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1. Introduction
[bookmark: _GoBack]Based on current specification and agreements, following remaining issues related to scheduling/HARQ enhancements for Rel.16 URLLC are discussed in this contribution:
· Re-transmission of CBG Based PUSCH with Cancellation.
· Processing order of intra-UE prioritization/multiplexing and UL cancellation by TDD configuration/SFI.

2. Discussions and corrections
2.1. Re-transmission of CBG Based PUSCH with Cancellation
In RAN1#101-e, following proposal was made for the re-transmission of cancelled CBG PUSCH potential issue:
	Proposed Agreement 2: If a UE is configured with a CBG based PUSCH and the initial transmission of a TB is cancelled, adopt one of the following options:
· Option 1: the UE is not expected to be scheduled for a re-transmission of the TB including the last CBG if all the cancelled each of the other CBGs (except for the last one) have either not been transmitted at least once before or are not scheduled for a re-transmission in the same UL grant as the last CBG.
· Option 1a: The UE is not expected to be scheduled for a re-transmission of a CBG #N in a given TB unless CBG #N-1 has been transmitted before or is scheduled in the same UL grant that includes CBG#N.
· Option 2: the TB CRC for the retransmission of the same TB is set to all zeros.
· Option 3: It is up to UE implementation to determine which values to use as the TB CRC (which may not be the actual TB CRC) for the retransmission of the same TB.
· Option 4: the minimum processing time for PUSCH scheduled for re-transmission is extended by D symbols.
· Option 5: The UE is not expected to be scheduled with partial TB for the retransmission.



Option 1, 1a, and 5 will degrade the scheduling flexibility. For example, in Fig. 1, these options restrict gNB to schedule re-transmission of CBG4 even though UE is scheduled to transmit CBG4 later than N2+X symbols after the corresponding DCI. UE is capable of processing CBG4 without any difficulty in this case as there is enough time to calculate all other CRCs for the CBG1/2/3, which are not scheduled to transmit. Regarding Option 2 and 3, it is simple UE implementation to avoid the potential issue, while it makes CRC mechanism useless resulting in worse reliability. Option 4 would enforce the worst-case latency for CBG re-transmissions since the network assumption should be the worst-case and the value D should always be a large fixed value.
On the other hand, it would be possible to continue to calculate CRC(s) for the cancelled CBGs for future re-transmission. Also, it can be avoided by gNB scheduling if the potential issue is valid. Therefore, we prefer not to make a new restriction for CBG re-transmissions. 
[image: ]
Fig.1 Example for re-transmission of CBG based PUSCH with cancellation

Besides, in our understanding, similar problem occurs in Rel-15 CBG re-transmissions. Currently, following is specified regarding PUSCH with CBG transmissions [1]:
	If a UE is configured to transmit code block group based transmissions by receiving the higher layer parameter codeBlockGroupTransmission in PUSCH-ServingCellConfig, 
-	For an initial transmission of a TB as indicated by the New Data Indicator field of the scheduling DCI, the UE may expect that the CBGTI field indicates all the CBGs of the TB are to be transmitted, and the UE shall include all the code block groups of the TB.
-	For a retransmission of a TB as indicated by the New Data Indicator field of the scheduling DCI, the UE shall include only the CBGs indicated by the CBGTI field of the scheduling DCI. 
A bit value of 0' in the CBGTI field indicates that the corresponding CBG is not to be transmitted and 1' indicates that it is to be transmitted. The order of CBGTI field bits is such that the CBGs are mapped in order from CBG#0 onwards starting from the MSB.


The part highlighted by yellow is about the retransmission of CBGs. From this description, in Rel-15, gNB may schedule one or more CBG(s) indicated by CBGTI field of UL grant in any order of CBG(s) in case that gNB was not able to decode or receive the CBG(s) from UE. For example, if CBG3 and CBG4 in Fig.1 are transmitted by UE but not received by gNB, it could only schedule CBG4 with the UE. As long as similar operation exists in Rel-15 but not treated as an issue, we would prefer to keep the current specification.

Proposal 1:
· No restriction is needed for re-transmission of CBG based PUSCH with cancellation.

2.2. Processing order of intra-UE UL multiplexing/prioritization and UL cancellation due to TDD configuration/SFI
At the RAN1#101-e meeting, RAN1 had discussions on processing order of intra-UE UL prioritization/multiplexing and UL cancellation due to semi-static TDD configuration, and the following agreement was made:
	Agreement 
After the UE determines the overlapping PUCCH or PUSCH for multiplexing/prioritization, the UE cancels the PUCCH or PUSCH that has overlapping with semi-static configured DL symbols or SSB symbols, and then the multiplexing/prioritization is performed among the non-cancelled overlapping transmissions


However, the agreement has not been captured in the latest spec [2] due to its ambiguity, i.e. different companies may have different understanding on the UE behaviour. For example, some companies consider that UL multiplexing/prioritization is performed after UL cancellation due to semi-static TDD configuration regardless of whether the multiplexing/prioritization is for same priority UL channels or different priority UL channels. During the corresponding email discussion in [101-e-NR-L1enh-URLLC-InterUE-01], the UE behaviour was clarified as follows:
· Step 1: UE follows Rel-15 behaviors for any intermediate procedure to determine the overlapping PUCCH or PUSCH for multiplexing/prioritization,
· Step 2: UE cancels the ones that collides with semi-static DL symbols,
· Step 3: UE performs multiplexing/prioritization among the non-cancelled overlapping channels.
It is understood that Rel-15 intra-UE UL multiplexing/prioritization, i.e. intra-UE multiplexing/prioritization of UL channels with same priority, is always performed first from this clarification. Then, if there would be Rel-16 intra-UE UL multiplexing/prioritization, i.e. intra-UE multiplexing/prioritization of UL channels with different priorities, and UL cancellation due to semi-static TDD configuration, UE first resolves the cancellation and then the Rel-16 multiplexing/prioritization. It should be emphasized that this UE behavior also work in case of carrier aggregation as the same issue arises there. From above, we propose to adopt the following TP for this issue.

Proposal 2:
· Adopt following TP in TS 38.213 section 9 for the processing order issue of intra-UE UL multiplexing/prioritization and UL cancellation due to TDD configuration
· Note that this UE behavior is also applicable to carrier aggregation cases.
	9	UE procedure for reporting control information	
[….]
If in an active DL BWP a UE monitors PDCCH either for detection of DCI format 0_1 and DCI format 1_1 or for detection of DCI format 0_2 and DCI format 1_2, a priority index can be provided by a priority indicator field. If a UE indicates a capability to monitor, in an active DL BWP, PDCCH for detection of DCI format 0_1 and DCI format 1_1 and for detection of DCI format 0_2 and DCI format 1_2, a DCI format 0_1 or a DCI format 0_2 can schedule a PUSCH transmission of any priority and a DCI format 1_1 or a DCI format 1_2 can schedule a PDSCH reception and trigger a PUCCH transmission with corresponding HARQ-ACK information of any priority. When a UE determines overlapping for PUCCH and/or PUSCH transmissions of the same priority index, the UE resolves the overlapping for PUCCH and/or PUSCH transmissions of a same priority index. Then if, the UE determines a PUCCH or a PUSCH transmissions overlapping with DL symbols indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated, the UE cancels the PUCCH or the PUSCH transmission. When a UE determines overlapping for PUCCH and/or PUSCH transmissions of different priority indexes, the UE first resolves the overlapping for PUCCH and/or PUSCH transmissions of a same priority index. Then, if the UE determines a PUCCH or a PUSCH transmissions overlapping with DL symbols indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationCommon, the UE cancels the PUCCH or the PUSCH transmission. Then, if the UE determines to transmit
-	a first PUCCH of larger priority index scheduled by a first DCI format in a first PDCCH reception, a PUSCH or a second PUCCH of smaller priority index, and a transmission of the first PUCCH would overlap in time with a transmission of the PUSCH or the second PUCCH, the UE cancels the transmission of the PUSCH or the second PUCCH before the first symbol overlapping with the first PUCCH transmission. The UE expects that the transmission of the first PUCCH does not start before  after a last symbol of the first PDCCH reception
-	a PUSCH of larger priority index scheduled by a first DCI format in a first PDCCH reception, a PUCCH of smaller priority index, and a transmission of the PUSCH would overlap in time with a transmission of the PUCCH, the UE cancels the transmission of the PUCCH before the first symbol overlapping with the PUSCH transmission. The UE expects that the transmission of the PUSCH does not start before  after a last symbol of the first PDCCH reception
where is the PUSCH preparation time for a corresponding UE processing capability assuming  [6, TS 38.214], based on  and  as subsequently defined in this Clause, and  is determined by a reported UE capability
 [….]



In addition to the UL cancellation due to semi-static TDD configuration case, it should be clarified that processing order of intra-UE UL multiplexing/prioritization and UL cancellation due to dynamic SFI or DL grant on semi-static flexible symbols. For convenience, intra-UE UL multiplexing/prioritization and UL cancellation due to dynamic SFI or DL grant on semi-static flexible symbols are hereafter referred to A and B, respectively.
The issue is which rule should be processed firstly if conditions of both rules are met. Let us assume Fig.2 case as an example. The slot consists of 6 flexible symbols and 8 UL symbols. SR PUCCH with higher priority is configured with 6 symbols and the UE would transmit SR PUCCH in the slot. Then, gNB schedules HARQ-ACK PUCCH with 12 symbols with higher priority. The HARQ-ACK information is corresponding to PDSCH(s) at the previous slot(s), and the HARQ-ACK PUCCH is overlapped with the SR PUCCH. They would be multiplexed (or SR is dropped) based on the rule A. After the HARQ-ACK scheduling, URLLC DL grant in the previous slot schedules PDSCH on the first three symbols or dynamic SFI in the previous slot indicates the first three flexible symbols are DL symbols. The PDSCH or dynamic DL symbol(s) is overlapped with the HARQ-ACK PUCCH, which means that the HARQ-ACK PUCCH would be dropped based on the rule B.
[image: ]
Fig.2 Processing order of UL multiplexing/prioritization and UL cancellation
In this situation, which rule is firstly applied and which rule is secondly done? If A is firstly processed, the HARQ-ACK and the SR is multiplexed on a PUCCH. The new PUCCH may be overlapped with the PDSCH or dynamic DL symbol(s), or may not. In case that they are overlapped, the new PUCCH is dropped (result 1). Otherwise, the UE can transmit the new PUCCH with both the HARQ-ACK and the SR (result 2). Alternatively, if B is firstly processed, the HARQ-ACK PUCCH is dropped and the SR PUCCH is transmitted (result 3). From performance perspective, result 2 is the best, result 3 is better, and result 1 is the worst. That is, which rule is better from performance perspective is dependent on each situation. In addition, it is related to UE complexity. In result 3, the SR PUCCH could be overlapped with another PUCCH. The resulting PUCCH of the multiplexing of the two PUCCHs might be overlapped with the PDSCH or dynamic DL symbol(s). The UE needs to do B again.
The key point is that, RAN1 should clarify which rule is firstly done. After clarification is agreed, gNB and UE have the same understanding on this situation. No clarification means that two results are possible. gNB shall consider both candidates in the scheduling and do blind decoding to get the information. This will lead to higher complexity of gNB scheduler, higher decoding capability of gNB, and less scheduling flexibility.
Observation 1:
· Processing order of UL multiplexing/prioritization and UL cancellation due to SFI or DL grant on semi-static flexible symbols was not decided even in Rel-15. Without clarification on this issue, Rel-16 URLLC performance will degrade.

Based on the discussion on the UL cancellation due to semi-static TDD configuration case at RAN1#101-e, it would be difficult to have different UE processing behavior depending on any timeline, i.e. UE determines which to first process depending on DCI receiving timing. Besides, it would be simple for gNB/UE implementation to have unified solution for the SFI/DL grant on flexible symbol case as well as the semi-static TDD configuration case. Thus, the following TP is proposed.

Proposal 3:
· Adopt following TP in TS 38.213 section 9 for the processing order issue of intra-UE UL multiplexing/prioritization and UL cancellation due to SFI/DL grant on semi-static flexible symbols
	9	UE procedure for reporting control information	
[….]
If in an active DL BWP a UE monitors PDCCH either for detection of DCI format 0_1 and DCI format 1_1 or for detection of DCI format 0_2 and DCI format 1_2, a priority index can be provided by a priority indicator field. If a UE indicates a capability to monitor, in an active DL BWP, PDCCH for detection of DCI format 0_1 and DCI format 1_1 and for detection of DCI format 0_2 and DCI format 1_2, a DCI format 0_1 or a DCI format 0_2 can schedule a PUSCH transmission of any priority and a DCI format 1_1 or a DCI format 1_2 can schedule a PDSCH reception and trigger a PUCCH transmission with corresponding HARQ-ACK information of any priority. When a UE determines overlapping for PUCCH and/or PUSCH transmissions of the same priority index, the UE resolves the overlapping for PUCCH and/or PUSCH transmissions of a same priority index. Then if, the UE determines a PUCCH or a PUSCH transmissions overlapping with flexible symbols indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated, and if the UE detects a DCI format 2_0 with an SFI-index field value indicating the set of flexible symbols of the slot as downlink or UE detects a DCI format 1_0, a DCI format 1_1, or a DCI format 1_2 indicating to the UE to receive PDSCH or CSI-RS in the set of flexible symbols of the slot, the UE cancels the PUCCH or the PUSCH transmission. When a UE determines overlapping for PUCCH and/or PUSCH transmissions of different priority indexes, the UE first resolves the overlapping for PUCCH and/or PUSCH transmissions of a same priority index. Then, if the UE determines a PUCCH or a PUSCH transmissions overlapping with DL symbols indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationCommon, and if the UE detects a DCI format 2_0 with an SFI-index field value indicating the set of flexible symbols of the slot as downlink or UE detects a DCI format 1_0, a DCI format 1_1, or a DCI format 1_2 indicating to the UE to receive PDSCH or CSI-RS in the set of flexible symbols of the slot, the UE cancels the PUCCH or the PUSCH transmission. Then, if the UE determines to transmit
-	a first PUCCH of larger priority index scheduled by a first DCI format in a first PDCCH reception, a PUSCH or a second PUCCH of smaller priority index, and a transmission of the first PUCCH would overlap in time with a transmission of the PUSCH or the second PUCCH, the UE cancels the transmission of the PUSCH or the second PUCCH before the first symbol overlapping with the first PUCCH transmission. The UE expects that the transmission of the first PUCCH does not start before  after a last symbol of the first PDCCH reception
-	a PUSCH of larger priority index scheduled by a first DCI format in a first PDCCH reception, a PUCCH of smaller priority index, and a transmission of the PUSCH would overlap in time with a transmission of the PUCCH, the UE cancels the transmission of the PUCCH before the first symbol overlapping with the PUSCH transmission. The UE expects that the transmission of the PUSCH does not start before  after a last symbol of the first PDCCH reception
where is the PUSCH preparation time for a corresponding UE processing capability assuming  [6, TS 38.214], based on  and  as subsequently defined in this Clause, and  is determined by a reported UE capability
 [….]



3. Conclusion
In this contribution, we proposed following for PDCCH enhancements.
Proposal 1:
· No restriction is needed for re-transmission of CBG based PUSCH with cancellation.
Proposal 2:
· Adopt following TP in TS 38.213 section 9 for the processing order issue of intra-UE UL multiplexing/prioritization and UL cancellation due to TDD configuration
· Note that this UE behavior is also applicable to carrier aggregation cases.
	9	UE procedure for reporting control information	
[….]
If in an active DL BWP a UE monitors PDCCH either for detection of DCI format 0_1 and DCI format 1_1 or for detection of DCI format 0_2 and DCI format 1_2, a priority index can be provided by a priority indicator field. If a UE indicates a capability to monitor, in an active DL BWP, PDCCH for detection of DCI format 0_1 and DCI format 1_1 and for detection of DCI format 0_2 and DCI format 1_2, a DCI format 0_1 or a DCI format 0_2 can schedule a PUSCH transmission of any priority and a DCI format 1_1 or a DCI format 1_2 can schedule a PDSCH reception and trigger a PUCCH transmission with corresponding HARQ-ACK information of any priority. When a UE determines overlapping for PUCCH and/or PUSCH transmissions of the same priority index, the UE resolves the overlapping for PUCCH and/or PUSCH transmissions of a same priority index. Then if, the UE determines a PUCCH or a PUSCH transmissions overlapping with DL symbols indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated, the UE cancels the PUCCH or the PUSCH transmission. When a UE determines overlapping for PUCCH and/or PUSCH transmissions of different priority indexes, the UE first resolves the overlapping for PUCCH and/or PUSCH transmissions of a same priority index. Then, if the UE determines a PUCCH or a PUSCH transmissions overlapping with DL symbols indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationCommon, the UE cancels the PUCCH or the PUSCH transmission. Then, if the UE determines to transmit
-	a first PUCCH of larger priority index scheduled by a first DCI format in a first PDCCH reception, a PUSCH or a second PUCCH of smaller priority index, and a transmission of the first PUCCH would overlap in time with a transmission of the PUSCH or the second PUCCH, the UE cancels the transmission of the PUSCH or the second PUCCH before the first symbol overlapping with the first PUCCH transmission. The UE expects that the transmission of the first PUCCH does not start before  after a last symbol of the first PDCCH reception
-	a PUSCH of larger priority index scheduled by a first DCI format in a first PDCCH reception, a PUCCH of smaller priority index, and a transmission of the PUSCH would overlap in time with a transmission of the PUCCH, the UE cancels the transmission of the PUCCH before the first symbol overlapping with the PUSCH transmission. The UE expects that the transmission of the PUSCH does not start before  after a last symbol of the first PDCCH reception
where is the PUSCH preparation time for a corresponding UE processing capability assuming  [6, TS 38.214], based on  and  as subsequently defined in this Clause, and  is determined by a reported UE capability
 [….]



Proposal 3:
· Adopt following TP in TS 38.213 section 9 for the processing order issue of intra-UE UL multiplexing/prioritization and UL cancellation due to SFI/DL grant on semi-static flexible symbols
	9	UE procedure for reporting control information	
[….]
If in an active DL BWP a UE monitors PDCCH either for detection of DCI format 0_1 and DCI format 1_1 or for detection of DCI format 0_2 and DCI format 1_2, a priority index can be provided by a priority indicator field. If a UE indicates a capability to monitor, in an active DL BWP, PDCCH for detection of DCI format 0_1 and DCI format 1_1 and for detection of DCI format 0_2 and DCI format 1_2, a DCI format 0_1 or a DCI format 0_2 can schedule a PUSCH transmission of any priority and a DCI format 1_1 or a DCI format 1_2 can schedule a PDSCH reception and trigger a PUCCH transmission with corresponding HARQ-ACK information of any priority. When a UE determines overlapping for PUCCH and/or PUSCH transmissions of the same priority index, the UE resolves the overlapping for PUCCH and/or PUSCH transmissions of a same priority index. Then if, the UE determines a PUCCH or a PUSCH transmissions overlapping with flexible symbols indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated, and if the UE detects a DCI format 2_0 with an SFI-index field value indicating the set of flexible symbols of the slot as downlink or UE detects a DCI format 1_0, a DCI format 1_1, or a DCI format 1_2 indicating to the UE to receive PDSCH or CSI-RS in the set of flexible symbols of the slot, the UE cancels the PUCCH or the PUSCH transmission. When a UE determines overlapping for PUCCH and/or PUSCH transmissions of different priority indexes, the UE first resolves the overlapping for PUCCH and/or PUSCH transmissions of a same priority index. Then, if the UE determines a PUCCH or a PUSCH transmissions overlapping with DL symbols indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationCommon, and if the UE detects a DCI format 2_0 with an SFI-index field value indicating the set of flexible symbols of the slot as downlink or UE detects a DCI format 1_0, a DCI format 1_1, or a DCI format 1_2 indicating to the UE to receive PDSCH or CSI-RS in the set of flexible symbols of the slot, the UE cancels the PUCCH or the PUSCH transmission. Then, if the UE determines to transmit
-	a first PUCCH of larger priority index scheduled by a first DCI format in a first PDCCH reception, a PUSCH or a second PUCCH of smaller priority index, and a transmission of the first PUCCH would overlap in time with a transmission of the PUSCH or the second PUCCH, the UE cancels the transmission of the PUSCH or the second PUCCH before the first symbol overlapping with the first PUCCH transmission. The UE expects that the transmission of the first PUCCH does not start before  after a last symbol of the first PDCCH reception
-	a PUSCH of larger priority index scheduled by a first DCI format in a first PDCCH reception, a PUCCH of smaller priority index, and a transmission of the PUSCH would overlap in time with a transmission of the PUCCH, the UE cancels the transmission of the PUCCH before the first symbol overlapping with the PUSCH transmission. The UE expects that the transmission of the PUSCH does not start before  after a last symbol of the first PDCCH reception
where is the PUSCH preparation time for a corresponding UE processing capability assuming  [6, TS 38.214], based on  and  as subsequently defined in this Clause, and  is determined by a reported UE capability
 [….]
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