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1.	Introduction
In NR, MAC has, in general, two ways of scheduling, one is dynamic and the other one is SPS. 
For SPS, 
· Retransmission for SPS UL transmission are based only on UL dynamic grant.
· SPS operation always with skipping feature regardless of its SPS periodicity.
For dynamic UL grant,
· Non-adaptive retransmission seems not supported as RAN2 agreed in RAN2#95 that that from MAC perspective it is preferable for NR to support only asynchronous HARQ in UL and DL.
· Dynamic UL grant can also be skipped if the UE is configured with skipping feature for dynamic UL grant.
Having these in mind, we would need to clarify what is the intended HARQ procedure. For this, some issues are listed below. In addition, some remaining issues are to be discussed.
 
2.	Discussion
Issue 1. Support of non-adaptive retransmission on the SPS resource? 
As TTI bundling is a kind of non-adaptive retransmission, RAN2 has not totally removed a possibility to have non-adaptive retransmission in NR and the current draft TS38.321 v1.0.1 includes an Editor’s note saying that Non-adaptive retransmission (including bundling) is not considered in the TP as a baseline, but can be added later. 
Therefore, it would be good to clarify whether non-adaptive retransmission is not supported on the SPS resource.
Up to Rel-14, the MAC always performs a new transmission on the SPS resource unless an adaptive retransmission is ordered via the PDCCH with SPS C-RNTI. In Rel-15 LR WI, RAN2 agreed to prioritize non-adaptive retransmission with RV=0 over a new transmission on the SPS in order to ensure enough number of non-adaptive retransmissions for short SPS periodicity.
In NR, the short SPS periodicity can also be used. Therefore, relying only on dynamic UL grant for retransmission may defeat the gain of SPS because the gNB is forced to provide UL grant for every retransmission. In addition, if the UE uses SPS resource for neither new transmission nor, it might be considered to be a waste of uplink resource because the SPS resource is already given to the UE. 
In the meanwhile, in LTE, the eNB is able to stop the non-adaptive retransmission on the SPS resource by providing ACK to the UE. In NR, however, the gNB has no way to stop ongoing non-adaptive retransmission as there is no HARQ feedback. Accordingly, it may take away new transmission opportunity on the SPS resources once the HARQ process starts non-adaptive retransmission. In this sense, it would be good to stick to the current agreement that:
Proposal 1. In NR, non-adaptive retransmission is not supported on the SPS resource. In other words, only new transmission is supported on the SPS resource as in LTE without skipping feature.
For dynamic uplink grant, it seems clear that non-adaptive retransmission is not supported in NR because NR only supports asynchronous HARQ. Given that the determination of ACK/NACK is only required for non-adaptive retransmission, the UE doesn’t need to determine ACK or NACK for a TB transmitted on either SPS or dynamic UL grant.
Proposal 2. In NR, for both of SPS and dynamic UL grant, the UE doesn’t need to determine ACK/NACK of a TB transmitted in uplink.

Issue 2. Support of TTI bundling.
In LTE, TTI bundling has been introduced in Rel-8 to ensure the reliability for uplink transmission in the area of poor coverage, e.g. cell edge. When TTI bundling is configured, the UE performs non-adaptive retransmission within the bundle by invoking the same HARQ process. 
In NR, RAN1 has agreed in NR AH#3 to support transmission of a single TB spanning over multiple slots with repetitions while it is not yet decided how to set the redundancy version. 
· For grant-based DL or UL, transmissions where a TB spans multiple slots or mini-slots can be composed of repetitions of the TB
· The repetitions follow an RV sequence 
· FFS how the sequence is defined in specification
· FFS if there is one repetition of the TB per slot in the case of repetitions using mini-slots
· FFS for grant-based DL or UL transmissions, if a TB can span multiple slots without repetitions

With this agreement, we understand that TTI bundling is one example of multi-slot transmissions while they are only slightly different from signaling point of view. Therefore, we propose not to support TTI bundling in NR.
Proposal 3. TTI bundling is not supported in NR.

Issue 3. Condition for flushing the HARQ buffer.
In LTE, the UE shall flush the HARQ buffer when:
· the CURRENT_TX_NB reaches its maximum value; or
· timeAlignmentTimer expires; or
· MAC reset.
The reason of HARQ buffer flush is to prevent non-adaptive retransmission. Therefore, without supporting non-adaptive retransmission, it wouldn’t be necessary to specify when the UE flushes the HARQ buffer. 
Proposal 4. In NR, the MAC specification doesn’t need to specify when the UE flushes the HARQ buffer.

Issue 4. Condition for ignoring the uplink grant for adaptive retransmission.
In Rel-15 LR WI, it was assumed that the eNB may not be able to distinguish skipping uplink transmission and unsuccessful reception. Accordingly, the UE may receive an uplink grant for retransmission even after the UE skips uplink transmission either on SPS resource or on uplink grant. In this case, for SPS, the MAC instructs the PHY to perform an adaptive retransmission without delivering any MAC PDU to the HARQ process.
To resolve this issue, for SPS, it is specified that:
· If the UE receives an uplink grant on the PDCCH with SPS C-RNTI for adaptive retransmission for a HARQ process with empty buffer, the UE ignores the uplink grant.
In NR, the same could be assumed that the gNB may not be able to distinguish skipping uplink transmission and unsuccessful reception. In this case, as in LTE, the UE needs to ignore the uplink grant for adaptive retransmission grant if the buffer is empty.
On the other hand, we haven’t specified anything for dynamic uplink grant in LTE. According to the LTE MAC specification, if the UE receives an uplink grant for a HARQ process with empty buffer, the UE considers it to be an uplink grant for new transmission without comparing the NDI value. This UE behaviour has been there from Rel-8 LTE in order to allow a new transmission when the first PDCCH is lost after flushing the HARQ buffer of a HARQ process and the UE receives the second PDCCH is with the same NDI for that HARQ process. It seems that the situation is the same for skipping in dynamic uplink grant. Therefore, we don’t need to specify anything for dynamic uplink grant case.
Proposal 5. In NR, the UE ignores the uplink grant for adaptive retransmission if the UE previously skips the transmission on SPS as in LTE.

Issue 5. Correction to subclause 5.4.2.1 HARQ Entity.
The current draft TS38.321 says in the subclause 5.4.2.1 that
	For each 'NR-UNIT', the HARQ entity shall:
1>	identify the HARQ process(es) associated with this 'NR-UNIT', and for each TB of each identified HARQ process:
2>	if an uplink grant has been indicated for this process and this 'NR-UNIT':
3>	if the received grant was not addressed to a Temporary C-RNTI on PDCCH, and the NDI provided in the associated HARQ information has been toggled compared to the value in the previous transmission of this TB of this HARQ process; or
3>	if the uplink grant was received in a Random Access Response:
4>	if there is a MAC PDU in the Msg3 buffer and the uplink grant was received in a Random Access Response:
5>	obtain the MAC PDU to transmit from the Msg3 buffer.
4>	else:
5>	obtain the MAC PDU to transmit from the "Multiplexing and assembly" entity, if any; 



Compared to the LTE, one thing that is missing is the condition if the uplink grant was received on PDCCH for the C-RNTI and the HARQ buffer of the identified process is empty;. This text is necessary for the case when the UE receives uplink grant first time for the empty HARQ buffer, e.g., after flushing HARQ buffer. Therefore, it seems still needed in NR.
Proposal 6. To include the condition if the uplink grant was received on PDCCH for the C-RNTI and the HARQ buffer of the identified process is empty;.
	For each 'NR-UNIT', the HARQ entity shall:
1>	identify the HARQ process(es) associated with this 'NR-UNIT', and for each TB of each identified HARQ process:
2>	if an uplink grant has been indicated for this process and this 'NR-UNIT':
3>	if the received grant was not addressed to a Temporary C-RNTI on PDCCH, and the NDI provided in the associated HARQ information has been toggled compared to the value in the previous transmission of this TB of this HARQ process; or
3> if the uplink grant was received on PDCCH for the C-RNTI and the HARQ buffer of the identified process is empty; or
3>	if the uplink grant was received in a Random Access Response:
4>	if there is a MAC PDU in the Msg3 buffer and the uplink grant was received in a Random Access Response:
5>	obtain the MAC PDU to transmit from the Msg3 buffer.
4>	else:
5>	obtain the MAC PDU to transmit from the "Multiplexing and assembly" entity, if any;



Issue 6. Derivation of HARQ process ID for SPS
In LTE, SPS in asynchronous HARQ has been introduced for MTC/NB-IoT. However, it has not considered skipping uplink transmission. Accordingly, if a TTI is associated with a HARQ process ID, it means that there is uplink resource for that TTI and the UE transmits in uplink, i.e., the UE does not skip uplink transmission. On the other hand, if a TTI is not associated with a HARQ process ID, it means that there is no uplink resource for that TTI, and hence, the UE doesn’t transmit in uplink.
In NR, SPS is to be always used in asynchronous HARQ with skipping uplink transmission. As a result, we now have a case where there is uplink resource for a TTI but the UE doesn’t transmit in uplink, i.e., the UE skips uplink transmission. Therefore, we need to first decide how to associate a HARQ process for a TTI in this case. Two options are:
· Option 1. Associate a HARQ process ID to a TTI only when there is uplink resource and the UE transmits in uplink on that TTI
· Option 2. Associate a HARQ process ID to a TTI when there is uplink resource on that TTI regardless of whether the UE transmits in uplink or not on that TTI
In Option 1, the UE treats a TTI where the UE skips uplink transmission as if there is no uplink resource for that TTI. Accordingly, the UE does not associate HARQ process ID to the TTI if the UE skips uplink transmission. In other words, the HARQ process ID is associated to a TTI only when the UE actually transmits in uplink. Given that HARQ process ID for SPS transmission would be sequentially increased, if the network is able to know the HARQ process ID used for uplink transmission, the network would easily differentiate failure and skipping because missing HARQ process ID always means failure. 
An example is shown in Figure 1. On the 1st SPS, the UE transmits in uplink and allocates a HARQ process ID1. On the 2nd SPS, the UE skips in uplink and hence the UE doesn’t allocates a HARQ process ID. On the 3rd SPS, the UE transmits in uplink and hence the UE allocates a HARQ process ID2, but the network doesn’t successfully receive. At this point in time, the network may not be able to differentiate failure and skipping correctly. On the 4th SPS, the UE transmits in uplink and associates a HARQ allocates ID3. The network successfully receives and detects missing HARQ process ID2. Then the network knows that transmission with HARQ process ID2 fails.
[image: ]
Figure 1. An example of Option 1
In Option 2, the UE associates a HARQ process ID to a TTI regardless of whether the UE actually transmits in uplink or not. Therefore, missing HARQ process ID could be due to either failure or skipping and it is of no use for the network to know the HARQ process ID used for uplink transmission. It would ease the HARQ process ID derivation for the UE because the UE doesn’t need to take care of skipping but the UE associates the HARQ process ID to a TTI if there is uplink resource on that TTI.
An example is shown in Figure 2. On the 1st SPS, the UE transmits in uplink and allocates a HARQ process ID1. On the 2nd SPS, the UE skips in uplink but allocates a HARQ process ID2. On the 3rd SPS, the UE transmits in uplink and allocates a HARQ process ID3, but the network doesn’t successfully receive. On the 4th SPS, the UE transmits in uplink and allocates a HARQ process ID4. The network successfully receives and detects missing HARQ process ID2 and 3. However, the network may not be able to tell which HARQ process transmission is unsuccessful.
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Figure 2. An example of Option 2
Option 1 would be better from DTX error performance point of view because the network can explicitly know which HARQ process transmission fails. However, it would require for the UE to indicate the HARQ process ID used for uplink transmission, which needs to be included in PHY. Option 2 would ease the HARQ process ID derivation for the UE but it would require additional handling for the cases that would happen due to DTX error.
Proposal 7. To discuss whether a HARQ process ID is associated to a TTI even if the UE skips uplink transmission on that TTI.


3.	Conclusion
In this contribution, we listed remaining issues for HARQ from RAN2 perspective and propose that:
Proposal 1. In NR, non-adaptive retransmission is not supported on the SPS resource. In other words, only new transmission is supported on the SPS resource as in LTE without skipping feature.
Proposal 2. In NR, for both of SPS and dynamic UL grant, the UE doesn’t need to determine ACK/NACK of a TB transmitted in uplink.
Proposal 3. TTI bundling is not supported in NR.
Proposal 4. In NR, the MAC specification doesn’t need to specify when the UE flushes the HARQ buffer.
Proposal 5. In NR, the UE ignores the uplink grant for adaptive retransmission if the UE previously skips the transmission on SPS as in LTE.
Proposal 6. To include the condition if the uplink grant was received on PDCCH for the C-RNTI and the HARQ buffer of the identified process is empty;.
Proposal 7. To discuss whether HARQ process ID is associated to a TTI even if the UE skips uplink transmission on that TTI.
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