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1 Introduction
In this contribution, we discuss the remaining issues on UL data transmission without dynamic scheduling, i.e., Configured grant Type 1 and Type 2, including VRB-to-PRB mapping for Type 1 configured grant, the resource configuration of the K transmission occasions (TO) for the repetitions within one period, the interactions with slot formats, as well as the priority handling when overlapping with other UL transmissions. 
Related text proposals are summarized in [1].
2 On configuration of K TOs within a period
It is agreed in RAN1 Adhoc#3 meeting [2] that the design for Type 1 and Type 2 GF is based on both slot and mini-slot based transmission (at least 7, 4, and 2 OFDM symbols for Dec. 2017). To make the configuration and UL transmission without grant more clear, the following issues on resource configuration needs to be further clarified, including how to configure slot-based or non-slot-based TOs within a period, how to indicate slot-based configuration or mini-slot-based configuration, as well as how to deal with higher layer configured slot format or possible SFI.  
2.1 Resource allocation for K TOs within a period
For UL transmission without grant, when repetition is applied, K>1 TOs are allocated within a period P, where the first TO starts from the beginning of the period and the subsequent TO allocations are determined by the repetition number K and the first TO allocation in a way of “bundling”. Depending on whether the TB is repeated within a slot, two ways for TO configuration within a period are supported, i.e., slot-based TO configuration and mini-slot-based TO configuration. 
For slot-based TO configuration, each of the first K slots within a period is configured with only one TO, which is used for the transmission of one repetition of a TB. The location of the TO in a slot is indicated by the start and length indication SLIV obtained from the time-domain resource allocation parameter which is delivered by RRC signaling for Type 1 GF and by DCI for Type 2 GF. For example, as shown in Figure 1(a), when K is set to 2, P is set to 28 symbols, and the start and length indicator SLIV indicates symbol 3 to symbol 6 for the transmission of one repetition within a slot, in total two TOs located in two consecutive slots are configured within the period.
On the other hand, to reduce the transmission and repetition latency, if more and enough available symbols (e.g., UL or flexible symbols) are available in a slot for subsequent TO(s), the repetitions can take these chances to deliver the packet to support low latency (and high reliability) applications such as URLLC. In this case, mini-slot-based TO can be configured. Moreover, to simplify the design and minimize the specification work, we suggest to consider two general rules for mini-slot-based configuration: 1) TO configuration does not cross slot boundary; 2) always configure a TO in continuously available symbols to avoid any puncturing/rate matching or postponing operations. In this way, the first TO is configured in the first L consecutive available symbols within the period; for other TOs, each of them is configured in the next first L consecutive available symbols after the previous TO. For example, when K is set to 2, P is set to 28 symbols, and the start and length indicator SLIV indicates symbol 3 to symbol 6 for the transmission of one repetition, then two TOs can be allocated in one slot for the configured repetition transmissions, as shown in Figure 1(b).
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Figure 1 Illustration of slot-based and mini-slot-based TO configuration
Based on above discussions, we have the follow proposal to address and clarify the repetition resources in a way of “bundling” with two possible configuration options. 
Proposal 1: For both Type 1 and Type 2 configured grant with repetition number K>1, the K TOs within a period of P can be configured in the following

· For slot-based configuration

· K TOs are allocated in the first K slots within the period with one TO allocated in one slot

· The location of the TO in a slot is indicated by the start and length indication SLIV obtained from the time-domain resource allocation parameter
· For mini-slot-based configuration

· The first TO is allocated in the first L consecutive available symbols within the period; for other TOs, each of them is allocated in the next first L consecutive available symbols after the previous TO

· The TO does not cross a slot boundary
Moreover, to differentiate the above two configurations, several options can be considered:

· Option 1: The gNB can explicitly indicate how to configure the K TOs within the period

· Option 2: Using the periodicity parameter P to implicitly indicate how to configure the K TOs within the period

· Option 3: Using the PUSCH mapping type obtained from the time-domain resource allocation parameter to implicitly indicate how to configure the K TOs within the period

· Option 4: Using the row index of the RRC configured table pusch-symbolAllocation indicated by the time-domain resource allocation parameter to implicitly indicate how to configure the K TOs within the period

Among the above options, Option 1 introduces a new RRC IE or a new DCI field, which is not a good choice from the signaling overhead point of view. Option 3 and Option 4 makes some rows in table pusch-symbolAllocation unavailable for the mini-slot-based allocation, which seems not reasonable and also reduces the flexibility of time-domain resource allocation for GF. In this sense, to minimize the specification work and to avoid further signaling, we may suggest to use Option 2 for the indication. Since it seems natural that when P is equal to or smaller than 1ms, the latency is very much concerned, in this case, mini-slot based allocation is expected; otherwise, one TO per slot allocation can be applied.
Proposal 2: For both Type 1 and Type 2 configured grant with repetition number K>1, the configuration of the K TOs within a period of P can be either slot-based or mini-slot based, which can be (implicitly) indicated by

· Configured periodicity value, .e.g., P<=1ms as mini-slot based; otherwise as slot based

· Others: FFS
2.2 On UE behavior when DCI is detected during repetition

For both Type 1 and Type 2 configured grant, when repetition number K is set to be larger than 1, it is possible that a DCI scrambled by C-RNTI or CS-RNTI and carrying a same HARQ ID as the one used for the GF repetitions of a TB could be detected by the UE during the repetitions. In this case, the UE behavior on how to deal with the DCI as well as the remaining GF repetitions of the TB should be defined.

When the DCI is scramble by C-RNTI, as specified in TS 38.321 [3], the NDI for the corresponding HARQ process is considered as toggled and a new transmission is triggered. In this case, the UE shall drop the remaining GF repetitions of the TB and follow the DCI to generate a new transmission.
When the DCI is scrambled by CS-RNTI and is used for the scheduling of the same TB (i.e., the NDI bit is 1), as defined in Subcluase 6.1.2.3.1 of TS 38.214 [4], the UE shall terminate the GF repetitions and follow the DCI to generate a scheduled retransmission of the TB. Since the bundle of the K repetitions of the TB could be early-terminated, to meet the reliability requirement, the scheduled retransmission of the TB should also be a bundle of K repetitions. And the resources used for the retransmission of the K repetitions are allocated in a same way as the allocation of K TOs within a period P as described above.

Moreover, when a DCI is scrambled by CS-RNTI with the NDI in the received HARQ information being 0, for configured grant Type 2, it indicates as an activation or de-activation; for configured grant Type 1, it can designate an ACK without any specification impact, or the UE will ignore it without any action. 
Proposal 3: When a DCI scrambled by CS-RNTI and carrying a same HARQ ID as the one used in the GF repetitions of a TB is detected by a UE during/after the repetitions 

· If the NDI bit is 1, for both Type 1 and Type 2 configured grant, the UE shall terminate the repetitions and follow the DCI to generate a scheduled retransmission of X (X<K: FFS) repetitions.
· If the NDI bit is 0, for configured grant Type 1, the UE will behave as one of the following

· Take it as an ACK, or 

· Ignore it without any action
2.3 GF resource configurations with SFI considerations
There are different types of slot formats defined in Table 4.3.2-3 in TS 38.211 [5], thus, some rules are needed for the configurations of the K TOs to avoid ambiguity in terms of symbol usage availability and to minimize the remaining specification work.
As specified in TS 38.213 [6], all the higher layer configured uplink symbols can be used for GF transmission. And whether the higher layer configured flexible symbols can be used for GF transmission in a serving cell is determined based on the following rules:

· If the serving cell is included in a set of serving cells where a UE is configured with higher layer parameter SFI-applicable-cells, the UE can also use the higher layer configured flexible symbols for GF transmission if the UE does not detect a DCI format with CRC scrambled by C-RNTI that indicates to the UE to receive PDSCH or CSI-RS in the symbols
· If the serving cell is NOT included in a set of serving cells where a UE is configured with higher layer parameter SFI-applicable-cells, the UE can use the higher layer configured flexible symbols for GF transmission only if 
· DCI format 2_0 indicates the symbols as uplink, or

· DCI format 2_0 indicates the symbols as downlink or flexible, and a number of symbols between a last symbol of a control resource set where the UE detects the DCI format 2_0 and a first symbol in symbols is smaller than the PUSCH preparation time N2 for the corresponding PUSCH timing capability

Given the above symbol usage criteria, if the SFI is not applicable for a serving cell, for slot-based configuration, the UE shall drop the TO if the TO includes a symbol indicated as downlink by higher layer parameters. For mini-slot-based configuration, the TO can be located in any symbol indicated as uplink or flexible by higher layer parameters.
While for the serving cell where the SFI is applicable, for slot-based configuration, the UE shall drop a TO in any of the following cases:
· Case 1: The TO includes a symbol indicated as downlink by higher layer parameters

· Case 2: The TO includes a symbol indicated as flexible/downlink by SFI, and a number of symbols between a last symbol of a control resource set where the UE detects the SFI and the symbol is larger than or equals to the PUSCH preparation time N2 for the corresponding PUSCH timing capability
And for mini-slot-based configuration, the TO can be located in any of the following symbols:

· The symbol indicated as uplink by higher layer configuration

· The symbol indicated as flexible/downlink by SFI, and a number of symbols between a last symbol of a control resource set where the UE detects the SFI and the symbol is smaller than the PUSCH preparation time N2 for the corresponding PUSCH timing capability
Proposal 4: For both Type 1 and Type 2 configured grant, if the serving cell is not SFI applicable,

· For slot-based TO configuration, the TO including a symbol indicated as downlink by higher layer parameters shall be dropped by the UE

· For mini-slot-based TO configuration, the TO can be located in any symbol indicated as uplink or flexible by higher layer parameters
Proposal 5: For both Type 1 and Type 2 configured grant, if the serving cell is SFI applicable,

· For slot-based TO configuration, the TO shall be dropped in any of the following cases
· Case 1: The TO includes a symbol indicated as downlink by higher layer parameters
· Case 2: The TO includes a symbol indicated as flexible/downlink by SFI, and a number of symbols between a last symbol of a control resource set where the UE detects the SFI and the symbol is larger than or equals to the PUSCH preparation time N2 for the corresponding PUSCH timing capability
· For mini-slot-based TO configuration, the TO can be located in any of the following symbols
· The symbol indicated as uplink by higher layer configuration
· The symbol indicated as flexible/downlink by SFI, and a number of symbols between a last symbol of a control resource set where the UE detects the SFI and the symbol is smaller than the PUSCH preparation time N2 for the corresponding PUSCH timing capability

3 On VRB-to-PRB mapping for Type 1 configured grant
As specified in subclause 6.3.1.7 of TS 38.211 [5], for CP-OFDM, when resource allocation type 1 is applied, virtual resource blocks (VRB) shall be mapped to physical resource blocks (PRB) according to the indicated mapping scheme, non-interleaved or interleaved mapping. For Type 2 configured grant, the mapping scheme is indicated by DCI for activation. While for Type 1 configured grant, to minimize the specification work and to avoid further signaling, we propose to use only interleaved scheme for VRB to PRB mapping in this case.

Proposal 6: For Type 1 configured grant, when CP-OFDM is configured and resource allocation type 1 is applied, only interleaved scheme is used for VRB-to-PRB mapping.
4 On collision handling and repetition counting
This section discusses the UE behavior when the UL transmission with Configured grant is colliding with other UL transmissions, including UCI on PUCCH or PUSCH, and SRS. 
4.1 On UCI over PUCCH/PUSCH

In GF transmission, the UE always knows where the GF resources are located as the GF resources are semi-statically configured by higher layer. In this case, when the UE has UCI to transmit, the UE is aware of whether the PUCCH resource is (partially) overlapped with the GF PUSCH resource. As GF PUSCH is to carry the services which have high requirements on both latency and reliability, e.g., URLLC service, it should have higher priority than the measurement reporting that facilitate other data transmissions. In case when collision happens, to guarantee a robust and low-latency uplink data transmission to meet the service requirements, the UE behaviors on how to deal with the transmission of the GF PUSCH and the UCI should be carefully defined. 
On one hand, if the transmission of SR collides with the GF transmission on the configured TOs, it should be dropped since the GF transmission can serve the same purpose besides the data transmission. In this case, the gNB can avoid duplicated blind detections in two regions. BSR, if needed, can also be sent as part of MAC CE in the GF transmission to indicate the upcoming traffic, which can be left as UE implementation choice. 
On the other hand, for HARQ ACK/NACK feedback and CSI report, it is agreed that the UCI can be piggybacked on GF PUSCH when the PUCCH resource has a same starting symbol and time duration with the GF PUSCH resource. However, as UCI piggyback will degrade the performance of the PUSCH transmission, it is not good to always piggyback the UCI on the GF PUSCH which carries the URLLC service. To this end, some rules are proposed for the UE to determine whether and also how to piggyback the UCI on the GF PUSCH in [7], and more details can be found there.   
Proposal 7: In case the SR transmission collides with the GF PUSCH transmission, the UE should drop the SR and perform the GF PUSCH transmission. 
4.2 On SRS

Similar rules can be applied to handle the potential collision of SRS transmission and GF transmission of the same UE at the same time. Specifically, type 1 SRS triggered by DCI shall have higher priority than the GF transmission if they collide, while type 0 SRS triggered by higher layer signaling for SP-SRS or P-SRS can be dropped if overlapped with GF transmission.
Proposal 8: In case the SRS transmission collides with the GF PUSCH transmission, 

· The UE performs the GF PUSCH transmission and drops the trigger type 0 SRS transmission

· The UE performs the trigger type 1 SRS transmission and drops the GF PUSCH transmission 
4.3 On repetition counting
When UE is configured with UL Configured grant, how to count the repetitions on the configured TOs needs further discussion, especially where the UE needs to drop the repetition on the configured TO and prioritize the other UL transmissions.
In the case a repetition on a configured TO needs to be dropped due to collision with other higher priority UL transmissions, there are two options for counting the repetitions.
· Option 1: to drop the repetition on the TO but still count it as one repetition of the total maximum K repetitions. This option requires least specification work.
· Option 2: to drop the repetition on the TO and do not count it as one repetition of the total maximum K repetitions if there is extra UL resource available to postpone the TO within the same period after the K originally configured TOs. The dropped repetition is counted only when there is no extra UL resource to postpone a TO within the same period. This option requires more specification work but it improves the reliability of the repetitions, which can be considered in the next phase of NR.
Proposal 9: When a transmission occasion for the configured grant with repetitions is canceled due to, e.g.,  the (partial) overlapping with uplink transmission of higher priorities (e.g., GB-PUSCH or trigger type 1 SRS), it is still counted as one of the total maximum K repetitions within a period.
5 Conclusions 
In this contribution, we discuss the remaining issues on UL GF. Proposals are summarized below. Corresponding text proposals are in [1].
Proposal 1: For both Type 1 and Type 2 configured grant with repetition number K>1, the K TOs within a period of P can be configured in the following

· For slot-based configuration

· K TOs are allocated in the first K slots within the period with one TO allocated in one slot

· The location of the TO in a slot is indicated by the start and length indication SLIV obtained from the time-domain resource allocation parameter
· For mini-slot-based configuration

· The first TO is allocated in the first L consecutive available symbols within the period; for other TOs, each of them is allocated in the next first L consecutive available symbols after the previous TO

· The TO does not cross a slot boundary
Proposal 2: For both Type 1 and Type 2 configured grant with repetition number K>1, the configuration of the K TOs within a period of P can be either slot-based or mini-slot based, which can be (implicitly) indicated by

· Configured periodicity value, .e.g., P<=1ms as mini-slot based; otherwise as slot based

· Others: FFS

Proposal 3: When a DCI scrambled by CS-RNTI and carrying a same HARQ ID as the one used in the GF repetitions of a TB is detected by a UE during/after the repetitions 

· If the NDI bit is 1, for both Type 1 and Type 2 configured grant, the UE shall terminate the repetitions and follow the DCI to generate a scheduled retransmission of X (X<K: FFS) repetitions.
· If the NDI bit is 0, for configured grant Type 1, the UE will behave as one of the following

· Take it as an ACK, or 

· Ignore it without any action
Proposal 4: For both Type 1 and Type 2 configured grant, if the serving cell is not SFI applicable,

· For slot-based TO configuration, the TO including a symbol indicated as downlink by higher layer parameters shall be dropped by the UE

· For mini-slot-based TO configuration, the TO can be located in any symbol indicated as uplink or flexible by higher layer parameters
Proposal 5: For both Type 1 and Type 2 configured grant, if the serving cell is SFI applicable,

· For slot-based TO configuration, the TO shall be dropped in any of the following cases

· Case 1: The TO includes a symbol indicated as downlink by higher layer parameters

· Case 2: The TO includes a symbol indicated as flexible/downlink by SFI, and a number of symbols between a last symbol of a control resource set where the UE detects the SFI and the symbol is larger than or equals to the PUSCH preparation time N2 for the corresponding PUSCH timing capability
· For mini-slot-based TO configuration, the TO can be located in any of the following symbols
· The symbol indicated as uplink by higher layer configuration

· The symbol indicated as flexible/downlink by SFI, and a number of symbols between a last symbol of a control resource set where the UE detects the SFI and the symbol is smaller than the PUSCH preparation time N2 for the corresponding PUSCH timing capability

Proposal 6: For Type 1 configured grant, when CP-OFDM is configured and resource allocation type 1 is applied, only interleaved scheme is used for VRB-to-PRB mapping.
Proposal 7: In case the SR transmission collides with the GF PUSCH transmission, the UE should drop the SR and perform the GF PUSCH transmission. 
Proposal 8: In case the SRS transmission collides with the GF PUSCH transmission, 

· The UE performs the GF PUSCH transmission and drops the trigger type 0 SRS transmission

· The UE performs the trigger type 1 SRS transmission and drops the GF PUSCH transmission 

Proposal 9: When a transmission occasion for the configured grant with repetitions is canceled due to, e.g.,  the (partial) overlapping with uplink transmission of higher priorities (e.g., GB-PUSCH or trigger type 1 SRS), it is still counted as one of the total maximum K repetitions within a period.
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