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Discussion and Decision
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Introduction
In RAN1#90, the following was agreed regarding UL transmission without grant,
· 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

· 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. 

· 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 NR#3, it was agreed that, 

· Type 3 UL transmission without UL grant is not supported in Rel.15.
· For Type 1 UL transmission without grant, to down-select (including possible combinations) from:
· Option 1: waveform type is determined from UE-specific RRC
· 1-1: Explicitly configured by the RRC
· 1-2: Implicitly derived by other information in RRC
· E.g., some entries of MCS table are for DFT-s-OFDM for 1 layer transmission, while others for CP-OFDM
· Option 2: waveform type follows the information by RMSI for Msg3
· For Type 2 UL transmission without grant, to down-select (including possible combinations) from:

· Option 1: waveform type is determined from DCI

· 1-1: Explicit 1-bit field in the UL grant

· 1-2: Implicitly derived by other information

· 1-2-1: Some entries of MCS table are for DFT-s-OFDM for 1 layer transmission, while others for CP-OFDM

· 1-2-2: Based on the different DCI sizes

· 1-2-3: Based on the search space where the UL grant is detected

· FFS: the DCI-based determination is always enabled or is enabled/disabled by RRC signalling

· Option 2: waveform type is configured by UE-specific RRC

· Option 3: waveform type follows the information by RMSI for Msg3

· Option 4: waveform type is indicated by MAC CE

· Note: For Msg3, waveform is informed by the RMSI

· If no agreement is done, all UE follows the information by the RMSI

· Aim to have the same solution as in the UL with grant case

· Multiple resource configurations for UL tx without UL grant can be configured to a UE 

· For UL tx without UL grant, the same resource configuration is used for K repetitions for a TB including the initial transmission
Based on these agreements, we give solutions on the remaining issues on grant-free. This contribution is revised from R1-1715548 [1].
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Discussion
Regarding the RV determination for K repetitions including the initial transmission, using multiple RVs is beneficial in case the channel coding rate is higher than the minimum code rate (e.g., 1/5 in LDPC). The repetitions shall follow an RV order, which will be designed in the channel coding session. RV order design for grant-free should consider a scenario that the gNB might miss the first one or several transmissions without buffering the data, the decoding performance will be poor if there is no self-decodable RVs in the following transmissions. 
Proposal 1: A RV order including multiple RVs is applied for grant-free repetition.   
Regarding the configuration of repetition number indication for type 2 transmission, it is proposed that gNB indicates the repetition number in the activation DCI. The gNB can configure a MCS and a repetition number in the same signaling, therefore more flexible link adaptation is enabled. To reduce the physical layer signaling overhead, there could be predefined multiple sets of repetitions and the gNB will configure one set through RRC signaling. gNB would then selects one repetition number from the configured set and indicate it through L1 activation. Similar scheme can be considered also for grant-based repetition indication. 
Proposal 2: The configuration of repetition is through combined RRC signaling and L1 activation. 
Regarding RNTI, similar with LTE SPS and to reduce the standard impact, it is proposed that the RNTI for both type 1 and type 2 grant-free transmission is configured through RRC signaling.

Proposal 3: RNTI for both type 1 and type 2 grant-free transmission is configured through RRC signaling. 
It was agreed that multiple HARQ processes are supported for grant-free. The number of grant-free HARQ processes should be configured by the gNB. 
Proposal 4: The number of HARQ processes for grant-free is configurable. 
If decoding of a grant-free transmission is successful, the gNB should transmit an ACK to the user. Depending on the configured repetition number, the ACK might be transmitted during the repetition to early terminate the transmission to avoid the interference to other UEs. In case the ACK is not received by the UE, the retransmission could occur in the grant-free resources. 

Regarding how to signal the ACK, using UE specific DCI is not that efficient, but this happens only when the gNB is not to schedule new data for the user, otherwise the scheduling grant can be used to implicitly indicate the ACK. A group common DCI was proposed to carry the ACK for group of grant-free UEs to reduce the signaling overhead. However, with group common DCI, for multiple UEs within the same group, the probability that more than one UEs transmit simultaneously can be small considering more typical sporadic traffic, which means that the resource saving from group-common DCI could be small. Besides, with flexible ACK timing, the HARQ process ID should be included in this DCI, which means more overhead. Furthermore, more standard impacts are needed for group common DCI, such as signaling of RNTI and UE index in the group. 
Proposal 5: An explicit ACK is transmitted to the user when a grant-free transmission is successful. The ACK is carried in the UE specific DCI. 
Regarding the HARQ process ID determination, a simple way is to implicitly indicate the HARQ process number by the slot index, which is similar with that in legacy LTE SPS. With periodically allocated grant-free slots, only these slots with consecutive logical index are enumerated for HARQ ID determination. In case of repetition with K>1, the mapping would be based on the logical slot index associated with the 1st transmission. The gNB can identify the 1st transmission from the configured corresponding slots, but this means high latency.
One way with less latency is that the HARQ process ID is associated with the T-F resources. In such case the grant-free transmission can start from any configured transmission occasions. The gNB can configure one resource set and UE choose different subset of resources for different HARQ process ID. Alternatively, the gNB can configure different resources for different HARQ process ID, but this means higher signaling overhead. 
In some cases, the above two ways can be joint used for HARQ ID determination. 
Proposal 6: The HARQ process ID is implicitly decided by the logical slot index and/or T-F resources. 
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Conclusions
In this contribution, we have the following proposals for grant-free,
Proposal 1: A RV order including multiple RVs is applied for grant-free repetition.   
Proposal 2: The configuration of repetition is through combined RRC signaling and L1 activation. 
Proposal 3: RNTI for both type 1 and type 2 grant-free transmission is configured through RRC signaling. 
Proposal 4: The number of HARQ processes for grant-free is configurable. 
Proposal 5: An explicit ACK is transmitted to the user when a grant-free transmission is successful. The ACK is carried in the UE specific DCI. 

Proposal 6: The HARQ process ID is implicitly decided by the logical slot index and/or T-F resources. 

References

[1] R1-1715548, “Remaining issues on UL transmission without grant” Nokia, Nokia Shanghai Bell, RAN1 NR#3, Nagoya, Japan, September 2017.
