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1. Introduction
In RAN1 101-e meeting [1], the following agreements were made regarding physical UL channel design in unlicensed spectrum:
Agreement:
· As per prior agreement, initial UL BWP is 20 MHz 
· FFS: The case of SUL in licensed band
· For PUSCH scheduled by a RAR UL Grant (e.g., Msg3) or by DCI 0_0 addressed to TC-RNTI (Msg3 re-transmission) when UL Resource Allocation Type 2 is configured, the PUSCH is transmitted as follows:
· PUSCH is transmitted in the same UL RB set of the active UL BWP as PRACH (Msg1)
· FFS: The case where PRACH is configured in more than one RB set
Agreement: 
· For PUSCH with UL resource allocation Type 2 scheduled by DCI 0_0 with CRC scrambled by C-RNTI / CS-RNTI / MCS-RNTI received in a CSS, PUSCH is allocated to a single UL RB set in the active UL BWP where the UL RB set is the lowest indexed one amongst UL RB set(s) that intersects the lowest indexed CCE of the PDCCH in the active DL BWP in which the UE detects the DCI.
· If there is no intersection, PUSCH is allocated to RB set 0 of the active UL BWP.

In this contribution, we will discuss the remaining issues about physical UL channel design in unlicensed spectrum.
2. [bookmark: _Ref498564494]Discussion
1. 
2. 
[bookmark: _Hlk47025247]Intra-cell guard band for PUSCH scheduled by a RAR UL grant or DCI 0_0 addressed to TC-TNTI 
[bookmark: _Hlk47102437]In RAN1 101-e meeting, it was agreed that for PUSCH scheduled by a RAR UL Grant (e.g., Msg3) or by DCI 0_0 addressed to TC-RNTI (Msg3 re-transmission) when UL Resource Allocation Type 2 is configured, the PUSCH is transmitted in the same UL RB set of the active UL BWP as PRACH (Msg1). One reason for special handling of PUSCH scheduled by a RAR UL grant or DCI 0_0 adressed with TC-RNTI is that when a UE receives a RAR UL grant or a DCI 0_0 adressed with TC-RNTI, the UE may be RRC_IDLE state or RRC_CONNNECTED state, and then the UL BWP for PUSCH transmission may be initial UL BWP or an acitive UL BWP different from initial UL BWP. To have a common understanding on the RB set allocation for PUSCH scheduled by a RAR UL grant or DCI 0_0 addressed to TC-TNTI between gNB and UE, the RB set of assocatied PRACH is used.
Howerver, even when UE and gNB have a common understanding on the allocated RB set for PUSCH, there may be ambiguity on the actual RB range of the RB set between gNB and UE. For example, as shown in Figure 1, UE 1 is in RRC_IDLE state, and assuming its initial UL BWP is RB 0 ~ 49; UE 2 is in RRC_CONNNECTED state and assuming its acitve UL BWP contains two RB sets with zero intra-cell guard band, that is, for UE 2, RB set 0 corresponds to RB 0~52. If gNB receives a PRACH on RB set 0, and gNB schedules one PUSCH with interlace 0 by a RAR UL grant. Then gNB cann’t know the exact RBs for the PUSCH transmission. Or rather, if the PRACH is transmitted from UE 1, the RBs for interlace 0 in RB set 0 are{0, 5, ..., 40, 45}; if it is UE 2, the RBs for for interlace 0 in RB set 0 are {0, 5, 10, 15, 20,…, 40, 45, 50}. Similarly, as shown in Figure 2, both UE 1 and UE 2 are in RRC_CONNECTED state and they share the same PRACH resources on RB set 0 or RB set 1. But they can have different configurations on intra-cell guard band considering that intra-cell guard band configuration is UE-specific.
[image: ]
[bookmark: _Ref47025747]Figure 1 Example 1 for configurations of active UL BWP and intial UL BWP
[image: ]
[bookmark: _Ref47030552]Figure 2 Example 2 for configurations of active UL BWP and intial UL BWP
[bookmark: _Hlk47102399]To avoid the ambiguity on actual RBs for PUSCH transmission scheduled by RAR UL grant or DCI 0_0 addressed with TC-RNTI when UL Resource Allocation Type 2 is configured, the following solution can be considered:
· [bookmark: _Hlk47102504]UE determines the RBs for the RB set of PRACH in the same way as UE is not configured with intraCellGuardBandUL-r16, i.e., the UE determines the CRB indices for the intra-cell guard band(s), if any, and corresponding RB set(s) according to the nominal intra-cell guard band and RB set pattern as specified in [2].
In this way, it can solve the issues as shown in both Figure 1 and Figure 2. Thus, we have the following proposal:
[bookmark: _Ref47343301]Proposal 1: To avoid ambiguity on RBs for PUSCH transmission scheduled by RAR UL grant or DCI 0_0 addressed with TC-RNTI when UL Resource Allocation Type 2 is configured. The CRB indices for the RB set of assocatied PRACH should be determined based on the nominal intra-cell guard band and RB set pattern.
Corresponding text proposal is given as following TP#1.
------------------------------------------------ Start of TP#1 for TS 38.214-----------------------------------------------

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 for DCI 0_0 monitored in a UE-specific search space and DCI 0_1 a set of up to   contiguous RB sets, where M and interlace indexing are defined in Clause 4.4.4.6 in [4, TS 38.211]. For DCI 0_0 monitored in a UE-specific search space and DCI 0_1, the UE shall determine the resource allocation in frequency domain as an intersection of the resource blocks of the indicated interlaces and the union of the indicated set of RB sets and intra-cell guard bands defined in Clause 7 between the indicated RB sets, if any. For DCI 0_0 monitored in a common search space, the UE shall determine the resource allocation in frequency domain as an intersection of the resource blocks of the indicated interlaces and a single uplink RB set of the active UL BWP. For DCI 0_0 monitored in a CSS with CRC scrambled by an RNTI other than TC-RNTI, the uplink RB set is the lowest indexed one amongst uplink RB set(s) that intersects the lowest-indexed CCE of the PDCCH in which the UE detects the DCI 0_0 in the active downlink BWP. If there is no intersection, the uplink RB set is RB set 0 in the active uplink BWP. For DCI 0_0 monitored in a CSS with CRC scrambled by TC-RNTI, the uplink RB set is the same one in which the UE transmits the PRACH associated with the RAR UL grant., where the UE determines the RB indices for the RB set of associated PRACH based on the nominal intra-cell guard band and RB set pattern as specified in [8, TS 38.101-1] corresponding to  and carrier size .
-------------------------------------------------------- End of TP#1---------------------------------------------------------
[bookmark: _Hlk40086845]PUSCH resource mapping for interlaced structure
For UL resource allocation type 0/1, a UE determines the allocated VRBs based on FDRA indication. After precoding, complexed-value symbols will be mapped to the allocated VRBs and then mapped from VRBs to PRBs based on non-interleaved VRB-to-PRB mapping qouted as following. 

	[bookmark: _Toc19796423][bookmark: _Toc26459649][bookmark: _Toc29230298][bookmark: _Toc36026557]TS 38.211
6.3.1.7	Mapping from virtual to physical resource blocks
Virtual resource blocks shall be mapped to physical resource blocks according to non-interleaved mapping.
For non-interleaved VRB-to-PRB mapping, virtual resource block  is mapped to physical resource block  except for PUSCH scheduled by RAR UL grant or PUSCH scheduled by DCI format 0_0 with CRC scrambled by TC-RNTI in active uplink bandwidth part  starting at , including all resource blocks of the initial uplink bandwidth part starting at , and having the same subcarrier spacing and cyclic prefix as the initial uplink bandwidth part, in which case virtual resource block  is mapped to physical resource block .



However, this procedure will be problematic if UE is configured with UL resource allocation type 2.
Firstly, for UL resource allocation type 2, a UE determines the allocated RBs based on FDRA indication (i.e., intrerlace allocation X and RB set allocation Y) and intra-cell guard band. It’s worth noting that the RBs here are CRBs rather than VRBs. The UE can determine the allocated PRBs based on the relation between CRB and PRB sepcified in TS 38.211, i.e., .
Secondly, for PUSCH scheduled by RAR UL grant or PUSCH scheduled by DCI format 0_0 with CRC scrambled by TC-RNTI, it is no correct to map VRB n to PRB  for UL resource allocation type 2 if the active UL BWP covers the initial UL BWP (assuming UE can dedetermine VRB allocation based on VRB n = PRB n). 
For example, as shown in the following Figure 3, assuming UE 2 transmts PRACH on RB set 1, and is scheduled with a PUSCH with interlace 0 by DCI 0_0 adressed with TC-TNTI, the corresponding allocated CRBS/PRBs are {55, 60, 65,70，…, 100, 105}. Then UE derermines the allocated VRBs based on the relation of VRB n = PRB n. Since the acitve UL BWP covers initial UL BWP, VRB n will be mapped to PRB based on the current VRB to PRB mapping rule, where  and ，then VRB 55 will be mapped to PRB 111 which is out of the active UL BWP.
[bookmark: _GoBack][image: ]
Figure 3 Example 3 for configurations of active UL BWP and intial UL BWP
Observation: The currecnt PUSCH resource mapping rule is not suitable for UL resource allocation type 2.
In general, the current resource mapping is not suitable for UL resource type 2. To solve the issue, two alternatives are observed:
· Alt 1: For UL resource allocation type 2, UE shall map complex-value symbols to PRBs directly rather than mapping from VRBs to PRBs. Noting that the complex-valued symbols shall be multiplied with a amplitude scaling factor in order to conform to the transmit power. The corresponding text proposal is given in TP#2.
· Alt 2: Specify that for UL resource allocation type 2, UE determines VRB allocation based on VRB n =PRB n. Then during the mapping from VRB to PRB, if UL resource allocation type 2 is configured, for PUSCH scheduled by RAR UL grant or PUSCH scheduled by DCI format 0_0 with CRC scrambled by TC-RNTI in active uplink bandwidth part , including all resource blocks of the initial uplink bandwidth part and having the same subcarrier spacing and cyclic prefix as the initial uplink bandwidth part, virtual resource block  is mapped to physical resource block n rather than physical resource block . The corresponding text proposals are given in TP#3 and TP#4 respectively for TS 38.214 and TS 38.211.
------------------------------------------------ Start of TP#2 for TS 38.211-----------------------------------------------
[bookmark: _Toc19796422][bookmark: _Toc26459648][bookmark: _Toc29230297][bookmark: _Toc36026556][bookmark: _Toc45107395]6.3.1.6	Mapping to virtual resource blocks



If a UE is configured with UL resource allocation type 0/1, for For each of the antenna ports used for transmission of the PUSCH, the block of complex-valued symbols  shall be multiplied with the amplitude scaling factor  in order to conform to the transmit power specified in [5, TS 38.213] and mapped in sequence starting with  to resource elements  in the virtual resource blocks assigned for transmission which meet all of the following criteria: 
-	they are in the virtual resource blocks assigned for transmission, and
-	the corresponding resource elements in the corresponding physical resource blocks are not used for transmission of the associated DM-RS, PT-RS, or DM-RS intended for other co-scheduled UEs as described in clause 6.4.1.1.3

The mapping to resource elements  allocated for PUSCH according to [6, TS 38.214] shall be in increasing order of first the index  over the assigned virtual resource blocks, where  is the first subcarrier in the lowest-numbered virtual resource block assigned for transmission, and then the index , with the starting position given by [6, TS 38.214]. 
<unchanged text omitted>
6.3.1.8	Mapping to physical resource blocks



If a UE is configured with UL resource allocation type 2, for each of the antenna ports used for transmission of the PUSCH, the block of complex-valued symbols  shall be multiplied with the amplitude scaling factor  in order to conform to the transmit power specified in [5, TS 38.213] and mapped in sequence starting with  to resource elements  in the physical resource blocks assigned for transmission which meet all of the following criteria: 
-	they are in the physical resource blocks assigned for transmission, and
-	the corresponding resource elements in the corresponding physical resource blocks are not used for transmission of the associated DM-RS, PT-RS, or DM-RS intended for other co-scheduled UEs as described in clause 6.4.1.1.3

The mapping to resource elements  allocated for PUSCH according to [6, TS 38.214] shall be in increasing order of first the index  over the assigned physical resource blocks, where  is the first subcarrier in the lowest-numbered physical resource block assigned for transmission, and then the index , with the starting position given by [6, TS 38.214]. 
-------------------------------------------------------- End of TP#2---------------------------------------------------------

---------------------------------------------- Start of TP#3 for TS 38.214-------------------------------------------------
[bookmark: _Toc29673209][bookmark: _Toc29673350][bookmark: _Toc29674343][bookmark: _Toc36645573][bookmark: _Toc45810618]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 for DCI 0_0 monitored in a UE-specific search space and DCI 0_1 a set of up to   contiguous RB sets, where M and interlace indexing are defined in Clause 4.4.4.6 in [4, TS 38.211].
<unchanged text omitted>
If transform precoding is enabled according to the procedure in Clause 6.1.3, then the UE transmits PUSCH on the lowest-indexed  PRBs amongst the PRBs indicated by the frequency domain resource assignment information.  is the largest integer not greater than the number of RBs indicated by the frequency domain resource assignment information that fulfils the conditions in Clause 6.3.1.4 of [4, TS 38.211].
The UE determines the allocated virtual resource blocks based on VRB n =PRB n.
-------------------------------------------------------- End of TP#3---------------------------------------------------------

---------------------------------------------- Start of TP#4 for TS 38.211-------------------------------------------------
6.3.1.7	Mapping from virtual to physical resource blocks
Virtual resource blocks shall be mapped to physical resource blocks according to non-interleaved mapping.
For non-interleaved VRB-to-PRB mapping, virtual resource block  is mapped to physical resource block  except for PUSCH scheduled by RAR UL grant or PUSCH scheduled by DCI format 0_0 with CRC scrambled by TC-RNTI in active uplink bandwidth part  starting at  where UL resource allocation type 2 is not configured, including all resource blocks of the initial uplink bandwidth part starting at , and having the same subcarrier spacing and cyclic prefix as the initial uplink bandwidth part, in which case virtual resource block  is mapped to physical resource block .
-------------------------------------------------------- End of TP#4---------------------------------------------------------

[bookmark: _Ref47343307]Proposal 2: To adopt TP#2 or TP#3 and TP#4 to resolve the issue of PUSCH resource mapping when UE is configured with UL resource allocation type 2.
Text proposal for semi-persistent CSI deactivation PDCCH validation
UL resource allocation Type 2 is introduced for interlaced PUSCH transmission in Rel-16 NRU work item, in which bitmap indication is used for , and RIV indication for . FDRA is one of the special fields for semi-persistent CSI deactivation PDCCH validation. However, the case of UL resource allocation Type 2 is miss captured in the current specification of TS 38.214. Therefore, we have the following proposal.
[bookmark: _Ref47691764]Proposal 3: Adopting the following TP#5 to capture UL Resource Allocation Type 2 for the special fields for semi-persistent CSI deactivation PDCCH validation.
---------------------------------------------- Start of TP#5 for TS 38.214-------------------------------------------------
[bookmark: _Toc11352118][bookmark: _Toc20318008][bookmark: _Toc27299906][bookmark: _Toc29673175][bookmark: _Toc29673316][bookmark: _Toc29674309][bookmark: _Toc36645539][bookmark: _Toc45810584]5.2.1.5.2	Semi-persistent CSI/Semi-persistent CSI-RS
<unchanged text omitted>
A codepoint of the CSI request field in the DCI is mapped to a SP-CSI triggering state according to the order of the positions of the configured trigger states in CSI-SemiPersistentOnPUSCH-TriggerStateList, with codepoint '0' mapped to the triggering state in the first position. A UE validates, for semi-persistent CSI activation or release, a DL semi-persistent assignment PDCCH on a DCI only if the following conditions are met: 
-	the CRC parity bits of the DCI format are scrambled with a SP-CSI-RNTI provided by higher layer parameter sp-CSI-RNTI 
-	Special fields for the DCI format are set according to Table 5.2.1.5.2-1 or Table 5.2.1.5.2-2.
If validation is achieved, the UE considers the information in the DCI format as a valid activation or valid release of semi-persistent CSI transmission on PUSCH, and the UE activates or deactivates a CSI Reporting Setting indicated by CSI request field in the DCI. If validation is not achieved, the UE considers the DCI format as having been detected with a non-matching CRC.
Table 5.2.1.5.2-1: Special fields for semi-persistent CSI activation PDCCH validation
	
	DCI format 0_1/0_2 

	HARQ process number
	set to all '0's

	Redundancy version
	set to all '0's



Table 5.2.1.5.2-2: Special fields for semi-persistent CSI deactivation PDCCH validation
	
	DCI format 0_1/0_2 

	HARQ process number
	set to all '0's

	Modulation and coding scheme
	set to all '1's

	Resource block assignment
	If higher layer configures RA type 0 only, set to all '0's;
If higher layer configures RA type 1 only, set to all '1's;
If higher layer configures dynamic switch between RA type 0 and 1, then if MSB is'0', set to all '0's; else, set to all '1's
If higher layer configures RA type 2, set to all ‘0’s when u=1, set to all ‘1’s when u=0;

	Redundancy version
	set to all '0's


-------------------------------------------------------- End of TP#5---------------------------------------------------------

3. Conclusion
In this contribution, we make discussions on the remaining issues of physical UL channel design in unlicensed spectrum, and have the following observation and proposals.
Observation: The currecnt PUSCH resource mapping rule is not suitable for UL resource allocation type 2.
Proposal 1: To avoid ambiguity on RBs for PUSCH transmission scheduled by RAR UL grant or DCI 0_0 addressed with TC-RNTI when UL Resource Allocation Type 2 is configured. The CRB indices for the RB set of assocatied PRACH should be determined based on the nominal intra-cell guard band and RB set pattern.
Proposal 2: To adopt TP#2 or TP#3 and TP#4 to resolve the issue of PUSCH resource mapping when UE is configured with UL resource allocation type 2.
Proposal 3: Adopting the following TP#5 to capture UL Resource Allocation Type 2 for the special fields for semi-persistent CSI deactivation PDCCH validation.
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