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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In NR Rel-15, rules are defined for PUCCH(s) overlapping with PUSCH, i.e. UCI from PUCCH(s) might be multiplexed on PUSCH or dropped, and the PUSCH might be transmitted conveying UCI or not transmitted in certain conditions. In this contribution, we discussed several scenarios of UCI multiplexing on PUSCH which are not covered by the current spec and conclusions are proposed correspondingly. 
[bookmark: _Ref129681832]UCI multiplexing on the PUSCH scheduled by RAR UL grant
For contention free random access, RAR UL grant could schedule a PUSCH transmission for a UE, and meanwhile, if the UE is requested to report HARQ-ACK information in a PUCCH for previous PDSCH transmissions, the PUSCH and the PUCCH may overlap with each other.
For this case, it is not clear according the current spec whether the UE should multiplex HARQ-ACK on the PUSCH scheduled by RAR UL grant or not. The reason not to piggyback might be the UE does not finish the random access at the time and UE has no resource for PUCCH to transmit the HARQ-ACK. Furthermore, current PHY specification for UCI multiplexing behavior does not distinguish the PUSCH is scheduled by a RAR or a normal UL grant, it is not crystal clear to require UE to piggyback the HARQ-ACK information on PUSCH. 
However, during contention-free random access, a UE is still in the connected state and PUCCH resources configured before can be kept using for uplink transmission consistently. On the other hand, based on high layer spec [2], CFRA is considered as finished after receiving and parsing the RAR successfully by a UE. Therefore, the PUSCH scheduled by RAR UL grant is similar to the one indicated by a normal DCI, the processing rules for UCI multiplexing should follow current specification of 38.213 Clause 9, Subclause 9.2.5.
	1>	if the contention-free Random Access Preamble for beam failure recovery request was transmitted by the MAC entity:
2>	start the ra-ResponseWindow configured in BeamFailureRecoveryConfig at the first PDCCH occasion as specified in TS 38.213 [6] from the end of the Random Access Preamble transmission;
2>	monitor for a PDCCH transmission on the search space indicated by recoverySearchSpaceId of the SpCell identified by the C-RNTI while ra-ResponseWindow is running.
1>	else:
2>	start the ra-ResponseWindow configured in RACH-ConfigCommon at the first PDCCH occasion as specified in TS 38.213 [6] from the end of the Random Access Preamble transmission;
2>	monitor the PDCCH of the SpCell for Random Access Response(s) identified by the RA-RNTI while the ra-ResponseWindow is running.
1>	if notification of a reception of a PDCCH transmission on the search space indicated by recoverySearchSpaceId is received from lower layers on the Serving Cell where the preamble was transmitted; and
1>	if PDCCH transmission is addressed to the C-RNTI; and
1>	if the contention-free Random Access Preamble for beam failure recovery request was transmitted by the MAC entity:
2>	consider the Random Access procedure successfully completed.
1>	else if a downlink assignment has been received on the PDCCH for the RA-RNTI and the received TB is successfully decoded:
2>	if the Random Access Response contains a MAC subPDU with Backoff Indicator:
3>	set the PREAMBLE_BACKOFF to value of the BI field of the MAC subPDU using Table 7.2-1, multiplied with SCALING_FACTOR_BI.
2>	else:
3>	set the PREAMBLE_BACKOFF to 0 ms.
2>	if the Random Access Response contains a MAC subPDU with Random Access Preamble identifier corresponding to the transmitted PREAMBLE_INDEX (see clause 5.1.3):
3>	consider this Random Access Response reception successful.
2>	if the Random Access Response reception is considered successful:
3>	if the Random Access Response includes a MAC subPDU with RAPID only:
4>	consider this Random Access procedure successfully completed;
4>	indicate the reception of an acknowledgement for SI request to upper layers.
3>	else:
4>	apply the following actions for the Serving Cell where the Random Access Preamble was transmitted:
5>	process the received Timing Advance Command (see clause 5.2);
5>	indicate the preambleReceivedTargetPower and the amount of power ramping applied to the latest Random Access Preamble transmission to lower layers (i.e. (PREAMBLE_POWER_RAMPING_COUNTER – 1) × PREAMBLE_POWER_RAMPING_STEP);
5>	if the Serving Cell for the Random Access procedure is SRS-only SCell:
6>	ignore the received UL grant.
5>	else:
6>	process the received UL grant value and indicate it to the lower layers.


Another ambiguous case is if the CSI-RS is not received during the period between RAR UL grant and PUCCH (which means UE may not have CSI measurement in the duration), whether the UE should multiplex CSI on PUSCH when the overlapping happens. If the UE only reports CSI when UE has measurement, the gNB cannot distinguish whether CSI is piggybacked on PUSCH or not and different hypothesis has to be assumed for PUSCH detection. To reduce the detection complexity, if the overlapping occurs, the UE could always multiplex CSI on PUSCH no matter CSI-RS is received or not. From the UE implementation perspective, UE could transmit the CSI report based on previous CSI-RS reception which occur before UL grant. As another alternative, the UE could report CQI index 0 instead. The CSI contents can be decided by UE in this case.
Conclusion 1: The overlapping between the PUSCH scheduled by RAR UL grant and PUCCH is addressed following the current overlapping rules specified in TS38.213 Clause 9 and Subclause 9.2.5.
· The CSI contents is up to UE implementation.
HARQ-ACK for Msg4 multiplexing on PUSCH
The HARQ-ACK feedback for Msg4 is different from the normal PDSCH feedback because only ACK is reported. The reason for that is Msg4 is scrambled by TC-RNTI and multiple UEs would receive same Msg4 before contention resolution. If one UE cannot decode Msg4 successfully, it cannot be sure whether the Msg4 belongs to itself or not, so NACK is not reported in case interference with other UEs. 
If a common PUCCH resource carrying the HARQ-ACK information for Msg4 collides with a dedicate PUSCH, the UE should also follow the current spec and multiplex the HARQ-ACK information on the PUSCH. The issue may be raised as no NACK is reported for Msg4, so what to piggyback if Msg4 is not decoded successfully. However, the issue may not happen because if Msg4 is not received correctly, the UE cannot get its own C-RNTI, which means UE cannot decode the UL grant scrambled by its C-RNTI. Therefore, the collision would not happen if Msg4 is not decoded correctly.  
Conclusion 2: If the common PUCCH resource carrying HARQ-ACK information for Msg4 overlaps with a PUSCH, the ACK should be multiplexed on PUSCH. 
Multiplexing UCI from multiple PUCCHs on PUSCH
In NR Rel-15, UE behaviour for multiplexing UCI with same UCI type from multiple PUCCHs on same the PUSCH which has a smaller numerology than PUCCH carrier is not expected. 
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[bookmark: _Ref31644155]Figure 1. PUCCHs with HARQ-ACK overlaps with PUSCH
Shown in Figure 1, PUCCH_1 and PUCCH_2 are scheduled in a carrier with 30kHz SCS and overlap with a PUSCH in another carrier with 15kHz SCS. According to the current specification [1], gNB should not indicate/configure same UCI type, for example, HARQ-ACK information, in both PUCCHs.
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[bookmark: _Ref31647681]Figure 2. PUCCHs with HARQ-ACK and P-CSI overlaps with PUSCH
However, the case could be more complicated. Illustrated in Figure 2(a), in the PUCCH carrier PUCCH_2 and PUCCH_3 carrying HARQ-ACK and P-CSI repectively are overlapping in slot 2n+1. A new PUCCH, PUCCH_4 shown in Figure 2(b), is determined after handling the PUCCHs collision and carries both two types of UCI. In the end, PUCCH_1 with HARQ-ACK and PUCCH_4 with HARQ-ACK and P-CSI overlap with the same PUSCH, so how to address this kind of collision is not clear.
If two PUCCHs are treated with different types of UCI, distingshed UCI should be selected from PUCCHs, but how to select is ambiguous. For example, shown in Figure 2(b), the HARQ-ACK is selected form PUCCH_1 or PUCCH_4 to multiplex on PUSCH is not defined yet, a new rule may be necessary but it will introduce new UE behaviors.
Another way is regarded the two PUCCHs have the same UCI type and make gNB to avoid this scheduling by implementation. This understanding would not introduce non-backward changes on spec and be more feasibe for UE implementation, so following conclusion should be adopted. A separate CR is also proposed in [3].
Proposal 1: A UE does not expect to mutiplex UCI from multiple PUCCHs on a PUSCH with smaller SCS configuration and at least one UCI type from PUCCH is same.
PUCCH(s) overlapping with PUSCH without UL-SCH
In the meeting RAN1 100-e, UL skipping function in physical layer is discussed and two cases are identified from RAN1 perspective. Case 1 considers a dynamic PUSCH which no overlapping occurs with PUCCH(s). The dynamic PUSCH is skipped by the UE if no TB is generated from MAC layer, where the PUSCH is scheduled by a grant without UL-SCH field or UL-SCH=1. Case 2 takes overlapping with PUCCH further into account. Based on RAN2 understanding, if the overlapping happened, a simple way to handle the UCI which would be multiplexed on the PUSCH is transmitted on PUCCH(s) instead. However, the fallback procedure will introduce more ambiguities on PUSCH/PUCCH receptions for gNB and an additional judgment to UCI multiplexing behavior.
The MAC PDU is generated in MAC layer of a UE, although gNB could configure the UL skipping function is enabled or disabled by configuring skipUplinkTxDynamic, the gNB cannot predict whether the PUSCH is transmitted or not. In Case 1, if the PUSCH is not received by gNB, the gNB might regard UE has no data to transmit and schedule a new transmission. However in Case 2, it will mandate gNB to blindly detect both PUSCH and PUCCH, because gNB would not know the absence of PUSCH is due to UL grant missing or the UL transmission is skipped.
In Rel-15 specification [1], the only condition to multiplex UCI on PUSCH is the resource overlapping of PUCCH and PUSCH in time domain. In another word, if the fallback procedure is applied, the UE has to consider the MAC PDU generation to handle the channel collision. However, the interaction between two different layers are all up to UE implementation. There is no definite time to transmit a PDU from MAC to PHY layer and the UE is hard to determine an instance to multiplex UCI or keep them in PUCCH(s) in physical layer. This possibly causes the UE drops a TB arriving a little bit late and increase the transmission delay.
Therefore, in order to incorporate the UL skipping function and address the overlapping between PUCCH and PUSCH, a feasible way is to ignore the presence of UL-SCH. If a TB is generated, UE transmits UCI along with the UL-SCH. If no data is received in physical layer, UCI is still multiplexed on the PUSCH and filling bits are mapped to the REs for UL-SCH. The filling bits are decided by UE. 
Two separate CRs are proposed in [4] and [5] covered the Case 1 and Case 2 respectively.
Proposal 2: For the case of dynamic PUSCH skipping with overlapping HARQ-ACK/CSI on PUCCH, the HARQ-ACK/CSI are multiplexed on PUSCH according to the TS 38.213 Clause 9 along with filling bits as UL-SCH determined by UE.
Conclusions
Based on discussion above, following conclusions are proposed.
Conclusion 1: The overlapping between the PUSCH scheduled by RAR UL grant and PUCCH is addressed following the current overlapping rules specified in TS38.213 Clause 9 and Subclause 9.2.5.
· The CSI contents is up to UE implementation.
Conclusion 2: If the common PUCCH resource carrying HARQ-ACK information for Msg4 overlaps with a PUSCH, the ACK should be multiplexed on PUSCH. 
Proposal 1: A UE does not expect to mutiplex UCI from multiple PUCCHs on a PUSCH with smaller SCS configuration and at least one UCI type from PUCCH is same.
[bookmark: _GoBack]Proposal 2: For the case of dynamic PUSCH skipping with overlapping HARQ-ACK/CSI on PUCCH, the HARQ-ACK/CSI are multiplexed on PUSCH according to the TS 38.213 Clause 9 along with filling bits as UL-SCH determined by UE.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]References
[bookmark: _Ref36570960][bookmark: _Ref167612671]3GPP TS 38.213 V15.9.0, “Physical layer procedures for control”
3GPP TS 38.321 V15.8.0, “Medium Access Control (MAC) protocol specification”
R1-2002668, “Corrections on multiplexing UCI from multiple PUCCHs on PUSCH”, RAN1#100bis-e, Huawei/Hisilicon
[bookmark: _Ref37432950]R1-2002669, “Corrections on dynamic PUSCH skipping with overlapping with PUCCH”, RAN1#100bis-e, Huawei/Hisilicon
R1-2002682, “Corrections on dynamic PUSCH skipping without overlapping with PUCCH”, RAN1#100bis-e, Huawei/Hisilicon

image3.png
SCS=30ktz [ slot 2n slot 2n+1





image1.png
SCS=30kHz

SCS=16kHz





image2.png
slot 20





