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1 Introduction

In RAN1 #90bis and email discussion, the following were agreed for UL transmission without grant

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.
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 signaling to be one of the following: 
· Sequence 1: {0, 2, 3, 1}

· Sequence 2: {0, 3, 0, 3}

· Sequence 3: {0, 0, 0, 0}

This contribution considers remaining aspects of procedures for UL transmission without grant. 
2 UL transmission without grant
2.1 Number of configurations for UL transmission without grant

In NR, it is possible that multiple service verticals could benefit from (or even require) UL transmission without grant support. For instance, URLLC may use frequent GF resources to reduce the UP latency, eMBB may require GF support for HD video streaming and VoIP, while mMTC may use GF for periodical reporting of various events. However, any benefit from support of GF for different service verticals should be assessed against alternative means of supporting multiple simultaneous GF configurations. For example, using NR SPS grant to cover both URLLC and VoIP by configuring short periodicity and then using LCP mechanism to allow transmission of VoIP packets when needed. Once gNB detects the UL transmission including BSR, the gNB should be able to know the UE’s traffic and can send the UL grant accordingly. Furthermore, if multiple configurations for a serving cell are supported, additional specification work (e.g. resource/HARQ ID determination, collision handling, etc) should be required. It is worth noticing that RAN2 already decided that multiple SPS (i.e. Type 2 UL transmission without grant) for the same cell will not be supported, which can apply equally for both Type 1 and Type 2 UL transmission without grant.
Proposal 1: Multiple configurations for a serving cell for a given Type of UL transmission without grant are not supported
2.2 Resource configuration of UL grant free
During offline discussion for UL grant free. There are two understandings on the definition of “a resource”, where one understanding is that, “a resource” is only for one transmission but the other understanding is that, “a resource” is used for the repetition of a TB. The essence is not how to define “a resource”, but what kind of configuration UL grant free transmission is needed. 

From our understanding, there UL grant free has several use cases. One of the motivations is reduce DL overhead and support UL traffic with periodicity, e.g., VoLTE traffic or some UL periodic report message. For this kind of use case, repetition is needed to improve the performance. Therefore, the resource configuration for UL grant free shall support a set of continuous resource (as for UL TTI bundling) with a periodicity, shown as Figure 1. 

Another important use case is URLLC traffic, which requires sending UL data as soon as possible, and in the meanwhile, the reliability needs to be ensured. In order to reduce the latency, it is better to allow UE find resource at any time. Several methods can achieve the goal. For example, multiple resources/multiple HARQ can be configured to a UE and the resource has different starting offset (shown as Figure 2). Therefore, from UE point of view, it can find a resource once UL data arrives. gNB shall have flexibility to configure any time/frequency resource based on its capability, the requirement of the traffic, as well as the traffic load of the cell. Another solution is that, the within one set of resource, UE allow to start from anywhere. This is an extreme case and can be configured by P = 1. Since repletion K might be larger than 1, the resource for each K repetition might be overlapped, shown as Figure 3. 

In general, from system design point of view, all the reasonable use cases shall be supported. It is better to use one configuration method to support all the scenarios by setting different value for each parameter.   
On the other hand, considering some UL resource may not be able to used (e.g., for TDD, SRS), the valid UL resource for each repetition shall be configured (e.g., by a bitmap or a small periodicity).   

Proposal 2: In resource configuration for UL grant free, the following parameters are provided:
· Resource allocation for one repetition, e.g., number of resource unit
· Periodicity of initial repetition, i.e., fixed starting position for transmission  
· Valid UL resource (FFS by bitmap and/or by an additional periodicity)
During offline discussion, in order to reduce gNB blind detection, there was a proposal to allow UE start to transmit from any resource, but fix the ending position. There is no much gain and if some RV used during the repetition is not self-decodable, it may result in longer latency, especially when the valid resource for each repetition is configured by an additional periodicity. Or when the periodicity of each set of resource is large and channel condition is not that good to be able to decode the transmission of early block, UE has to transmit on the next set of resource after periodicity P.   
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2.3 HARQ feedback
Grant based retransmission was agreed for a grant free initial transmission. It was also agreed that: 

· For UE configured with K repetitions for a TB transmission with/without grant, the UE can continue repetitions (FFS can be different RV versions, FFS different MCS) for the TB until one of the following conditions is met
· If an UL grant is successfully received for a slot/mini-slot for the same TB
· FFS: How to determine the grant is for the same TB
· FFS: An acknowledgement/indication of successful receiving of that TB from gNB
· The number of repetitions for that TB reaches K
· FFS: Whether it is possible to determine if the grant is for the same TB
· Note that this does not assume that UL grant is scheduled based on the slot whereas grant free allocation is based on mini-slot (vice versa)
· Note that other termination condition of repetition may apply

The most straightforward way is to use an UL grant to trigger a retransmission. If UE receives a UL grant for retransmission, UE will retransmit the corresponding HARQ process on the scheduled time/frequency resources. In order to early terminate the existing transmission so that UE can start a new transmission on the same HARQ process early, an “ACK” can be indicated to UE. Three options were agreed to be further studied in RAN 1 #90 meeting.   

For option 1, the UL grant can be used to provide an ACK or NACK.  At least for Type 2 grant free, if a UL grant with toggled NDI is received, a UE can transmit on the scheduled resource for a new UL transmission. The grant free resource for the corresponding HARQ process can be treated as inactive until a new DCI is received for re-activation. This is similar as LTE SPS procedure. However, for Type 1 grant free, since there is no L1 signaling for activation, some further considerations are needed.   In addition, if more UEs are configured to use grant free transmission, DL overhead may be an issue for option 1.  

For option 2, group-common DCI can be used to provide an early termination or trigger a retransmission within or after K repetition. It can reduce DL control overhead, especially when multiple UEs are configured with grant free resource. Compared with option 1, since there is no UL grant in the group-common DCI indicating “ACK”, UE can continue to use the grant free resource for a new transmission after receiving the group-common DCI indicating “ACK”. After K repetitions, UE can expect the same group-common DCI to indicate an ACK or NACK to trigger a retransmission or start a new transmission on the grant free resource. This group common-DCI can provide similar functionality of PHICH channel in LTE. However, it doesn’t need to reserve resource and reach the requirement performance for both miss detection rate and false alarm rate.  Moreover, there is no impact on UE complexity. 

For option 3, a timer is defined after K repetitions and when the timer is expired, UE assume ACK (option 3-1) or NACK (Option 3-2).  However, if UE missed the transmission of the “NACK” (option 3-1) or “ACK” (option 3-2), UE assumes “ACK” or “NACK” after the timer expired. In this case, gNB and UE have misunderstanding on if that TB is successfully decoded.  Especially for option 3-2, if UE retransmit the TB after assuming “NACK”, it will waste of UE power consumption and increase the interference to other UEs so that degrades the capacity of the cell.  

Considering the above analysis of pros/cons of the three options, it is proposed to adopt both option 1 and option 2, where option 1 can be used to switch to grant-based. That is, a UE will keep transmitting repetitions unless the UE receives a UL grant or an “ACK” indicated by a group-common DCI or reaches the configured number of K repetitions. After K repetitions, an indication of “ACK” either by group-common DCI or UL grant with toggled NDI is needed to allow the UE to start a new UL transmission. UL grant can be used to switch to grant-based UL transmission. If the UL grant indicates a new transmission, the UE can start a new transmission based on the UL grant. If the UL grant indicates retransmission, the UE performs the retransmission based on the UL grant. The UE can start a new transmission on the grant-free resource after receiving a DCI for re-activation for type 2 grant-free. For type 1 grant-free without L1 signaling for (re)activation, the UE can continue to use grant-free resource for new transmission after receiving an “ACK” in the UL grant or group-common DCI for the corresponding HARQ process. 

Proposal 3: The UL grant and group-common DCI can be used to provide an ACK or NACK for grant-free UL transmission, where the UL grant can be used to switch to grant-based UL transmission. 

2.4 RV for repetition
RV cycling can provide 1-2dB gain based on the evaluation in channel coding discussion. Therefore, support RV cycling can improve the performance. Considering the use case of high reliability, support RV cycling, e.g. Sequence 1: {0,2,3,1}, during repetition is necessary. For self-decodability, Sequence 3;{0,0,0,0} is also necessary. In addition to {0,0,0,0} and {0,2,3,1}, another RV sequence {0,3,0,3} has been proposed because each transmission is self-decodable while achieving part of IR gain. However, it is not clear how much additional gain can be achieved by RV sequence {0,3,0,3} compared with RV sequence {0,0,0,0} or {0,2,3,1}. It is quite obvious IR gain from {0,2,3,1} is much higher than {0,3,0,3} unless the gNB miss the first transmission of repetition. If first transmission with RV 0 is missed, the next RV3 will have poorer performance than RV0. 

Proposal 4: For UL transmission without UL grant, for a TB transmission with K repetitions, RV sequence 2 ({0,3,0,3}) should not be supported.
3 Conclusions 

This contribution considers aspects of UL transmission without grant and proposes the following based on the discussion.

Proposal 1: Multiple configurations for a serving cell for a given Type of UL transmission without grant are not supported
Proposal 2: In resource configuration for UL grant free, the following parameters are provided:

· Resource allocation for one repetition, e.g., number of resource unit

· Periodicity of initial repetition, i.e., fixed starting position for transmission  

· Valid UL resource (FFS by bitmap and/or by an additional periodicity)
Proposal 3: The UL grant and group-common DCI can be used to provide an ACK or NACK for grant-free UL transmission, where the UL grant can be used to switch to grant-based UL transmission. 

Proposal 4: For UL transmission without UL grant, for a TB transmission with K repetitions, RV sequence 2 ({0,3,0,3}) should not be supported.
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