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1. Introduction 
The contribution addresses the following remainging issues on scheduling and HARQ

· Clarification of out-of-order HARQ 
· Clarification on re-transmission of PUSCH with configured grant 
2. Discussion
2.1. Clarification of out-of-order HARQ
The following was agreed in RAN1#93 meeting:

Agreements [1]:

· For any two HARQ process IDs A and B for a given cell, 

· If the scheduling DCI scrambled by C-RNTI for unicast PUSCH transmission A comes before (in time) the scheduling DCI scrambled by C-RNTI for unicast PUSCH transmission B, then for the Dec. 2017 baseline capability

· UE is not expected to be scheduled such that PUSCH for B is before the PUSCH for A

· For any two HARQ process IDs A and B for a given cell, 

· If the scheduling DCI scrambled by C-RNTI for unicast PDSCH transmission A comes before (in time) the scheduling DCI scrambled by C-RNTI for unicast PDSCH transmission B, then for the Dec. 2017 baseline capability

· UE is not expected to be scheduled such that PDSCH for B is before the PDSCH for A

The main motivation for this agreement is not only to avoid out of order scheduling (as shown in case (a) in the following figure 1), but overlapping scheduling (as shown in case (b) in the following figure 1) for both DL and UL. The reason to have such restriction is that a UE does not have the capability to receive/transmit two PDSCH/PUSCH simultaneously in the same carrier.

In the current specification of TS 38.214 with version of 15.3.0, UE procedure for receiving the physical downlink shared channel or UE procedure for receiving the physical uplink shared channel is described in clause 5.1 and 6.1 respectively. The followings are the descriptions to capture the above agreements for DL and UL scheduling.
	TS 38.213v15.3.0 section 5.1

“For any two HARQ process IDs in a given cell, if the UE is scheduled to start receiving a PDSCH in symbol j by a PDCCH starting in symbol i, the UE is not expected to be scheduled to receive a PDSCH starting earlier than symbol j with a PDCCH starting later than symbol i.”

TS 38.213v15.3.0 section 6.1
“A UE shall upon detection of a PDCCH with a configured DCI format 0_0 or 0_1 transmit the corresponding PUSCH as indicated by that DCI. For any two HARQ process IDs in a given cell, if the UE is scheduled to start a PUSCH transmission in symbol j by a PDCCH in symbol i, the UE is not expected to be scheduled to transmit a PUSCH starting earlier than symbol j by a PDCCH starting later than symbol i.”
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Figure 1. Examples for DL and UL scheduling

The description of current specification only said that the starting symbol of the later scheduled PDSCH/PUSCH cannot be earlier than the starting symbol of the earlier scheduled PDSCH/PUSCH. It’s still possible that the ending symbol of the later scheduled PDSCH/PUSCH is earlier than or same as the starting symbol of the earlier scheduled PDSCH/PUSCH, which means the two PDSCHs/PUSCHs can be partially overlapped (as shown in case (b) in figure 1). Therefore, to align with the agreement, the following TP is proposed as follows,
-------------------------------------------------- Start of Text Proposal ---------------------------------------------------------
5.1
UE procedure for receiving the physical downlink shared channel
< Unchanged parts are omitted >
A UE shall upon detection of a PDCCH with a configured DCI format 1_0 or 1_1 decode the corresponding PDSCHs as indicated by that DCI. The UE is not expected to receive another PDSCH for a given HARQ process until after the end of the expected transmission of HARQ-ACK for that HARQ process, where the timing is given by Subclause 9.2.3 of [6]. The UE is not expected to receive a PDSCH in slot i, with the corresponding HARQ-ACK assigned to be transmitted in slot j, and another PDSCH in slot after slot i with its corresponding HARQ-ACK assigned to be transmitted in a slot before slot j. For any two HARQ process IDs in a given cell, if the UE is scheduled to start receiving a PDSCH in symbol j and end in symbol k by a PDCCH starting in symbol i, the UE is not expected to be scheduled to receive a PDSCH starting earlier than symbol j k+1 with a PDCCH starting later than symbol i.

< Unchanged parts are omitted >
-------------------------------------------------------- End of Text Proposal ----------------------------------------------------

-------------------------------------------------- Start of Text Proposal ---------------------------------------------------------

6.1
UE procedure for transmitting the physical uplink shared channel

< Unchanged parts are omitted >
A UE shall upon detection of a PDCCH with a configured DCI format 0_0 or 0_1 transmit the corresponding PUSCH as indicated by that DCI. For any two HARQ process IDs in a given cell, if the UE is scheduled to start a PUSCH transmission in symbol j and end in symbol k by a PDCCH in symbol i, the UE is not expected to be scheduled to transmit a PUSCH starting earlier than symbol jk+1 by a PDCCH starting later than symbol i.

< Unchanged parts are omitted >
-------------------------------------------------------- End of Text Proposal ----------------------------------------------------

Proposal 1: Endorse the TP in section 2.1 in R1-1810371.
2.2. Clarification on re-transmission of PUSCH with configured grant
In RAN1 #94, there were discussions on the retransmission configuration for configured grant type 1/2. Two options in principle for the configuration of retransmission for configured grant were proposed as follows.

· Option 1: following PUSCH-Config
· Option 2: following ConfiguredGrant-Config
Although flexibility could be achieved for option 1, there may be ambiguity issue for UE with configured grant type 2 to identify whether a detected DCI is for activation/deactivation or retransmission. The ambiguity may occur when the position of NDI bit, for differentiation between activation/deactivation DCI and retransmission DCI, is flexible in DCI with CS-RNTI, i.e. the NDI bit position in activation/deactivation DCI and retransmission DCI needs to be fixed. On the other hand, option 2 could avoid the ambiguity at the cost of less flexibility for retransmission, due to the semi-static configurations when following ConfiguredGrant-Config.

For dynamic scheduling, following PUSCH-Config could provide more scheduling flexibility than following the semi-static configuration in ConfiguredGrant-Config. However, the potential ambiguity between activation/deactivation DCI and retransmission DCI should be resolved. If PUSCH-Config is followed for retransmission, one possible way to avoid the ambiguity for configured grant UE is to place the NDI bit in front of frequency domain assignment field in DCI with CS-RNTI. In such case, UE can first decode the NDI bit to identify whether the detected DCI with CS-RNTI is for activation/deactivation or scheduling retransmission, before interpreting the subsequent fields whose size may be configured by ConfiguredGrant-Config. However, this modification for DCI field position would lead to much standardization work, which may not be desirable.

Therefore, we discuss the configuration of each field specifically in the activation/deactivation and retransmission DCI, targeting to avoid the ambiguity and achieve sufficient flexibility.

Table 1: DCI format 0_0 with CRC scrambled by CS-RNTI for activation/deactivation or scheduling retransmission

	Field
	Payload [bits]
	Fixed or flexible
	Description
	Which configuration to be followed

	Identifier
	1
	Fixed
	-
	PUSCH-Config

	Frequency-domain assignment
	
	                                                                                                                                                Configurable
	RBG size and resource allocation type are configured by rbg-Size and resourceAllocation in ConfiguredGrantConfig for configured grant, which is common to type 1 and type 2.

Better to align with configured grant to avoid ambiguity.
	rbg-Size and resourceAllocation in ConfiguredGrantConfig

	Time-domain assignment
	0 or 1 or 2 or 3 or 4
	Configurable
	Only provided in PUSCH-Config
	PUSCH-Config

	Freq-hopping flag
	0 or 1
	Configurable
	Frequency hopping mode is configured by frequencyHopping in ConfiguredGrantConfig for configured grant, which is common to type 1 and type 2.

Better to align with configured grant to avoid ambiguity.
	frequencyHopping  in ConfiguredGrantConfig

	MCS

(including MCS table)
	5
	Fixed
	MCS table is configured by mcs-Table or mcs-TableTransformPrecoder in ConfiguredGrantConfig for configured grant, which is common to type 1 and type 2.

For retransmission, better to align with configured grant to ensure the requirement/performance for the target service can be met.
	mcs-Table or mcs-TableTransformPrecoder  in ConfiguredGrantConfig

	NDI
	1
	Fixed
	NDI is used to differentiate the DCI for activation/deactivation and the DCI for scheduling retransmission 
	-

	RV
	2
	Fixed
	RV sequence is configured by repK-RV in ConfiguredGrantConfig for configured grant with repetitions, which is common to type 1 and type 2.

For retransmission, to align with PUSCH-Config can achieve flexibility of RV for retransmission, without ambiguity issue.
	PUSCH-Config

	HPN
	4
	Fixed
	-
	PUSCH-Config

	TPC command
	2
	Fixed
	Only provided in PUSCH-Config
	PUSCH-Config

	Padding bits if needed
	
	-
	To align between DCI 0_0 with C-RNTI and CS-RNTI
	-

	UL/SUL indicator
	0 or 1
	Configurable
	-
	PUSCH-Config and PUCCH-Config


Table 2: DCI format 0_1 with CRC scrambled by CS-RNTI for activation/deactivation or scheduling retransmission

	Field
	Payload [bits]
	Fixed or flexible
	Description
	Which configuration to be followed

	Identifier
	1
	Fixed
	-
	PUSCH-Config

	Carrier indicator
	0 or 3
	Configurable
	-
	PUSCH-Config

	UL/SUL indicator
	0 or 1
	Configurable
	-
	PUSCH-Config

	Bandwidth part indicator
	0 or 1 or 2
	Configurable
	-
	PUSCH-Config

	Frequency-domain assignment
	
	                                                                                                                                                Configurable
	RBG size and resource allocation type are configured by rbg-Size and resourceAllocation in ConfiguredGrantConfig for configured grant, which is common to type 1 and type 2.

Better to align with configured grant to avoid ambiguity.
	rbg-Size and resourceAllocation in ConfiguredGrantConfig

	Time-domain assignment
	0 or 1 or 2 or 3 or 4
	Configurable
	Only provided in PUSCH-Config
	PUSCH-Config

	Freq-hopping flag
	0 or 1
	Configurable
	Frequency hopping mode is configured by frequencyHopping in ConfiguredGrantConfig for configured grant, which is common to type 1 and type 2.

Better to align with configured grant to avoid ambiguity.
	frequencyHopping  in ConfiguredGrantConfig

	MCS

(including MCS table)
	5
	Fixed
	MCS table is configured by mcs-Table or mcs-TableTransformPrecoder in ConfiguredGrantConfig for configured grant, which is common to type 1 and type 2.

For retransmission, better to align with configured grant to ensure that the requirement/performance for the target service can be met.
	mcs-Table or mcs-TableTransformPrecoder  in ConfiguredGrantConfig

	NDI
	1
	Fixed
	NDI is used to differentiate the DCI for activation/deactivation and the DCI for scheduling retransmission 
	-

	RV
	2
	Fixed
	RV sequence is configured by repK-RV in ConfiguredGrantConfig for configured grant with repetitions, which is common to type 1 and type 2.

For retransmission, to align with PUSCH-Config can achieve flexibility of RV for retransmission, without ambiguity issue.
	PUSCH-Config

	HPN
	4
	Fixed
	-
	PUSCH-Config

	1st UL DAI
	1 or 2
	Configurable (1 bit for semi-static CB, 2 bits for dynamic CB)
	Only provided in PUSCH-Config, if present
	PUSCH-Config

	2nd UL DAI
	0 or 2
	Configurable (2 bits for dynamic CB with two sub-CBs)
	Only provided in PUSCH-Config, if present
	PUSCH-Config

	TPC command
	2
	Fixed
	Only provided in PUSCH-Config
	PUSCH-Config

	SRS resource indicator
	
	                                          Configurable
	Only provided in PUSCH-Config, if present
	PUSCH-Config

	Precoding information and number of layers
	0 or 1 or 2 or 3 or 4 or 5 or 6
	Configurable
	Only provided in PUSCH-Config, if present
	PUSCH-Config

	Antenna ports
	2 or 3 or 4 or 5
	Configurable
	DMRS configuration is configured by cg-DMRS-Configuration in ConfiguredGrantConfig for configured grant, which is common to type 1 and type 2.

For retransmission, to align with PUSCH-Config can achieve flexibility of antenna ports configuration for retransmission, without ambiguity issue.
	PUSCH-Config

	SRS request
	2 or 3
	Eventually fixed (2 for non-SUL operation while 3 for SUL operation)
	Only provided in PUSCH-Config, if present
	PUSCH-Config

	CSI request
	0 or 1 or 2 or 3 or 4 or 5 or 6
	Configurable
	Only provided in PUSCH-Config, if present
	PUSCH-Config

	CBGTI
	0 or 2 or 4 or 6 or 8
	Configurable
	Only provided in PUSCH-Config, if present
	PUSCH-Config

	PTRS-DMRS association
	0 or 2
	Configurable
	Only provided in PUSCH-Config, if present
	PUSCH-Config

	Beta-offset indicator
	0 or 2
	Configurable
	Beta offset is configured by uci-OnPUSCH
 in ConfiguredGrantConfig for configured grant, which is common to type 1 and type 2.

Better to align with configured grant to avoid ambiguity.
	uci-OnPUSCH in ConfiguredGrantConfig

	DMRS seq initialization
	0 or 1
	Configurable
	Transform precoder is enabled/disabled by transformPrecoder
 in ConfiguredGrantConfig for configured grant, which is common to type 1 and type 2.

Better to align with configured grant to avoid ambiguity.
	transformPrecoder in ConfiguredGrantConfig

	UL-SCH indicator
	1
	Fixed
	-
	PUSCH-Config

	Padding bits if needed
	-
	-
	-
	-


Other parameters that are not indicated in DCI

· Repetition number

The number of repetitions for configured grant is configured by repK in ConfiguredGrantConfig. For dynamic scheduling, repetitions across multiple slots are configured by pusch-AggregationFactor in PUSCH-Config. There could be a case that the number of repetitions configured in PUSCH-Config is different from that configured in ConfiguredGrantConfig, e.g. for the service with high reliability, more than one repetitions may be configured.

If gNB failed to decode the initial transmission and repetitions from UE, gNB may schedule retransmission for the same TB. In such case, gNB could allocate more resources or adopt lower coding rate to improve the reliability. Either the number of repetitions configured in PUSCH-Config or in ConfiguredGrantConfig can be followed for retransmission, with ambiguity issue. Given that more scheduling flexibility could be provided with gNB dynamic scheduling, it is preferred for configured UE to follow the repetitions number configured in PUSCH-Config when performing retransmission.

Proposal 2: Adopt Table 1 and Table 2 in R1-1810371 as the configurations on retransmission of PUSCH with configured grant.

3. Conclusion
The contribution addresses remaining issues for HARQ and scheduling for Rel-15 NR. And it is proposed as follow,
Proposal 1: Endorse the TP in section 2.1 in R1-1810371. (For clarification of out-of-order HARQ)

Proposal 2: Adopt Table 1 and Table 2 in R1-1810371 as the configurations on retransmission of PUSCH with configured grant.
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