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Introduction
Following two cases on dynamic UL skipping were discussed and related conclusions were made in RAN1 [1] [2].
Case 1: PUSCH skipping without overlapping CSI/HARQ-ACK on PUCCH
· It was agreed in RAN1#100-e meeting that when a UL grant without UL-SCH field or UL-SCH =1 (if present) is detected by a UE configured with skipUplinkTxDynamic, the corresponding PUSCH transmission is skipped by the UE if no transport block for the PUSCH transmission is generated by MAC and there is no CSI/HARQ-ACK on PUCCH overlapping with the PUSCH.
Case 2: PUSCH skipping with overlapping CSI/HARQ-ACK on PUCCH
· In Rel-15, the UE behavior if there would be a PUCCH with CSI/HARQ-ACK overlapping in time with a PUSCH scheduled by a DCI format is not defined. A Rel-15 CR was agreed in R1-2005044. 
· The UE behavior for case 2 is addressed in Rel-16. 
For case 2, a Rel-16 CR was agreed by RAN1 in R1-2009687. RAN1 further indicated, in two LSs in [2] and [6], on the condition that an UL transmission on a PUSCH with overlapping CSI/HARQ-ACK on PUCCH cannot be skipped for Rel-16. In the last RAN2 meeting R2_112e, companies made several proposals [7] to adjust the MAC procedure for skipping of dynamic and configured uplink grants. However, the interaction of UL skipping with intra-UE prioritization is still open. 
This paper addresses the intra-UE prioritization aspects of UL skipping (for case 2). Several enhancements are proposed to achieve a trade-off between the different aspects and requirements.

Background
UL skipping and intra-UE prioritization
The MAC procedure for skipping of dynamic and configured uplink grants was initially discussed in R2_112e [7]. According to the current TS 38.321, MAC decides during logical channel prioritization (sub-clause 5.4.3.1.3) whether the MAC entity generates a MAC PDU or whether MAC PDU generation can be skipped. This decision happens after UL grant prioritization in sub-clause 5.4.1, that is, after intra-UE prioritization. Now if an UL grant is received for a PUSCH that contains UCI (e.g., CSI/HARQ-ACK as in case 2), according to the current RAN1 design, that PUSCH cannot be skipped. However, this creates a contradiction with intra-UE prioritization in case of overlapping grants.
Problem: Given the current Rel-16 framework for UL skipping and intra-UE prioritization, once UCI multiplexing is finished in PHY and a corresponding UL grant for a PUSCH with multiplexed UCI is indicated to MAC, the MAC entity may still de-prioritize the UL grant by means of LCH-based prioritization. As a result, MAC may not deliver a corresponding MAC PDU to PHY and the PUSCH with multiplexed UCI may not get transmitted. The figure below has an example.
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Figure 1: Overlapping UL grants when UCI is multiplexed on DG-PUSCH
In the example in figure 1, UCI from PUCCH is meant to be carried over PUSCH and the PUCCH is not transmitted. If the DG-PUSCH is de-prioritized, then a MAC PDU with UCI is not delivered to PHY. 
Observation 1: The PUSCH with UCI can get de-prioritized by intra-UE prioritization.
More specifically, the following sequence of events describes the UE behaviour with UCI multiplexing. 
1. PUSCH and PUCCH overlap in time.
1. PHY conducts UCI multiplexing over PUSCH within the domain of respective physical layer priority. PHY decides that the UCI is multiplexed into a selected PUSCH, and the PUCCH is not transmitted.
PHY delivers one or multiple UL grants to MAC out of which LCH-based intra-UE prioritization selects the UL grant with the highest LCH priority.
MAC logical channel prioritization (LCP) creates a MAC PDU for the prioritized UL grant.
Only one MAC PDU is delivered to PHY, it may be for high priority PUSCH or for low priority PUSCH.
PHY pursues with the surviving choice and proceeds to PUSCH transmission.
The PUSCH with UCI may not get transmitted.
UCI should follow the priority of the PUCCH transmission. Intra-UE prioritization of PUCCH vs PUSCH happens in PHY based on L1 priority, this is transparent to MAC.
The LS from RAN1 to RAN2 (R2-2100028 [6]) lists a number of additional overlapping cases. From RAN2 intra-UE prioritization point of view the problem is similar: the PUSCH with multiplexed UCI may not get transmitted. Therefore, additional overlapping cases in [6] are implicitly included in the consideration here. 

Summary of existing enhancement proposals
In general, both Option A and Option B below are possible approaches to fulfil the requirement from RAN1. Option A was proposed to RAN2#112e by Samsung in R2-2010525 [3]. Option B was proposed to RAN2#112e in R2-2009484 [4] and R2-2010317 [5] and a number of other contributions. 
Option A: Prioritize PUSCH-with-UCI over any other PUSCH 
· PUSCH-with-UCI takes precedence over any other PUSCH, that is, regardless of LCH-based prioritization.
Option B: LCH-based prioritization is used to select the UL grant
· Proceed with the prioritized grant selected by LCH-based prioritization, that is, regardless of UCI. This means no modification to the current LCH-based prioritization procedure and UL skipping is decided during LCP. 
· As a result, the UE creates an empty MAC PDU with UCI (i.e., refrains from PUSCH skipping) only if there is no overlapping grant. In the overlapping case, dropping a (presumably empty) low priority PUSCH-with-UCI looks favourable over dropping a high priority PUSCH-with-data.
If PUSCH with UCI was generally prioritized in MAC (like in option A), potentially many ‘empty' PUSCH with multiplexed UCI (but no data) will be transmitted while overlapping PUSCH (with data) is not transmitted. This not only breaks intra-UE prioritization, it can also lead to increased power consumption for the UE and cause increased UL interference for the network.
Observation 2: If PUSCH with UCI is generally prioritized in MAC, potentially many ‘empty' PUSCH with multiplexed UCI (but no data) will be transmitted while overlapping PUSCH (with data) is not transmitted.

Discussion
The proposed solutions described in this section aim to give precedence to UCI transmission such that the highest priority UL data is selected for transmission where possible. This might seem like a compromise between options A and B above.
Option 1: Conditional LCH priority adjustment
If lch-basedPrioritization is configured, the UE creates a MAC PDU based on the grant with the highest LCH-based priority. This means a grant for PUSCH-with-UCI can get de-prioritized by an overlapping grant mapped to a LCH of higher priority. Option 1 proposes to increase the LCH priority of UL grants for PUSCH-with-UCI according to pre-defined rules, so that a PUSCH-with-UCI gets a higher probability to become the prioritized grant.
Proposal 1: Introduce an option to increase the LCH priority level associated with a PUSCH-with-UCI before LCH-based prioritization. 
The modified priority level is then used as part of e.g., LCH based prioritization and LCP in MAC, and RRC can provide further configuration. An outline of finer details is given below.
Potential adjustments to the priority rules
Alt-1: The priority level of a logical channel mapped to a PUSCH-with-UCI is increased by a fixed value. The level of adjustment is fixed in the spec, no signalling required.
Alt-2: Allow the network to configure a priority adjustment for LCHs carrying PUSCH-with-UCI, with suitable granularity / steps. The priority modification could be done, for example, through following options: 
a) A new parameter represents a replacement of the priority level for the logical channel. The modified priority of a LCH mapped to a PUSCH-with-UCI is: priority = uciPriority.
b) A new parameter represents an addend to the existing priority level. The priority of a LCH mapped to a PUSCH-with-UCI is: priority = priority – uciPriority. 
Alt-3: According to 38.321, “the priority of an uplink grant for which no data for logical channels is multiplexed or can be multiplexed in the MAC PDU is lower than either the priority of an uplink grant for which data for any logical channels is multiplexed or can be multiplexed in the MAC PDU or the priority of the logical channel triggering an SR”. It might make sense modify the priority level for such ‘empty PUSCH’ cases only.
3a) Same as Alt-1, but the priority adjustment is only applied for ‘empty’ PUSCH-with-UCI, that is, for an UL grant with no LCH data available.
3b) Same as Alt-2, but the priority adjustment is only applied for ‘empty’ PUSCH-with-UCI, that is, for an UL grant with no LCH data available.
After the LCH priority adjustment, if a grant for PUSCH-with-UCI has the same LCH priority as a grant for a PUSCH without UCI (for which the priority is not modified), MAC may allow a grant for PUSCH-with-UCI to take precedence over a PUSCH without UCI. Other variants are possible.
Below is a proposal for a possible RRC configuration with Alt-2. The new parameter uciPriority may be defined either as a full priority level or as an addend to parameter priority. The respective choice then needs to be referenced in the MAC spec, clause 5.4.1.
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Figure 2: RRC configuration for option 1
NW configuration ensures that grants of low PHY priority are not mapped to a high MAC LCH priority while grants of high PHY priority are mapped to a low MAC LCH priority. 
Alt-1: The priority level of a logical channel mapped to a PUSCH-with-UCI is increased by a fixed value. 
Alt-2: The network configures a priority adjustment for LCHs carrying PUSCH-with-UCI.
Alt-3: The priority adjustment happens for empty PUSCH cases only.

Option 1a: Conditional LCH priority adjustment with differentiation for HARQ-ACK and CSI
If lch-basedPrioritization is configured, the UE creates a MAC PDU based on the grant with the highest LCH-based priority. This means a grant for PUSCH-with-UCI can get de-prioritized by an overlapping grant mapped to a LCH of higher priority. Similar to option 1, option 1a proposes to increase the LCH priority of UL grants for PUSCH-with-UCI according to pre-defined rules, so that a PUSCH-with-UCI gets a higher probability to become the prioritized grant.
As a further enhancement of option 1, MAC can be made aware whether the UCI is for HARQ-ACK or for CSI. MAC can use this information to differentiate LCH-based prioritization further. Rationale: UCI for HARQ-ACK may be considered more important than UCI for CSI. If the UCI carries HARQ-ACK and the PUSCH is dropped, DL throughput may be affected. A de-prioritized PUSCH-with-UCI can limit the data rate or make the gNB wait for the HARQ-ACK longer. In turn, dropping a UCI for CSI is less serious.
Proposal 2: MAC is made aware whether the UCI is for HARQ-ACK or CSI. A potentially different priority adjustment for HARQ-ACK and CSI is possible.
An outline of finer details is given below.
Potential adjustments to the priority rules
The alternatives below are basically the similar to option 1, except that different priority levels may be used for HARQ-ACK and CSI. 
Alt-1: UCI with HARQ-ACK increases LCH priority level by 2, and UCI with CSI increases it by 1 so that a PUSCH with HARQ-ACK generally has a higher priority than a PUSCH with CSI. Another priority split between HARQ-ACK and CSI is not precluded. The main point is that HARQ-ACK and CSI can have different priority adjustments. The priority levels are each fixed in the spec, no signalling required.
Alt-2: Allow the network to configure a priority adjustment for LCHs carrying PUSCH-with-UCI, with suitable granularity / steps. The priority modification could be done, for example, through following options:
a) A new parameter represents a replacement of the priority level for the logical channel. The modified priority of a LCH mapped to a PUSCH-with-UCI is: priority = uciHarqAckPriority; priority = csiPriority.
b) A new parameter represents an addend to the existing priority level. The priority of a LCH mapped to a PUSCH-with-UCI is: priority = priority - uciHarqAckPriority; priority = priority – uciCsiPriority.
Alt-3: According to 38.321, “the priority of an uplink grant for which no data for logical channels is multiplexed or can be multiplexed in the MAC PDU is lower than either the priority of an uplink grant for which data for any logical channels is multiplexed or can be multiplexed in the MAC PDU or the priority of the logical channel triggering an SR.” It might make sense modify the priority level for such empty PUSCH cases only.
3a) Same as Alt-1, but the priority adjustment is only applied for ‘empty’ PUSCH-with-UCI, that is, for an UL grant with no LCH data available.
3b) Same as Alt-2, but the priority adjustment is only applied for ‘empty’ PUSCH-with-UCI, that is, for an UL grant with no LCH data available.
After the LCH priority adjustment, if a grant for PUSCH-with-UCI has the same LCH priority as a grant for a PUSCH without UCI (for which the priority is not modified), MAC may allow a grant for PUSCH-with-UCI to take precedence over a PUSCH without UCI. Other variants are possible, for example, only HARQ-ACK may be allowed to take precedence.
Figure 3 shows a possible RRC configuration for Alt-2, with separate LCH priority levels for HARQ-ACK and CSI. The new parameters uciHarqAckPriority/uciCsiPriority may be defined either as a full priority level or as an addend to parameter priority. The respective choice needs to be referenced in the MAC spec, clause 5.4.1.
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Figure 3: RRC configuration for option 1a
NW configuration ensures that grants of low PHY priority are not mapped to a high MAC LCH priority while grants of high PHY priority are mapped to a low MAC LCH priority.
Alt-1: HARQ-ACK and CSI use a different priority adjustment while priority levels are fixed. 
Alt-2: The network configures a priority adjustment for HARQ-ACK and CSI.
Alt-3: The priority adjustment happens for empty PUSCH cases only. 

Option 2: Prioritization based on LCH with data available
If lch-basedPrioritization is configured, the UE creates a MAC PDU based on the grant with the highest LCH-based priority. This means a grant for PUSCH-with-UCI can get de-prioritized by an overlapping grant mapped to a LCH of higher priority. Option 2 proposes to prioritize PUSCH-with-UCI when the LCH has data available. 
An UL grant mapped to PUSCH-with-UCI for which LCH data is available is always prioritized (it becomes the prioritized grant). However, an UL grant mapped to PUSCH-with-UCI for which no LCH data is available is not treated differently from any other grant. With that, lch-basedPrioritization is modified for LCHs with data available only.
Proposal 3: As an alternative to other options, an UL grant mapped to a PUSCH-with-UCI that has LCH data available is always prioritized, and MAC creates a MAC PDU for it.

Option 3: MAC prioritization taking into account the PHY priority 
This option builds on the assumption that MAC can receive a PHY-priority indication (e.g., as part of the UL grant) not only for dynamic grants but also for configured grants. MAC procedures for UL grant processing then consider accordingly the PHY priority. 
Alt- 1: If UCI is to be multiplexed on a PUSCH of high PHY priority, the grant is treated as a prioritized grant and the PUSCH cannot be skipped. Currently the PHY priority is not considered during LCH-based prioritization.
Alt-2: This alternative is based on option 1/1a. Modification of LCH priority for PUSCH-with-UCI is only allowed for certain (or all) PHY priority levels. 
The network can configure restrictions, for example, whether uciPriority/uciHarqAckPriority/uciCsiPriority are applicable to a certain PHY priority level only. As a result, the LCH priority adjustment is applied to UL grants (for PUSCH with UCI) of the allowed priority level only.
Alt-3: This alternative is based on option 1/1a. Modification of LCH priority for PUSCH-with-UCI can be differentiated based on PHY priority level. 
3a) The UE has two sets of uciPriority/uciHarqAckPriority/uciCsiPriority, one for each PHY priority level.
3b) PHY and LCH priority levels are fixed in the spec. A PUSCH of low PHY priority may increase the LCH priority by an amount of x, and a PUSCH of high PHY priority may increase the LCH priority by an amount of y. 
Other combinations where the PHY priority is used for prioritization of PUSCH-with-UCI as part of the decision process are not precluded. Furthermore, option 3 can be applied when lch-basedPrioritization is not enabled and only PHY-based prioritization is enabled (Alt-1 in particular).
Figure 4 shows a LCP restriction for Alt-2 with a LCH to PHY priority mapping. Parameter rankedUciPHY-PriorityIndex-r17 indicates a PHY priority level that is only applicable when UCI is multiplexed on a PUSCH. This can be combined with uciPriority/uciHarqAckPriority/uciCsiPriority mentioned earlier. The approach and parameters then need to be referenced in the MAC spec.
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Figure 4: UCI based LCP restriction
Another alternative is illustrated in Figure 5 with RRC parameters for Alt-3a to indicate separate LCH priority levels for HARQ-ACK/CSI and for each PHY priority level. Parameters uciHarqAckPriority/uciCsiPriority may be defined either as a full priority level or as an addend to parameter priority. The approach/parameters then need to be referenced in the MAC spec.
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Figure 5: Two sets of LCH priority, based on PHY priority
Proposal 4: As an alternative to other options, the PHY priority could be considered in the selection of the prioritized grant.

Conclusions
This paper discusses aspects related with the simultaneous use of inter-UE and intra-UE prioritization. We have the following observations and proposals:
Observation 1: The PUSCH with UCI can get de-prioritized by intra-UE prioritization.
Observation 2: If PUSCH with UCI is generally prioritized in MAC, potentially many ‘empty' PUSCH with multiplexed UCI (but no data) will be transmitted while overlapping PUSCH (with data) is not transmitted.
Proposal 1: Introduce an option to increase the LCH priority level associated with a PUSCH-with-UCI before LCH-based prioritization. 
Alt-1: The priority level of a logical channel mapped to a PUSCH-with-UCI is increased by a fixed value. 
Alt-2: The network configures a priority adjustment for LCHs carrying PUSCH-with-UCI.
Alt-3: The priority adjustment happens for empty PUSCH cases only.
Proposal 2: MAC is made aware whether the UCI is for HARQ-ACK or CSI. A potentially different priority adjustment for HARQ-ACK and CSI is possible.
Alt-1: HARQ-ACK and CSI use a different priority adjustment while priority levels are fixed. 
Alt-2: The network configures a priority adjustment for HARQ-ACK and CSI.
Alt-3: The priority adjustment happens for empty PUSCH cases only. 
Proposal 3: As an alternative to other options, an UL grant mapped to a PUSCH-with-UCI that has LCH data available is always prioritized, and MAC creates a MAC PDU for it.
Proposal 4: As an alternative to other options, the PHY priority could be considered in the selection of the prioritized grant.
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Logical channel priority of PUSCH with UCI for CSI at low PHY priority, as
specified in TS 38.321 [3].

Alternative: Parameter definition when used as an addend to priority.

uciHarqAckPriorityP1

Addend to reduce the logical channel priority value for PUSCH with
HARQ-ACK in UCI (to increase the priority level) and at high PHY priority,
as specified in TS 38.321 [3].

uciCsiPriorityP1

Addend to reduce the logical channel priority value for PUSCH with CSl in
UCI (to increase the priority level) and at high PHY priority, as specified in
TS 38.321 [3].

priority
Logical channel priority, as specified in TS 38.321 [3].




