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Introduction
Several agreements were reached during the RAN1 #90bis meeting and subsequent email discussions regarding UL transmission with and without grant as described in [1][2][3]. This contribution discusses several remaining open issues, some of which were summarized in [2][3].  
Frequency hopping for PUSCH
In the 90b-NR-33 email discussion [2], the following agreements were reached: 
Agreements:
1. Support PUSCH frequency-hopping for DFT-s-OFDM and CP-OFDM waveform with RA Type 1. 
0. At least support intra-slot FH for Msg.3.   
0. FFS: details including hopping pattern/configurations, signaling designs, etc.
0. FFS whether applicable to all PUSCH durations within a slot 
0. FFS: whether to support repetition of Msg.3
1. Support UE-specific RRC configuration of the following: 
1. Mode 1: intra-slot FH only 
0. FFS whether applicable to all PUSCH durations within a slot
0. Note: Mode 1 is applicable to single slot and repetition case
1. Mode 2: inter-slot only 
1. Note:  Mode 2 is applicable to repetition case
1. FH across mini-slots for repetitions 
2. FFS: whether it can be enabled by which mode and details, including alignment with slot boundary, pattern etc. Target to have a common FH design between slot and mini-slot.
1. FFS: details including the number of configurations, hopping pattern/configurations, signaling designs, etc.
1. Support RAR/UL grant indication for PUSCH frequency-hopping 
2. FFS: details including how to indicate enable/disable and pattern/mode of FH.

For PUSCH hopping, generally intra-slot hopping is more popular than inter-slot hopping. Inter-slot hopping is only applicable in multi-slot transmission or multiple repetition case of UL grant-free transmission. In case of intra-slot hopping, hopping pattern should address two new requirements from NR prospective, where the first one is different durations of PUSCH, and the second is how to multiplex UEs with different BWPs. Considering dynamic resource allocation, DCI indication is needed in addition to RRC configuration. For different PUSCH duration, it can reuse PUCCH hopping design, in which hopping boundary is located in the middle of one PUCCH duration though details are not specified. Similar as PUCCH hopping, DMRS location should be carefully designed to guarantee the performance of channel estimation. For the multiplexing of different UE with different BWP, one simple method is to define multiple hopping distances for dynamic selection to avoid resource fragmentation or resource collision. Based on the first hopping location and BWP of UEs, gNB needs to adjust different hopping distance of different UE via DCI indication. In case of UE hopping pattern design, since the hopping is meaningful for RA type 1, then it is nature to support the second hop position is derived by the first hop and one hopping distance, like as LTE type 1 hopping mode. For the type 2 hopping of LTE, we don’t see the need to support it due to its complexity and unclear hopping gain over type 1 hopping.
Regarding inter-slot hopping, since hopping gain is limited, it is not expecting to configure intra-slot and inter-slot simultaneously. For UL grant-free transmission, the inter-slot hopping pattern should be configured by RRC signaling since no DCI indication for each slot is available. For multi-slot transmission case, the inter-slot hopping pattern can be using similar RRC signaling in order to have unified design. When mini-slot scheduling is used, supporting inter-mini-slot hopping can be considered. Regarding mini-slot hopping pattern configuration, generally same principle should be applied as normal inter-slot hopping. Only defining one hopping distance among the mini-slots may be sufficient. 
For the message 3 transmission of RACH, intra-slot hopping should be enough, since no agreement to support multiple slot transmission for message 3. In case of hopping indication for message 3, RAR can be used to carry the hopping indication of each user due to no DCI available for message 3 transmission.
Proposal 1: Support DCI to indicate hopping distance in order to allow multiplexing of multiple UE with different BWP.
Proposal 2: Reuse PUCCH hopping pattern in PUSCH hopping for variable PUSCH durations.
Proposal 3: Support RAR to indicate hopping distance of each UE for intra-slot hopping of message 3.   
Proposal 4: If mini-slot repetition in UL transmission is allowed, the inter-mini-slot hopping distance can be configured by RRC signaling.

Remaining details of UL transmission without grant
In this section we consider remaining details of the grant-free UL transmission. In the 90b-NR-34 email discussion [3], the following agreements were reached:
Working assumption:
· For UL transmission without UL grant, for a TB transmission with K repetitions 
–     The repetitions follow an RV sequence and it is configured by UE-specific RRC signalling to be one of the following: 
•     Sequence 1: {0, 2, 3, 1}
•     Sequence 2: {0, 3, 0, 3}
•     Sequence 3: {0, 0, 0, 0}
Agreements:
•        For UL transmission without UL grant, for each configuration 
–       The number of configured HARQ processes is explicitly configured by RRC    
–       Each configuration can have multiple HARQ processes 
•        The value range is {1, 2, …, M}, where M value is FFS
Agreements:
•      For Type 1 and Type 2 UL transmission without grant, RNTI(s) is/are configured by UE-specific RRC signaling.
–      Whether the same or different RNTI(s) for Type 1 and Type 2 can be decided by RAN2.
•     Within each type, an RNTI is configured by UE-specific RRC signaling at least for one resource configuration in a serving cell 
Agreements:
•        For UL transmission without UL grant, 
–       The HARQ ID for a TB should be the same during the repetitions and retransmissions if any.
–       The HARQ ID is at least determined by 
•        the number of HARQ processes in the configuration
•        the time-domain resource for the UL data transmission
•       FFS: other factors such as frequency-domain resource, DMRS, repetition K dependency on initial transmission.

How to configure the resource of initial transmission
In the email discussion, besides the above agreements, some remained issues need further study. The first issue discussed here is where UE can start UL transmission when configured resource.
For application scenarios of Type 1 UL transmission without grant, latency should be highlighted. Thus, UE should have the ability to start UL data transmission at the any available time-domain resources. Otherwise some UEs will have to wait for the arrival of next transmission opportunity, which may cause extra time delay. For services with very stringent latency requirement, this is not tolerable.
The extra latency caused by starting UL transmission from fixed resource position may be very large. For Type 1, to achieve a given latency, the UL transmission starting from predefined resources will cost average K/2 times resource of UL transmission starting from any available time-domain resources. When K is large, the extra latency caused by starting UL transmission from fixed resources is unacceptable.
Compared with starting UL transmission from fixed resources, one major drawback of starting UL transmission from any available time-domain resources is the increase of UE collision probability. Actually, it is up to the network to configure the UE number to share common resources. UE collision probability could be reduced by decreasing UE number for a shared resource. And UE collision probability could be zero by configuring a dedicated resource per UE. This could be an implementation issue. Compared with starting UL transmission from fixed resources, another major drawback of starting UL transmission from any available time-domain resources is the difficulty on RV index identification. If UE detection based on DMRS fails when more than one UE transmits at the same time, it is difficult for the gNB to determine when the UE started and what RV index is used. One solution to the RV ambiguity is to use different DMRS sequence for each repetition of K repetitions. Another solution is to use blind detection of RV index, or use same RV index during K repetitions which will be discussed in the following part.
Proposal 5: Upon arrival of UL data in the HARQ buffer of a grant-free HARQ process, a UE transmits K (K >= 1) repetitions starting from the next available grant-free time-domain resource.

Whether simultaneous transmission of Type 1 and Type 2 is supported
The second issue discussed here is whether simultaneous transmission of Type 1 and Type 2 is supported.
One UE should be allowed to support two or more different kinds of services simultaneously. All these difference kinds of services may have different requirements for its latency, resource allocation and etc.
The first kind of service may have the feature that traffic is sporadic and aperiodic. As an example, one use case is error alarm reporting. Arrival of UL data to a UE cannot be predicted by gNB. To meet the stringent latency requirement, gNB have to reserve or pre-allocate enough resources for the UE. Due to no prior information, Type 1 UL transmission without grant could be used for this kind of service.
The second kind of service may have the feature that traffic is stable and periodic. As an example, one use case is VoIP. Arrival of UL data to a UE can be predicted almost accurately by gNB. To avoid UE collision, gNB could pre-allocate dedicated resources for the UE. When this service is about to coming, dynamic DCI can be used to activate the resource. Type 2 UL transmission without grant could be used for this kind of service.
When above two services are to be supported for one UE, it is expecting to configure type 1 and type 2 simultaneously.
For each UE, if simultaneous Type 1 and Type 2 UL transmissions are configured, one set of RRC configuration signaling defined for Type 1 and another set of RRC configuration signaling plus activation/deactivation signaling defined for Type 2 are sent to UE simultaneously. In this case, one same RNTI could be used for the two types. To separate UL grant based retransmission, the configured resources of the two types should not overlap and the HARQ process ID of the two types should not be same. Another solution, without these limitations, is that UE is configured with separated RNTIs for each type.
Proposal 6: Simultaneous Type 1 and Type 2 UL transmission without grant should be supported in one carrier from UE perspective.

HARQ feedback consideration
The third issue discussed here is about HARQ feedback.
If gNB identifies a UE being in grant-free UL transmission and succeeds in data detection, the gNB may either feedback a UL grant to the UE to schedule a new UL transmission or not feedback. “Feedback a UL grant” means using UL grant to indicate detection successfully and to switch from grant-free transmission to grant-based transmission. For the case of “not feedback”, UE would not receive any feedback from gNB. In this case a timer is needed in UE side. When the timer expired, UE would assume the data transmitted successfully and flush its corresponding data buffer.
If gNB has identified a UE in the grant-free UL transmission but failed in data detection, the gNB may provide a UL grant to the UE to schedule a retransmission. The dedicated UL grant for scheduling retransmission should be supported. 
If gNB could not identify a UE in the grant-free UL transmission but the UE did perform UL transmission without grant, the gNB would not feedback anything and the UE would not retransmit the data packet. This would cause extraordinary latency. One major reason of this case is multiple user collision. The occurrence of this case should be avoided as much as possible.
Proposal 7: UL grant based retransmission for Type 1 and Type 2 UL transmission without grant should be supported.
Proposal 8: If no explicit HARQ-ACK/NACK specified, a UE assumes ACK if the UE does not receive any feedback when a timer expires.

RV during K repetitions
The fourth issue discussed here is about RV during K repetitions.
In order to get effective coding combination gain, different RV sequence performance for multiple transmissions has been studied in our companioned contribution [4]. 
In the UL grant-free transmission, one TB may be transmitted with several repetitions. If purely considering the performance, RV sequence {0, 2, 3, 1} would be one best option to achieve the IR combination gain. Meanwhile, for grant-free transmission, self-decodability and ambiguity in each transmission needs to be considered, because correct detection as early as possible can reduce the latency of transmission. If one transmission's detection is relying on another transmission confirmation, it is not desired. Based on this argument, RV sequence {0, 0, 0, 0}  or {0, 3, 0, 3}could be feasible due to its self-decodability. From gNB implementation prospective, more RV sequence options may provide more flexibility for gNB implementation. 
A tradeoff between decoding performance and self-decodable ability is needed. Based on the measured collision probability and other factors, gNB should have the flexibility to select one proper RV sequence. How to do selection is an implementation issue.
Proposal 9:  RV sequence during K repetitions of UL grant-free transmission should be configured by a UE-specific RRC signaling flexibly.

Time-domain resource allocation
The fifth issue discussed here is about time-domain resource allocation.
For time domain resource allocation with K repetitions, one choice is to use the same solution as multiple slot scheduling discussed in DL/UL resource allocation session. Furthermore, to reduce latency, it is necessary to support multiple mini-slot scheduling within a slot. Table based time-domain resource allocation for Type 1 and Type 2 UL transmission without grant could be used. Note that here consecutive resource(s) allocation for K repetitions are assumed. 
In order to not limit schedule flexibility to meet kinds of latency requirements, resource(s) for K repetitions other than the initial transmission should be allowed to configure separately. Configuring fixed consecutive resource(s) for K repetitions including the initial transmission will affect schedule flexibility and, may cause extra time delay for other UE or other services. Thus, in each resource configuration, the resource(s) for repetitions other than the initial transmission should be allocated flexibly, for example, firstly specifying one initial resource, and secondly defining one offset between two consecutive repetitions. That means for time-domain resource allocation with K repetitions, entries in the table for these allocations need further discussion.
Proposal 10: Tables for time-domain resource allocation in Type 1 and Type 2 UL transmission without grant should be further optimized by considering non-consecutive resource allocation.

Conclusion
This contribution discussed several remaining details for UL transmission with and without grant. The proposals below summarize the discussion in this paper:
Proposal 1: Support DCI to indicate hopping distance in order to allow multiplexing of multiple UE with different BWP.
Proposal 2: Reuse PUCCH hopping pattern in PUSCH hopping for variable PUSCH durations.
Proposal 3: Support RAR to indicate hopping distance of each UE for intra-slot hopping of message 3.   
Proposal 4: If mini-slot repetition in UL transmission is allowed, the inter-mini-slot hopping distance can be configured by RRC signaling.
Proposal 5: Upon arrival of UL data in the HARQ buffer of a grant-free HARQ process, a UE transmits K (K >= 1) repetitions starting from the next available grant-free time-domain resource.
Proposal 6: Simultaneous Type 1 and Type 2 UL transmission without grant should be supported in one carrier from UE perspective.
Proposal 7: UL grant based retransmission for Type 1 and Type 2 UL transmission without grant should be supported.
Proposal 8: If no explicit HARQ-ACK/NACK specified, a UE assumes ACK if the UE does not receive any feedback when a timer expires.
Proposal 9:  RV sequence during K repetitions of UL grant-free transmission should be configured by a UE-specific RRC signaling flexibly.
Proposal 10: Tables for time-domain resource allocation in Type 1 and Type 2 UL transmission without grant should be further optimized by considering non-consecutive resource allocation.
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