the end of the slot where the indication in the CG-UCI is enabled to the beginning of the DL transmission not including unicast with user plane data, e.g., control information such as CG-DFI. As such, the maximum value X should support the maximum value M of the cg-minDFIDelay-r16 which has been agreed in the previous meeting RAN1#100-e to support the 4ms delay of AUL, as follows  
•	M= 1 *4 * 14 = 56 (symbols)} for 15 kHz SCS
•	M= 2 * 4 * 14 = 112 (symbols)} for 30 kHz SCS
•	M= 4 * 4 * 14 = 224 (symbols) for 60 kHz SCS

Therefore, we propose that the value of X should support 4ms offset duration in symbols assuming the largest SCS, X= 4 * 4 * 14 = 224 symbols. 
Proposal 6：For the RRC parameter cg-COT-SharingOffset-r16, the value of X should support 4ms offset duration in symbols assuming the largest SCS, i.e., X= 4 * 4 * 14 = 224 symbols.
   
Corrections on HARQ-ACK information for PUSCH transmissions
In the TS 38.213 v16.1.0, some corrections are needed in Section 10.5 as shown in the following TP2 to ensure a proper implementation of the CG-DFI. 
First, the reserved field name “XYZ” should be replaced by the field name that has been specified in the TS 38.212 v16.1.0, i.e., “HARQ-ACK bitmap”. Second, “DCI format 1_0” should be replaced by “DCI format 0_1” in the second paragraph of that section.
We also note that there was neither a consensus nor a discussion on extending the use of the CG-DFI to CSI transmission on PUSCH configured by semiPersistentOnPUSCH. The agreement below is limited to the operation of type 1 and type 2 configured grant in a cell with shared spectrum channel access, wherein both type 1 and type 2 are configured by configuredGrantConfig. The activation of type 2 is done using the same DCI format 0_1 with CRC scrambled with the same CS-RNTI value used for transmitting the GC-DFI yet with the bit value of the DFI flag is 0. Whereas, the activation of PUSCH transmission configured by semiPersistentOnPUSCH is done using DCI format 0_1 with CRC scrambled with SP-CSI-RNTI for which case the DFI flag bit is reserved and no CG-DFI is expected. More importantly, there is no HARQ process ID associated with CSI transmission only on PUSCH for the UE to extract the corresponding A/N bit from the CG-DFI. Therefore, we propose to eliminate the extension of CG-DFI to CSI transmission on PUSCH configured by semiPersistentOnPUSCH as shown in TP2.
RAN1 #99
Agreement:
· DFI is transmitted using PDCCH scrambled with CS-RNTI
· DFI size is similar to UL DCI size 
· Size is aligned with UL grant DCI format 0_1 size
· To distinguish DCI for activation/deactivation CG transmission and DFI, a 1 bit flag (explicit indication) is used, when type 1 and/or type 2 CG PUSCH is configured
· Content of DFI includes
· UL/DL flag
· CIF in the case of cross carrier scheduled is configured
· 1 bit flag
· HARQ Bitmap
· TPC command – 2 bits
· For type 1 configured grant, UE assumes DFI is only present when CG is configured. 
· For type 2 configured grant, UE assumes DFI is only present when CG is configured, and UE is in activated state for configured grant transmissions


	*** <Beginning of Text Proposal 2> ***
10.53	HARQ-ACK information for PUSCH transmissions
A UE can be configured a number of search space sets to monitor PDCCH for detecting a DCI format 0_1 with CRC scrambled with a CS-RNTI provided by cs-RNTI. The UE determines that the DCI format provides HARQ-ACK information for PUSCH transmissions based on a HARQ-ACK bitmapn XYZ field value, as described in [5, TS 38.212], if a PUSCH transmission is configured by ConfiguredGrantConfig and the DFI flag in the DCI format has bit value of 1. or is an activated PUSCH transmission configured by semiPersistentOnPUSCH.
The HARQ-ACK information corresponds to transport blocks in PUSCH transmissions for a number of HARQ processes provided by nrofHARQ-Processes for a serving cell of a PDCCH reception that provides DCI format 1_00_1 or, if DCI format 1_00_1 includes a carrier indicator field, for a serving cell indicated by a value of the carrier indicator field. 
For a PUSCH transmission configured by ConfiguredGrantConfig and the DFI flag in the DCI format has a bit value of 1or for activated PUSCH transmissions configured by semiPersistentOnPUSCH, HARQ-ACK information for a transport block of a corresponding HARQ process number is valid if a first symbol of the PDCCH reception is after a last symbol of the PUSCH transmission, or of any repetition of the PUSCH transmission, by a number of symbols provided by cg-minDFIDelay-r16.
*** Unchanged text is omitted ***
*** <End of Text Proposal> ***





Proposal 7：Adopt TP2 into section 10.5 of TS 38.213. 

Other extensions of CG agreements to PUSCH configured by semiPersistentOnPUSCH  
In addition to the above issue noticed with CG-DFI, in other subclauses of the TS 38.213 v16.1.0, some non-obvious extensions of the NR-U CG agreements were made to PUSCH configured by semiPersistentOnPUSCH.
For instance, in section 9 ‘UE procedure for reporting control information,’ such an extension was introduced and we propose to eliminate it in the following TP3:

	*** <Beginning of Text Proposal 3> ***
[bookmark: _Toc12021466][bookmark: _Toc20311578][bookmark: _Toc26719403]9	UE procedure for reporting control information
*** Unchanged text is omitted ***
If a UE would multiplex HARQ-ACK information in a PUSCH transmission that is configured by a ConfiguredGrantConfig, or in an activated PUSCH transmission configured by semiPersistentOnPUSCH, 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.
*** Unchanged text is omitted ***
*** <End of Text Proposal 3> ***



Similarly, in subsection 9.3 ‘UCI reporting in physical uplink shared channel,’ such another extension was introduced and we propose to eliminate it in the following TP4:
	*** <Beginning of Text Proposal 4> ***
[bookmark: _Ref497053963][bookmark: _Toc12021484][bookmark: _Toc20311596][bookmark: _Toc26719421]9.3	UCI reporting in physical uplink shared channel
*** Unchanged text is omitted ***
For a PUSCH transmission that is configured by a ConfiguredGrantConfig, or for an activated PUSCH transmission that is configured by semiPersistentOnPUSCH, and includes CG-UCI, the UE is provided by betaOffsetCG-UCI-r16 a  value, from a set of values, with the mapping defined in Table 9.3-1. If the UE multiplexes HARQ-ACK information in the PUSCH transmission, as described in Subclause 9.2.5, the UE jointly encodes the HARQ-ACK information and the CG-UCI [5, TS 38.212] and determines a number of resources for multiplexing the combined information in a PUSCH using .
*** Unchanged text is omitted ***
*** <End of Text Proposal 4> ***



This is due to the fact that CG-UCI includes the HARQ ID, RV and NDI of the TB transmitted on CG PUSCH whereas there is no UE procedure defined for deriving such information for semi persistent CSI transmission on PUSCH configured by semiPersistentOnPUSCH. Also, there is no HARQ retransmissions for such PUSCH configuration.
Proposal 8：Adopt TP3 and TP4 into sections 9 and 9.3, respectively, of TS 38.213. 

Conclusions
Based on the discussions, the following observations and proposals are made:
Observation 1：Given the slot-based granularity of the offset-r16 and duration-r16 parameters indicated by the row index in the CG-UCI, gNB will often not be able to transmit the DL transmission because a gap of the specified durations (<=16 or 25us) cannot be achieved when the CG UL burst ends before the end of the immediately preceding slot.

Proposal 1：Some rows should be added to the cg-COT-SharingList-r16 table such that each additional row indicates a possible UL-burst-end symbol within a slot.
· If the gNB receives a CG-UCI indicating a row index providing a UL-burst-end before the start of a slot-based DL transmission opportunity sharing the UL COT, the gNB may transmit the DL transmission after a gap from the symbol indicated by the UL-burst-end in the immediately preceding slot.

Observation2：For offset-r16 indicated in CG-UCI in slot n, determining the DL starting slot could be ambiguous as it might be misinterpreted as DL starting in slot n+O+1 which is inconsistent with the use of other COT sharing offsets specified in the same document, i.e., COT sharing transmission starts in subframe n+X (section 4.1.3) and n+l (section 4.2.1.0.0).
Proposal 2：Adopt TP1 into Section 4.1.3 of TS 37.213.
Proposal 3：For the RRC parameters duration-r16 and offset-r16, the maximum configurable value is (the total number of slots in the MCOT corresponding to the maximum p and μ)-1=23 slots.
    duration-r16                      INTEGER (1..23),
     offset-r16                        INTEGER (1..23),
Proposal 4：To generate one row in the configured table indicating that the COT sharing information is not available, channelAccessPriority-r16=0 is provided by the corresponding parameter CG-COT-Sharing-r16 and the gNB disregards any values of duration-r16 and offset-r16 provided in that row.
· The value range of the parameter channelAccessPriority-r16 should be changed from        INTEGER (1..4) to INTEGER (0..4). 

Proposal 5：The Value range for the parameter cg-COT-SharingList-r16 should be changed as follows:
· cg-COT-SharingList-r16                 SEQUENCE (SIZE (1..701)) OF CG-COT-Sharing-r16  
If configuring additional rows in the table to indicate possible UL-burst-end points in a slot is supported:
· cg-COT-SharingList-r16                 SEQUENCE (SEQUENCE (SIZE (1..701)) OF CG-COT-Sharing-r16, SEQUENCE (SIZE (1..11)) OF ulBurstEnd-r16)  
           
Proposal 6：For the RRC parameter cg-COT-SharingOffset-r16, the value of X should support 4ms offset duration in symbols assuming the largest SCS, i.e., X= 4 * 4 * 14 = 224 symbols.
Proposal 7：Adopt TP2 into section 10.5 of TS 38.213. 
Proposal 8：Adopt TP3 and TP4 into sections 9 and 9.3, respectively, of TS 38.213. 
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