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1
Introduction
In RAN2#93bis [2], how to handle HARQ retransmissions colliding with SPS occasions was discussed with the following agreements made. In this contribution we further discuss this issue. 
	· For retransmission colliding with SPS resources we will not only rely on adaptive retransmissions.   FFS if the UE can retransmit on the SPS resources if no new data is available.  




2
Discussion
In legacy LTE, SPS periodicity are typically 20ms, 40ms and the SPS resource is used only for new transmissions. Non-adaptive retransmissions can take place on the non SPS occasions. For the SPS occasions if the eNB intend to prioritise retransmission over new transmission, it can give dynamic grant for adaptive retransmission.

With SPS periodicity, e.g. 1ms, 2ms, 4ms, 8ms, there is higher chance that retransmission collide with SPS occasions. If to follow legacy operation, there will only be one transmissions for each TB as at the next retransmission opportunity, a new TB will be generated to be transmitted on the SPS resource if the eNB does not detect the transmission and provide adaptive retransmission. Thus during the discussion in the previous RAN2 meeting, it was agreed we will not only rely on adaptive retransmission due to the PUSCH DTX detection error.
It was proposed in [3] to prioritize non-adaptive retransmission over new transmission and it was proposed in [4] to set RV to 0 always. It changes the principle of LTE UL HARQ operation that SPS resource are always considered as NDI toggled for new transmission.
As the eNB does not know how many transmissions has been performed due to DTX detection, it cannot perform combining of multiple transmissions. RV needs to be fixed to 0 for the eNB to be able to decode the TB. In that sense from eNB point of view, each of the transmission is equivalent to a new transmission. It would be simpler to model the retransmission of RV=0 as new transmission from UE point of view as well since currently the SPS resource is always considered as NDI toggled for new transmission. The only change needed is to obtain the MAC PDU from the corresponding HARQ process other than obtain the MAC PDU from multiplexing and assembly entity when the HARQ feedback is set to NACK and there is data in buffer of the HARQ process.
Proposal 1: when retransmission collide with SPS occasion and there is no dynamic scheduling for adaptive retransmission, model it as repetition of new transmission be obtain the MAC PDU from the corresponding HARQ process other than obtain new MAC PDU from multiplexing and assembly entity.
When the eNB detects the transmission but cannot correctly decode the TB, it can then start to schedule adaptive retransmissions and continue the counting of number of (re)transmissions with the same counter.

Proposal 2: CURRENT_TX_NB is increased by 1 at new transmission repetition of the TB.

As this is mainly to address the issue of eNB does not detect PUSCH transmission from the UE, one might question if new transmission repetition should prioritise transmission of new data even when there is other data in the buffer. Otherwise, the UE will only have one transmission opportunity with 1ms, 2ms, 4ms, 8ms SPS periodicity if eNB miss detect it when there is more data than can be fit into one TB. It might make more sense to retry the previous TB to avoid data loss also for the case of when there is other UL data in the buffer.

Proposal 3: discuss if the repeated transmission of the previous TB on SPS resource should be prioritised over transmission of new data even when there is other UL data in the buffer.

3
Conclusion
How to handle SPS occasion collision with UL retransmission is discussed with the following proposals proposed. 
Proposal 1: when retransmission collide with SPS occasion and there is no dynamic scheduling for adaptive retransmission, model the retransmission as repetition of a new transmission by obtaining the MAC PDU from the corresponding HARQ process other than obtaining new MAC PDU from multiplexing and assembly entity.

Proposal 2: CURRENT_TX_NB is increased by 1 at new transmission repetition of the TB.

Proposal 3: discuss if the repeated transmission of the previous TB on SPS resource should be prioritised over transmission of new data even when there is other UL data in the buffer.

TP for 36.321 is provided in the Annex.
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5.4.2.1
HARQ entity

There is one HARQ entity at the MAC entity for each Serving Cell with configured uplink, which maintains a number of parallel HARQ processes allowing transmissions to take place continuously while waiting for the HARQ feedback on the successful or unsuccessful reception of previous transmissions.

The number of parallel HARQ processes per HARQ entity is specified in [2], clause 8.

When the physical layer is configured for uplink spatial multiplexing [2], there are two HARQ processes associated with a given TTI. Otherwise there is one HARQ process associated with a given TTI.

At a given TTI, if an uplink grant is indicated for the TTI, the HARQ entity identifies the HARQ process(es) for which a transmission should take place. It also routes the received HARQ feedback (ACK/NACK information), MCS and resource, relayed by the physical layer, to the appropriate HARQ process(es).

When TTI bundling is configured, the parameter TTI_BUNDLE_SIZE provides the number of TTIs of a TTI bundle. TTI bundling operation relies on the HARQ entity for invoking the same HARQ process for each transmission that is part of the same bundle. Within a bundle HARQ retransmissions are non-adaptive and triggered without waiting for feedback from previous transmissions according to TTI_BUNDLE_SIZE. The HARQ feedback of a bundle is only received for the last TTI of the bundle (i.e the TTI corresponding to TTI_BUNDLE_SIZE), regardless of whether a transmission in that TTI takes place or not (e.g. when a measurement gap occurs). A retransmission of a TTI bundle is also a TTI bundle. TTI bundling is not supported when the MAC entity is configured with one or more SCells with configured uplink.

TTI bundling is not supported for RN communication with the E-UTRAN in combination with an RN subframe configuration.

For transmission of Msg3 during Random Access (see subclause 5.1.5) TTI bundling does not apply.

For each TTI, the HARQ entity shall:

-
identify the HARQ process(es) associated with this TTI, and for each identified HARQ process:

-
if an uplink grant has been indicated for this process and this TTI:

-
if the received grant was not addressed to a Temporary C-RNTI on PDCCH and if the NDI provided in the associated HARQ information has been toggled compared to the value in the previous transmission of this HARQ process; or

-
if the uplink grant was received on PDCCH for the C-RNTI and the HARQ buffer of the identified process is empty; or

-
if the uplink grant was received in a Random Access Response:

-
if there is a MAC PDU in the Msg3 buffer and the uplink grant was received in a Random Access Response:

-
obtain the MAC PDU to transmit from the Msg3 buffer.

-
else if skippingULtx is configured and if the uplink grant is a configured grant and there is data in the HARQ buffer for the identified HARQ process but no other new data or MAC CE in the UL buffers associated with the MAC entity and the HARQ FEEDBACK of the identified process is NACK: 

-
obtain the MAC PDU to transmit from HARQ buffer of identified HARQ process;
-
increment CURRENT_TX_NB by 1;

-
else:

-
obtain the MAC PDU to transmit from the "Multiplexing and assembly" entity;

-
deliver the MAC PDU and the uplink grant and the HARQ information to the identified HARQ process;

-
instruct the identified HARQ process to trigger a new transmission.

-
else:

-
deliver the uplink grant and the HARQ information (redundancy version) to the identified HARQ process;

-
instruct the identified HARQ process to generate an adaptive retransmission.

-
else, if the HARQ buffer of this HARQ process is not empty:

-
instruct the identified HARQ process to generate a non-adaptive retransmission.

When determining if NDI has been toggled compared to the value in the previous transmission the MAC entity shall ignore NDI received in all uplink grants on PDCCH for its Temporary C-RNTI.

5.4.2.2
HARQ process

Each HARQ process is associated with a HARQ buffer.

Each HARQ process shall maintain a state variable CURRENT_TX_NB, which indicates the number of transmissions that have taken place for the MAC PDU currently in the buffer, and a state variable HARQ_FEEDBACK, which indicates the HARQ feedback for the MAC PDU currently in the buffer. When the HARQ process is established, CURRENT_TX_NB shall be initialized to 0.

The sequence of redundancy versions is 0, 2, 3, 1. The variable CURRENT_IRV is an index into the sequence of redundancy versions. This variable is up-dated modulo 4.

New transmissions are performed on the resource and with the MCS indicated on PDCCH or Random Access Response. Adaptive retransmissions are performed on the resource and, if provided, with the MCS indicated on PDCCH. Non-adaptive retransmission is performed on the same resource and with the same MCS as was used for the last made transmission attempt.

The MAC entity is configured with a Maximum number of HARQ transmissions and a Maximum number of Msg3 HARQ transmissions by RRC: maxHARQ-Tx and maxHARQ-Msg3Tx respectively. For transmissions on all HARQ processes and all logical channels except for transmission of a MAC PDU stored in the Msg3 buffer, the maximum number of transmissions shall be set to maxHARQ-Tx. For transmission of a MAC PDU stored in the Msg3 buffer, the maximum number of transmissions shall be set to maxHARQ-Msg3Tx.

When the HARQ feedback is received for this TB, the HARQ process shall:

-
set HARQ_FEEDBACK to the received value.

If the HARQ entity requests a new transmission, the HARQ process shall:

-
set CURRENT_TX_NB to 0 if the MAC PDU to transmit is from the "Multiplexing and assembly" entity; 

-
set CURRENT_IRV to 0;

-
store the MAC PDU in the associated HARQ buffer;

-
store the uplink grant received from the HARQ entity;

-
set HARQ_FEEDBACK to NACK;

-
generate a transmission as described below.

If the HARQ entity requests a retransmission, the HARQ process shall:

-
increment CURRENT_TX_NB by 1;

-
if the HARQ entity requests an adaptive retransmission:

-
store the uplink grant received from the HARQ entity;

-
set CURRENT_IRV to the index corresponding to the redundancy version value provided in the HARQ information;

-
set HARQ_FEEDBACK to NACK;

-
generate a transmission as described below.

-
else if the HARQ entity requests a non-adaptive retransmission:

-
if HARQ_FEEDBACK = NACK:

-
generate a transmission as described below.

NOTE:
When receiving a HARQ ACK alone, the MAC entity keeps the data in the HARQ buffer.

NOTE:
When no UL-SCH transmission can be made due to the occurrence of a measurement gap, no HARQ feedback can be received and a non-adaptive retransmission follows.

To generate a transmission, the HARQ process shall:

-
if the MAC PDU was obtained from the Msg3 buffer; or

-
if Sidelink Discovery Gaps for Transmission are not configured by upper layers, and there is no measurement gap at the time of the transmission and, in case of retransmission, the retransmission does not collide with a transmission for a MAC PDU obtained from the Msg3 buffer in this TTI; or

-
if Sidelink Discovery Gaps for Transmission are configured by upper layers, and there is no measurement gap at the time of the transmission and, in case of retransmission, the retransmission does not collide with a transmission for a MAC PDU obtained from the Msg3 buffer, and there is no Sidelink Discovery Gap for Transmission in this TTI; or

-
if Sidelink Discovery Gaps for Transmission are configured by upper layers, and there is no measurement gap at the time of the transmission and, in case of retransmission, the retransmission does not collide with a transmission for a MAC PDU obtained from the Msg3 buffer, and there is a Sidelink Discovery Gap for Transmission, and there is no configured grant for transmission on SL-DCH in this TTI:

-
instruct the physical layer to generate a transmission according to the stored uplink grant with the redundancy version corresponding to the CURRENT_IRV value;

-
increment CURRENT_IRV by 1;

-
if there is a measurement gap or Sidelink Discovery Gap for Reception at the time of the HARQ feedback reception for this transmission and if the MAC PDU was not obtained from the Msg3 buffer:

-
set HARQ_FEEDBACK to ACK at the time of the HARQ feedback reception for this transmission.

After performing above actions, the HARQ process then shall:

-
if CURRENT_TX_NB = maximum number of transmissions – 1:

-
flush the HARQ buffer;

