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1	Introduction
In this paper, we discuss the need to introduce a faster mechanism to turn-on/turn-off UL skipping feature. 
[bookmark: _Ref178064866]2	Discussion
[bookmark: OLE_LINK26][bookmark: OLE_LINK25]In NR, skipping uplink transmission when the UE buffer is empty is supported. 
· In Rel-15, whether UE can skip uplink transmission on dynamic grant is configured via RRC (i.e., skipUplinkTxDynamic) and it applies for a cell group (i.e., per MAC entity). For configured grant, it is mandatorily supported and turned-on by default (i.e., no RRC configuration parameter). 
· In Rel-16, two enhanced versions of uplink skipping are introduced (i.e., enhancedSkipUplinkTxDynamic and enhancedSkipUplinkTxConfigured). They can be separately configured by RRC, one for dynamic grant and another one for configured grant. For the Rel-16 version, the UE cannot skip the uplink transmission if there is UCI to be multiplexed on the PUSCH. 
However, skipping uplink transmission relies on a good gNB DTX detection performance that subsequently depends on the SINR. In a nutshell, three cases can happen:
1. False negative/misdetection: UE transmits, but gNB does not detect the UL transmission (i.e., DTX). gNB assume that the UE’s buffer is empty and so the transport block is lost.
2. False positive/false alarm/false detection: UE skips transmission, gNB detects UL transmission. gNB assume that the transmission was not successful and keeps the HARQ soft buffer (not from an actual transmission but a noise). As one typical network implementation, gNB sends a retransmission grant to the UE.
a. For dynamic grant, the UE obtains a new MAC PDU to transmit. gNB may have problems to soft combine the HARQ buffer (as the HARQ buffer for the initial transmission is a noise). 
b. For configured grant, the UE skips the UL grant. This leads to issues if there are UCIs to be multiplexed on this skipped UL grant and it may block the later arrival URLLC traffic. 
3. Correct detection: UE transmits and gNB detects UL transmission; UE skips transmission and gNB does not detect the UL transmission (i.e., DTX)
gNB UL PUSCH transmission is performed based on the DMRS sequence and a threshold is chosen to obtain a balance between false positive and false negative. One typical configuration is to tune the detection threshold to obtain a (for example, 1% or 0.1%) false positive detection and see if the false negative detection is acceptable under the SINR condition. One can expect that both false positive and false negative increase with a decreasing SINR and it may come to a point (i.e., SINR value becoming too low) in which there is a need to turn-off the UL skipping feature. 
[bookmark: _Toc82014194]UL skipping may not work properly (due to a high false positive/negative rate) in low SINR condition. 
It is useful for the network to configure UE with UL skipping under good SINR condition and turns it off under bad SINR condition. However, the existing signalling only allows network to turn-on/turn-off uplink skipping using RRC reconfiguration, which takes 10 milliseconds in the best case and can be up to 100 milliseconds. For Rel-15 skip uplink for configured grant, it is not even configurable (i.e., turned-on by default). 
This contrasts with some other enhancements for low SINR condition, for example, PUSCH repetition. gNB configures PUSCH-TimeDomainResourceAllocationList in which one element PUSCH-Allocation-r16 contains a field numberOfRepetitions. The DCI command from gNB indicates which row index in the list of PUSCH-TimeDomainResourceAllocationList to be used for the PUSCH transmission. More precisely, it is specified in clause 6.1.2.1 of TS 38.214, “the 'Time domain resource assignment' field value m of the DCI provides a row index m + 1 to the allocated table as defined in Clause 6.1.2.1.1.” In other words, the network can dynamically indicate repetition with a DCI command.
[bookmark: _Toc82014195]RRC reconfiguration to turn-on/off UL skipping is slow. 

From all the above discussions, we propose to use a MAC CE to indicate whether UL skipping is enabled/disabled. This allows the UL skipping feature to be used, for example, in a wide deployment. The feature is, at the moment, RRC configurable per MAC entity. Additionally, in UL CA, not all cells are co-located, and it could be useful to further allow the MAC CE to turn-on/turn-off the UL skipping per serving cell.
[bookmark: _Toc82014192]RAN2 to introduce a MAC CE to control UL skipping per serving cell.

In Rel-16 RRC spec, it is specified as below to capture the Ran1 LS conclusion [1] that UL skipping and PUSCH repetition cannot be enabled together. 
If the UE is configured with enhancedSkipUplinkTxDynamic or enhancedSkipUplinkTxConfigured with value true, REPETITION_NUMBER (as specified in TS 38.321 [3], clause 5.4.2.1) of the corresponding PUSCH transmission of the uplink grant shall be equal to 1.
Even with the MAC CE introduced, it would be beneficial to turn-off UL skipping if a repetition (>1) is scheduled by the network, since DCI command is faster than MAC CE. Thus, we propose that
[bookmark: _Toc79068113][bookmark: _Toc82014193]If PUSCH repetition (K> 1) for one grant is scheduled by gNB, Rel-16 PUSCH skipping is effectively considered to be false for this grant.
Draft TPs are in the annex and the details can be worked out once the proposals are agreed. 
3	Conclusion
In the previous sections we made the following observations: 
Observation 1	UL skipping may not work properly (due to a high false positive/negative rate) in low SINR condition.
Observation 2	RRC reconfiguration to turn-on/off UL skipping is slow.

Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN2 to introduce a MAC CE to control UL skipping per serving cell.
Proposal 2	If PUSCH repetition (K> 1) for one grant is scheduled by gNB, Rel-16 PUSCH skipping is effectively considered to be false for this grant.
 
[bookmark: _In-sequence_SDU_delivery]4	References
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5	Annex – TP 38.321
[bookmark: _Toc29239842][bookmark: _Toc37296201][bookmark: _Toc46490327][bookmark: _Toc52752022][bookmark: _Toc52796484][bookmark: _Toc76574167]5.4.3.1.3	Allocation of resources
Before the successful completion of the Random Access procedure initiated for DAPS handover, the target MAC entity shall not select the logical channel(s) corresponding to non-DAPS DRB(s) for the uplink grant received in a Random Access Response or the uplink grant for the transmission of the MSGA payload. The source MAC entity shall select only the logical channel(s) corresponding to DAPS DRB(s) during DAPS handover.
The MAC entity shall, when a new transmission is performed:
1>	allocate resources to the logical channels as follows:
2>	logical channels selected in clause 5.4.3.1.2 for the UL grant with Bj > 0 are allocated resources in a decreasing priority order. If the PBR of a logical channel is set to infinity, the MAC entity shall allocate resources for all the data that is available for transmission on the logical channel before meeting the PBR of the lower priority logical channel(s);
2>	decrement Bj by the total size of MAC SDUs served to logical channel j above;
2>	if any resources remain, all the logical channels selected in clause 5.4.3.1.2 are served in a strict decreasing priority order (regardless of the value of Bj) until either the data for that logical channel or the UL grant is exhausted, whichever comes first. Logical channels configured with equal priority should be served equally.
NOTE 1:	The value of Bj can be negative.
If the MAC entity is requested to simultaneously transmit multiple MAC PDUs, or if the MAC entity receives the multiple UL grants within one or more coinciding PDCCH occasions (i.e. on different Serving Cells), it is up to UE implementation in which order the grants are processed.
The UE shall also follow the rules below during the scheduling procedures above:
-	the UE should not segment an RLC SDU (or partially transmitted SDU or retransmitted RLC PDU) if the whole SDU (or partially transmitted SDU or retransmitted RLC PDU) fits into the remaining resources of the associated MAC entity;
-	if the UE segments an RLC SDU from the logical channel, it shall maximize the size of the segment to fill the grant of the associated MAC entity as much as possible;
-	the UE should maximise the transmission of data;
-	if the MAC entity is given a UL grant size that is equal to or larger than 8 bytes (when eLCID is not used) or 10 bytes (when eLCID is used) while having data available and allowed (according to clause 5.4.3.1) for transmission, the MAC entity shall not transmit only padding BSR and/or padding.
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 grant is not part of a bundle whose REPETITION_NUMBER as specified in clause 5.4.2.1 is larger than one; and
1>	if the UL skipping is not de-activated for the cell in which the PUSCH is to be transmitted, as specified in clause 6.1.3.x; 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.
1>	else if the MAC entity is configured with skipUplinkTxDynamic with value true and the grant indicated to the HARQ entity was addressed to a C-RNTI, or the grant indicated to the HARQ entity is a configured uplink grant; 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.
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