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1. Introduction
In this contribution, we will discuss the remaining issues about physical UL channel design in unlicensed spectrum.
2. [bookmark: _Ref498564494]Discussion
1. 
2. 
FDRA field of fallback DCI
During RAN1#100 e-meeting, the following agreement was made about FDRA field of fallback DCI [1]:Agreement:
Modify the agreement from RAN1#99 as follows:
· The UE transmits PUSCH scheduled by fallback DCI in CSS within the initial BWP on the interlaces indicated by the X bits of the FDRA field
· Note: The FDRA field for fallback DCI in CSS does not include Y bits

Agreement:
For FDRA field for DCI 0_0, update the spec to include at least X bits to indicate the interlace allocation, and leave in square brackets whether or not Y bits are included for indication of RB set.

In the last e-meeting, it was extensively discussed whether to include Y-bit RB set indication for fallback DCI in USS. Firstly, in Rel-15, a UE determines the bit-width of FDRA according to the bandwidth of active UL BWP for fallback DCI in USS. If the same criterion is applied, Y bits should be included for indication of RB set since the active UL BWP can be configured with multiple RB sets. Then, as analyzed in [2], the size of DCI 1_0 in USS is always larger than DCI 0_0 in USS even with Y bits included, so saving Y bits in DCI 0_0 will not result in smaller DCI size but more padding bits due to mandatory size alignment between DCI 0_0 and DCI 1_0. Last but not least, a UE can be configured to monitor fallback DCI only, in which case it will be too restrictive for the gNB’s scheduling if there is no RB set indication for DCI 0_0 whatever in CSS or USS. Therefore, the following proposal is made.
[bookmark: _Ref32575252]Proposal 1: For DCI 0_0 in USS, Y-bit RB set indication is included in FDRA field where Y is determined by  and N is the number of RB sets contained in the active BWP.
Then, it was agreed that there is no Y-bit RB set indication field for DCI 0_0 in CSS. So, it is needed to specify how to determine the allocated RB set(s) when the active UL BWP is configured with multiple RB sets, which is also needed if there is no Y-bit RB set indication field for DCI 0_0 in USS. This issue is similar with non-fallback DCI with Y=0 bit for the current active BWP and switched to a new UL BWP with Y’>0.
[bookmark: _Hlk521582650]For non-fallback DCI with BWP switching, the following agreement was made regarding FDRA field in the last meeting [1].
	Agreement: 
For DCI 0_1 if the bandwidth indicator field indicates a switch to a new active BWP with a different configuration (# RB sets and/or SCS), the UE applies truncation/padding independently to the X and Y bits of the FDRA field to determine the interlace and RB set allocation for the new active BWP
· X bit field: Truncated/padded to X’ = 5/6 bits if the new active BWP has 30/15 kHz SCS and current BWP has 15/30 kHz SCS. No truncation/padding otherwise.
· Y bit field: Truncated/padded to Y’ bits if the new active BWP has different number of RB sets than the current BWP, where Y’ is determined by  and N is the number of RB sets contained in the new active BWP. No truncation/padding otherwise.


According to this agreement, if there is no RB set indication in the FDRA for the current BWP, and if the bandwidth indicator field indicates a switch to a new active BWP with multiple RB sets, 0-bit Y will be zero padded to Y’, which means the RB set with the lowest index is allocated for the new active BWP. 
Then same rule can be applied to fallback DCI without Y-bit RB set indication but scheduling a PUSCH in an active BWP with multiple RB sets. That is, the lowest RB set in the active UL BWP is allocated.
[bookmark: _Ref32575307][bookmark: _Ref9843]Proposal 2: For DCI 0_0 in CSS scheduling PUSCH within an active UL BWP with multiple RB sets, the RB set with the lowest index is allocated for the active UL BWP. 
PUSCH scheduled by RAR UL grant
Per previous agreements, interlaced PUSCH can also be scheduled by RAR UL grant. There are 12 bits to indicate PUSCH frequency resource allocation as captured in Table 8.2-1 in TS 38.213.
Table 8.2-1: Random Access Response Grant Content field size
	RAR grant field
	Number of bits

	Frequency hopping flag
	1

	PUSCH frequency resource allocation
	14, for operation without shared spectrum channel access 
12, for operation with shared spectrum channel access

	PUSCH time resource allocation
	4

	MCS
	4

	TPC command for PUSCH
	3

	CSI request
	1

	ChannelAccess-CPext
	0, for operation without shared spectrum channel access
2, for operation with shared spectrum channel access



In TS 38.213 subclause 8.3, it was captured as follows:
	[bookmark: _Toc20311576][bookmark: _Toc12021464][bookmark: _Ref23783687]8.3	PUSCH scheduled by RAR UL grant
An active UL BWP, as described in Subclause 12 and in [4, TS 38.211], for a PUSCH transmission scheduled by a RAR UL grant is indicated by higher layers. For determining the frequency domain resource allocation for the PUSCH transmission within the active UL BWP
-	if the active UL BWP and the initial UL BWP have same SCS and same CP length and the active UL BWP includes all RBs of the initial UL BWP, or the active UL BWP is the initial UL BWP, the initial UL BWP is used 
-	else, the RB numbering starts from the first RB of the active UL BWP and the maximum number of RBs for frequency domain resource allocation equals the number of RBs in the initial UL BWP
The frequency domain resource allocation is by uplink resource allocation type 1 if useInterlacePUSCH-Common is not provided and by uplink resource allocation type 2 if useInterlacePUSCH-Common is provided [6, TS 38.214]. For an initial UL BWP size of  RBs, if useInterlacePUSCH-Common is not provided, a UE processes the frequency domain resource assignment field as follows
...


In this subclause, it only describes how to process the frequency domain resource assignment field when useInterlacePUSCH-Common is not provided, but missing the description when useInterlacePUSCH-Common is provided.
For RAR UL grant scheduled a PUSCH in an active UL BWP, the bits of X indicating the allocated interlaces are 5/6 for SCS of 30/15kHz respectively, and there are 12 bits to indicate PUSCH frequency resource allocation in RAR UL grant. Which bits are valid should be specified. For example, a UE can truncate 5/6 least significant bits as X.
[bookmark: _Ref32575312][bookmark: _Ref9909]Proposal 3: Adopt TP2 in appendix to capture how process the frequency domain resource assignment field in RAR UL grant when useInterlacePUSCH-Common is provided. 
[bookmark: _Hlk37184184]Multiplexing of coded UCI bits to PUCCH
In NR-U, in addition to interlace structure resource mapping, PUCCH format 2 and 3 are enhanced to be equipped with orthogonal cover code as a user-multiplexing mechanism. However, the orthogonal cover code length is not included in the multiplexing of coded UCI bits to PUCCH specified in section 6.3.1.6 TS 38.212. We propose the TP3 in appendix for the correction.
[bookmark: _Ref37184207]Proposal 4: Multiplexing of coded UCI bits to PUCCH for PUCCH format 3 should consider OCC-Length-r16, if provided. Adopt TP3 in appendix for TS 38.212.
3. Conclusion
In this contribution, we make discussions on the remaining issues of physical UL channel design in unlicensed spectrum, and have the following proposals.
Proposal 1: For DCI 0_0 in USS, Y-bit RB set indication is included in FDRA field where Y is determined by  and N is the number of RB sets contained in the active BWP.
Proposal 2: For DCI 0_0 in CSS scheduling PUSCH within an active UL BWP with multiple RB sets, the RB set with the lowest index is allocated for the active UL BWP.
Proposal 3: Adopt TP2 in appendix to capture how process the frequency domain resource assignment field in RAR UL grant when useInterlacePUSCH-Common is provided.
Proposal 4: Multiplexing of coded UCI bits to PUCCH for PUCCH format 3 should consider OCC-Length-r16, if provided. Adopt TP3 in appendix for TS 38.212.
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Appendix  
-------------------------------------------Start text proposal (TP 1) for TS 38.212--------------------------------------------
[bookmark: _Toc19798775]7.3.1.1.1	Format 0_0
[bookmark: _Toc26467246][bookmark: _Toc29326607][bookmark: _Toc29327757][bookmark: _Toc36045947][bookmark: _Toc36046207][bookmark: _Toc36046353]7.3.1.1.1	Format 0_0
DCI format 0_0 is used for the scheduling of PUSCH in one cell. 
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:
-	Identifier for DCI formats – 1 bit
-	The value of this bit field is always set to 0, indicating an UL DCI format


-	Frequency domain resource assignment –  bits if neither of the higher layer parameters useInterlacePUSCH-Common and userInterlacePUSCH-Dedicated is configured, where  is defined in clause 7.3.1.0
-	For PUSCH hopping with resource allocation type 1:



-	 MSB bits are used to indicate the frequency offset according to Clause 6.3 of [6, TS 38.214], where  if the higher layer parameter frequencyHoppingOffsetLists contains two offset values and  if the higher layer parameter frequencyHoppingOffsetLists contains four offset values

-	 bits provides the frequency domain resource allocation according to Clause 6.1.2.2.2 of [6, TS 38.214]
-	For non-PUSCH hopping with resource allocation type 1:

-	 bits provides the frequency domain resource allocation according to Clause 6.1.2.2.2 of [6, TS 38.214] 
-	if any of the higher layer parameters useInterlacePUSCH-Common and userInterlacePUSCH-Dedicated is configured 
-	[5 or 5+Y] bits provide the frequency domain resource allocation according to Clause 6.1.2.2.3 of [6, TS 38.214] if the subcarrier spacing for the active UL bandwidth part is 30 kHz if the DCI 0_0 is monitored in a common search space. 5 bits provide frequency domain resource allocation according to Clause 6.1.2.2.3 of [6, TS 38.214] if the subcarrier spacing for the active UL bandwidth part is 30kHz if the DCI 0_0 is monitored in a UE-specific search space
[bookmark: _GoBack]-	[6 or 6+Y] bits provide the frequency domain resource allocation according to Clause 6.1.2.2.3 of [6, TS 38.214] if the subcarrier spacing for the active UL bandwidth part is 15 kHz if the DCI 0_0 is monitored in a common search space. 6 bits provide frequency domain resource allocation according to Clause 6.1.2.2.3 of [6, TS 38.214] if the subcarrier spacing for the active UL bandwidth part is 15kHz if the DCI 0_0 is monitored in a UE-specific search space
-	Time domain resource assignment – 4 bits as defined in Clause 6.1.2.1 of [6, TS 38.214]
-	Frequency hopping flag – 1 bit according to Table 7.3.1.1.1-3, as defined in Clause 6.3 of [6, TS 38.214]
-	Modulation and coding scheme – 5 bits as defined in Clause 6.1.4.1 of [6, TS 38.214]
-	New data indicator – 1 bit
-	Redundancy version – 2 bits as defined in Table 7.3.1.1.1-2
-	HARQ process number – 4 bits
-	TPC command for scheduled PUSCH – 2 bits as defined in Clause 7.1.1 of [5, TS 38.213] 
-	Padding bits, if required.
-	UL/SUL indicator – 1 bit for UEs configured with supplementaryUplink in ServingCellConfig in the cell as defined in Table 7.3.1.1.1-1 and the number of bits for DCI format 1_0 before padding is larger than the number of bits for DCI format 0_0 before padding; 0 bit otherwise. The UL/SUL indicator, if present, locates in the last bit position of DCI format 0_0, after the padding bit(s).
-	If the UL/SUL indicator is present in DCI format 0_0 and the higher layer parameter pusch-Config is not configured on both UL and SUL the UE ignores the UL/SUL indicator field in DCI format 0_0, and the corresponding PUSCH scheduled by the DCI format 0_0 is for the UL or SUL for which high layer parameter pucch-Config is configured;
-	If the UL/SUL indicator is not present in DCI format 0_0 and pucch-Config is configured, the corresponding PUSCH scheduled by the DCI format 0_0 is for the UL or SUL for which high layer parameter pucch-Config is configured. 
-	If the UL/SUL indicator is not present in DCI format 0_0 and pucch-Config is not configured, the corresponding PUSCH scheduled by the DCI format 0_0 is for the uplink on which the latest PRACH is transmitted.
-	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.
<Unchanged parts omitted>
--------------------------------------------------------End text proposal ----------------------------------------------------------

-------------------------------------------Start text proposal (TP 2) for TS 38.213--------------------------------------------
[bookmark: _Toc26719401][bookmark: _Toc29894834][bookmark: _Toc29899133][bookmark: _Toc29899551][bookmark: _Toc29917288][bookmark: _Toc36498162]8.3	PUSCH scheduled by RAR UL grant
An active UL BWP, as described in Clause 12 and in [4, TS 38.211], for a PUSCH transmission scheduled by a RAR UL grant is indicated by higher layers. For determining the frequency domain resource allocation for the PUSCH transmission within the active UL BWP
-	if the active UL BWP and the initial UL BWP have same SCS and same CP length and the active UL BWP includes all RBs of the initial UL BWP, or the active UL BWP is the initial UL BWP, the initial UL BWP is used 
-	else, the RB numbering starts from the first RB of the active UL BWP and the maximum number of RBs for frequency domain resource allocation equals the number of RBs in the initial UL BWP
The frequency domain resource allocation is by uplink resource allocation type 1 if useInterlacePUSCH-Common is not provided and by uplink resource allocation type 2 if useInterlacePUSCH-Common is provided [6, TS 38.214]. For an initial UL BWP size of [image: ] RBs, if useInterlacePUSCH-Common is not provided, a UE processes the frequency domain resource assignment field as follows
-	if [image: ]
· -	truncate the frequency domain resource assignment field to its [image: ] least significant bits and interpret the truncated frequency resource assignment field as for the frequency resource assignment field in DCI format 0_0 as described in [5, TS 38.212] 
-	else
· -	insert [image: ] most significant bits with value set to '0' after the [image: ] bits to the frequency domain resource assignment field, where [image: ] if the frequency hopping flag is set to '0' and [image: ] is provided in Table 8.3-1 if the hopping flag bit is set to '1', and interpret the expanded frequency resource assignment field as for the frequency resource assignment field in DCI format 0_0 as described in [5, TS 38.212]
-	end if
if useInterlacePUSCH-Common is provided, a UE truncates the frequency domain resource assignment field to its X least significant bits and interpret the truncated frequency resource assignment field as for the frequency resource assignment field in DCI format 0_0 in common search space as described in [5, TS 38.212], where X=6 if the active UL BWP is 15kHz and X=5 if the active UL BWP is 30kHz.
A UE determines whether or not to apply transform precoding as described in [6, TS 38.214]. 
<Unchanged parts omitted>

--------------------------------------------------------End text proposal ----------------------------------------------------------

-------------------------------------------Start text proposal (TP 3) for TS 38.212--------------------------------------------
[bookmark: _Toc19798735][bookmark: _Toc26467206][bookmark: _Toc29326561][bookmark: _Toc29327711][bookmark: _Toc36045901][bookmark: _Toc36046161][bookmark: _Toc36046307]6.3.1.6	Multiplexing of coded UCI bits to PUCCH
If CSI of two parts are transmitted on a PUCCH, the coded bits corresponding to UCI bit sequence  is denoted by and the coded bits corresponding to UCI bit sequence  is denoted by . The coded bit sequence , where , is generated according to the following.
Table 6.3.1.6-1: PUCCH DMRS and UCI symbols
	PUCCH duration (symbols)
	PUCCH DMRS symbol indices
	Number of UCI symbol indices sets 
	1st UCI symbol indices set 
	2nd UCI symbol indices set 
	3rd UCI symbol indices set 

	4
	{1}
	2
	{0,2}
	{3}
	-

	4
	{0,2}
	1
	{1,3}
	-
	-

	5
	{0, 3}
	1
	{1, 2, 4}
	-
	-

	6
	{1, 4}
	1
	{0, 2, 3, 5}
	-
	-

	7
	{1, 4}
	2
	{0, 2, 3, 5}
	{6}
	-

	8
	{1, 5}
	2
	{0, 2, 4, 6}
	{3, 7}
	-

	9
	{1, 6}
	2
	{0, 2, 5, 7}
	{3, 4, 8}
	-

	10
	{2, 7}
	2
	{1, 3, 6, 8}
	{0, 4, 5, 9}
	-

	10
	{1, 3, 6, 8}
	1
	{0,2,4,5,7,9}
	-
	-

	11
	{2, 7}
	3
	{1,3,6,8}
	{0,4,5,9}
	{10}

	11
	{1,3,6,9}
	1
	{0,2,4,5,7,8,10}
	-
	-

	12
	{2, 8}
	3
	{1,3,7,9}
	{0,4,6,10}
	{5, 11}

	12
	{1,4,7,10}
	1
	{0,2,3,5,6,8,9,11}
	-
	-

	13
	{2, 9}
	3
	{1,3,8,10}
	{0,4,7,11}
	{5,6,12}

	13
	{1,4,7,11}
	2
	{0,2,3,5,6,8,10,12}
	{9}
	-

	14
	{3, 10}
	3
	{2,4,9,11}
	{1,5,8,12}
	{0,6,7,13}

	14
	{1,5,8,12}
	2
	{0,2,4,6,7,9,11,13}
	{3, 10}
	-



Denote  as UCI OFDM symbol index. Denote  as the number of elements in UCI symbol indices set  for , where  and  are given by Table 6.3.1.6-1 according to the PUCCH duration and the PUCCH DMRS configuration. Denote  as the number of OFDM symbols carrying UCI in the PUCCH. Denote  as the modulation order of the PUCCH. 
For PUCCH format 3, set  , where  is the number of PRBs that is determined by the UE for PUCCH format 3 transmission according to Clause 9.2 of [5, TS 38.213],  is the spreading factor for PUCCH format 3.
For PUCCH format 4, set , where  is the spreading factor for PUCCH format 4.
Find the smallest such that .
<Unchanged parts omitted>
--------------------------------------------------------End text proposal-----------------------------------------------------------
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