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1. Introduction
At the RAN1#90 meeting, following agreements on UL data transmission without grant were achieved [1]. 
	Agreements:
· It is not necessary to support Type 3 UL transmission without UL grant
· Confirm the Working assumption: Both DFT-S-OFDM and CP-OFDM are supported for UL transmission without grant.
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”



In this contribution, we present our views on the remaining issues for UL data transmission without UL grant.
2. Repetitions
Regarding to the configuration/indication of the repetition number K, for Type 1 UL transmission without grant, it was already agreed that only RRC signalling is used to configure the repetition number K; while for Type 2 UL transmission without grant, it was agreed at the last meeting to further down-select between following two options:
· Option 1: Only RRC signalling
· Option 2: Combination of RRC + L1 activation signalling 
The advantage of Type 2 UL data transmission without UL grant is it allows L1 signalling to adjust the transmission parameters to adapt the channel conditions, hence option 2 is preferred to fast adjust the repetition number K without RRC reconfiguration. On the other hand, the repetition is also supported for grant-based transmissions and hence, it is beneficial to commonalize the fields contained in the L1 signalling used for Type 2 UL data transmission without grant and UL data transmission with grant. Therefore, the final selection from option 1 and option 2 may also depend on the decision made for grant-based transmission.
Proposal 1:
· Specify common solution for UL data transmission with repetition number K for UL data transmission with UL grant and Type 2 UL data transmission without UL grant.
· The number of repetitions K is indicated by:
· UL grant, in case of UL data transmission with UL grant, and;
· L1 activation signaling, in case of Type 2 UL data transmission without UL grant.

2.1. Resources used for repetitions
One open issue for repetition is the resources on which the repetitions can take place. In the following, we present our views on the resource allocation for repetitions in time-domain and frequency-domain. 
There are three options for the resources in time-domain:
· Option 1: Resources used for repetitions are configured/indicated by RRC/L1 signalling within the periodicity.
· Option 2: first resource used for initial transmission is configured/indicated by RRC/L1 signalling, and the resources for repetitions are in consecutive slots/mini-slots following the first resource.
· Option 3: Resources in consecutive periodicities are used for repetitions.
Figure 1 gives an example for the three options. As observed, Option 1 requires large signalling overhead for RRC or L1 signalling. Option 3 results in longer delay unless periodicity for the resource is configured small. Option 2 can achieve both short latency and small signalling overhead, and matches to the use-case of low-latency operation. Hence, it is the preferred option.
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Figure 1. Resources for repetitions
Proposal 2:
· For Type 1 UL data transmission without UL grant, the resource for initial transmission configured by RRC is the starting resource, and the multiple resources for repetitions are in consecutive slots/mini-slots.
· For Type 2 UL data transmission without UL grant, the resource for initial transmission indicated by L1 signalling is the starting resource, and the multiple resources for repetitions are in consecutive slots/mini-slots. 
For single transmission, the resource in frequency-domain for Type 1 UL transmission without UL grant is configured by RRC; For Type 2, it is given in L1 activation signalling. For UL transmission with UL grant, it was agreed that for DFT-s-OFDM waveform, intra-slot frequency-hopping is supported. This should also be supported for UL transmission without UL grant.
Besides, recently, disadvantage of non-contiguous UL transmission has been highlighted; non-contiguous transmission results in high inter modulation distortion (IMD) and hence the resulting power back-off would be large, and RAN4 work load for defining the MPR would become higher. One solution is to use contiguous resource allocation also for CP-OFDM waveform. If this is the case, intra-slot frequency-hopping should also be supported for CP-OFDM waveform.
Proposal 3:
· Intra-slot frequency-hopping is supported for UL transmission with and without UL grant, with DFT-s-OFDM waveform and with CP-OFDM waveform.
For UL transmission with repetitions, there are two ways to support frequency hopping (FH); (1) FH within each repetition, and (2) FH across repetitions. FH within each repetition can be equivalent to intra-slot FH if each repetition corresponds to UL transmission on a slot. If the FH within each repetition  is enabled/indicated by the L1 activation signalling, then it may be no need to enable FH across repetitions. On the other hand, FH across repetitions can optimize the performance of UL transmission with repetitions. To support FH across repetitions, following options can be considered. Figure 2 gives an example.  
Option 1: higher layer configures the frequency hopping offset for adjacent repetitions.
Option 2: the frequency hopping offset for adjacent repetitions is implicit derived by the bandwidth and the number of repetition K, e.g. FH offset =. 
Considering the possible co-existence of UEs having different uplink bandwidths on the same carrier, frequency hopping pattern should not depend on the bandwidth. So, our preference is option 1. 
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Figure 2. example for frequency hopping cross repetitions
Proposal 3:
· Frequency hopping across repetitions is supported, where the frequency hopping offset for adjacent repetitions is configured by higher layer.

The number of PRBs for each repetition is not necessarily be the same across repetitions. For example, small resources can be allocated for the initial/earlier transmission(s) for better spectral efficiency while larger resources can be allocated for the second/latter transmission(s) for achieving high reliability [2]. However, feasibility study is necessary whether such method can actually improve the performance, before specifying it. Therefore, considering the limited time for specification efforts in Rel.15 phase I, same number of PRBs for each repetition across K repetitions would be sufficient for now. Such possible enhancements can be discussed/considered in future. 
2.2. Repetition construction  
As discussed in [3], there exist timing misalignment between traffic arrival and the occurrence of the reserved/activated resource for UL data transmission without grant. If there is a collision between the UL data transmission without grant and other transmission with higher priority, the UL transmission without grant needs to be dropped. Then whether these ‘unavailable’ transmission resources are counted in the repetitions needs to be further clarified. Generally, there are two alternatives:
Alt.1: the ‘unavailable’ transmissions are counted in the repetitions. 
In this case, the number of real UL data transmission without grant is probably less than the K due to the misalignment of traffic arrival and the occurrence of the reserved/indicated resource or due to the collision on the reserved/indicated resources for UL data transmission without grant. 
Alt.2: the ‘unavailable’ transmissions are NOT counted in the repetitions. 
In this case, the number of repetitions K is the number of “actual transmissions” for repetition. if any collision happens on the reserved/indicated resources, postpone the UL data transmission without grant to next reserved/indicated resource until the number of repetitions reaches the K or receiving L1 signalling to stop current UL data transmission without grant.
Alt.1 is simple and does not require gNB to blindly check the order of the repetitions while the reliability cannot be ensured. Alt.2 can realize K real transmissions to improve the reliability by enabling combining all the K repetitions while misalignment on the order of the repetitions between gNB and UE may occur. We think whether the ‘unavailable’ transmission should be counted or not depends on the reason why UE skipped the transmission and therefore, following Alt.3, which can be a combined method of Alt. 1 and Alt.2 is necessary:
Alt.3: UE postpones the repetition as long as the understanding of unavailable resources are aligned between gNB and UE; otherwise the unavailable resources are counted in the repetitions. 
As shown in Figure 3, due to time misalignment between the traffic arrival and the initial transmission occasion, UE drops the first transmission and there is measurement gap e.g. 1 slot occurs in the third repetition which is aligned between gNB and UE, then UE postpones the third repetition to next slot.  
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Figure 3. repetition construction
Proposal 4:
· Allow UE to skip/drop UL transmission(s) within the K repetitions.
· For skipping/dropping UL transmission(s) within the K repetitions due to ‘unavailable’ transmission, if the understanding on the unavailable resources for repetition is aligned with the gNB and UE, then UE should postpone the repetition, otherwise the unavailable resources should be counted as part of the repetitions.
2.3. RV determination 
RV cycling across the repetitions is beneficial to obtain the soft combining gain. Based on the discussion in section 2, if the order of the repetitions is aligned between the gNB and UE, RV cycling should be supported, otherwise, fixed RV should be used. Therefore, for Type 1 UL transmission without UL grant, option 2-2 that a RV pattern configured by RRC is preferred. This option gives gNB flexibility to configure the RV pattern as fixed/same for all repetitions or different values cross the repetitions.
For Type 2, whether the RV pattern is fixed by RRC parameter (option 1) or is further adjustable by L1 signalling (option 2) is tied with how the repetition number K is determined. Since it is feasible to determine the repetition number K by L1 signalling, RV pattern should also be able to be adjustable by L1 signalling. Therefore, for Type 2 UL transmission without UL grant, Option 2 is preferred. 
Proposal 5:
· For Type 1 UL transmission without grant with K repetitions including the initial transmission, higher-layer signaling to configure RV pattern is supported.
· For Type 2 UL transmission without grant with K repetitions including the initial transmission, L1 activation signaling can be used to indicate the RV pattern.
2.4. HARQ ID derivation  
Regarding the HARQ ID, it is straightforward to use the same calculation as in LTE SPS. For example: 
HARQ Process ID = [floor (CURRENT_TTI/UL-TWG-periodicity)] modulo numberOfConfUL-TWG-Processes,
where CURRENT_TTI= [(SFN * 10) + slot number] and it refers to the slot where the first transmission of the repetition takes place; UL-TWG-periodicity is the periodicity of UL transmission without UL grant and numberOfConfUL-TWG-Processes is the maximum number of HARQ processes for UL transmission without UL grant configured by higher layer.
Proposal 6: 
· HARQ ID derivation for UL transmission without UL grant should be the same as in LTE SPS.
3. HARQ procedures
There was a hot discussion on the support of HARQ feedback for UL transmission without UL grant. Similar issues were also discussed in LTE-MTC Rel.13. In LTE-MTC Rel.13, the uplink HARQ operation is asynchronous [4] and there is no explicit positive HARQ-ACK feedback sent from eNB to let the UE know whether an uplink data transmission on PUSCH was successfully received or not. When the uplink traffic is relatively frequent, the UE receives an implicit positive HARQ-ACK feedback for the previous uplink data transmission when it is scheduled with a new uplink data transmission using the same PUSCH HARQ process. When the UE is scheduled with the re-transmission for the same TB, it implies a negative HARQ-ACK feedback for the previous uplink data transmission. However, when the uplink traffic is relatively infrequent, the UE may not receive any implicit positive HARQ-ACK feedback for a successfully decoded uplink data since there is no immediate next new uplink data transmission. The UE will wait until the higher layer uplink HARQ retransmission timers (i.e. UL HARQ RTT timer and drx-ULRetransmissionTimer) expire, which may take a long time compared to the time scale of the physical layer procedures. In other word, UE may have to keep its receiver circuitry on for a relatively long time to stay awake for potential HARQ retransmissions. 
Above analysis also holds for UL transmission without UL grant. The benefits of introducing the explicit positive HARQ feedback is to early terminate the repetitions and allow the UE to go to sleep earlier for the case that the UL traffic is relatively infrequent. However, considering all LTE features supporting asynchronous UL HARQ did not introduce the explicit positive HARQ feedback so far, it would not be so critical issue.
If such benefits are necessary and it is agreed to support the explicit acknowledgement, it is not preferred to introduce a new physical channel like PHICH channel in LTE considering the overhead and specification efforts. Still the PDCCH can be a good candidate to carry the acknowledgement information. In LTE UL SPS, the design for PDCCH used for activation and deactivation can serve as a good starting point.
Proposal 7:
· Unless strong benefit is identified, explicit positive HARQ-ACK feedback from gNB to UE is not supported.
· UL grant scheduling the new TB transmission of the same HARQ process can indicate “ACK” 
· UL grant scheduling the same TB initially transmitted without grant can indicate “NACK”
· Above UL grant scheduling the new transmission or retransmission can be used during and after the K repetition
· If no UL grant is received after the K repetitions, when drx-ULRetransmissionTimer expires, UE assumes ACK.
· If strong benefit is identified, explicit positive HARQ-ACK feedback from gNB to UE is realized by a PDCCH.
Proposal 8:
· The design of L1 signalling for (de)activation/modification for NR Type 2 UL data transmission without grant can take L1 signalling used for LTE UL SPS as starting point. 
4. Other remaining issues
4.1. Timing offset for Type 2
At the RAN1NR Ad-Hoc#2 meeting, it was agreed that L1 signalling can indicate the offset associated with the periodicity with respect to a timing reference for activation [5]. However, the timing reference is still FFS. In LTE UL SPS in FDD system, the offset is 4 subframes between the L1 signalling and the start of the UL SPS transmission, the timing reference is the subframe where the L1 signalling is received. In NR, the starting position and the transmission duration for UL data is flexible, hence following options can be considered for the offset indication and timing reference, Figure 4 gives an example.
Option 1: The offset is represented by the number of symbols between L1 signaling and the starting symbol of the resource configured for UL data transmission without grant with periodicity P. The timing reference is the last/first symbol where the L1 signalling is received.
Option 2: The offset is represented by the number of symbols between a certain reference timing (e.g., radio frame starting timing, subframe starting timing, specific slot starting timing) and the starting symbol of the resource configured for UL data transmission without grant with periodicity P.
Option 3: The offset is represented by the combination of the number of slots and the number of symbols between L1 signaling and the starting symbol of the resource configured for UL data transmission without grant with periodicity P. The timing reference is the slot where the L1 signalling is received.
Option 4:  The offset is represented by the combination of the number of slots and the number of symbols between a certain reference timing (e.g., radio frame starting timing, subframe starting timing, specific slot starting timing) and the starting symbol of the resource configured for UL data transmission without grant with periodicity P.
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Figure 4: Options for timing offset between L1 signalling and resource for UL data transmission without grant

Option 3 and Option 4 is preferred from the signalling overhead perspective.
As already discussed that commonalizing the fields contained in the L1 signalling used for Type 2 UL data transmission without grant and UL data transmission with grant is beneficial. It is suggested that for UL data transmission with grant, above options can be considered.
Proposal 9:
· For both UL data transmission with UL grant and Type 2 UL data transmission without grant, following options can be considered for the offset indication between the L1 signalling and the resource for UL data transmission.
· Option 3: The offset is represented by the combination of the number of slots and the number of symbols between L1 signaling and the starting symbol of the resource configured for UL data transmission without grant with periodicity P. The timing reference is the slot where the L1 signalling is received.
· Option 4:  The offset is represented by the combination of the number of slots and the number of symbols between a certain reference timing (e.g., radio frame starting timing, subframe starting timing, specific slot starting timing) and the starting symbol of the resource configured for UL data transmission without grant with periodicity P.
4.2. Multiple resource configurations over carriers
In LTE, SPS is only supported on PCell (and PSCell for dual connectivity case) since the SPS is intended for low-rate and periodic services for which a single component carrier is sufficient. However, different from LTE, in NR, from URLLC service perspective, the requirements range varies in terms of latency and reliability; from the system perspective, NR probably supports different numerologies for different carriers in case of CA and supports multiple numerologies even for a single carrier. Therefore, NR should enable to configure the resources for UL data transmission without UL grant on any cells in case of uplink carrier aggregation. For a single carrier, it is also beneficial to configure more than one resource configurations targeting for the services with different latency/reliability requirements. For example, one UL data transmission without grant configuration with repetition can be used for services with tight reliability and relatively loose latency requirements; while the other UL data transmission without grant configuration without repetitions can be used for services with strict latency and relatively low reliability requirements.

Proposal 10:
· UL data transmission without UL grant can be configured for any cell, in case of uplink carrier aggregation or dual connectivity.
· It is beneficial to support more than one UL data transmission without UL grant configurations for a single carrier, targeting for services with different latency and reliability requirements.  

5. Conclusion
In this contribution, we discussed UL data transmission without grant and proposed the following.
Proposal 1:
· For Type 2 UL data transmission without UL grant, selection between option 1 and option 2 depends on the decision made for grant-based transmission.
Proposal 2:
· Regarding the time-domain resources used for repetitions,
· For Type 1 UL data transmission without UL grant, the resource for initial transmission configured by RRC is the starting resource, multiple resources for repetitions are in consecutive slots/mini-slots.
· For Type 2 UL data transmission without UL grant, the resource for initial transmission indicated by L1 signalling is the starting resource, multiple resources for repetitions are in consecutive slots/mini-slots. 
Proposal 3:
· Frequency hopping cross repetitions is beneficial to obtain the frequency diversity gain.
· To support frequency hopping cross repetitions, following options can be considered:
· Option 1: higher layer configures the frequency hopping offset for adjacent repetitions.
· Option 2: the frequency hopping offset for adjacent repetitions is implicit derived by the bandwidth and the number of repetition K.
Proposal 4:
· The K repetitions are constructed as following:
· If the unavailable resources for repetition is aligned with the gNB and UE, then UE should postpone the repetition, otherwise the unavailable resources should count in the repetitions.
Proposal 5:
· Regarding the RV determination for K repetitions including the initial transmission, further study following options including possible down-selection:
· For Type 1, Option 2-2 that a RV pattern configured by RRC is preferred. 
· For Type 2, Option 1 that same as Type 1 is preferred. 
Proposal 6: 
· HARQ ID derivation for UL transmission without UL grant should be the same as in LTE SPS.
Proposal 7:
· Following two alternatives and related UE behavior can be further down-selected
· Alt. 1: No support of explicit HARQ-ACK feedback sent from gNB to UE.
· UL grant scheduling the new TB transmission of the same HARQ process can indicate “ACK” 
· UL grant scheduling the same TB initially transmitted without grant can indicate “NACK”
· Above UL grant scheduling the new transmission or retransmission can be used during and after the K repetition
· If no UL grant is received after the K repetitions, when drx-ULRetransmissionTimer expires, UE assumes ACK.
· Alt .2: support of explicit HARQ-ACK feedback sent from gNB to UE.
· Based on UL grant to indicate “ACK” without scheduling new data transmission
· Above UL grant indicating “ACK” can be used during and after the K repetition
Proposal 8:
· The design of L1 signalling for (de)activation/modification for NR Type 2 UL data transmission without grant can take L1 signalling used for LTE UL SPS as starting point. 
Proposal 9:
· For both UL data transmission with UL grant and Type 2 UL data transmission without grant, following options can be considered for the offset indication between the L1 signalling and the resource for UL data transmission.
· Option 3: The offset is represented by the combination of the number of slots and the number of symbols between L1 signaling and the starting symbol of the resource configured for UL data transmission without grant with periodicity P. The timing reference is the slot where the L1 signalling is received.
· Option 4:  The offset is represented by the combination of the number of slots and the number of symbols between a certain reference timing (e.g., radio frame starting timing, subframe starting timing, specific slot starting timing) and the starting symbol of the resource configured for UL data transmission without grant with periodicity P.
Proposal 10:
· UL data transmission without UL grant can be configured for any cell, in case of uplink carrier aggregation or dual connectivity.
· It is beneficial to support more than one UL data transmission without UL grant configurations for a single carrier, targeting for services with different latency and reliability requirements.  
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