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Introduction
[bookmark: OLE_LINK6]UL data transmission without grant is supported in NR. In RAN190bis [1], UL waveform and periodicities of resource configurations of UL data transmission without grant were extensively discussed. The following agreements were made:
Agreements:
· For UL transmission with grant,
· By UE-specific RRC signaling, a UE can be configured with UL waveform that is different from the one configured by RMSI for Msg3. Once configured;
· When the non-fallback DCI schedules the PUSCH transmission, the UE uses the UL waveform configured by the UE-specific RRC signaling; when the fallback DCI schedules the PUSCH transmission, the UE uses the UL waveform configured by RMSI for the PUSCH transmission.
· If the UE is not configured with UL waveform that is different from the one configured by RMSI for Msg3;
· The UE uses the UL waveform configured by RMSI for the PUSCH transmission.
· FFS: whether the fallback DCI is based on DCI format/size or on search space.
· RMSI informs single waveform to the UE
Agreements:
· 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.

Agreements:
· 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



In addition, following agreements made in RAN2 #99bis:
Agreements:
1. SPS/GF operation can be active simultaneously for PCell/PSCell and SCell.  This applies to both Type 1 and Type 2.  
2. For SPS, no optimizations to MAC CEs are pursued to support simultaneous activation/deactivation. The UE identifies the serving cell based on the grant mechanism (i.e. nothing special needs to be done)
3. SPS is configured per serving cell. For SPS, multiple SPS configurations per serving cell are not supported.

In this contribution, we discuss the remaining details of UL transmission without grant where we on resource configuration and the HARQ feedback for UL transmission without grant.
Resource configuration
Resource configuration for Type1 and Type2
As agreed in RAN2, SPS/GF operation can be active simultaneously for PCell/PSCell and SCell. While SPS is configured per serving cell and for SPS, multiple SPS configuration per serving cell are not supported. From RAN1 perspective, we should clarify that whether to support of simultaneous configuration of Type 1 and Type 2 UL transmission without grant for a serving cell or different serving cells and whether to support multiple configurations for a serving cell or different serving cells at a Type 1 UL transmission without grant.
· Whether to support of simultaneous configuration of Type 1 and Type 2
Until now, we don’t see the need to simultaneously support Type 1 and Type 2 UL transmission without UL grant for a serving cell. In order to support different services or reduce latency, we think the multiple configuration should be at different carriers. That is, one serving cell can support Type 1 and another serving cell can support Type 2.
· For a serving cell and Type 1 UL transmission without UL grant, whether to support multiple configurations:  
Although multiple SPS configuration per serving cell are not supported in RAN2, for Type 1, multiple configurations per serving cell can be supported in certain use case, e.g. to reduce latency or for different services. As can be seen in Figure 1, two resource configurations with different subbands are illustrated. Different resource configurations can indicate different periodicity and/or MCS/TBS levels, in order to adapt various traffic models with different packet arrival rates or packet sizes. In addition, gNB can also configure multiple resources to reduce latency, e.g. by setting the resources with the same periodicity and MCS but different offset, as depicted in Figure 1. UE can choose the resource configuration that is closest to the traffic arrival time to transmit the grant-free data.
Because multiple configurations per serving cell can be supported for Type 1 UL transmission without grant, each configuration can have multiple HARQ processes. In RAN1 NR#3, it was agreed that the same resource configuration was used for K repetitions for a TB including the initial transmission for both Type1 and Type 2 UL transmission without grant. And during the K repetitions of a TB are transmitted in the same resource, HARQ process ID and MCS should be the same. The HARQ process ID can be determined by:
· The number of HARQ process in the configuration
· Interval of configured resources for a K repetitions (Periodicity P1 in Figure 1) 
· A start process ID of the configuration. This is used to differentiate process ID of different configurations, if multiple configuration is supported to reduce transmission delay. For example, resource configuration 2 should start from HARQ ID 2 since 2 IDs have already been used for configuration 1.
It would look like:
HARQ process ID = [floor(current_GF/SPS occasion/P)]modulo numberofConfUlGF/SPS-processes + start process ID.
As can be seen from Figure 1, when traffic arrives at mini-slot 1 of slot 0, if there is only one resource configuration at f0, UE has to wait until slot 1 to transmit on HARQ ID 1. While when an additional resource #2 is configured to the same UE, UE can choose the time-frequency resource at mini-slot 2 (here 2-symbol mini-slot is assumed) associated with HARQ process ID = 2 to transmit data. This can be used for some services with strict latency requirement at the cost of spectral efficiency.
As can be also seen from Figure 1, one slot includes multiple mini-slots. And each repetition of the TB is mapped to one mini-slot, K repetition transmission is similar to mini-slot aggregation, which is beneficial for minimizing the transmission latency. Otherwise if only one mini-slot is allowed to be scheduled within one slot and the repetitions of a TB are transmitted only on the aggregated slots. UE has to wait for multiple slots to finish the transmission of the TB. Another possibility is to schedule only one longer mini-slot within a slot to transmit the TB with K times lower code rate (equivalent to K repetitions), in this case although the transmission latency of the whole TB is kept same as mini-slot level repetition, gNB has to wait for the end of the TB in order to decode the grant-free data, and it is not allowed to early terminate the repetitions either by UL grant or ACK feedback. Therefore, for some services with strict latency requirement, one slot including multiple mini-slots used for the repetitions of a TB is more preferred.



Figure 1.  Resource configuration and HARQ processing ID determination
Proposal 1: For Type 1, multiple configurations per serving cell can be supported in certain use case. And, multiple resource configurations can be used for different TB transmissions associated with different HARQ process IDs. The HARQ process ID= [floor(current_GF/SPS occasion/P)]modulo numberofConfUlGF/SPS-processes + start process ID. . 
Proposal 2: For some stringent delay services, one slot including multiple mini-slots can be configured for K repetitions of one TB. 
[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 discussion, e.g. whether the initial transmission of the K repetitions can be performed at any configured resource. We propose that the time resource of initial transmission should be known by the gNB in order to avoid ambiguity on HARQ ID and RV order. The simplest way is to tie the initial transmission to some of the configured resources. As illustrated in Figure 2, take K = 4 as an example, and periodicity P ≧ K. (P < K is not considered here as it does not look practical). When traffic arrives at k = #3, the formulation of repetitions may be counted by two possible solutions:
· Option 1: Figure 2(a) gives the example that transmission starts immediately after the traffic arrival and K repetitions is ensured. The data transmission with K repetitions is consistent whatever the resources is with the same HARQ processing or not. 
· Option 2: UE would wait for the next nearest common starting point of k= #1 to transmit the UL data transmission without grant. The repetition scheme is shown in Figure 2(b).
For option 1, because of flexible starting occasion for initial transmission, it could need to differentiate the initial transmission with the rest of the repetitions. To differentiate initial transmission and the rest of the repetitions, the initial transmission can be identified either by dedicated frequency resource or dedicated DMRS resource in each configuration (e.g.,a dedicated cyclic shift, or a dedicated port, etc.). But blind detection of RV ID is still needed if different redundancy versions are used for each repetition and ambiguity of HARQ ID still exist if the initial transmission is missed.
· RV ID: If gNB failed to detect the UE id of the initial transmission, and the rest of repetitions have the same DMRS resource and sequence, it is still difficult to identify transmission number and RV ID.
· HARQ ID: In order to the initial transmission has the flexibility to start at any time, it may cause that the initial transmission and the rest of repetitions have different HARQ ID, such as HARQ ID 1 and ID 2 in Figure 2(a). If gNB failed to detect the UE id of the initial transmission, gNB could not know the rest of repetitions having HARQ ID 2 correspond to which TB.
Option 2 is easier to implement since there is no misalignment of the repetition construction between gNB and UE. And as discussed below, option 2 is more suitable for RV cycling in repetition transmissions. The potential disadvantage of option 2 is the additional latency for waiting for the next periodicity to transmit, especially when P is great larger than K. But as long as a short periodicity is configured, the latency for waiting the initial transmission occasions may not be a big issue. Not to mention that multiple resources can be configured with different time instances for the initial transmission to shorten the latency, as shown in Figure 1. Therefore, option 2 is preferred.


(a)


(b)
Figure 2 Repetition constructions for resources
Proposal 3: For K repetitions transmission, the initial UL data transmission without grant shall be transmitted at common starting points fork= #1.
HARQ related issues
3.1 RV determination for K repetitions
Regarding the RV determination for K repetitions including the initial transmission, the current working assumption is:
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}
Based on the simulation results of channel coding session [4], we observed that all the three RV sequences have good performance. {0,2,3,1} has the best combination gain, while {0,3,0,3} and {0,0,0,0} can provide low decoding latency due to the self-decodable property.
Proposal 4: Confirm the working assumption that RV sequence for repetitions is configured by UE-specific RRC signalling to be one of the three sequences.
[bookmark: OLE_LINK5]3.2 Discussion on Grant-free RNTI
Based on the analysis in Section 2.1, there is no need to support of simultaneous configuration of Type 1 and Type 2 UL transmission without grant for a serving cell, and we think both Type 1 and Type 2 or multiple configurations should be at different carriers, the HARQ ID of different types can be different if PID is calculated based on time and frequency resource, and thus can be used to distinguish the different configuration. 
So we suggest that: For Type 1 and Type 2, the same RNTI is configured by UE-specific RRC signaling. Within each Type, same RNTI is configured for multiple resource configurations.
Proposal 5: For Type 1 and Type 2, the same RNTI is configured by UE-specific RRC signaling. Within each Type, same RNTI is configured for multiple resource configurations.
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. There are two possible options on how to indicate HARQ-ACK status of UL transmission without grant:
· Option 1: explicit HARQ-ACK indication is supported during or after K repetitions (K>=1).
· FFS explicit HARQ-ACK is transmitted by UE specific DCI or group common DCI or both.
· Option 2: explicit HARQ-ACK indication is not supported during or after K repetitions (K>=1)
We propose that whether or not to feedback explicit HARQ-ACK indication during or after K repetitions (K>=1) is configurable by UE-specific RRC signalling. Whether to use explicit or implicit (based on timer) HARQ-ACK indication depends on the configuration of gNB. 
Basically, the retransmission of Type 1 and Type 2 UL transmission without grant can be divided into the following two cases
1) gNB detected the UE but failed to decode its data.
2) gNB failed to detect the UE activation.
Those two cases can be regarded as the reference of the configuration of ACK feedback, which is a gNB implementation issue. For example, if the gNB can always detect the UEs by using RS based UE identification, then there is no need of explicit ACK feedback in order to save signaling overhead. While if the probability of miss detection is relatively high, an ACK feedback may be needed for the sake of reliability. In addition, when the configured repetition number K is very large, an explicit ACK feedback can be used for early termination, in order to save the unnecessary remaining transmissions and reduce the interferences to the other UEs shared on the same resources.
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 be able to detect the UL grant and follow the grant-based retransmission.
For the second case, gNB cannot feedback ACK/NACK, so UE may assume NACK and re-transmit the same TB after a timer is expired, but it should be recognized a new transmission for the gNB, i.e. no HARQ combing.
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 timer, this is also beneficial to avoid consistent collision problem among of sharing UEs. 
It should be noticed that the UL transmission without grant is also intended for some of the eMBB use cases. In eMBB cases the required reliability of UE detection may not be that high,  so only a timer may not be enough since UE may mistakenly assume ACK if gNB did not detect the UE and feedback nothing. Therefore, a UE-specific ACK feedback can be supported after the K repetitions. 
Proposal 6: Whether or not to feedback explicit HARQ-ACK indication during or after K repetitions can be configurable by UE-specific RRC signalling.
Proposal 7: For the number of repetitions K > 1, support to define a timer either explicitly or implicitly, if a NACK is not received within a predefined timer, the UE assumes ACK. 
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 Type 1, multiple configurations per serving cell can be supported in certain use case. And, multiple resource configurations can be used for different TB transmissions associated with different HARQ process IDs. The HARQ process ID= [floor(current_GF/SPS occasion/P)]modulo numberofConfUlGF/SPS-processes + start process ID. . 
Proposal 2: For some stringent delay services, one slot including multiple mini-slots can be configured for K repetitions of one TB. 
Proposal 3: For K repetitions transmission, the initial UL data transmission without grant shall be transmitted at common starting points fork= #1.
Proposal 4: Confirm the working assumption that RV sequence for repetitions is configured by UE-specific RRC signalling to be one of the three sequences.
Proposal 5: For Type 1 and Type 2, the same RNTI is configured by UE-specific RRC signaling.
Within each Type, same RNTI is configured for multiple resource configurations.
Proposal 6: Whether or not to feedback explicit HARQ-ACK indication during or after K repetitions can be configurable by UE-specific RRC signalling.
Proposal 7: For  the number of repetitions K > 1, support to define a timer either explicitly or implicitly, if a NACK is not received within a predefined timer, the UE assumes ACK. 
Reference
[1] [bookmark: _Ref490233735]3GPP TSG RAN1 #90 bis, RAN1 Chairman’s Notes.
[2] [90b-NR-34] Email discussion for UL transmission without UL grant for proposals approval and other issues related to RRC signalling, NTT DOCOMO, INC.
[3] [bookmark: _GoBack]3GPP R1-1717442, Remaining details of UL transmission without grant, ZTE, Oct. 2017. 
[4] [bookmark: _Ref498773102]3GPP R1-1719525, Remaining details of LDPC coding, ZTE, Nov. 2017.
7
Microsoft_Visio_2003-2010___11.vsd
RV0


Slot 0


mini-slot0


RV3


RV0


RV3


mini-slot1


mini-slot2


mini-slot3


RV3


RV0


RV3


Slot 1


RV0


RV3


RV0


RV3


RV0


RV3


RV0


RV3


f 0


f 1


frequency


time


HARQ ID 0


HARQ ID 1


Start process ID =2


Periodicity P2


Data arrival


RV0


mini-slot4


mini-slot5


mini-slot6


HARQ ID 2


Periodicity P1


Resource configuration 1


Resource configuration 2


RV0


RV0



image2.emf
1 2 3 4

Data arrival

Periodicity P 

k=#1#2 #3 #4

K repetition

RV 0RV 2

RV 3

RV 1RV 0RV 2RV 3

HARQ ID 1

HARQ ID 2


Microsoft_Visio_2003-2010___22.vsd
1


2


3


4


Data arrival


Periodicity P 


k=#1


#2


#3


#4


K repetition


RV 0


RV 2


RV 3


RV 1


RV 0


RV 2


RV 3


�

HARQ ID 1


�

HARQ ID 2



image3.emf
1 2 3

Data arrival

Periodicity P 

k=#1#2 #3 #4

K repetition

4

RV 0

RV 2RV 3RV 1

HARQ ID 1

HARQ ID 2


Microsoft_Visio_2003-2010___33.vsd
1


2


3


Data arrival


Periodicity P 


RV 0


RV 2


RV 3


RV 1


k=#1


#2


#3


#4


K repetition


4


�

HARQ ID 1


�

HARQ ID 2



image1.emf
RV0

mini-slot0

RV3 RV0 RV3

mini-slot1mini-slot2mini-slot3

RV3 RV0 RV3

RV0 RV3 RV0 RV3 RV0 RV3 RV0 RV3

f 0

f 1

frequency

time

HARQ ID 0

HARQ ID 1

Periodicity P2

RV0

mini-slot4mini-slot5mini-slot6

Data arrival

HARQ ID 2

Periodicity P1

Resource configuration 1

Resource configuration 2

Start process 

ID =2

RV0 RV0


