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1 Introduction
Given the current agreements on UL transmission without grant (“GF” in short in the text below) as summarized in appendix A, in this contribution, we further discuss the issues on reliability enhancement for GF, especially some aspects such as HARQ feedback, repetitions, multiple configurations per BWP, as well as inter-repetition hopping. 
2 HARQ-ACK feedback and UE behavior
In RAN2#100 meeting [1], it is agreed to introduce a Timer for a HARQ process, which is used to define the UE behavior for this HARQ process, i.e., the UE doesn’t use the GF resource for new transmission for this HARQ process while the Timer is running and assumes ACK while the Timer is not running. This kind of implicit HARQ-ACK feedback can help to reduce the signaling overhead compared with explicit HARQ feedback when the UE is configured with a small K and has high probability of successful transmission. However, when the UE has crucial requirement on transmission reliability, this implicit HARQ-ACK feedback is not suitable in at least the following cases:
· If the gNB fails to decode the TB or even miss-detects all the K repetitions of the TB, retransmission of the TB will not be triggered autonomously by the UE, or even it is triggered as a “new” transmission, the gNB will not has any knowledge to combine the “new” transmission to the previous receptions of the same TB. Either case will reduce the transmission reliability of the TB.
· If the UE is configured with a larger K but the TB is successfully decoded by gNB at a first small number of repetitions, then the rest of the repetitions will cause interference to other UEs sharing the same T/F resources, which brings harm to the reliability of other UEs.
Based on above analysis, to improve GF transmission reliability, an explicit HARQ-ACK indication is still needed to serve as transmission acknowledgement of a TB. The explicit ACK-indication also has the benefits of early termination and more efficient resource utilization, as well as energy saving for the UE. Both a group common DCI or a UE-specific UL grant can be used for the indication. 
· In case of UE specific DCI, a DCI scrambled with GF RNTI carrying NDI=0 without special fields setting can be used for indicating ACK. This is useful when gNB needs to schedule a UE with link adaptation by UL grant.

· In case of group common DCI, LTE DCI format 3/3A can be starting point for indicating ACK/NACK for a group of UEs. This is particularly useful for signaling overhead reduction while the NACKed UEs can simply keep repetitions.
Proposal 1: NR should support the network to send during or after K repetitions an explicit HARQ feedback indicating ACK to a UE performing UL transmission without UL grant. 
· Both group common DCI and UE-specific DCI for HARQ-ACK indication are supported.
3 Repetitions
It is agreed in last RAN1 meeting [2] that the repetitions can start at multiple Transmission Occasions (TOs) but must end at the last of the K TOs within the period P. A flexible starting of the repetitions can help to reduce the queuing time of a TB while ending the repetitions at the last of the K TOs can guarantee that a same HARQ ID is used in both UE and gNB sides even if the gNB miss-detects some of the repetitions. 

According to the agreement, if the repetitions of a TB start at the TOs other than the first TO within the period P, the actual repetition number of the TB will be less than the configured number K. For example, as shown in Figure 1, in total K=4 TOs are configured within the period P and RV sequence of {0000} is applied. If a TB arrives later than the 3rd TO, then the repetitions of the TB start and also end at the 4th which is the last of the K TOs within the period P. In this case, only one repetition of the TB is transmitted. 
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Figure 1 Illustration of the case in which the actual repetition number of a TB is less than K

When a UE is configured with a repetition number K, the UE is expected to transmit as many repetitions as possible as the reliability could be an issue if the actual repetition number is much less than K, especially for the service with extremely high reliability requirement. In this sense, to guarantee good transmission reliability, more repetitions should be transmitted as long as the total repetition number hasn’t reached K. To achieve this, the gNB can always configure RV sequence of {0231} as for this RV sequence, repetitions can only start at the first of the K TOs; or the UE can choose not to start the repetitions in the period if less than K TOs are available within the period when the TB arrives but start the repetitions at the first TO in the following period, as illustrated in Figure 2. However, either case will increase the queuing time of the TB if the arrival of the TB misses the first TO within a period, which is not acceptable for the service with extreme-low latency requirement.
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Figure 2 Illustration of the case in which K repetitions are guaranteed but more latency is introduced
Another way to improve transmission reliability by increasing the actual repetition number while introducing no extra queuing delay can be considered as follows. It is agreed in last RAN1 meeting [2] that 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. In this case, when P is larger than the time duration for the transmission of K repetitions, additional TOs can be configured within the period and used for the transmission of the rest repetitions if the actual repetition number hasn’t reached K by the end of the first K TOs within the period. To remove the potential ambiguity on HARQ ID calculation, the repetitions are also expected to be ended at the last additional TO within the period even if the actual repetition number by then is still less than K. Moreover, considering that the period P can be much larger than the time duration for K repetitions, to improve the resource utilization efficiency, the additional TOs can only be used for the rest of the repetitions, in other word, the starting of the repetitions can only use the first K TOs within the period and follows the same rule agreed in last RAN1 meeting [2]. 

Figure 3 shows examples of using additional TOs for the rest of the repetitions, where K is set to 4, RV sequence is {0000}, and P is set to 8 slots in 3(a) and 5 slots in 3(b), respectively. As illustrated in Figure 3(a), the repetitions of the TB start at the last of the first K TOs within the period, and three more repetitions are transmitted using the following three additional TOs, so in total K=4 repetitions are transmitted. In Figure 3(b), since only one additional TO is available, in total two repetitions are transmitted, which improves the reliability compared with transmitting only one repetition. 
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Figure 3 Illustration of using additional TOs for the rest of the repetitions
Proposal 2: Using additional TOs for the transmission of the rest repetitions can be supported to improve the transmission reliability.
Even if the additional TOs are used for the rest of the repetitions, the actual repetition number is still possible to be less than K. In this case, another method that can be considered to possibly enhance the transmission reliability is to properly increase the transmission power of each repetition.
4 Multiple configurations per BWP

It is agreed in RAN2#100 meeting [1] that at most one Type 1 GF configuration is active at a time, e.g., one Type 1 configuration per active BWP. However, in our view, from single UE perspective, multiple configurations with different transmission parameters per active BWP allow UE to select a configuration with proper parameters for more robust transmission. For example, if the reliability requirement is crucial and the UE is configured with multiple configurations with different MCS levels, repetition number K, or T/F resource size, the UE can use the configuration with lower MCS level, larger T/F resource size, or larger K to guarantee the transmission reliability.
Proposal 3: A UE can be configured with multiple GF resource configurations within a serving BWP. 

· If multiple GF data are triggered, it is up to RAN2 to decide the rule which GF data should be transmitted and on which configuration.
5 Inter-repetition hopping

Inter-repetition hopping for grant-free transmission can improve the reliability and can be implemented using the inter-slot frequency hopping (FH) at least for the case of repetition at different slots. In LTE type 2 FH, the hopping pattern is based on a pseudo random sequence corresponding to different sub-band index at different slots. The pseudo random sequence is initialized using cell ID. However, for grant-free transmission, UE specific hopping pattern is needed to avoid persistent collision during repetition in addition to the frequency diversity. Therefore, grant-free inter-repetition hopping can also support similar mechanism to LTE type-2 hopping design except the pseudo random sequence is initialized by a function of UE ID in addition or instead of cell ID. For example, the UE ID can be the GF RNTI.
Proposal 4: Inter-repetition hopping for grant-free transmission can be supported using pseudo random pattern initialized by a UE ID.
6 Conclusions 
In this contribution, we discuss the issues on reliability enhancement for GF transmission. Observations and proposals are given as follows.
Proposal 1: NR should support the network to send during or after K repetitions an explicit HARQ feedback indicating ACK to a UE performing UL transmission without UL grant. 
· Both group common DCI and UE-specific DCI for HARQ-ACK indication are supported.

Proposal 2: Using additional TOs for the transmission of the rest repetitions can be supported to improve the transmission reliability.
Proposal 3: A UE can be configured with multiple GF resource configurations within a serving BWP. 

· If multiple GF data are triggered, it is up to RAN2 to decide the rule which GF data should be transmitted and on which configuration.
Proposal 4: Inter-repetition hopping for grant-free transmission can be supported using pseudo random pattern initialized by a UE ID.
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Appendix A 
In RAN2#100 meetings, the following agreements on GF transmission were achieved [1]. 

Agreement in RAN2#100

1. GF Type 1 resource shall be activated upon RRC configuration according to resource allocation in terms of periodicity and offset provided within the configuration

2. When GF Type 1 or SPS is released by RRC, the all corresponding configuration shall be released. 

3. For SPS, the MAC entity shall clear the configured resource assignments immediately after transmitting confirmation MAC CE for the SPS release, as in LTE.

4. For GF Type 1, the MAC entity shall clear the configured uplink resource assignments immediately when receiving RRC reconfiguration message of GF Type 1 release.

5. Retransmissions (except for repetition) of GF Type 1 and SPS use dynamic grant 

6. As in LTE, the pool of HARQ processes are shared between dynamic and configured grants.  

7. From RAN2 perspective, type 1 and SPS cannot be configured for the same cell but can be configured for different cells at the same time.   

8. From RAN2 perspective, at most one type 1 configuration is active at a time (e.g. one type 1 configuration per active BWP) per cell at least for Dec. freeze.

9. Upon SCell deactivation the GF type 1 the RRC configuration is kept.  From the MAC point of view the resources are suspended (the UE is considered to not have a valid configured grant).  Upon SCell activation the UE starts using the configured grant free resources.  

10. The MAC entity shall clear the configured resources of one SCell for SPS when the SCell is deactivated.

11. Type 1 resource configuration can be configured per BWP and RRC configuration for SPS can be configure per BWP.  A common RNTI for SPS and type 1 is configured per MAC entity.

12. For SPS when a BWP is deactivated, the from the MAC perspective the UE clears the configured resources within the BWP

13. The MAC entity shall clear all configured resources for Type1/ (SPS) when the TA timer associated with pTAG expires.   Type 1 and SPS resources can be reactivated by RRC configuration and DCI respectively.

14. The MAC entity shall clear all configured resources for Type1/ (SPS) for all Serving Cells belonging to this TAG when TA timer associated with sTAG expires.  Type 1 and SPS resources can be reactivated by RRC configuration and DCI respectively

15. The dynamic grant addressed to C-RNTI shall override the configured grant for this transmission in case of overlap in time domain, for type 1 and SPS.

FFS if/how we handle the URLLC case (e.g. we only allow to override the configured grant iff the dynamic grant can be used for the higher priority data or if the URLLC can preempt eMBB transmission.  

16. For SPS and type 1, if the received uplink grant or DL assignment addressed to SPS C-RNTI. If the NDI in the received HARQ information is 1, consider the NDI for the HARQ process not to been toggled, as in LTE.

17.  For SPS if the NDI in the received HARQ information is 0, it is for SPS activation/deactivation  

18. From RAN2 perspective, a timer T is introduced.  While the timer is running the UE does not use the SPS or Type 1 resource for new trasnmisson for this HARQ process (e.g. UE assumes ACK if the timer is not running).  

19. T is configured by RRC and it can be stopped when a dynamic grant is received for this HARQ process.

20. It is started/restarted after the initial transmission/retransmission regardless of whether repetition is configured or not

21. It is up to RAN1 to decide the definition of period which is related to HARQ ID determination

22. “Configured grant” / “configured assignment” is kept in MAC 

23. Main umbrella name title “Transmission/reception without dynamic scheduling” and below is the description of Type 1 and Type 2 

24. Use Configured Grant Type 1 and Configured Grant Type 2 and DL SPS

In RAN1#91 and RAN1#90b meetings, the following agreements on GF transmission were achieved for URLLC [2][3]. 

Agreement in RAN1#91

· Answer to Q3: At least for type 1 UL transmission without UL grant:

· RAN1 agreed to support multiple resource configurations for UL transmission without UL grant for single serving cell. 
· Up to RAN2 to decide whether or not the RNTI is separately configured for the multiple resource configurations
· The possible values of the repetition K are four values and are {1, 2, 4, 8}

· For Type 1 UL transmission without UL grant with intra-slot FH, a separated frequency hopping offset field from the frequency resource allocation field is explicitly configured by UE-specific RRC signaling.

· The possible values for frequency hopping offset are the same as that for UL transmission with UL grant.
· No additional RRC configuration is needed in determining the hopping boundary for PUSCH

· RRC parameters for Type 1

· An MCS/TBS value

· Reuse the MCS table and TBS calculation formula and the configuration as in grant-based case 

· Indication of UL/SUL (same as the grant-based case)
· RRC parameters for Type 2

· Number of repetitions K

· An MCS/TBS value

· Reuse the MCS table and TBS calculation formula and the configuration as in grant-based case
· 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

· For UL transmission without UL grant, the HARQ ID associated with the K repetitions of a TB is derived from the following equation:

· HARQ Process ID = floor (X / UL-TWG-periodicity) mod UL-TWG-numbHARQproc

· Where X= (SFN * SlotPerFrame * SymbolPerSlot + Slot_index_In_SF * SymbolPerSlot + Symbol_Index_In_Slot) 

· X refers to the symbol index of the first transmission occasion of repetition bundle that takes place.
· 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
Agreement in RAN1#90b
· For Type 1 and Type 2 UL transmission without grant,
· By UE-specific RRC signaling, a UE can be separately configured with UL waveform that is different from the one configured by RMSI for Msg3.
· Note: even if the UE is configured with Type 1 and Type 2 UL transmission without grant, the UE may transmit PUSCH that is scheduled by UL grant, in which case the UL waveform determination for UL transmission with grant is used.
· At least support following periodicities of resources for UL transmission without UL grant 
· FFS other values with taking into account the alignment with 14 symbols
	Subcarrier spacing (kHz)
	Supported periodicities [ms]

	15
	2 symbols, 7 symbols, 1, 2, 5, 10, 20, 32, 40, 64, 80, 128, 160, 320, 640

	30
	2 symbols, 7 symbols, 0.5, 1, 2, 5, 10, 20, 32, 40, 64, 80, 128, 160, 320, 640

	60
	2 symbols, 7 symbols (6 symbols for ECP), 0.25,0.5,1,2,5,10,20, , 32, 40, 64, 80, 128, 160, 320, 640

	120
	2 symbols, 7 symbols, 0.125,0.25,0.5,1,2,5,10,20, 32, 40, 64, 80, 128, 160, 320, 640


· Support PUSCH frequency-hopping for DFT-s-OFDM and CP-OFDM waveform with RA Type 1. 
· At least support intra-slot FH for Msg.3.   
· FFS: details including hopping pattern/configurations, signaling designs, etc.
· FFS whether applicable to all PUSCH durations within a slot 
· FFS: whether to support repetition of Msg.3
· Support UE-specific RRC configuration of the following: 
· Mode 1: intra-slot FH only 
· FFS whether applicable to all PUSCH durations within a slot
· Note: Mode 1 is applicable to single slot and repetition case
· Mode 2: inter-slot only 
· Note:  Mode 2 is applicable to repetition case
· FH across mini-slots for repetitions 
· 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.
· FFS: details including the number of configurations, hopping pattern/configurations, signaling designs, etc.
· Support RAR/UL grant indication for PUSCH frequency-hopping 
· FFS: details including how to indicate enable/disable and pattern/mode of FH.
·  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
· 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
· 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 assumptions in RAN1#90b
· 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}
