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1 Introduction
The DL HARQ-ACK of type 1 GF PUSCH transmission is considered. According to the agreements in RAN1-90, we compare three options and propose our view with the DL HARQ-ACK for the type 1 grant-free UL transmission. 
	Agreements: (RAN1-88)
· For UL transmission without grant,
· The resource configuration includes at least the following
· Time and frequency resources, FFS: including resources for repetitions, implicitly or explicitly
· Modulation and coding scheme(s), possibly including RV, implicitly or explicitly
· Reference signal parameters
· FFS: Details
· FFS: The number of repetitions K
· FFS: Whether multiple number of K can be configured to one UE
· FFS other parameters
· FFS: A UE may continue repetitions for a TB until one of the following conditions is met 
· An ACK is successfully received from gNB
· The number of repetitions for the TB reaches K

Agreements: (RAN1-90)
· If HARQ feedback is supported, to indicate HARQ feedback of UL transmission without grant, following options and related UE behavior should be further studied.
· [bookmark: OLE_LINK8][bookmark: OLE_LINK9]Option 1: Based on UL grant to indicate “ACK”
· Option 2: Group-common DCI
· 2-1: Only ACK 
· 2-2: ACK and NACK
· [bookmark: OLE_LINK1][bookmark: OLE_LINK3][bookmark: OLE_LINK4]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”



According to the listed Options for Type 1 GF PUSCH, ACK is agreed to be necessary, as all Options indicate ACK. It is the issue that NACK is additionally beneficial to the system. In this contribution, we address our view for the DL HARQ-ACK of Type 1 GF PUSCH transmissions.
2 Discussion
2.1 Comparison of listed options
Three states of HARQ-acknowledgements can be defined: ACK, NACK, third state. The ACK state corresponds to when the serving gNB identifies UE ID and successfully decodes TB transmitted by the UE. A UE that has transmitted GF PUSCH shall monitor PDCCH to find ACK of its own transmitted TB. If the UE finds ACK, then it can flush the HARQ buffer, stop the repetition, etc. 
If a UE does not find ACK, then the UE regards the serving gNB fails to detect the DM-RS or the TB. The UE should retransmit the same TB.
The NACK state can be defined when the serving gNB can identify the UE ID but fails to decode. The UE that has transmitted GF PUSCH should monitor the PDCCH. If a UE finds the NACK of the TB, then the UE can expect a UL grant to retransmit the same TB. This NACK may stop repetition because otherwise UE keep transmitting until the ACK is received, which means NACK does not impact to UE.
The third state can be defined when the serving gNB does not detect the UE ID. The serving gNB transmits nothing about this state and UE cannot find ACK nor NACK. The UE assumes that the serving gNB have failed to decode all its previous transmissions.  
[bookmark: _Ref492589428]Proposal 1: The DL HARQ-ACK signalling stops the UE from repeating the transmission of a same TB.
The ACK or NACK can be indicated by the implicit resource mapping, as LTE PHICH does. The GF PUSCH resource and its associated DM-RS resource can indicate ACK or NACK. The sufficient reliability can be questionable because those ACK or NACK should be reliably detected to all UEs that have transmitted GF PUSCH previously. Those UEs can be located in the cell center or cell edge. To ensure the appropriate detection probability, it is desirable to have CRC to decide the presence of error. To this end, the ACK or NACK should be included in the DCI as payloads. This DCI should be decodable to all UEs participating the GF PUSCH in the same resource. Thus, the group common DCI should be used to include ACK or NACK. In this sense, GC-RNTI can scramble the GC DCI.
[bookmark: OLE_LINK6][bookmark: _Ref492589432][bookmark: OLE_LINK2]Proposal 2: The GC-DCI is used for DL HARQ-ACK of GF PUSCH transmissions.
The other option such as Option 1 uses UL grant to indicate ACK. The UL grant will be regarded as ACK (i.e., on/off shift keying). It is noted that a UE-specific UL grant is not decodable to other UEs. Other UEs that do not receive UL grant keep transmitting the same TB until the UL grant is received or K is counted up. UEs that detect the presence of such UL grant stop the transmission and flush the HARQ buffer. 
In or view, this approach functions well but we concern that the number of UL grant is proportional to the number of acknowledged UEs. Moreover, each UL grant carries low payload because its presence implies the ACK. The appropriate payload size can be made with appending known bits to the payload. Thus, it is desirable that UL grant should be decodable to a group of UEs to reduce the overhead, and the information about ACKs should be included in the UL grant.
[bookmark: _Ref492589410][bookmark: OLE_LINK5]Observation 1: To reduce the overhead, UL grant for ACK should be shared with a group of UEs.  
[bookmark: OLE_LINK7]Another option such as Option 3 uses timers or time windows. The UE waits for ACK or NACK within the window. A UE keeps the default assumption unless the serving gNB informs otherwise. For Option 3-1, a UE assumes ACK if the serving gNB transmits nothing within the window or if explicitly informs ACK after the window expires. This is reasonable because of the introduction of K. For Option 3-2, a UE assumes NACK until ACK is received within the window. This is reasonable because the GF PUSCH can be applied to UL URLLC data transmission and its default assumption should be NACK within the window until UE asserts the successful reception at the serving gNB.
The Option 3 gives the serving gNB more freedom, by not transmitting rapid DL HARQ-ACK. However, in this case, a UE can keep transmitting the same TB creating interference even after the serving gNB decodes the TB and should not flush the HARQ buffer before the timer expires. In other words, for efficient UE behaviour, it is desirable that the serving gNB transmits ACK or NACK as fast as possible in order to switch the default assumption. The timer based approach can be further optimized to group DL HARQ-ACK for lower overhead.
[bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: _Ref492589420]Observation 2: The serving gNB should explicitly indicate DL HARQ-ACK for efficient UE behaviour.
To review all options, we prefer the Option 2. The GC-DCI has the DL HARQ-ACK as payload, and its overhead can be optimized if group HARQ-ACK are multiplexed in the same GC-DCI. In addition, the serving gNB can terminate the repetition if deemed unnecessary. Thus, we propose that the GC-DCI based approach should be supported.
2.2 [bookmark: OLE_LINK12]DL HARQ-ACK design
The Option 2-1 and Option 2-2 have ACK, while Option 2-1 does not have NACK. As described in the previous section, the NACK implies that the serving gNB detects UE ID but fails to decode the TB. Whenever the serving gNB detects the UE ID, the TB can be re-schedule by UL grant or declare ACK. In this sense, the NACK can be omitted to GC-DCI because the serving gNB will reschedule the TB if a NACK occurs. The serving gNB can transmit the UL grant instead of transmitting NACK, in the same CORESET. Thus, a UE can monitor only ACK for the DL HARQ-ACK at least during the repetition of GF PUSCH.
Considering DL HARQ-ACK after K repetitions, the default assumption should be NACK unless informed otherwise. This is because the rationale of K repetition is to achieve sufficient reliability without SR and HARQ round trip delay. Thus, after K repetition, if a UE receives nothing, i.e., the serving gNB does not detect the UE ID, then the UE begin K repetition again. The serving gNB should configure K large enough.
[bookmark: _Ref492589436][bookmark: OLE_LINK13]Proposal 3: The ACK only signalling in GC-DCI is sufficient to retransmit the GF PUSCH (Option 2-1).
The ACK only signalling in the GC-DCI may have two distinct approaches. The first approach is similar to LTE RAR (Alt 1); the second approach is similar to LTE PHICH (Alt 2).
The LTE RAR based Alt 1 only echoes the detected UE ID. Each UE ID can be uniquely represented by the DM-RS ID and associated the GF PUSCH resource ID. With the given GF PUSCH resource, the serving gNB identify the DM-RS resources. The GC-DCI includes the detected DM-RS ID. If the number of detected DM-RS resources are two or more, then the GC-DCI should also include the number of detected DM-RS IDs, which is essential for varying size of GC-DCI payload. The GF PUSCH resource should be informed to UEs. This can be realized by ordering detected UE IDs with respect to the GF PUSCH resource IDs. 
The LTE PHICH based Alt 2 includes the bit string. The bit itself represents ACK or NACK/DTx (or NACK/collision). The location of bit implies the DM-RS ID and the GF PUSCH resource. The GF PUSCH resource is indicated by using proper ordering. The length of the bit string depends on the total number of GF PUSCH resource and the total number of assigned DM-RS resources.
For both Alt 1 and Alt 2, UEs are monitoring the GC-DCI while participating the type 1 GF PUSCH transmission, and searches own ID by integrating DM-RS ID and associated GF PUSCH resource ID. All UEs know the bit locations of their own DL HARQ-ACK. If UE can detect own ID, then the UE regards it as ACK. Otherwise, UE keep repeating the TB.
[bookmark: _GoBack]Comparing the Alt 1 and Alt2, when the number of ACK per GF PUSCH resource increases, the Alt 1 has higher payload size than the Alt 2. But if the serving gNB has a few Rx antenna or is not capable of advanced receiver processing, the number of ACK per GF PUSCH resource can be quite limited.
[bookmark: _Ref492589440]Proposal 4: Either LTE RAR based approach or LTE PHICH based approach is supported for Option 2-1 (ACK only on GC-DCI).
3 Conclusion
In this contribution, we observed and proposed the followings.
Proposal 1: The DL HARQ-ACK signalling stops the UE from repeating the transmission of a same TB.
Proposal 2: The GC-DCI is used for DL HARQ-ACK of GF PUSCH transmissions.
Observation 1: To reduce the overhead, UL grant for ACK should be shared with a group of UEs.
Observation 2: The serving gNB should explicitly indicate DL HARQ-ACK for efficient UE behaviour.
Proposal 3: The ACK only signalling in GC-DCI is sufficient to retransmit the GF PUSCH (Option 2-1).
Proposal 4: Either LTE RAR based approach or LTE PHICH based approach is supported for Option 2-1 (ACK only on GC-DCI).

Page 3 / 4

