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1	Introduction
[bookmark: _GoBack]During the previous RAN1 meetings, supporting of skipUplinkTxDynamic with overlapping PUCCH and PUSCH resources has been intensively discussed in Rel-15 maintenance session which was eventually agreed not to be supported in Rel-15 and to be addressed in Rel-16 instead:
Agreement
The following text proposal is endorsed in R1-2005044 (TS38.214, Rel-15, CR#0105, Cat. F).
	A UE shall upon detection of a DCI format scheduling a PUSCH PDCCH with a configured DCI format 0_0 or 0_1 transmit the corresponding PUSCH as indicated by that DCI. unless the UE does not generate a transport block as described in [10, TS38.321] and there is no PUCCH with CSI/HARQ-ACK that overlaps in time with the PUSCH. In this release of the specification, the UE behavior is undefined if there would be a PUCCH with CSI/HARQ-ACK overlapping in time with a PUSCH scheduled by a DCI format and if the UE does not generate a transport block as described in [10, TS38.321] when skipUplinkTxDynamic provided by higher layers is set to true.



Conclusion
In case a UL grant without UL-SCH field or UL-SCH =1 (if present) is detected by a UE configured with skipUplinkTxDynamic, Case 2 can be addressed for Rel-16.

In this contribution we discuss our view on the support of skipUplinkTxDynamic with overlapping PUCCH and PUSCH in Rel-16.
[bookmark: _Ref178064866]2	Discussion
The skipUplinkTxDynamic feature is a higher layer feature where the essential functionality provided by this feature is that a PUSCH transmission can be skipped due to lack of uplink data in the UE’s data buffer. Hence, if a gNB due to different reasons such as inaccurate tracking of UE buffer status in case of sparse buffer status report granularity, performs over provisioning in PUSCH scheduling, the UE can skip a PUSCH grant in the absence of data when this feature is enabled. This in turn, would result in reducing the interference for other UEs in the same or neighboring cells and improves the system performance. However, it has been realized that the current procedures specified in MAC and PHY specifications make implementation of this feature in NR too complicated for the benefits that it offers.
In the following, we analyze the problem and discuss how to achieve a solution that makes the feature useful both from complexity and performance perspectives. 
The main issue with enabling skipUplinkTxDynamic is for the case when PUCCH and PUSCH resources overlap (a.k.a. Case 2) which results in additional blind-decoding at the receiver.
NR as compared to LTE, operates more efficiently and offers improved performance while addressing a variety of use cases due to its flexible design structure. The flexible design includes the support of overlapping PUCCH and PUSCH resources in various combinations. As a consequence, in Rel-15 extensive efforts were made to establish procedures for overlapping resolutions taking into account various aspects including UE processing timeline considerations. The overlapping resolution was further improved in Rel-16 to strengthen support for use cases such as IIoT/URLLC operations including transmissions with different priorities. 
For a set of configured or scheduled overlapping PUCCH/PUSCH resources, a UE determines the UL transmissions based on the overlapping resolution procedures specified in PHY specifications. Please note that the resource with actual transmission from the UE may be the same or different from the resources in the set of overlapping PUCCH/PUSCH resources. 
Although the overlapping resolution procedures in Rel-15 and Rel-16 may be perceived as being complicated, there is no misalignment between the UE and gNB. That means that for any expected transmission from a set of overlapping PUCCH/PUSCH resources, the gNB would know on which resource to expect to receive UCI. The main reason is that both gNB and UE have the same assumption on the resources involved in the overlapping resolution procedures and hence, both would be aligned on the resource that would be the outcome of the procedures. Due to this key property, the receiver complexity can be reduced, and the benefits offered by flexibilities in NR can be achieved.
When skipUplinkTxDynamic is enabled, based on the MAC specifications, depending of the data availability which is known only to the UE, the UE would skip the PUSCH transmissions without any associated data. This implies that for a set of configured or scheduled overlapping PUCCH/PUSCH resources, the assumption on the involved PUSCH resources in the overlapping resolution procedures could not be aligned between the UE and gNB. Due to this uncertainty on the used PUSCH resources, as opposed to the previous case discussed above, the gNB would not know on which resource to expect to receive UCI. Hence, the gNB has to take into account different hypothesis and implement blind decoding to determine the resource carrying UCI. It is obvious that the number of blind decoding operations increases by increasing the number of UL carriers hence the burden on gNB implementation would be even more severe in case of UL CA as compared to single carrier UL.
Therefore, in our view the solutions for support of uplink skipping should address the root of the problem. That means that the UE and gNB should have the same assumption on the resource that would carry UCI. This can be achieved if the UE ensures that it transmits the PUSCH resource that would carry UCI as if UL skipping had been disabled based on the overlapping resolution procedures in PHY. Other PUSCH resources can be skipped due to data availability. In other words, in a set of overlapping PUCCH/PUSCH resources, the UE would prioritize transmission of the PUSCH that would carry UCI as if UL skipping had been disabled based on the overlapping resolution procedures in PHY.
It is worthwhile noticing that the problem due to overlapping PUCCH/PUSCH resources exists for both dynamically scheduled and configured grants PUSCH transmissions since the same receiver is applied for both scheduled and configured grant PUSCH. Therefore, the solution above should be applicable to both.
The next question is that whether the PUSCH resource carrying UCI could include dummy bits. Apparently, if this PUSCH resource includes dummy bits, it does not impact the receiver structure but it has a drawback that it potentially creates unnecessary retransmissions and hence unnecessarily increases transmissions in both DL and UL which contradicts with the intention of enabling the UL skipping feature. Hence, although the receiver complexity is addressed, it would be questionable if enabling the feature would provide the expected gain in system performance. Hence, if the UE cannot guarantee data inclusion in this PUSCH, the value of enabling the feature would be questionable. Moreover, in our understanding a reasonable UE implementation would include data in the prioritized PUSCH transmission.
We would like to mention that an LTE based solution has been discussed to address the problem associated to Case 2 where it suggests that in case of overlapping PUCCH/PUSCH resources, the UE would transmit UCI in the PUCCH and drops the PUSCH that overlaps with the PUCCH. In our view there are fundamental drawbacks with this approach as we explain in the following.
If this solution is adopted, it is not clear why the gNB should waste resources and configure or schedule overlapping PUSCH/PUCCH resources in the first place when it is destined to be dropped anyway.
Moreover, as mentioned previously, NR offers a flexible design by allowing overlapping PUCCH/PUSCH which helps the NW to operate efficiently. It seems those benefits would disappear if uplink skipping would be enabled. 
The LTE based solution has a large impact on the overlapping procedures in PHY specifications specially with the enhancements done in Rel-16 for IIoT/URLLC operations. For example, in case of URLLC transmissions, if uplink skipping is enabled, a high priority PUSCH transmission cannot overlap with a low priority PUCCH transmission since it would be dropped according to LTE based solution. Hence, this solution would make many other features useless, unless huge specification efforts are made. In other words, the LTE based solution does not fit for NR based operation since it only solves the receiver complexity problems but takes away not only the benefits from uplink skipping by imposing scheduling restrictions, but also impacts other NR features considerably. 
Based on the above discussion and analysis, we propose the following:
[bookmark: _Toc47644765]When skipUplinkTxDynamic is enabled, for a set of overlapping PUCCH/PUSCH resources, LTE based solution is not supported.
a. [bookmark: _Toc47643897][bookmark: _Toc47644766]In LTE based solution, UCI is transmitted in PUCCH and the overlapping PUSCH is dropped.

[bookmark: _Toc47643898][bookmark: _Toc47644767]When skipUplinkTxDynamic is enabled, for a set of overlapping PUCCH/PUSCH resources, the UE is expected to transmit a PUSCH that would be multiplexed with UCI following the overlapping resolution procedures in PHY specifications.
b. [bookmark: _Toc47643899][bookmark: _Toc47644768]All PUSCHs in the set are used by overlapping resolution procedures.
c. [bookmark: _Toc47643900][bookmark: _Toc47644769]The PUSCH with multiplexed UCI includes MAC PDU.

[bookmark: _Toc47643408][bookmark: _Toc47643498][bookmark: _Toc47643627][bookmark: _Toc47643902][bookmark: _Toc47643944][bookmark: _Toc47643409][bookmark: _Toc47643499][bookmark: _Toc47643628][bookmark: _Toc47643903][bookmark: _Toc47643945][bookmark: _Toc47643410][bookmark: _Toc47643500][bookmark: _Toc47643629][bookmark: _Toc47643904][bookmark: _Toc47643946][bookmark: _Toc47643411][bookmark: _Toc47643501][bookmark: _Toc47643630][bookmark: _Toc47643905][bookmark: _Toc47643947][bookmark: _Toc47643412][bookmark: _Toc47643502][bookmark: _Toc47643631][bookmark: _Toc47643906][bookmark: _Toc47643948][bookmark: _Toc47643413][bookmark: _Toc47643503][bookmark: _Toc47643632][bookmark: _Toc47643907][bookmark: _Toc47643949][bookmark: _Toc47643414][bookmark: _Toc47643504][bookmark: _Toc47643633][bookmark: _Toc47643908][bookmark: _Toc47643950][bookmark: _Toc47643415][bookmark: _Toc47643505][bookmark: _Toc47643634][bookmark: _Toc47643909][bookmark: _Toc47643951][bookmark: _Toc47643416][bookmark: _Toc47643506][bookmark: _Toc47643635][bookmark: _Toc47643910][bookmark: _Toc47643952][bookmark: _Toc47643417][bookmark: _Toc47643507][bookmark: _Toc47643636][bookmark: _Toc47643911][bookmark: _Toc47643953][bookmark: _Toc47643418][bookmark: _Toc47643508][bookmark: _Toc47643637][bookmark: _Toc47643912][bookmark: _Toc47643954][bookmark: _Toc47643419][bookmark: _Toc47643509][bookmark: _Toc47643638][bookmark: _Toc47643913][bookmark: _Toc47643955][bookmark: _Toc47643420][bookmark: _Toc47643510][bookmark: _Toc47643639][bookmark: _Toc47643914][bookmark: _Toc47643956][bookmark: _Toc47643421][bookmark: _Toc47643511][bookmark: _Toc47643640][bookmark: _Toc47643915][bookmark: _Toc47643957][bookmark: _Toc47643422][bookmark: _Toc47643512][bookmark: _Toc47643641][bookmark: _Toc47643916][bookmark: _Toc47643958][bookmark: _Toc47643423][bookmark: _Toc47643513][bookmark: _Toc47643642][bookmark: _Toc47643917][bookmark: _Toc47643959][bookmark: _Toc47643424][bookmark: _Toc47643514][bookmark: _Toc47643643][bookmark: _Toc47643918][bookmark: _Toc47643960][bookmark: _Toc47643425][bookmark: _Toc47643515][bookmark: _Toc47643644][bookmark: _Toc47643919][bookmark: _Toc47643961][bookmark: _Toc47643426][bookmark: _Toc47643516][bookmark: _Toc47643645][bookmark: _Toc47643920][bookmark: _Toc47643962][bookmark: _Toc47643427][bookmark: _Toc47643517][bookmark: _Toc47643646][bookmark: _Toc47643921][bookmark: _Toc47643963][bookmark: _Toc47643428][bookmark: _Toc47643518][bookmark: _Toc47643647][bookmark: _Toc47643922][bookmark: _Toc47643964][bookmark: _Toc47643429][bookmark: _Toc47643519][bookmark: _Toc47643648][bookmark: _Toc47643923][bookmark: _Toc47643965][bookmark: _Toc47643430][bookmark: _Toc47643520][bookmark: _Toc47643649][bookmark: _Toc47643924][bookmark: _Toc47643966][bookmark: _Toc47643431][bookmark: _Toc47643521][bookmark: _Toc47643650][bookmark: _Toc47643925][bookmark: _Toc47643967][bookmark: _Toc47643432][bookmark: _Toc47643522][bookmark: _Toc47643651][bookmark: _Toc47643926][bookmark: _Toc47643968][bookmark: _Toc47643433][bookmark: _Toc47643523][bookmark: _Toc47643652][bookmark: _Toc47643927][bookmark: _Toc47643969][bookmark: _Toc47643434][bookmark: _Toc47643524][bookmark: _Toc47643653][bookmark: _Toc47643928][bookmark: _Toc47643970][bookmark: _Toc47643435][bookmark: _Toc47643525][bookmark: _Toc47643654][bookmark: _Toc47643929][bookmark: _Toc47643971][bookmark: _Toc47643436][bookmark: _Toc47643526][bookmark: _Toc47643655][bookmark: _Toc47643930][bookmark: _Toc47643972][bookmark: _Toc47643437][bookmark: _Toc47643527][bookmark: _Toc47643656][bookmark: _Toc47643931][bookmark: _Toc47643973][bookmark: _Toc47643438][bookmark: _Toc47643528][bookmark: _Toc47643657][bookmark: _Toc47643932][bookmark: _Toc47643974][bookmark: _Toc47643439][bookmark: _Toc47643529][bookmark: _Toc47643658][bookmark: _Toc47643933][bookmark: _Toc47643975][bookmark: _Toc47643440][bookmark: _Toc47643530][bookmark: _Toc47643659][bookmark: _Toc47643934][bookmark: _Toc47643976][bookmark: _Toc47643441][bookmark: _Toc47643531][bookmark: _Toc47643660][bookmark: _Toc47643935][bookmark: _Toc47643977][bookmark: _Toc47643442][bookmark: _Toc47643532][bookmark: _Toc47643661][bookmark: _Toc47643936][bookmark: _Toc47643978][bookmark: _Toc47643443][bookmark: _Toc47643937]
3	Conclusion
Based on the discussion in the previous sections we propose the following:
Proposal 1	When skipUplinkTxDynamic is enabled, for a set of overlapping PUCCH/PUSCH resources, LTE based solution is not supported.
	In LTE based solution, UCI is transmitted in PUCCH and the overlapping PUSCH is dropped.
Proposal 2	When skipUplinkTxDynamic is enabled, for a set of overlapping PUCCH/PUSCH resources, the UE is expected transmit a PUSCH that would be multiplexed with UCI following the overlapping resolution procedures in PHY specifications.
	All PUSCHs in the set are used by overlapping resolution procedures.
	The PUSCH with multiplexed UCI includes MAC PDU.
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