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Introduction
In this contribution, we provide our views on the design of UL data transmission procedure. We separate remaining issues into two part, common issue on with/without grant and specific issues on without grant. For common part, we focus on how to perform non-slot repetition and frequency hopping for msg3. For the other part, we propose method for handling SFI, SRS collision and UCI piggyback with configured grant.
Common issues on UL data transmission with/without grant
In RAN1-NR#1709, RAN1#91 and RAN1-NR#1801 meeting [1-3], followings are agreed relevant to UL transmission procedure with/without grant:
	Agreements:
For grant-based DL or UL, transmissions where a TB spans multiple slots or mini-slots can be composed of repetitions of the TB
· The repetitions follow an RV sequence 
· FFS how the sequence is defined in specification
· FFS if there is one repetition of the TB per slot in the case of repetitions using mini-slots
· FFS for grant-based DL or UL transmissions, if a TB can span multiple slots without repetitions

Agreements:
For grant-free UL transmission, the UE is not expected to be configured with the time duration for the transmission of K repetitions larger than the time duration derived by the periodicity P. 

Agreements:
For PUSCH
PUSCH mapping type A:
· Starting symbol is symbol index #0 in a slot.
· Length of the PUSCH is at least Y symbols, up to 14 symbols
· FFS the value of Y
PUSCH mapping type B (All 105 combinations)
· Length of the PUSCH can be 2 through 14 symbols, and with 1 symbol as a working assumption
· Starting symbol can be any position within a slot, such that slot boundary is not crossed.
Agreements:
In case of slot-aggregation is configured
· the same symbol allocation is used across slots in UL
· Note: this aligns with the DL case
· the TB is repeated across the slots
· Discuss further offline the RV order for the DL/UL transmission (scheduled by DCI) spanning multiple slots (also checking the existing agreements made in the coding session)
In case of slot-aggregation is configured, the configuration is limited to rank 1 only for both DL and UL




1.1. Issues on non-slot PUSCH repetitions 
In current specification, slot-based scheduled PUSCH with slot aggregation is repeated on the same resource in each slot over multiple slots. Though it is not easy to differentiate slot vs. non-slot PUSCH, applying the same repetition behaviour to non-slot PUSCH can be very inefficient, particularly, for URLLC transmissions. 
As shown in the above, repetitions have been agreed for both slot and non-slot based transmissions with grant. For non-slot based transmission, it is not desirable to apply the same repetition behaviour of slot-aggregation in terms of latency. In general, we propose different repetition behaviour for non-slot based transmission as in below. We further discuss how to distinguish between slot and non-slot based transmission in Section 2.1.4. 
For non-slot repetition/aggregation, the overall principle is to ‘repeat’ the same duration in consecutive OFDM symbols in a slot. If there is no obstacles, a resource can be repeated easily as back-to-back transmission. However, In NR, available uplink resource is determined by dynamic SFI and DL/UL assignment. Since it would make invalid resources for uplink, it is necessary to define how to handle this. Meanwhile, the frame structure, i.e., slot boundary, can be obstacles to repetitions. In system perspective, slot-based scheduled UE also can be obstacles. To utilize whole uplink resources without collision, slot and non-slot repetition should consider each other. 
For efficient discussion, we define possible UE behaviour with the following definition:
· TO (transmission occasion): the time domain resource allocation of one repetition in an aggregation with factor K where the aggregated transmission occasions start in resources configured by the offset and the period. In other word, it defines transmission duration for a repetition. 
· In each TO, if the resource is invalid, the transmission mapped to the TO can be skipped or postponed. 
· Regardless of whether the UE has actually transmitted or not, a repetition is counted
· In determining TO and mapping repetitions to TOs, we can consider following options in invalid resource as follows:
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Figure 1 possible UE behaviour toward invalid resource
The trade-offs between those options are as follows:
· Option 1: TO determination and repetition mapping is deterministic regardless of invalid resources. Drawback of Option 1 is that the number of repetitions may not be guaranteed depending on invalid resource. 
· Option 2: Option 2 is similar to Option 1. However, repetition mapping can be changed by invalid resources. It has benefit to keep an order of RV sequence from cancelled resource. 
· Option 3: TOs are determined by UE so that they shall be in valid resource. This will guarantee the number of repetitions, yet, in case of SFI missing, there is ambiguity between UE and gNB. Also, it is hard to guarantee having enough valid resource for K transmission occasion.
1.1.1. SFI handling for non-slot repetition
In NR, available uplink resource is determined by dynamic SFI and DL/UL assignment. For successful reception of UL data transmission at gNB side, gNB and UE should have same expectation of TO and transmission. For semi-static DL/UL assignment, UE and gNB would get same slot formats without any discrepancy. To guarantee the number of repetitions, we can adopt Option 3 for invalid resource by semi-static DL/UL configuration. However, this may lead ‘different’ TO occurrences among UEs. Thus, it can be also considered to create TO regardless dynamic and semi-static SFI information. In that case, repetition can be mapped only to UL or flexible resource for keeping RV sequence as long as possible
Proposal 1: In determining TO with semi-static DL/UL configuration,
· Option 1: Transmission occasions is created at only on flexible and uplink resources by semi-static DL/UL assignment. 
· Option 2: Transmission occasions is created regardless of invalid resources by semi-static DL/UL assignment.
· A repetition is mapped to transmission occasion only on flexible and uplink resources by semi-static DL/UL assignment.
Unless TO is also skipped for non-UL resource by dynamic SFI, it is possible that TO(s) is present in non-UL resources. Handling UE behaviour on conflict between non-slot repetition and non-UL resource, we can consider the following approaches to be aligned with SFI decisions.
· For UL-grant based non-slot repetition, a UE considers this case as an error case. It’s not expected to be indicated as ‘non-UL resource’ during the non-slot repetition. 
· For type1/2 based non-slot repetition: a UE drops transmission on the non-UL resource (i.e., SFI cancels the UL configuration). The number of repetition is counted regardless of actual transmission. 
Proposal 2: The behaviour of non-slot repetition follows SFI decision between PUSCH and SFI. 
1.1.2.  Slot boundary handling for non-slot repetitions
In the last meeting, it had been agreed not to allow a TB transmission across slot boundary. In creating TOs over slot boundary, we can consider the following options. 
· Option 1 is to create TO starting from 1st symbol in next slot. This however may count ‘fixed DL’ as potential TOs. 
· Option 2 is to create TO starting from 1st flexible or fixed UL symbol in next slot. This would exclude fixed DL from counting TOs. 
· Option 3 is to create TO starting from the same starting OFDM symbol of current slot for TO creation in the next slot as well. In other words, this reuses time-domain resource allocation of configured grant at next slot. As a result of this, UE shall use same symbol as long as possible for each slot. Considering slot-level repetitions of other UE, the last option has benefit in terms of resource utilization. 
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Figure 2 possible options to choose postpone resource
Proposal 3: TO is not created across slot boundary. TOs can be created over multiple slots. It is FFS whether the same set of resources in each slot is used or different set of resources can be used (i.e., FFS between Option 2 and 3)
Alternatively, we can design another way to repeat a resource allocation not to cross slot boundary. By restricting start symbol and duration and using specific interval for repetitions, we can prevent TO from crossing slot boundary. In other words, this approach is to assume ‘sub-slot’ similar to sTTI structure as in LTE. For example, 2 OS sub-slot structure (e.g., 7 of 2 OS sub-slots in a slot) and 7 OS sub-slot structure (e.g., 2 of 7 OS sub-slots in a slot) can be considered where there is one transmission occasion in a sub-slot. To determine sub-slot size, based on time-domain duration, the smallest sub-slot covering the configured time-domain resource can be selected. For example, if OFDM symbol 0-1 is configured, 2 OS sub-slot can be assumed, and if OFDM symbol 0-3 is configured, 7 OS sub-slot can be assumed.
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Figure 3 an example of proposed non-slot TDRA for repetitions

Proposal 4: For non-slot scheduling with slot aggregation/repetitions, 
· 1 and 2 symbol non-slot scheduling can be repeated with 2 symbol periodicity 
· Time-domain resource allocation should be in [2N-1th symbol, 2Nth symbol] when N=1, 2, …, 7
· 4 and 7 symbol non-slot scheduling can be repeated with 7 symbol periodicity 
· Time-domain resource allocation should be in [1st symbol, 7th symbol] or [8th symbol, 14th symbol]

1.1.3.  The number of non-slot/slot repetition
In the previous meeting, it was agreed to have a common table for time-domain resource covering slot and non-slot based scheduling. Further, it has been agreed to have a semi-statically configured repetition number or multi-slot number in case of multi-slot transmissions. There is remaining thing that need to be clarified for multi-slot and multi-non-slot transmissions for both PUSCH with and without UL grant. 
Repetition number for slot-based PUSCH and non-slot-based PUSCH: currently, it is not clear whether a separate number of repetition number can be configured per each case. For example, type1/2 resource can be configured with different number of repetition compared to the multi-slot case. However, when retransmission of PUSCH is used for the initial type1/2 resource, there is no explicit parameter which can be used other than the number of slots for multi-slot transmission. However, QoS can be different between slot-based PUSCH and non-slot-based PUSCH, and also required repetition can be different depending on PUSCH duration. In this sense, at least, separate number of repetitions should be available for slot-based and non-slot-based PUSCH by explicit RRC configuration. Alternatively, repetition for retransmission corresponding to type1/2 transmission may follow configuration of type1/2 resource instead of multi-slot configuration. In general, given different QoS requirements and PUSCH duration, it is desirable to configure separate repetition number for slot-based and non-slot based PUSCH.
Proposal 5: Number of repetition used for non-slot based PUSCH is configured separately from multi-slot aggregation factor. 

1.1.4.  How to differentiate non-slot scheduling vs. slot scheduling
As discussed, we propose ‘consecutive’ repetition in case of non-slot repetition. Given there is no easy distinction between slot and non-slot, we propose the following options to be considered to differentiate repetition behaviour. 
· Option 1: Grant-based PUSCH follows repetition behaviour of slot-aggregation vs. type1/2 PUSCH follows repetition behaviour of non-slot repetition. 
· Option 1-1: For type1/2, different repetition behaviour can be considered depending on periodicity (e.g., periodicity is larger than a slot, follow slot aggregation behaviour, otherwise, follow non-slot repetition behaviour)
· Option 1-2: If PDCCH/USS interval or periodicity of configured grant is less than a slot, UE treats time-domain resource allocation in the grant associated with that as non-slot repetition behavior. Otherwise, it is assumed slot-aggregation behavior.
· Option 2: Adding 1 bit in time-domain resource allocation table to indicate which repetition behaviour to follow. 
· Option 3: Use ‘remained’ time-domain entries for non-slot repetition cases. To minimize specification effort, it can be preferred to reuse SLIV which indicates start symbol and length. The size of SLIV is 7 bits to indicate all possible 105 combination of start and length. As a result, SLIV has a room to indicate another 23 time-domain resource allocations. Therefore, we can those bit representation to indicate non-slot scheduling with non-slot repetition behaviour. In this case, we have to choose useful combinations of start symbol and length for non-slot scheduling since the entries aren’t enough to indicate all of them. Similarly, it can be considered to pre-define some combinations of start symbol, length and PUSCH mapping type. 
Proposal 6: A mechanism to differentiate repetition behaviour is FFS. At least consider the following options:
· Option 1: Remaining indices of SLIV is treated as non-slot scheduling with non-slot repetition behaviour
· Option 2: Implicit behaviour defined between grant-based vs. configured PUSCH. 
· Option 3: Adding one column to the table for time-domain resource allocation in order to indicate the repetition behaviour.

1.2. Remaining issues on frequency hopping
Another issue of frequency hopping is handling invalid cases. Since the set of frequency hopping offsets is semi-statically configured, it is hard for gNB to always indicate proper frequency hopping offset. Figure 4 show an example of possible problem. In the case of a certain frequency hopping offset (, where n is the number of assigned RB), hopped uplink resource crosses BWP boundary. One of the simplest solution is not to allow the resource allocation like this. However, considering complicated network structure, it would highly restrict a usability of PUSCH frequency hopping. Alternatively, UE can rate-match or puncture the resource exceeding BWP boundary. In this case, gNB would choose frequency hopping offset with relaxed restriction. 
Proposal 7: For PUSCH frequency hopping, if hopped PUSCH resources are crossing BWP boundary, UE can rate-match or puncture a resource exceeding BWP boundary. 
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Figure 4 possible problem of frequency hopping with semi-static offset

Issues on UL data transmission without grant
In email discussions after RAN1#91, followings are agreed relevant to UL data transmission without grant:
	Agreements:
For UL transmission without UL grant, 
· The n-th transmission occasion of a K repetitions is associated with the (mod(n-1,4)+1)-th value in the configured RV sequence {RV1, RV2, RV3, RV4}, where n=1, 2, …, K.
· For RV sequence {0, 2, 3, 1}, 
· The initial transmission of a TB shall start at the first transmission occasion of the K repetitions.
· For RV sequence {0, 3, 0, 3}, 
· The initial transmission of a TB can start at any of the transmission occasions of the K repetitions that are associated with RV=0.
· (working assumption) For RV sequence {0, 0, 0, 0}, 
· The initial transmission of a TB can start at any of the transmission occasions of the K repetitions when K=1, 2 or 4;
· The initial transmission of a TB can start at any of the transmission occasions of the K repetitions, except the last transmission occasion when K=8.
· For any RV sequence, repetition end at the last transmission occasion within the period P.
· Note: The transmission occasion (TO) refers to the time domain resource allocation of one repetition in an aggregation with factor K where the aggregated transmission occasions start in resources configured by the offset and the period.
· FFS: interaction with SFI




1.3. SRS collision handling for UL data transmission without grant
According to specification of SRS transmission, UE may be configured with SRS not to overlapping PUSCH transmission. The overlap can be avoided by dynamic UL grant with dynamic time-domain RA. On the other hand, avoiding overlapping between type1/2 resources and SRS based on configuration only can be very inefficient as it will restrict configuration on both UL resources and SRS where both configurations are periodic configurations. In this sense, it is proposed to allow overlapped configuration between type1/2 resources and SRS. In case collision occurs, it is necessary to define the priority between two. Since SRS resources can be shared among multiple UEs, it is better if type1/2 resource can be skipped on the overlapped resource. If type1/2 transmission is de-prioritized, it needs to be clarified whether the entire transmission is dropped or only partially dropped on the overlapped OFDM symbols. Considering DM-RS mapping, hopping, etc., it is simpler if the entire transmission is dropped if it is overlapped with SRS resources either partially or fully. Considering that the information is known by semi-static configuration, the resource can be excluded from ‘transmission occasion’ such that the UE can ‘postpone’ its transmission on such overlapping resources.
Furthermore, SRS transmission/configuration of a UE are invisible in perspective of other UE. To keep SRS transmission of other UE, it also can be considered for UE using type 1/2 resource to rate-match possible SRS resource.
Proposal 8: When PUSCH scheduling and SRS opportunity are in same slot, 
· SRS resource can overlap with type 1/2 PUSCH resource 
· In the overlapped resource, 
· Considering SRS resources are shared among multiple UEs, the overlapping resources are considered as invalid from type1/2 perspective similar to semi-static UL/DL configuration
· UE postpones (if initial or repetition =1) or skip (o.w.) type1/2 transmission in the invalid resource including overlapping resource with SRS. 
· FFS: UE can be configured to rate-match last K symbol in a slot for protecting a transmission of other UE
1.4. UCI piggybacking on UL data transmission without grant
“uci-on-PUSCH” parameter is agreed for UL data transmission without grant in previous meetings. However, it is not determined which UCI can be piggybacked on UL data transmission without grant. Considering importance of certain UCI like HARQ-ACK feedbacks, piggybacking HARQ-ACK may be useful even on PUSCH without grant. However, since UL data transmission is mainly used for URLLC, it may have restricted resources as well as risk of collision. If UL data transmission without grant supports UCI piggybacking, considering relatively small resource sizes and QoS requirements of type1/2 resources, we can consider the following optimizations different from UCI piggybacking on UL grant based PUSCH: 
Proposal 9: If UL data transmission without grant supports UCI piggyback, 
· In case a UE does not transmit type1/2, transmission of UCI only via type1/2 resource is not supported.
· Only HARQ-ACK feedbacks can be piggybacked on type1/2 resource whereas CSI is dropped. 
· To minimize piggybacking on type1/2 resource, if the UE has multiple PUSCH transmissions for possible piggybacking in the same slot, select PUSCH based on UL grant with higher priority for the piggybacking

1.5. SFI handling for initial transmission by configured grant 
UE using configured grant can start initial transmission only at some transmission occasion defined in the agreement. The intention of this is to guarantee transmission of self-decodable RV and keep the number of repetitions enough. Those initial TOs, i.e., transmission occasions associated with initial transmission, are important to start UL data transmission with configured grant. To keep our intention on initial TO, when all of initial TO is dropped, it can be beneficial for UE to postpone entire repetition to next initial TO. For example, if first TO with RV sequence {0, 2, 3, 1} is dropped, then the entire repetition can be postponed to next available initial TO. Alternatively, to keep initial TO valid, UE can treats initial TOs as semi-statically configured UL resources. 
Proposal 10: For type1/2 PUSCH resource with repetition number K > 1 with RV sequence {0, 2, 3, 1}, 
· A UE can start initial transmission at the first transmission occasion as long as the resource is valid. Otherwise, the entire repetitions are dropped. 
· FFS: UE is not expected that SFI will overwrite the resources mapped to initial transmission occasion.
For RV sequence of {0, 0, 0, 0} and {0, 3, 0, 3}, though UE can start PUSCH transmission without grant, remaining resource cannot be sufficient to configured number of repetitions K by cancelling from invalid resources. When the number of resources for repetition is not sufficient to reliable transmission, the UL transmission with configured grant may be vulnerable and wasteful. To avoid unnecessary transmission, it can be consider for UE to drop all of transmission occasions in a periodicity if the number of valid transmission in a periodicity is smaller than a certain number (e.g. K/2). In other word, gNB would configure larger number of repetitions to UE than it requires to prepare for dynamic SFI cancelling. 
Proposal 11: For type1/2 PUSCH resource with repetition number K > 1 with RV sequence {0, 0, 0, 0} or {0, 3, 0, 3}, initial transmission can start in any of the valid transmission occasion without postponing the last transmission occasion as long as the number of transmitted repetitions can exceed X.  
· FFS: X = K/2, K is configured number of repetitions
Conclusion
In this contribution, we discuss remaining issues on UL transmission with/without grant. Our proposals are as follows:
Proposal 1: In determining TO with semi-static DL/UL configuration,
· Option 1: Transmission occasions is created at only on flexible and uplink resources by semi-static DL/UL assignment. 
· Option 2: Transmission occasions is created regardless of invalid resources by semi-static DL/UL assignment.
· A repetition is mapped to transmission occasion only on flexible and uplink resources by semi-static DL/UL assignment.
Proposal 2: The behaviour of non-slot repetition follows SFI decision between PUSCH and SFI. 
Proposal 3: TO is not created across slot boundary. TOs can be created over multiple slots. It is FFS whether the same set of resources in each slot is used or different set of resources can be used (i.e., FFS between Option 2 and 3)
Proposal 4: For non-slot scheduling with slot aggregation/repetitions, 
· 1 and 2 symbol non-slot scheduling can be repeated with 2 symbol periodicity 
· Time-domain resource allocation should be in [2N-1th symbol, 2Nth symbol] when N=1, 2, …, 7
· 4 and 7 symbol non-slot scheduling can be repeated with 7 symbol periodicity 
· Time-domain resource allocation should be in [1st symbol, 7th symbol] or [8th symbol, 14th symbol]
Proposal 5: Number of repetition used for non-slot based PUSCH is configured separately from multi-slot aggregation factor. 
Proposal 6: A mechanism to differentiate repetition behaviour is FFS. At least consider the following options:
· Option 1: Remaining indices of SLIV is treated as non-slot scheduling with non-slot repetition behavior
· Option 2: Implicit behaviour defined between grant-based vs configured PUSCH. 
· Option 3: Adding one column to the table for time-domain resource allocation in order to indicate the repetition behaviour.
Proposal 7: For PUSCH frequency hopping, if hopped PUSCH resources are crossing BWP boundary, UE can rate-match or puncture a resource exceeding BWP boundary. 
Proposal 8: When PUSCH scheduling and SRS opportunity are in same slot, 
· SRS resource can overlap with type 1/2 PUSCH resource 
· In the overlapped resource, 
· Considering SRS resources are shared among multiple UEs, the overlapping resources are considered as invalid from type1/2 perspective similar to semi-static UL/DL configuration
· UE postpones (if initial or repetition =1) or skip (o.w.) type1/2 transmission in the invalid resource including overlapping resource with SRS. 
· FFS: UE can be configured to rate-match last K symbol in a slot for protecting a transmission of other UE
Proposal 9: If UL data transmission without grant supports UCI piggyback, 
· In case a UE does not transmit type1/2, transmission of UCI only via type1/2 resource is not supported.
· Only HARQ-ACK feedbacks can be piggybacked on type1/2 resource whereas CSI is dropped. 
· To minimize piggybacking on type1/2 resource, if the UE has multiple PUSCH transmissions for possible piggybacking in the same slot, select PUSCH based on UL grant with higher priority for the piggybacking
Proposal 10: For type1/2 PUSCH resource with repetition number K > 1 with RV sequence {0, 2, 3, 1}, 
· A UE can start initial transmission at the first transmission occasion as long as the resource is valid. Otherwise, the entire repetitions are dropped. 
· FFS: UE is not expected that SFI will overwrite the resources mapped to initial transmission occasion.
Proposal 11: For type1/2 PUSCH resource with repetition number K > 1 with RV sequence {0, 0, 0, 0} or {0, 3, 0, 3}, initial transmission can start in any of the valid transmission occasion without postponing the last transmission occasion as long as the number of transmitted repetitions can exceed X.  
· FFS: X = K/2, K is configured number of repetitions
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