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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. 
PUSCH scheduled by DCI 0_0 
For PUSCH scheduled by DCI 0_0 with type 2 uplink resource allocation, the following agreements were made in the previous meetings:
	Agreements in RAN1 #100-e[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.
Agreements in RAN1#100b-e[2]
Agreement:
· [bookmark: _Hlk40280111]For PUSCH scheduled by DCI 0_0 received in a CSS when UL resource allocation Type 2 is configured, PUSCH is allocated to the RB set of the active UL BWP that intersects the RB set of the active DL BWP in which DCI 0_0 is received. If there is no intersection, PUSCH is allocated to RB Set 0 of the active UL BWP. 
· [bookmark: _Hlk40088828]FFS1: PUSCH allocation within the active UL BWP corresponding to an UL carrier without intra-cell guard bands
· [bookmark: _Hlk40100979]FFS2: Whether or not the first bullet is modified to “…the active DL BWP in which the first REG of the received DCI 0_0 is located,” in order to facilitate a CORESET not confined to a single RB set.
Agreement:
· For PUSCH scheduled by DCI 0_0 received in a USS when UL resource allocation Type 2 is configured, PUSCH is allocated to the RB set(s) of the active UL bandwidth part indicated by the Y bits in the FDRA field of DCI 0_0.


One remaining issue is whether or not the PUSCH allocation rule corresponding to DCI 0_0 in a CSS requires modification to facilitate a CORESET not confined to a single RB set. It was raised due to the fact that DCI 0_0 in a CSS can be transmitted over multiple RB sets of the active DL BWP and the intersection may end up with two RB sets. To solve this issue, one possible solution is that PUSCH is allocated to the RB set of the active UL BWP that intersects the RB set of the active DL BWP in which the first REG of the received DCI 0_0 is located. There is one drawback for this solution considering the case that UE is configured with two overlapped search spaces, one is configured with AL8 and the other is AL-16. Then there may be ambiguity between gNB and UE in terms of the first REG of the received DCI 0-0 located.
Alternatively, PUSCH is allocated to the first RB set of the active UL BWP that intersects the RB set of the active DL BWP in which DCI 0_0 is received. This alternative can still benefit from COT sharing in case of there is no intersection between the active UL BWP and the RB set of the active DL BWP in which the first REG of the received DCI 0_0 is located, but there is intersection between the active UL BWP and the RB set of the active DL BWP in which the received DCI 0_0 is located.
[bookmark: _Hlk521582650]Another remaining issue for PUSCH scheduled by DCI 0_0 in CSS is the RB set allocation when DCI 0_0 is scrambled by TC-RNTI. Different from DCI 0_0 in CSS with C-RNTI, gNB may be unaware of whether UE is in connected or idle status if active UL BWP covers all RBs of initial UL BWP, and has the same SCS and CP length with initial UL BWP. Since DCI 0_0 with TC-RNTI is used to schedule a retransmission of Msg3 which is scheduled by RAR UL grant, unified solution should be adopted for PUSCH scheduled by DCI 0_0 with TC-RNTI and RAR UL grant. Otherwise, it is not reasonable to retransmit Msg3 in a different RB set from that of initial transmission.
[bookmark: _Ref32575307][bookmark: _Ref9843]Proposal 1: For PUSCH RB set allocation, unified solution should be adopted between DCI 0_0 in CSS scrambled with TC-RNTI and RAR UL grant.
[bookmark: _Hlk40086845]PUSCH scheduled by RAR UL grant

For PUSCH scheduled by RAR UL grant, the following agreements were achieved in the last e-meeting.
	Agreement:
Adopt TP#1 in R1-2002913 for 38.213 Section 8.3 and TP#2 for 38.214 Section 6.1.2.2.3 where the last bullet of TP#1 is modified as follows:
· The UE assumes the RB set allocation in the active UL BWP for a PUSCH scheduled by the RAR UL grant is given by [FFS: rule for for RB set allocation]
· FFS: PUSCH allocation rule within the interlaces indicated by the frequency domain resource allocation field
Agreement:
To resolve the FFS in TP#1, support one of the following two alternatives for the PUSCH allocation rule. 
· When UL resource allocation Type 2 is configured, the UE assumes that PUSCH is allocated as follows:
· Alt-1: PUSCH is allocated to the RB set of the active UL BWP that intersects the RB set of the active DL BWP in which the DCI 0_1 that schedules the PDSCH containing the RAR UL grant is received. If there is no intersection, PUSCH is allocated to RB Set 0 of the active UL BWP.
· Alt-2: PUSCH is allocated to the initial UL BWP if the active UL BWP fully overlaps the initial UL BWP, otherwise PUSCH is allocated to RB Set 0 of the active UL BWP.
· FFS: Rule for PUSCH allocation for an UL carrier without intra-cell guard bands.
Agreement:
Adopt TP#1 (supersedes TP#1 from R1-2002913) and TP#2 in Section 2.1 of R1-2003056 for TS 38.213, Section 8.3 and TS 38.214, Section 6.1.2.2.3 respectively


During last e-meeting, different alternatives were discussed. For Alt 1, the merit is that it is a unified solution as DCI 0_0 in CSS. However, it is not suitable to adopt unified solution as DCI 0_0 in CSS. Different from DCI 0_0 in CSS with C-RNTI, gNB does not know whether the UE is in connected or idle state when sending RAR UL grant. Then there will be some problems if we adopt Alt. 1. Taking the following Figure 1 as an example. Assuming UE1 is operated in active BWP (BWP1) of SUL carrier as connected state and UE2 is operated in initial BWP (BWP0) of SUL carrier as idle state, they share the same RACH resource on initial BWP of SUL carrier. Clearly BWP1 includes initial BWP. gNB sends DCI 1_0 in the same DL BWP that schedules the PDSCH with RAR message to both UE1 and UE2. Since there is no intersection between DL and SUL, RB set 0 is used for PUSCH transmission scheduled by RAR UL grant following updated Alt. 1. But for UE1 and UE2, RB set 0 corresponds to different frequency position. In the process of CBRA, gNB has no knowledge on which UE it is (connected or idle) from detected RACH transmission. So, if Alt. 1 is adopted, gNB doesn’t know which RB set it should receive the scheduled PUSCH.
For Alt. 2, if the active UL BWP fully overlaps the initial UL BWP, i.e., the active UL BWP covers all RBs of initial UL BWP, and has the same SCS and CP configuration as initial BWP, then the initial UL BWP is used. It is inherited from NR Rel-15. Even in the example shown in Figure 1, the scheduled PUSCH is in the initial BWP for both UE1 and UE2 and there will be no ambiguity. 
[image: ] 
[bookmark: _Ref40105302][bookmark: _Hlk40373952]Figure 1 Example for PUSCH scheduled by RAR UL grant with SUL
[bookmark: _Hlk40374298]Another alternative for PUSCH scheduled by RAR UL grant is to include Y-bit RB set indication. From the overhead perspective, there are enough bits in FRDA of RAR UL grant since only at most 6 out of the 12 available is used as X. Including Y would increase this to at most 10 bits. In addition, for DCI 0_0 in CSS, if Y is also included due to unified solution, DCI size overhead for DCI 0_0 will not be increased according to the analysis for DCI size in [3].
On the one hand, the following benefits of including Y in RAR UL grant or DCI 0-0 are observed
· Unified solution among DCI 0_0 with C-RNTI, DCI 0_0 with TC-RNTI, DCI 1_0 and RAR UL grant.
· If gNB know a UE is operated in active UL BWP or initial BWP (e.g., active UL BWP does not cover initial UL BWP), gNB can allocate an RB set rather than RB set 0, which implies more flexibility for gNB’ scheduling.
· The ambiguity for PUSCH RB sets allocation in some cases (as shown in Figure 2) can be solved. Neither the active BWP for UE 1 nor that for UE 2 overlaps with initial UL BWP, but the active BWP for UE 1 overlaps with that for UE 2 and RB set 0 corresponds to different frequency location.
[bookmark: _GoBack][image: ]
[bookmark: _Ref40374021]Figure 2 Example for PUSCH scheduled by RAR UL grant when different UEs have overlapped active UL BWP
On the other hand, including Y in DCI 0_0 in CSS will revert our agreements achieved in previous meeting.
Furthermore, considering that gNB may not be aware of UE’s RRC state, the bit-width of Y needs to be fixed e.g., 4, or depends on the bandwidth of the carrier rather than the active UL BWP. In addition, the indication of RIV should be indicated within the carrier, or rather, the starting RB set indicated by RIV should be relative to the first RB set of the carrier rather than the active UL BWP. As shown in above Figure 2, if Y indicates a RIV value of 1, which means the RBsetstarting=0 and LRBsets=1, if RIV is indicated within in an UL BWP, then UE1 and UE2 will have different understanding on the allocated RB set, which can be avoided if the indication of RIV is indicated within the carrier.
Proposal 2: When UL resource allocation Type 2 is configured, for PUSCH scheduled by RAR UL grant or DCI 0_0 in CSS with TC-RNTI
· If Y is included in FDRA field
· The bit width of Y should be fixed as 4 or depend on the bandwidth of the carrier
· If Y is not included in FDRA field, for PUSCH scheduled by RAR UL grant, Alt 2 is preferred. 
· PUSCH is allocated to the initial UL BWP if the active UL BWP fully overlaps the initial UL BWP, otherwise PUSCH is allocated to RB Set 0 of the active UL BWP.
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 PUSCH RB set allocation, unified solution should be adopted between DCI 0_0 in CSS scrambled with TC-RNTI and RAR UL grant.
Proposal 2: When UL resource allocation Type 2 is configured, for PUSCH scheduled by RAR UL grant or DCI 0_0 in CSS with TC-RNTI
· If Y is included in FDRA field
· The bit width of Y should be fixed as 4 or depend on the bandwidth of the carrier
· If Y is not included in FDRA field, for PUSCH scheduled by RAR UL grant, Alt 2 is preferred. 
· PUSCH is allocated to the initial UL BWP if the active UL BWP fully overlaps the initial UL BWP, otherwise PUSCH is allocated to RB Set 0 of the active UL BWP.
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