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[bookmark: _Ref528762725]Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In Rel-16, retransmission is prioritized over new transmission if LCH-based prioritization is not configured. In order to facilitate the transmission of PUSCH with UCI multiplexing, MAC will generate padding MAC PDU when CG overlaps with PUCCH which carries UCI.
In [1], the following issue was raised:
The UE prioritizes a retransmission with empty UL-SCH while delaying new transmission, especially when the UCI contents multiplexed in this UCI-only TB may be no longer useful/valuable for the gNB.
This issue was discussed in R16 UP session but left unsolved due to lack of consensus and time:
	R2-2107200	Handling of pending empty PDUs after UCI multiplexing    CATT    discussion    NR_IIOT-Core 
R2-2108283	Autonomous Transmission of MAC PDU with only Padding or Periodic BSR    Nokia, Nokia Shanghai Bell    discussion    Rel-16    NR_IIOT-Core 
[020] 2 tdocs above Noted
[020] RAN2 will not introduce a mechanism to avoid autonomous transmission of a MAC PDU that includes only padding BSR or periodic BSR indicating no data, in Rel-16. (No specification change)



Given R17 introduced further enhancements in serving URLLC traffic, and considering the minor impact of the solution proposed in this document, we suggest giving another look as part of TEI17.
We use the same terminology as in [1], UCI-only TB, referring to a TB on CG/DG without any data but multiplexed with conventional UCI (and/or CG-UCI for a CG) such as HARQ-ACK as in R2-2105872.
Discussion
2.1	Background
RAN1 agreed for both CG and DG and if LCH-based prioritization is not configured, when there is PUCCH carrying UCI overlapping with a set of PUSCHs, the PUSCH with UCI multiplexing cannot be skipped [3]-[4]. In accordance to the agreement, MAC captured the corresponding procedure as following [5]-[6]:
	The MAC entity shall:
1>	if the MAC entity is configured with enhancedSkipUplinkTxDynamic with value true and the grant indicated to the HARQ entity was addressed to a C-RNTI, or if the MAC entity is configured with enhancedSkipUplinkTxConfigured with value true and the grant indicated to the HARQ entity is a configured uplink grant; and
1>	if the MAC entity is not configured with lch-basedPrioritization; and
1>	if there is no UCI to be multiplexed on this PUSCH transmission as specified in TS 38.213 [6]; and
1>	if there is no aperiodic CSI requested for this PUSCH transmission as specified in TS 38.212 [9]; and
1>	if the MAC PDU includes zero MAC SDUs; and
1>	if the MAC PDU includes only the periodic BSR and there is no data available for any LCG, or the MAC PDU includes only the padding BSR:
2>	not generate a MAC PDU for the HARQ entity.


Therefore, if the CG overlaps with PUCCH carrying UCI and there is no data for UL transmission, MAC will generate one MAC PDU carrying UCI-only TB.
[bookmark: _Toc84494218]Observation 1: MAC will generate one PDU carrying UCI-only TB for CG, if there is no UL transmission for the CG and CG overlaps with one PUCCH carrying UCI.
For such MAC PDU, after LBT failure, or transmission failure, or deprioritization following PDU delivery to PHY, a (re)transmission will happen, which can be an autonomous retransmission (NR-U) an autonomous transmission (IIOT) or a regular dynamic retransmission. When the multiplexed UCI was a HARQ-ACK, the gNB can request the UE to retransmit HARQ-ACK(s) if necessary. And for the aperiodic CSI, gNB may also request another one when needed. So there is no autonomous handling by the UE of the “lost” UCI from the initial transmission. Furthermore, whether some UCI is multiplexed again, or not, in the PUSCH associated with the retransmission is unrelated to this discussion because it will be multiplexed irrespective of whether the TB includes the empty PDU or a PDU with new data.
Therefore, the retransmitted padding PDU could potentially block the transmission of new data if retransmission always takes higher priority over new transmission, although its PUSCH no longer multiplexes UCI.
[bookmark: _Toc84494219]Observation 2: UE does not autonomously retransmit the “lost” UCI from the initial transmission.
[bookmark: _Toc84494220]Observation 3: A retransmitted PDU carrying padding-only TB without UCI can potentially block new transmission.
2.2	Solutions
One solution proposed in [1] is to deprioritize the HARQ process corresponding to a UCI-only TB even if it is a retransmission, when selecting HARQ process for a CG resource in NR-U. However, even the retransmission is deprioritized, it is still pending and MAC will keep on attemping retransmitting it, although such PDU/TB transmission is totally useless. Therefore, this solution does not solve this problem fundamentally. 
Given the only purpose of the initial transmission was to carry the UCI and this UCI is no longer there in the retransmission, there is simply no reason to retransmit the PDU in first place. Hence, another solution simply is to flush the HARQ process buffer after the PDU has been delivered to PHY. In this way, there is no MAC PDU buffered in the HARQ process and no autonomous (re)transmission will be triggered. If any UCI further needs to be transmitted to the network, it can be transmitted by PUCCH or if this PUCCH overlaps with PUSCH again, UE can generate another MAC PDU carrying UCI-only TB. There is no impact on system performance.
Therefore, we propose that:
[bookmark: _Toc84494221]Proposal 1: MAC flushes the corresponding HARQ process after an empty MAC PDU aimed for an UCI-only TB has been delivered to PHY.
The corresponding TP is provided in the Annex.
Conclusion
In this document, we analyse the issues when retransmission of padding MAC PDU collides with another initial transmission and find that:
Observation 1: MAC will generate one PDU carrying UCI-only TB for CG, if there is no UL transmission for the CG and CG overlaps with one PUCCH carrying UCI.
Observation 2: UE does not autonomously retransmit the “lost” UCI from the initial transmission.
Observation 3: A retransmitted PDU carrying padding-only TB without UCI can potentially block new transmission.
In order to solve this issue fundamentally,we propose that:
Proposal 1: MAC flushes the corresponding HARQ process after an empty MAC PDU aimed for an UCI-only TB has been delivered to PHY.
[bookmark: _GoBack]A TP is also provided in Annex.
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Annex
38.321-g50 TP
[bookmark: _Toc76574162][bookmark: _Toc52796479][bookmark: _Toc52752017]5.4.2.2	HARQ process
Each HARQ process is associated with a HARQ buffer.
New transmissions are performed on the resource and with the MCS indicated on PDCCH or indicated in the Random Access Response (i.e. MAC RAR or fallbackRAR), or signalled in RRC or determined as specified in clause 5.1.2a for MSGA payload. Retransmissions are performed on the resource and, if provided, with the MCS indicated on PDCCH, or on the same resource and with the same MCS as was used for last made transmission attempt within a bundle, or on stored configured uplink grant resources and stored MCS when cg-RetransmissionTimer is configured. If cg-RetransmissionTimer is configured, retransmissions with the same HARQ process may be performed on any configured grant configuration if the configured grant configurations have the same TBS.
When cg-RetransmissionTimer is configured and the HARQ entity obtains a MAC PDU to transmit and LBT failure indication is received from lower layer, the corresponding HARQ process is considered to be pending. For a configured uplink grant, configured with cg-RetransmissionTimer, each associated HARQ process is considered as not pending when:
-	a transmission is performed on that HARQ process and LBT failure indication is not received from lower layers; or
-	the configured uplink grant is initialised and this HARQ process is not associated with another active configured uplink grant; or
-	the HARQ buffer for this HARQ process is flushed.
If the HARQ entity requests a new transmission for a TB, the HARQ process shall:
1>	store the MAC PDU in the associated HARQ buffer;
1>	store the uplink grant received from the HARQ entity;
1>	generate a transmission as described below.;
1>	 if the MAC PDU includes zero MAC SDUs; and
1> if the MAC PDU includes only the periodic BSR and there is no data available for any LCG, or the MAC PDU includes only the padding BSR:
2>	flush the HARQ buffer of this HARQ process after it has been used by lower layers for generating the transmission, or transmission attempt.
If the HARQ entity requests a retransmission for a TB, the HARQ process shall:
1>	store the uplink grant received from the HARQ entity;
1>	generate a transmission as described below.
To generate a transmission for a TB, the HARQ process shall:
1>	if the MAC PDU was obtained from the Msg3 buffer; or
1>	if the MAC PDU was obtained from the MSGA buffer; or
1>	if 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 or the MSGA buffer:
2>	if there are neither transmission of NR sidelink communication nor transmission of V2X sidelink communication at the time of the transmission; or
2>	if the transmission of the MAC PDU is prioritized over sidelink transmission or can be simultaneously performed with sidelink transmission:
3>	instruct the physical layer to generate a transmission according to the stored uplink grant.
If a HARQ process receives downlink feedback information, the HARQ process shall:
1>	stop the cg-RetransmissionTimer, if running;
1>	if acknowledgement is indicated:
2>	stop the configuredGrantTimer, if running.
If the configuredGrantTimer expires for a HARQ process, the HARQ process shall:
1>	stop the cg-RetransmissionTimer, if running.
The transmission of the MAC PDU is prioritized over sidelink transmission or can be performed simultaneously with sidelink transmission if one of the following conditions is met:
-	if there are both a sidelink grant for transmission of NR sidelink communication and a configured grant for transmission of V2X sidelink communication on SL-SCH as described in clause 5.14.1.2.2 of TS 36.321 [22] at the time of the transmission, and neither the transmission of NR sidelink communication is prioritized as described in clause 5.22.1.3.1a nor the transmissions of V2X sidelink communication is prioritized as described in clause 5.14.1.2.2  of TS 36.321 [22]; or
-	if there are both a sidelink grant for transmission of NR sidelink communication and a configured grant for transmission of V2X sidelink communication on SL-SCH as described in clause 5.14.1.2.2 of TS 36.321 [22] at the time of the transmission, and the MAC PDU includes any MAC CE prioritized as described in clause 5.4.3.1.3 or the value of the highest priority of the logical channel(s) in the MAC PDU is lower than ul-PrioritizationThres if ul-PrioritizationThres is configured; or
-	if there are both a sidelink grant for transmission of NR sidelink communication and a configured grant for transmission of V2X sidelink communication on SL-SCH as described in clause 5.14.1.2.2 of TS 36.321 [22] at the time of the transmission, and the MAC entity is able to perform this UL transmission simultaneously with the transmission of NR sidelink communication and/or the transmissions of V2X sidelink communication; or
-	if there is only configured grant(s) for transmission of V2X sidelink communication on SL-SCH as described in clause 5.14.1.2.2 of TS 36.321 [22] at the time of the transmission, and either none of the transmissions of V2X sidelink communication is prioritized as described in clause 5.14.1.2.2  of TS 36.321 [22] or the MAC entity is able to perform this UL transmission simultaneously with the transmissions of V2X sidelink communication; or
-	if there is only a sidelink grant for transmission of NR sidelink communication at the time of the transmission, and if the MAC PDU includes any MAC CE prioritized as described in clause 5.4.3.1.3, or the transmission of NR sidelink communication is not prioritized as described in clause 5.22.1.3.1a, or the value of the highest priority of the logical channel(s) in the MAC PDU is lower than ul-PrioritizationThres if ul-PrioritizationThres is configured, or there is a sidelink grant for transmission of NR sidelink communication at the time of the transmission and the MAC entity is able to perform this UL transmission simultaneously with the transmission of NR sidelink communication; or
-	if there are both a sidelink grant for transmission of NR sidelink communication and a configured grant for transmission of V2X sidelink communication on SL-SCH as described in clause 5.14.1.2.2 of TS 36.321 [22] at the time of the transmission, and either only the transmission of NR sidelink communication is prioritized as described in clause 5.22.1.3.1a or only the transmissions of V2X sidelink communication is prioritized as described in clause 5.14.1.2.2  of TS 36.321 [22] and the MAC entity is able to perform this UL transmission simultaneously with the prioritized transmission of NR sidelink communication or V2X sidelink communication:
NOTE 1:	Among the UL transmissions where the MAC entity is able to perform the transmission of NR sidelink communication prioritized simultaneously, if there are more than one UL transmission which the MAC entity is not able to perform simultaneously, it is up to UE implementation whether this UL transmission is performed.
NOTE 2:	Among the UL transmissions that the MAC entity is able to perform simultaneously with all transmissions of V2X sidelink communication prioritized, if there are more than one UL transmission which the MAC entity is not able to perform simultaneously, it is up to UE implementation whether this UL transmission is performed.
NOTE 3:	Among the UL transmissions where the MAC entity is able to perform the transmission of NR sidelink communication prioritized simultaneously with all transmissions of V2X sidelink communication prioritized, if there are more than one UL transmission which the MAC entity is not able to perform simultaneously, it is up to UE implementation whether this UL transmission is performed.
NOTE 4:	If there is a configured grant for transmission of V2X sidelink communication on SL-SCH as described in clause 5.14.1.2.2 of TS 36.321 [22] at the time of the transmission, and the MAC entity is not able to perform this UL transmission simultaneously with the transmission of V2X sidelink communication, and prioritization-related information is not available prior to the time of the transmission due to processing time restriction, it is up to UE implementation whether this UL transmission is performed.


