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1. Introduction
In the Rel-16 NR-U, appropriate agreements were made to support interlaced PUSCH transmission. However, there are some points to be clarified on the frequency domain resource allocation (FDRA) when the resource allocation type 2 is configured. Therefore, we discuss several remaining issues on FDRA based on PRB interlace, and also provide the corresponding (text) proposals.

2. Discussion on interlaced PUSCH resource allocation

2.1 Frequency domain RA (FDRA) field in UL grant DCI
According to clause 7.3.1.1.2 in the current version of 3GPP TS 38.212 [1], the FDRA field of DCI format 0_1 consists of X bits and Y bits, when the higher layer parameter useInterlacePUSCH-Dedicated-r16 is configured. To be specific, the X bits are used to assign the interlace indexes (e.g., X=6 for 15 kHz SCS and X=5 for 30 kHz SCS), and the Y bits are used to assign the RB sets.
Regarding this FDRA field, the current specification is just defining the FDRA field consists of X-bit part and Y-bit part, but there is no information on which part is MSB (or LSB). If it is not defined, misunderstanding between gNB and UE would occur, when the UE interprets the received DCI format 0_1. Therefore, it can simply be defined that X is MSB bits in FDRA field and Y is LSB bits in FDRA field. 

Proposal 1: X MSB bits are used to assign the interlace indexes and Y LSB bits are used to assign the RB sets, in the FDRA field in DCI format 0_1.
· Adopt the text proposal in Section 5.1 (in this contribution) for TS38.212 and the text proposal in Section 5.3 for TS38.214.

2.2 Interlace index offset for PUSCH resource allocation
According to clause 6.1.2.2.3 in the current version of of 3GPP TS 38.214 [2], for 15 kHz SCS, contiguous interlace indexes are assigned for PUSCH by using resource indication value (RIV), and the RIV have 64 states (i.e., 6 bits). However, since actual interlace index is defined based on the CRB index, gNB may not be able to assign the interlace indexes continuously for PUSCH according to the lowest CRB index in the allocated RB set. As shown in Figure 1, for example, if the first interlace index in the RB set is 8 (i.e., (the CRB index of first PRB of the RB set) mod M = 8, where M = 10), and if gNB assigns the RIV = 44 (=4, L=5), the interlace index 8 would not be contiguous with other interlace indexes. Moreover, gNB cannot contiguously assign the interlace indexes from 8 to 1 (i.e., interlace indexes 8, 9, 0, and 1), because the combination of =8 and L=4 is not provided by legacy RIV methodology.
Therefore, a proper handling is required in order to solve this problems, and for this, simple modular operation with interlace index offset can be considered as shown in Figure 1. To be specific, actual set of allocated interlace indexes can be determined by {(each interlace index indicated by RIV) + (the first interlace index of the RB set)} mod M. By doing this, for the above example case, actual set of allocated interlace indexes is determined as {interlace indexes 2, 3, 4, 5, 6} = {(interlace indexes 4, 5, 6, 7, 8) + 8} mod 10. With this operation, gNB can assign interlace indexes continuously using legacy RIV methodology.



Figure 1. An example of interlace allocation by RIV with or without modular operation

Regarding this operation, in case when single RB set is allocated to UE, it can be conducted based on the allocated RB set. On the other hand, if multiple RB sets are allocated to UE, it is necessary to determine a reference RB set for the interpretation of the indicated RIV since the first interlace index within a RB set could be different among the multiple RB sets. Simply, the lowest RB set index among the assigned RB sets can be determined as the reference RB set. In this case, the modular operation with interlace index offset is conducted based on the first interlace index of the reference RB set.
Therefore, the following text needs to be adopted in TS38.214 specification:
“For µ=0, the resource block assignment information indicates to a UE a set of allocated interlace indices , where  is the lowest interlace index in the lowest RB set index among the indicated RB set(s)”

Proposal 2: Adopt the following text proposal in Section 5.3 (in this contribution) for TS38.214:
· “For µ=0, the resource block assignment information indicates to a UE a set of allocated interlace indices , where  is the lowest interlace index in the lowest RB set index among the indicated RB set(s)”

2.3 Interpretation of FDRA field for BWP switching
According to clause 12 in the current version of 3GPP TS 38.213 [3], if the size of each information field is reduced (e.g. n-k bits smaller than the actual field size of n-bit in DCI) due to bandwidth part (BWP) switching, the LSB k bits in the information field is only used. On the other hand, if the size of each information field is increased (e.g. k bits larger than the actual field size in DCI) due to BWP switching, k bits in front of the MSB of the information field is assumed as zero-padding. Regarding this principle, it may be necessary to clarify whether to apply the above operation (e.g. use of LSB only or zero-padding to MSB) for X-bit part and/or Y-bit part. 
As reasonable solution, in case when the FDRA field in DCI consists of X bits and Y bits (i.e., configured with useInterlacePUSCH-Dedicated-r16), the X-bit part and the Y-bit part are considered as independent information field, and then the above operation (e.g. use of LSB only or zero-padding to MSB) is applied per each part separately. For example, if the size of X bits (Y bits) of FDRA field is reduced due to BWP switching, the LSB k bits in the X-bit (Y-bit) part is only used for interlace (RB set) assignment, else if the size of X bits (Y bits) of FDRA field is increased due to BWP switching, k bits in front of the MSB of the X-bit (Y-bit) part is assumed as zero-padding for interpreting interlace (RB set) assignment.

Proposal 3: In case when FDRA field in DCI consists of X bits and Y bits, the BWP switching related operation (e.g. use of LSB only or zero-padding to MSB) is applied for the X-bit part and the Y-bit individually. 

3. Discussion on DFT constraint for interlaced PUSCH
Regarding DFT-s-OFDM based PUSCH transmission, the total number of PRBs (or REs) of UL resources is important because of DFT factor constraint. To be specific, the number of PRBs should be form of , where a, b, and c are zero or positive integer.
In NR-U, the resource for DFT-s-OFDM based PUSCH transmission can be assign by one or multiple interlace indexes in one or multiple RB sets, but the total number of assigned PRBs (or REs) may not satisfy the DFT factor constraint for some cases. This is because the number of PRBs in some interlace index could be 11, and the PRBs in intra guard band could be also available in case allocated with multiple RB sets.
Therefore, it is desirable to consider PRB dropping when the number of PRBs is not matched with the DFT factor constraint. For example, it can be considered to drop the PRB(s) corresponding to the lowest (or highest) PRB index in each interlace index, so that the number of PRBs per each interlace index is a form of . For another example, it can be considered to drop the PRB(s) corresponding to the lowest (or highest) PRB index among all allocated resources, so that the total number of PRBs is a form of .

Proposal 4: DFT factor constraint should be considered for DFT-s-OFDM based PUSCH transmission by interlaced PRBs as the following.
· PRB dropping is done per interlace index or among all interlaces, so that the total number of PRBs is a form of  (where a, b, and c are zero or positive integer)

4. Discussion on FDRA in RAR grant for Msg3 PUSCH
According to Table 1 (i.e., Table 8.2-1 in the current version of 3GPP TS 38.213 [3]), FDRA field in RAR grant for Msg3 PUSCH is reduced from 14 bits to 12 bits for operation with shared spectrum channel access, and in this case, 2 bits ChannelAccess-CPext field is provided to indicate the LBT type applied for Msg3 PUSCH transmission. 

Table 1: Random Access Response Grant Content field size (Table 8.2-1 in 3GPP TS 38.213)
	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



Even if the FDRA field is set to 12 bits in case of NR-U operation, the uplink resource allocation type of Msg3 PUSCH can be configured between RA type 1 (i.e., continuous mapping) and RA type 2 (i.e., interlace mapping). But, this configurability of RA type is not reflected in clause 8.3 in the current version of 3GPP TS 38.213 [3]. Therefore, it is necessary to add relevant clarification. 
For operation with shared spectrum channel access, if the higher layer parameter useInterlacePUSCH-Common-r16 is not provided (i.e., RA type 1 is configured), the threshold PRB number used to differentiate the UE behaviour according to the BWP size should be changed from 180 to 90. Here, 90 is the maximum number of PRBs that can be indicated by gNB with 12 bits RIV. (i.e., ). 
Also, for operation with shared spectrum channel access, if the higher layer parameter useInterlacePUSCH-Common-r16 is provided (i.e., RA type 2 is configured), X bits (discussed in the above Section 2) would be used for FDRA rather than . Specifically, X is set to 6 for 15 kHz SCS and 5 for 30 kHz SCS.

Proposal 5: Adopt the text proposal in Section 5.2 (in this contribution) for TS38.213 for the clarification on FDRA field in RAR grant for Msg3 PUSCH.
· For operation with shared spectrum channel access, if the higher layer parameter useInterlacePUSCH-Common-r16 is not provided (i.e., RA type 1 is configured), the threshold PRB number used to differentiate the UE behaviour according to the BWP size should be changed from 180 to 90.
· For operation with shared spectrum channel access, if the higher layer parameter useInterlacePUSCH-Common-r16 is provided (i.e., RA type 2 is configured), X bits (X=6 for 15 kHz SCS, X=5 for 30 kHz SCS) would be used for FDRA rather than .

5. Text Proposals
The following are the text proposals for the above discussion.

5.1 Correction to 38.212

[bookmark: _Toc19798776]7.3.1.1.2	Format 0_1
[…]

-	Frequency domain resource assignment – number of bits determined by the following, where  is the size of the active UL bandwidth part:
	-	if higher layer parameter useInterlacePUSCH-Dedicated-r16 is not configured 


-	 bits if only resource allocation type 0 is configured, where  is defined in Subclause 6.1.2.2.1 of [6, TS 38.214], 


-	bits if only resource allocation type 1 is configured, or  bits if both resource allocation type 0 and 1 are configured.
-	If both resource allocation type 0 and 1 are configured, the MSB bit is used to indicate resource allocation type 0 or resource allocation type 1, where the bit value of 0 indicates resource allocation type 0 and the bit value of 1 indicates resource allocation type 1. 

-	For resource allocation type 0, the  LSBs provide the resource allocation as defined in Subclause 6.1.2.2.1 of [6, TS 38.214].

-	For resource allocation type 1, the  LSBs provide the resource allocation as follows:
-	For PUSCH hopping with resource allocation type 1:



-	 MSB bits are used to indicate the frequency offset according to Subclause 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 Subclause 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 Subclause 6.1.2.2.2 of [6, TS 38.214]
· If the higher layer parameter useInterlacePUSCH-Dedicated-r16 is configured 
· 5 + Y bits provide the frequency domain resource allocation according to Subclause 6.1.2.2.3 of [6, TS 38.214] if the subcarrier spacing for the active UL bandwidth part is 30 kHz
· 5 MSB bits are used to assign the interlace indexes and Y LSB bits are used to assign the RB sets
· 6 + Y bits provide the frequency domain resource allocation according to Subclause 6.1.2.2.3 of [6, TS 38.214] if the subcarrier spacing for the active UL bandwidth part is 15 kHz
· 6 MSB bits are used to assign the interlace indexes and Y LSB bits are used to assign the RB sets
The value of Y is determined by  where N is the number of RB sets contained in the BWP as defined in subclause x of [x].
If "Bandwidth part indicator" field indicates a bandwidth part other than the active bandwidth part and if both resource allocation type 0 and 1 are configured for the indicated bandwidth part, the UE assumes resource allocation type 0 for the indicated bandwidth part if the bitwidth of the "Frequency domain resource assignment" field of the active bandwidth part is smaller than the bitwidth of the "Frequency domain resource assignment"  field of the indicated bandwidth part.
[…]

5.2 Correction to 38.213
[bookmark: _Toc12021464][bookmark: _Toc20311576][bookmark: _Toc26719401][bookmark: _Toc29894834][bookmark: _Toc29899133][bookmark: _Toc29899551][bookmark: _Toc29917288]
8.3	PUSCH scheduled by RAR UL grant
[…]
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 for the operation without shared spectrum channel access 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
For an initial UL BWP size of [image: ] RBs, a UE processes the frequency domain resource assignment field for the operation with shared spectrum channel access as follows
-	if the higher layer parameter useInterlacePUSCH-Common-r16 is not provided

-	if 
-	truncate the frequency domain resource assignment field to its  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



[bookmark: _GoBack]-	insert  most significant bits with value set to '0' after the  bits to the frequency domain resource assignment field, where  if the frequency hopping flag is set to '0' and  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
-	else if the higher layer parameter useInterlacePUSCH-Common-r16 is provided
-	if the subcarrier spacing for the PUSCH transmission is 30 kHz
-	truncate the frequency domain resource assignment field to its  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 if the subcarrier spacing for the PUSCH transmission is 15 kHz
-	truncate the frequency domain resource assignment field to its  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] 
-	end if
[…]

5.3 Correction to 38.214
[bookmark: _Toc29673209][bookmark: _Toc29673350][bookmark: _Toc29674343]
6.1.2.2.3	Uplink resource allocation type 2
In uplink resource allocation of type 2, the resource block assignment information defined in [5, TS 38.212] indicates to a UE a set of up to M interlace indices, and a set of up to N RB sets, where M and interlace indexing are defined in Clause 4.4.4.6 in [4, TS 38.211]. The UE shall determine the resource allocation in frequency domain as an intersection of the resource blocks of the indicated interlaces and the indicated set of RB sets and intra-cell guard bands defined in Clause 7 between the indicated RB sets, if any. 


For µ=0, the resource block assignment information indicates to a UE a set of allocated interlace indices  resource blocks , where  is the lowest interlace index in the lowest RB set index among the indicated RB set(s). The resource allocation field in the scheduling grant consists of a resource indication value (RIV). For  ,  the resource indication value corresponds to the starting interlace index m0 and the number of contiguous interlace indices (). The resource indication value is defined by:
if  then

else


For  , the resource indication value corresponds to the starting interlace index m0 and the set of values  according to Table 6.1.2.2.3-1.

Table 6.1.2.2.3-1: m0  and  for .
	
	m0
	


	0
	0
	{0, 5}

	1
	0
	{0, 1, 5, 6}

	2
	1
	{0, 5}

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

	4
	2
	{0, 5}

	5
	2
	{0, 1, 2, 5, 6, 7}

	6
	3
	{0, 5}

	7
	4
	{0, 5}



For µ=1, the resource block assignment information includes a bitmap indicating the interlaces that are allocated to the scheduled UE. The bitmap is of size M bits with one bitmap bit per interlace such that each interlace is addressable, where M and interlace indexing is defined in Section 4.4.4.6 in [4, TS 38.211]. The order of interlace bitmap is such that interlace 0 to interlace  are mapped from MSB to LSB of the bitmap. An interlace is allocated to the UE if the corresponding bit value in the bitmap is 1; otherwise the interlace is not allocated to the UE.
For both µ=0 and µ=1,  LSB bits in the resource block assignment information indicate to a UE a set of contiguously allocated RB sets for PUSCH scheduled by DCI 0_1 and Type 1 and Type 2 configured grant. The resource allocation field consists of a resource indication value (RIVRBset). For  ,  the resource indication value corresponds to the starting RB set () and the number of contiguous RB sets . The resource indication value is defined by;
if  then

else

[…]

6. Conclusion
In this contribution, several remaining issues on FDRA based on PRB interlace were discussed, and the following is proposed. 

Proposal 1: X MSB bits are used to assign the interlace indexes and Y LSB bits are used to assign the RB sets, in the FDRA field in DCI format 0_1.
· Adopt the text proposal in Section 5.1 (in this contribution) for TS38.212 and the text proposal in Section 5.3 for TS38.214.
Proposal 2: Adopt the following text proposal in Section 5.3 (in this contribution) for TS38.214:
· “For µ=0, the resource block assignment information indicates to a UE a set of allocated interlace indices , where  is the lowest interlace index in the lowest RB set index among the indicated RB set(s)”
Proposal 3: In case when FDRA field in DCI consists of X bits and Y bits, the BWP switching related operation (e.g. use of LSB only or zero-padding to MSB) is applied for the X-bit part and the Y-bit individually. 
Proposal 4: DFT factor constraint should be considered for DFT-s-OFDM based PUSCH transmission by interlaced PRBs as the following.
· PRB dropping is done per interlace index or among all interlaces, so that the total number of PRBs is a form of  (where a, b, and c are zero or positive integer)
Proposal 5: Adopt the text proposal in Section 5.2 (in this contribution) for TS38.213 for the clarification on FDRA field in RAR grant for Msg3 PUSCH.
· For operation with shared spectrum channel access, if the higher layer parameter useInterlacePUSCH-Common-r16 is not provided (i.e., RA type 1 is configured), the threshold PRB number used to differentiate the UE behaviour according to the BWP size should be changed from 180 to 90.
· For operation with shared spectrum channel access, if the higher layer parameter useInterlacePUSCH-Common-r16 is provided (i.e., RA type 2 is configured), X bits (X=6 for 15 kHz SCS, X=5 for 30 kHz SCS) would be used for FDRA rather than .
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