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Introduction
UL data transmission without grant is supported in NR. And in RAN1 #90 [1], UL data transmission without grant has been discussed extensively and the following agreements regarding the resource configuration and the HARQ feedback were made:
Agreements:
· Support using MAC CE as an acknowledgement for L1 signalling for activation/deactivation of Type 2 UL transmission without grant (similar/same behaviour as in LTE SPS).
· Regarding the RV determination for K repetitions including the initial transmission, further study following options including possible down-selection:
· For Type 1:
· Option 1: Fixed to
· 1-1: a single value
· 1-2: a RV pattern  
· Option 2: RRC configured
· 2-1: a single value
· 2-2: a RV pattern
· For Type 2:
· Option 1: Same as Type 1
· Option 2: Based on the L1 signalling
· Repetition number K for Type 2 UL transmission without grant is down-selected from the following:
· Option 1: Only RRC signalling
· Option 2: Combination of RRC + L1 activation signalling
· At least when an UL grant is used for retransmissions of Type 1 UL transmission without UL grant, different RNTI from the RNTI for UL transmission with grant is needed. 
· FFS how to determine the RNTI.
· For Type 2 UL transmission without UL grant, different RNTI from the RNTI for UL transmission with grant is needed for activation/deactivation and at least for re-transmission.
· FFS how to determine the RNTI. 
Agreements:
· If HARQ feedback is supported, to indicate HARQ feedback of UL transmission without grant, following options and related UE behavior should be further studied.
· Option 1: Based on UL grant to indicate “ACK”
· Option 2: Group-common DCI
· 2-1: Only ACK 
· 2-2: ACK and NACK
· Option 3: Define a Timer, UE assumes following, when the Timer expires
· 3-1: ACK if an NACK is not received after the K repetitions
· 3-2: NACK if an ACK is not received 
· FFS: Option 1, Option 2 and Option 3-2 can be used during and after the K repetition 
· Note: UL grant for the same TB initially transmitted without grant can indicate “NACK”
Agreements:
· Confirm the Working assumption: Both DFT-S-OFDM and CP-OFDM are supported for UL transmission without grant.
· It is not necessary to support Type 3 UL transmission without UL grant
In this contribution, we further discuss the resource configuration and the HARQ feedback for UL transmission without grant.
Resource configuration
Resource configuration for Type1 and Type2
In RAN1 #90, it was agreed that Type 3 was not supported for UL data transmission without grant. For both Type 1 and Type 2 UL transmission without grant, one configuration including one resource was already supported for a given UE. But definition of “one resource” should be clarified before further discussion on how to configure the “resources”. Take repetition transmission as an example, there are two explanations about the definition of “one resource”.
· Option 1：as shown in Figure 1(a), the resource of the entire green blocks that transmit TB 1 can be considered as “one resource”. And TB 1 can use the single resource for 4 repetitions.
· Option 2：as shown in Figure 1(b), the resource of the small green grid that transmit TB 1 can be also considered as single resource. 4 repetitions are applied to multiple consecutive resources.
Whatever Option 1 or Option 2 is adopted, TB 1 finally uses the green resources with a certain periodicity for 4 repetitions. Besides, multiple resources can be seen from Figure 1. Different colors represent different resources. Multiple resources are used for different TBs. 
As analyzed above, one configuration including single resource is used for same TB repetition transmission, multiple resources are used for different TBs transmission.


Figure1 Resource configuration
[bookmark: OLE_LINK1]Repetition constructions for resources
Regarding K repetitions for Type1 and Type 2 UL transmission without grant, current decision on the K repetitions is still under discussions, e.g. there exist timing misalignment between traffic arrival and the occurrence of the reserved/activated resource for UL data transmission without grant or there is collision on the reserved/activate resources for UL data transmission without grant. As illustrated in Figure 2 take K=4 as an example, when traffic arrives at k = #1, the formulation of repetitions may be counted by three possible solutions:
· Option 1: Figure 2(a) gives such an example. In this example, the UL data transmission without grant should be postponed to the next reserved/indicated resource to transmit the fourth repetition. 
· Option 2: as can be seen from Figure 2(b), the UL data transmission without grant must be transmitted in current periodicity. So the number of real UL data transmission without grant is probably less than 4 times.
· Option 3：UE has to wait for a common starting point of k= #1 in next periodicity to transmit the UL data transmission without grant. The repetition scheme is shown in Figure 2(c).
For Option 1, it needs many blind detection by the gNB which may complicate the gNB implementation. Also, it needs more considerations on how to support different RV in different repetition transmission. And for Option 2, in the case of group common PDCCH feedback ACK/NACK, how to group the UEs needs further discussion. Furthermore, as the number of real UL data transmission decreases, the reliability may be reduced. Option 3 is easier to implement for both UE and gNB. And as discussed below, Option 3 is more suitable for RV cycling in repetition transmissions. The disadvantage of Option 3 is the additional latency for waiting for the next periodicity to transmit. But if shorter periodicity is configured, the additional latency may not be a big issue. Therefore, Option 3 is more preferred, 
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Figure 2 Repetition constructions for resources
Proposal 1: For resource configuration, one configuration including single resource is used for same TB repetition transmission, multiple resources are used for different TBs transmission.
Proposal 2: For K repetitions transmission, the UL data transmission without grant shall be transmitted at a common starting point of k= #1.
Repetition number K for Type 2 UL without grant transmission
Regarding repetition number K for Type 2 UL transmission without grant, it is down-selected following:
·  Option 1: Only RRC signaling
·  Option 2: Combination of RRC + L1 activation signaling
Considering the rather stringent latency requirement, the repetition number as well as the set of K should be not very large. Using the combination of RRC + L1 activation signaling will not save too much DCI overhead. If dynamic change of K is proven to be beneficial, L1 activation signaling-only is enough. Otherwise, RRC signaling-only is preferred.
Proposal 3: For Type 2 UL transmission without grant, only RRC signaling or only L1 activation signaling  configures repetition number K .
HARQ related issues
3.1 RV determination for K repetitions
Regarding the RV determination for K repetitions including the initial transmission, further study following options including possible down-selection:
For Type1:
· Option 1: Fixed to single value or a RV pattern
· Option 2: RRC configured a single value or a RV pattern
Fixed to a single value or a RV pattern is preferred as a straight forward and simple solution. Until now, we don’t see the need to use RRC configured. RV pattern can be defined to support IR combining, however in this case RV cycling should be mapped with K repetitions which are associated with multiple time-frequency resources or multiple consecutive slot/mini-slots repeated single resource. Similar to the discussion in Section 2.2, UE has to wait for a common starting point of k= #1 to transmit data and start RV cycling as shown in Figure 2(c), which guarantees that both gNB and UE always have the aligned understanding of the RV id based on the RV pattern associating time-frequency resource. Otherwise, fixed to a single value and perform CC is more appropriate since it is difficult for gNB to identify the first transmission, especially considering the potential missed detection of first transmission.
For Type 2:
· Option 1: Same as Type 1
· Option 2: Based on the L1 signaling 
Same as type 1, we prefer to choose a fixed RV pattern, and RV pattern can derive from time-/frequency-domain resource.
Proposal 4: For both Type 1 and Type 2 UL transmission without grant, the RV determination for K repetitions can be fixed as a RV pattern, and the RV pattern may derive from time-/frequency-domain resource.
[bookmark: OLE_LINK5][bookmark: OLE_LINK3]3.2 Discussion on HARQ process sharing
[bookmark: OLE_LINK4]For a given UE, in case of switching from Type1 or Type 2 UL transmission without UL grant to UL transmission with UL grant, it assumes grant-based retransmission and the associated grant-free initial transmission use the same HARQ ID, and then in order to distinguish whether an UL grant is used for grant-free initial transmission or grant-based initial transmission, different RNTI has been agreed to use. But how to determine the different RNTI is FFS.
In order to determine Grant-free RNTI of the UE, following two alternatives can be considered.
Alternative 1 is RRC configuration. Single GF RNTI for UE can be semi-static configured by RRC UE-Specific signaling.
Alternative 2 is C-RNTI+offset to determine GF RNTI. For example, offset can be determined by time/frequency resource. However, this determination may have some restricts on scheduling due to potential collision of UE ID,  e.g. different UEs with different C-RNTI and different offset may occasionally derive the same GF RNTI, or one UE’s GF-RNTI may occasionally equal to another UE’s C-RNTI. 
Proposal 5: GF RNTI can be configured by RRC. RRC configuration is easier to implement and will not increase the standardization work.
3.3 HARQ feedback from gNB
HARQ feedback and the corresponding UE behavior are quite important to make the UL transmission without grant complete and workable. But how to indicate HARQ-ACK status of UL transmission without grant is still the controversial issue that needs further discussion.
We prefer not to introduce explicit ACK feedback. Instead, we can define a predefined timer, if a NACK is not received after K repetitions and within a predefined timer, the UE assumes ACK. The reasons are listed as follows.
Considering the benefit of early ACK would be 1) reduce the interference to other users, and 2) save power. For 1) if repetition K is relatively small, let us say 4 and assuming UE received the ACK feedback at k= #3. We do not think this one repetition will help much on the interference issue. Of course if the total transmission duration of K repetitions is larger, there should be some benefits of early ACK but this may not be the URLLC case, neither to eMBB case because of looser reliability requirement. For 2) power-consumption is not the major concern for URLLC use cases. As mentioned above, we do not see the significant benefit of an early ACK. 
Another possible functionality of ACK feedback is to avoid misunderstanding if gNB failed decode the UE’s data, while UE assumes ACK and do nothing. This can be divided into two cases:
1) gNB detected the UE but failed to decode its data.
2) gNB failed to detect the UE activation
For the first case, UL grant will be used to indicate NACK. As long as the reliability of UL grant is high enough, UE will follow the grant-based retransmission.
[bookmark: OLE_LINK2]For the second case, considering that the reliability of K repetition for URLLC is greater than 99.999%, and the missed detection rate of RS based UE detection is usually even lower than the BLER of data part, which can be found in our previous contribution [4]. Introduce of explicit ACK feedback to cover this extremely marginal probability is not desirable, considering the non-negligible DL control signaling overhead for either UE-specific or group-common DCI for ACK feedback. 
If the gNB has correctly decoded the UE UL transmission without grant and the UE has no new data to transmit, the gNB will not feedback ACK/NACK to the UE. UE assumes ACK if no NACK is received within the predefined time, this is also beneficial to avoid consistent collision problem among of sharing UEs. 
Proposal 6: NACK is indicated by UL grant for the same TB. No need to support explicit ACK feedback.
Proposal 7: Defining a predefined timer, if a NACK is not received within a predefined timer, the UE assumes ACK. 
3.4 UL grant consideration 
If an UL grant is used to trigger a retransmission for the previous UL transmission without grant, it needs to consider whether it is possible and how to determine if the grant is for the same TB. A TB can be identified by its HARQ Process Number (HPN) and whether it is a new transmission or not is signalled by a control field named NDI. In current LTE, a toggled NDI mechanism is adopted. If the NDI is toggled, it implies a new transmission. For the grant-free transmission, if the HPN and the initial NDI are known between the gNB and UE, an UL grant including HPN and NDI can be used to trigger a new transmission or retransmission for the URLLC UE. For example, the HPN for the grant-free transmission can be determined based on the first transmission slot. Or the HPN can be higher layer configured for UL grant-free transmission if only one HARQ process is configured for the UE. And the initial NDI can be set to a default value known between gNB and UE if NDI is not present for such HARQ process, i.e., the soft buffer for this grant-free HARQ process has not been used before. Adaptive asynchronous UL transmission is agreed for NR.  Then an UL grant can be used to trigger a retransmission for the same TB if the NDI is not toggled and the HPN indicated in the UL grant is same as the initial grant-free transmission. 
Another possibility for the UE to determine the grant is for the same TB is based on the reception occasion of the UL grant. For example, if an UL grant is received within a predefined window, the UE may consider the UL grant is for the same TB. Figure-3 gives such an example. In this example, suppose the start time for the repetition is T0, and the repetition is configured with K=6. The predefined window is set as in the figure. Note that the predefined window size can be set considering the processing time and the configured value of K. If the UE receives an UL grant in T1, because T1 is within the predefined window, the UE may consider the received UL grant is for the same TB as the repetition transmission. In this case, the bit field for HPN in the UL grant can be saved, which is favor for a compact DCI design, especially important for URLLC.
[image: ]
Figure 3: example of the reception occasion of an UL grant
Proposal 8: It is possible to determine if the grant is for the same TB:
· Solution-1:
· The HPN for the grant-free transmission is determined based on the first transmission slot or configured by higher layer
· A default NDI is set for the grant-free transmission if NDI is not present for such HARQ process.
· Solution-2:
· A predefined time window can be used to determine if the grant is for the same TB.
Conclusion
In this contribution, some issues relating to the resource configuration and HARQ feedback for grant-free UL URLLC transmission are further discussed. In summary, we propose:
Proposal 1: For resource configuration, one configuration including single resource is used for same TB repetition transmission, multiple resources are used for different TBs transmission.
Proposal 2: For K repetitions transmission, the UL data transmission without grant shall be transmitted at a common starting point of k=#1.
Proposal 3: For Type 2 UL transmission without grant , only RRC signaling or only L1 activation signaling  configures repetition number K .
Proposal 4: For both Type 1 and Type 2 UL transmission without grant, the RV determination for K repetitions can be fixed as a RV pattern, and the RV pattern may derive from time-/frequency-domain resource.Proposal 5: GF RNTI can be configured by RRC. RRC configuration is easier to implement and will not increase the standardization work.
Proposal 6: NACK is indicated by UL grant for the same TB. No need to support explicit ACK feedback.
Proposal 7: Defining a predefined timer, if a NACK is not received within a predefined timer, the UE assumes ACK. 
Proposal 8: It is possible to determine if the grant is for the same TB:
· Solution-1:
· The HPN for the grant-free transmission is determined based on the first transmission slot or configured by higher layer
· A default NDI is set for the grant-free transmission if NDI is not present for such HARQ process.
· Solution-2:
· A predefined time window can be used to determine if the grant is for the same TB.
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