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Introduction
In RAN1#90, following agreements were made [1]:
	Agreement:
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.
Agreement:
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:
It is up to RAN2 how many SR configurations the UE can be configured with.
In case of SR only, the physical layer can only transmit one SR at any given time
If multiple SR are triggered prioritization of which SR should be transmitted is decided by RAN2
Multiplexing of SR and HARQ feedback is supported on short-PUCCH
Multiplexing of SR and HARQ feedback is supported on long-PUCCH
An SR can be configured with a periodicity of at least equal to X OFDM symbol(s) (at least for short-PUCCH), and with up to the largest periodicity supported in LTE (i.e. 80 ms)
Working assumptions:
X=1, which implies short-PUCCH could be located at any OFDM symbol of a slot
FFS: Supported periodicity values
FFS: Possible limitations due to other factors
One configured SR can be associated with either short or long PUCCH



In this contribution, we provide our views on the design of UL data transmission with and without grant. Especially, we focus on transmission procedure of UL data transmission without grant, including resource configuration for repetition and TB identification. We also propose some options down-selected from previous agreement.
Uplink data transmission without grant
1.1. Aspects of transmission parameter
1.1.1.  RV determination
Considering coding gain, we can consider soft combing of different RV during K repetition. However, it may not work properly in UL data transmission without grant. To be specific, since resources can be shared among multiple UE using UL data transmission without grant, a transmission would be highly interfered or dropped by other transmission on the same time/frequency resources. In addition, it is possible that gNB does not receive transmission with RV 0 which including systematic bits. Without systematic part, most of the coding schemes have low decoding performance. 
On the other hand, UL data transmission without grant may use enough low MCS or TB size because it is not possible to schedule a high quality resource adaptively. In that case, UL data transmission without grant would have low coding rate which similar with mother code rate. In this sense, with low TBS relative to scheduled resource, the effect of incremental redundancy would be reduced. From those points of views, it seems not essential to use different RV for UL data transmission without grant. 
For type 2 UL data transmission without grant, fixed RV makes it possible to re-use LTE-SPS procedure like DCI validation. It can make specification effort less.
In general, to allow chase combining over repetition and also increase the probability of receiving RV0 even with collisions and failure of UE detection, and also simplify the configuration and specification work, we propose to fix RV as 0 for UL data transmission without grant over the repetition. 
Proposal 1: For both type 1 and type 2 UL data transmission without grant, RV is fixed to 0. 

1.1.2. Configuration of number of repetition K
It would be beneficial to adjust the number of repetition in terms of resource efficiency by channel status of a UE in uplink transmission. Since L1 signalling in type 2 UL data transmission without grant has resource allocation information, gNB can reflect the size of allocated resources and channel status in the number of repetitions. Therefore, for type 2 UL data transmission without grant, it can be to configure the number of repetition dynamically. If there is a change on channel status, gNB may modify the number of repetitions with less control overhead through L1 signalling.
Proposal 2: For the type 2 UL transmission without grant, the number of repetition K is configured by Combination of RRC signalling and L1 activation signalling
Proposal 3: For the UL transmission with grant, the number of repetition K is configured by Combination of RRC signalling and L1 activation signalling

1.1.3. Using Different RNTI(s) from UL transmission w/ grant
From RAN1#90, it is agreed to use different RNTI from the RNTI for UL transmission with grant. This RNTI, for convenience, denoted by GF-C-RNTI, can be used for both of type 1 and type 2. GF-C-RNTI can be used to identify L1 signalling for UL data transmission without grant. When there are multiple configurations for UL data transmission without grant, we can consider to allocate separate GF-C-RNTI to each configuration. By using multiple GF-C-RNTI, we can re-use transmission procedure of single configuration without any modification on DCI design for multiple resource configurations if supported. 
Proposal 4: For both of type 1 and type 2 UL data transmission without grant, each configuration for UL data transmission without grant has own unique RNTI
When a UE fails to decode re-transmission or to miss retransmission grant for TB initially transmitted without grant, gNB would send UL grant for 2nd re-transmission. When UE misses UL grant for 1st re-transmission, the UE regards 2nd re-transmission grant as 1st re-transmission grant. If using different RNTI between 1st and 2nd re-transmission grant, there can be an ambiguity. To remove this, we can consider to use first CRC mask sequence selection for L1 signalling associated for the same TB even when TB switched to UL data transmission with grant. 
Proposal 5: For TB initially transmitted by UL data transmission without grant, the same RNTI is used for associated with the configuration is used for same TB continuously.

1.2. Aspects of HARQ procedure
1.2.1.  Explicit HARQ-ACK feedback
To determine HARQ-ACK state of UL data transmission without grant, it is necessary to define UE behavior related HARQ procedure at least after K repetitions. If UE doesn’t get any feedback until the end of K repetitions, it can be considered UE can assume HARQ-ACK state. After finishing K repetition, a UE can wait for retransmission grant or may start a new transmission (with the same TB) via UL transmission without grant. From the network perspective, when a UE starts the new transmission, HARQ-ACK combining with previous transmission is not assumed as the network does not know whether it is for the same TB or not. Or, the UE does not assume neither NACK nor ACK until the timer expires to flush the buffer. 
Proposal 6: No specific handling or assumption is made when a UE has not received any UL grant after finishing transmission of K repetition. A UE may restart initial transmission based on UL transmission without grant, or wait until HARQ-ACK timer expires for HARQ-ACK buffer flushing. 
If UL data transmission without grant supports some features such as ACK-based termination of repetition or retransmission without grant, gNB may need additional HARQ-ACK feedback. We can consider following options from previous agreement
· Option 1: Based on UL grant to indicate “ACK”
· Option 2: Group-common DCI to indicate “ACK” or “ACK or NACK”
For Option 1, we can easily adopt Option 1 by defining a special set of parameter as no resource allocation. In this case, option 1 is beneficial in term of specification effort. 
For Option 2, considering asynchronous HARQ and multiple HARQ process, it may need to indicate multiple HARQ-ACK at the same time for the same UE. Considering that, it is not easy to design group-common DCI. To support multiple HARQ-ACK feedback in one DCI for a UE, required bits size may be large. However, not to increase blind decoding, a size of group-common DCI should be same as a size of UE-specific DCI.
In those points of views, option 1 is preferred to support additional HARQ-ACK feedback if ACK feedback is supported.  
Proposal 7: If ACK feedback is necessary, UL grant with special state (e.g., no resource allocation) can be used as an ACK.
1.2.2. [bookmark: _Ref492774344] TB identification
The gNB would need to identify transport block to schedule possible retransmission for the failed transport block of UL transmission without grant and to support potential HARQ combining among the repetitions associated with the same transport block. In case of UL transmission with grant, UL grant could indicate transport block to be transmitted in terms of HARQ PID. However, in case of UL data transmission without grant, it is necessary to define how to identify the TB transmitted without grant. Followings are possible options for identification of the TB transmitted without grant:
· Option 1: HARQ PID for UL data transmission without grant is determined by a function of resource index of the first transmission without grant among K repetition. 
· Option 1-1: HARQ PID is explicitly indicated in UL grant where HARQ PID is determined by a function of at least time-domain resource index where one or more of initial UL transmission without grant occur
· Resource index in time-domain can be SFN, slot index, mini-slot and/or symbol index
· FFS whether resource index also include RS parameter and/or frequency index
· Option 2: HARQ PID for UL data transmission without grant is determined by the resource configuration used where each one HARQ process ID is dedicated per configuration.
· Option 3: UL grant for UL data transmission without grant indicates at least timing position of the target TB transmitted by the UE which has detected by the network.
· Option 4: Explicit indication of HARQ process ID in UL data transmission without grant.
In Option 1, time-domain resource, frequency-domain resource and/or RS sequence can be used to derive HARQ process ID. When using time-domain resource index, this approach can be similar to HARQ ID determination used in LTE SPS. However, in UL transmission without grant, some further consideration on repetition should be considered. Alternatively, when using frequency-domain resource index, multiple frequency resources can be configured when multiple HARQ processes with UL transmission without grant is supported. Similarly, using different RS parameter may reduce the number of UE to be distinguished in the same time and frequency resources. Therefore, when the number of UEs transmitting UL transmission without grant is large, it could increase overall time-and-frequency resources reserved for UL transmission without grant. As mentioned in the above, Option 1 is simple and similar to LTE SPS. However, it is possible that the network may have not detected the first transmission correctly in such case different HARQ ID is derived in case of repetition. To avoid such a case, another approach is to map the same HARQ ID over the multiple for example time resources such that the transmissions including initial/repetition within the window can be mapped to the same HARQ ID.
For Option 2, which is similar to frequency-domain case of Option 1, each configuration of UL data transmission without grant can be mapped to dedicated HARQ process. In this case, multiple configuration is needed to supporting multiple HARQ process. 
In Option 3, it is not necessary to define or assign HARQ PID when UE transmits data without grant. Retransmission grant can be linked to TB received at gNB with information of time and/or frequency resource used for the TB. These information can be indicate in UL grant implicitly or explicitly. If it is need to assign HARQ PID for commonality, UL grant can also include HARQ PID to assign to TB. Regarding asynchronous HARQ and DCI design, it is necessary further consideration how to link UL grant to TB transmitted without grant. 
Alternatively, it can be considered that UE transmit HARQ process ID explicitly together with UL transmission without grant as in Option 4. For instance, UCI including HARQ process ID can be piggybacked on UL transmission without grant, or UE can transmit multi-bit SR including HARQ process ID together with UL transmission without grant. However, when HARQ process ID is mapped on PUSCH, it would be vulnerable to collision between UL transmissions without grant. Meanwhile, when separate channel is used to transmit HARQ process ID, overall signaling overhead could be excessive.
The proper option may also depend on how resource configuration is done to support repetition. For example, if the resource configuration identifies potential candidates where initial transmission would occur, Option 1 or 2 seems working. Or, if the resource is shared between initial and retransmission, Option 1-1 would work better. 
Proposal 8: Joint decision of HARQ ID determination with resource configuration for initial/retransmission is necessary. Further focus on Option 1, 1-1 and 2 along with resource configuration options. 
1.3. Aspects of Resource configuration
1.3.1.  Resource configuration for repetitions
Unlike SPS in LTE, UL data transmission without grant can be performed with K repetitions. Therefore, the gNB has to configure resources to UE for following repetitions as well as initial transmission. For this, we can consider the following options about how to configure resource for repetitions. 
· Alt 1: Configured resource are used for both initial and repetition
· Alt 2: Resource for initial and following repetition(s) are configured separately
· Alt 2-1: Resource(s) for following repetition(s) is/are configured explicitly 
· Alt 2-2: Resource(s) for following repetition(s) is/are configured implicitly
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Figure 1 Possible options of resource configuration for K repetitions
Figure 1 shows examples of above options. In Option 1, UE can start UL data transmission without grant at any configured resource. It can be beneficial in terms of latency reduction. However, considering that the network may miss one or a few from the repetition, there can be an ambiguity of identifying transmission. Figure 2 shows possible problem in case of Alt 1. From view point of gNB, Figure 2(b), gNB cannot identify which transmissions is associated with same TB. In this case, it is necessary how to define TB of each transmission for gNB. As in section 2.2.2, TB determination, we can use initial transmission of K repetition as reference point. For this, UE need to indicate that which transmission is initial transmission. By doing so, right three transmission in Figure 2 (b) can be confirmed as for same TB. Similarly, it can be considered to use HARQ PID window mapped to time resource. If there are some consecutive transmission occasion with same HARQ PID, the gNB can regard transmissions in that window as of same TB. 
[image: ]
[bookmark: _Ref492774314][bookmark: _Ref492774283]Figure 2 Possible problem of Option 1
For Alt 2, two approach can be considered. One approach is to restrict initial transmission to every Kth transmission occasion (Alt 2-1). Another approach is that configured resource has following resources with a certain periodicity implicitly (Alt 2-2). Both approach can be the same configuration, but Alt 2-2 is a bit more flexible. When using Alt 2, there is no problem for gNB to identify transmission. However, Alt 2 has higher latency than Alt 1 to wait until the next opportunity for the new transmission when a new packet arrives. 

Proposal 9: Resource configuration for repetition can be down-selected from followings
· Alt 1: Configured resource are used for both initial and repetition
· Alt 2: Resource for initial and following repetition(s) are configured separately
· Alt 2-1: Resource(s) for following repetition(s) is/are configured explicitly
· Alt 2-2: Resource(s) for following repetition(s) is/are configured implicitly
Proposal 10: If Alt 1 is selected for resource configuration, adopt Option 1-1 for HARQ PID determination. If Alt 2 is adopted, adopt Option 1 for HARQ PID determination. 
· FFS between 
· Choice 1: Configured resource are used for both initial and repetition and HARQ PID is explicitly indicated in UL grant where HARQ PID is determined by a function of at least time-domain resource index where one or more of initial UL transmission without grant occur 
· Choice 2: Resource for initial and following repetition(s) are configured separately and HARQ PID for UL data transmission without grant is determined by a function of resource index of the first transmission without grant among K repetition. 
1.3.2. Multiple resources
If we assume Alt 2 in the above is still single resource per configuration where there is one resource per periodicity, we do not see any other strong motivation to introduce multiple resources per configuration. Potentially multiple resources within an interval due to dynamic TDD or TDD may be necessary as resource may not be available per each period. However, this can be also realized by periodic configuration with skipping unavailable resources. In that sense, we propose to focus on single resource per resource configuration.  
Proposal 11: Single resource per resource configuration is prioritized. 
1.3.3. Multiple configuration
The configuration of UL data transmission without grant includes transmission parameters and resource allocation. UE may want to use different parameters and resource allocation for some reasons. We listed possible reasons in below:
1. Different services have different QoS
2. Multiple HARQ process
3. Adaptive resource selection during K repetition
4. Frequency hopping for avoid collision
First of all, UL data transmission without grant can be used for different service like eMBB and URLLC. Considering this, it is necessary to give multiple configuration to UE. In this case, network would make a decision on multiple or additional configuration. Secondly, as statement in section 2.2.2, multiple configuration can be used for multiple HARQ processes. By mapping one HARQ PID to each configuration, multiple HARQ process can be adopted easily. It can be considered as an option for supporting multiple HARQ processes. 
For performance, we can consider for UE to select one of resource configurations adaptively during K repetitions. However, in our view, the number of the repetitions K may not be large. Meanwhile, when UE using multiple configuration with different transmission parameter, it is even more difficult to identify transmission for same TB. Actually, it has not been decided yet in non-adaptive procedure. In our thinking, we should focus on fundamental procedure for UL data transmission without grant at this stage. In this perspective, it seems not necessary to support adaptive resource selection repetition in this release. 
Frequency hopping can be used for avoiding successive collision with other UE. For this, UE can perform frequency hopping across multiple configurations. Alternatively, UE can hop frequency resource with a certain function of previously used resource. It is necessary to discuss further about hopping mechanism. 
Proposal 12: For UL data transmission without grant, 
· Single resource in periodicity can be a baseline of resource configuration. 
· It can be up to RAN2 to decide whether support multiple configuration or not
Uplink data transmission with grant
1.4. SR periodicity
From above agreement of last meeting, a scheduling request can be configured with symbol-level periodicity. When SR periodicity is shorter than SR resource, there can be an ambiguity of timing of SR triggering. First of all, when configuring SR periodicity of 1 symbol to the UE using 2 symbol PUCCH as SR resource, SR can be triggered in second symbol of SR resource. In this case, we can postpone SR to next opportunity or utilize only last one symbol. For the former, meaning of symbol level SR is fading. For the latter, there can be an issue of multiplexing. 
Secondly, considering other UCI like DL HARQ-ACK feedback, it would be beneficial that scheduling request is multiplexed with other UCI. When using different numerology for different UCI like SR and HARQ-ACK, there can be an issue on how to multiplexing different UCI using different numerology. For example, SR is configured with 1 symbol PUCCH and 1 symbol periodicity and PUCCH for HARQ-ACK is 2 symbol PUCCH. In this case, SR can be triggered when HARQ-ACK is needed and SR can also be triggered during HARQ-ACK transmission. For simplicity, it can be considered to restrict SR periodicity and numerology of SR resource to numerology of PUCCH for other UCI. Alternatively, we can postpone one of those. 
Proposal 13: For PUCCH for SR and SR periodicity,
· Minimum SR periodicity can be restrict to transmission duration of PUCCH for SR.
· FFS on how to multiplex UCIs using different numerology
· FFS on how to handle SR triggering during transmission of other UCI 

Conclusion
In this contribution, we discuss on UL transmission with/without grant. Our proposals are as follows:
Proposal 1: For both type 1 and type 2 UL data transmission without grant, RV is fixed to 0. 
Proposal 2: For the type 2 UL transmission without grant, the number of repetition K is configured by Combination of RRC signalling and L1 activation signalling
Proposal 3: For the UL transmission with grant, the number of repetition K is configured by Combination of RRC signalling and L1 activation signalling
Proposal 4: For both of type 1 and type 2 UL data transmission without grant, each configuration for UL data transmission without grant has own unique RNTI
Proposal 5: For TB initially transmitted by UL data transmission without grant, the same RNTI is used for associated with the configuration is used for same TB continuously.
Proposal 6: No specific handling or assumption is made when a UE has not received any UL grant after finishing transmission of K repetition. A UE may restart initial transmission based on UL transmission without grant, or wait until HARQ-ACK timer expires for HARQ-ACK buffer flushing. 
Proposal 7: If ACK feedback is necessary, UL grant with special state (e.g., no resource allocation) can be used as an ACK.
Proposal 8: Joint decision of HARQ ID determination with resource configuration for initial/retransmission is necessary. Further focus on Option 1, 1-1 and 2 along with resource configuration options. 
Proposal 9: Resource configuration for repetition can be down-selected from followings
· Alt 1: Configured resource are used for both initial and repetition
· Alt 2: Resource for initial and following repetition(s) are configured separately
· Alt 2-1: Resource(s) for following repetition(s) is/are configured explicitly
· Alt 2-2: Resource(s) for following repetition(s) is/are configured implicitly
Proposal 10: If Alt 1 is selected for resource configuration, adopt Option 1-1 for HARQ PID determination. If Alt 2 is adopted, adopt Option 1 for HARQ PID determination. 
Proposal 11: Single resource per resource configuration is prioritized. 
Proposal 12: For UL data transmission without grant, 
· Single resource in periodicity can be a baseline of resource configuration. 
· It can be up to RAN2 to decide whether support multiple configuration or not
Proposal 13: For PUCCH for SR and SR periodicity,
· [bookmark: _GoBack]Minimum SR periodicity can be restrict to transmission duration of PUCCH for SR.
· FFS on how to multiplex UCIs using different numerology
· FFS on how to handle SR triggering during transmission of other UCI 

Reference
RAN1 chairman’s notes, RAN1 #90.
image1.png
p Time
(a) Option 1

P Time
(a) Option 2-1
=1 4= g—a =1 =1 —a
[ L [ L
« i > .
i | P ] Time
5 (a) Option 2-2
PP re[‘letitiun
B Initial transmission |:| Resource configured for both initial Transmission and following repetition
I Following repetition |:| Resource configured for initial transmission

|:| Resource explicitly configured for following repetition

:j Resource implicitly configured for following repetition




image2.jpeg
K repetition of one TB

—

AN0MNNANOAONNOMRNNA
I Time
(a) UE’s view
OO0 O0AMNHNAA
T Time
(b) gNB’s view

. . Transmission received at gNB

Transmission missed





