[bookmark: _Hlk533328020][bookmark: OLE_LINK1]3GPP TSG RAN WG1 #102-e                                        R1-2005434
e-Meeting, August 17th – 28th, 2020
Source:	ZTE
Title:          Discussion on enhanced intra-UE multiplexing
Agenda item:	8.3.3
Document for: Discussion and Decision
Introduction
Regarding the Rel-17 WID of NR_IIOT_URLLC_enh[1], one of the objective is intra-UE multiplexing and prioritization which includes:
	Intra-UE multiplexing and prioritization of traffic with different priority based on work done in Rel.16 [RAN1]:
a. Specify multiplexing behavior among HARQ-ACK/SR/CSI and PUSCH for traffic with different priorities, including the cases with UCI on PUCCH and UCI on PUSCH. 
b. Specify PHY prioritization of overlapping dynamic grant PUSCH and configured grant PUSCH of different PHY priorities on a BWP of a serving cell including the related cancelation behavior for the PUSCH of lower PHY priority, taking the solution developed during Rel-16 as the baseline


In this contribution, we provide our views on above two aspects on intra-UE multiplexing and prioritization of traffic with different priorities.  
[bookmark: OLE_LINK16][bookmark: OLE_LINK30][bookmark: OLE_LINK17]Collision between two UL channels
[bookmark: OLE_LINK36][bookmark: OLE_LINK5][bookmark: OLE_LINK12][bookmark: OLE_LINK8][bookmark: OLE_LINK32]For the overlapping scenarios between channels/signals with two different priorities, it is obvious that always dropping low priority channel as Rel-16 leads to performance deterioration of eMBB traffic. Therefore, one of the objects of the Rel-17 URLLC WID is to specify multiplexing behavior instead of prioritization. It means the channels/signals with different priorities are allowed to be multiplexed together under certain conditions instead of not simply dropping. All of the overlapping scenarios between two channels with different priorities are listed in following Table 1.
Table 1: Collision cases for UL channels/signals with different priorities.
	
	URLLC SR
	URLLC HARQ-ACK
	URLLC PUSCH

	eMBB SR
	Scenario-01 
	Scenario-02
	Scenario-03

	eMBB HARQ-ACK
	Scenario-04
	Scenario-05
	Scenario-06

	eMBB CSI on PUCCH
	Scenario-07
	Scenario-08
	Scenario-09

	eMBB PUSCH
	Scenario-10
	Scenario-11
	Scenario-12
(CG PUSCH overlapping with DG PUSCH)


· Case 1: High priority PUCCH carrying SR/HARQ-ACK overlaps with low priority PUCCH carrying SR/HARQ-ACK/CSI (Scenario-01, 02, 04, 05, 07, 08)
For these scenarios, the selected PUCCH resource for multiplexing should satisfy the requirements of the high priority UCI in terms of latency and reliability. Thus, if the high priority UCI needs to be multiplexed on the PUCCH resource for the low priority UCI or a new PUCCH resource, some new conditions should be defined, i.e. the end of the PUCCH resource for low priority UCI or the new PUCCH resource to transmit the UCIs for all priorities should not be later than the end of the PUCCH resource for high priority UCI in order to satisfy the latency of the high priority UCI. In addition, to maintain the reliability of the high priority UCI, the high priority UCI and low priority UCI should be independently encoded if the UCI is more than 2 bits. If the new conditions are not met, low priority UCI is dropped as Rel-16. 
[bookmark: OLE_LINK29][bookmark: OLE_LINK33]Proposal 1: For high priority PUCCH carrying SR/HARQ-ACK overlaps with low priority PUCCH carrying SR/HARQ-ACK/CSI,
· if the end of chosen PUCCH resource the UE would multiplex all UCIs on is not later than the end of the high priority PUCCH, the UCIs with different priorities are multiplexed in the PUCCH resource.
· otherwise, low priority PUCCH is dropped as Rel-16. 
· [bookmark: OLE_LINK19]Case 2: High priority PUSCH overlaps with low priority PUCCH carrying HARQ-ACK/CSI (Scenario-06, 09)
[bookmark: OLE_LINK28]When low priority HARQ-ACK/CSI is to be multiplexed on the high priority PUSCH, the HARQ-ACK/CSI has lower requirements on reliability compared with high priority transmission. Therefore, to ensure the performance of the high priority PUSCH will not be affected, a smaller beta_offset can be considered. For example, beta_offset is a value from 0 to 1.It means the coding rate of the low priority HARQ-ACK/CSI is larger than that of the data, which allows a relatively smaller number of REs reserved for low priority UCI. If beta_offset is set to 0, it means that gNB indicates the UE not to multiplex the low priority HARQ-ACK/CSI on high priority PUSCH, i.e. dropping the low priority UCI. 
[bookmark: OLE_LINK13][bookmark: OLE_LINK45][bookmark: OLE_LINK14]Proposal 2 For high priority PUSCH overlaps with low priority PUCCH carrying HARQ-ACK or CSI, introduce new beta_offset values from 0 to 1.
· Case 3: High priority PUCCH carrying HARQ-ACK overlaps with low priority PUSCH (Scenario-11)
In order not to increase the latency of high priority transmission, the REs in low priority PUSCH resource that map the high priority HARQ-ACK should not later than the last symbol of high priority PUCCH resource. If there are enough resources in low priority PUSCH to map high priority HARQ-ACK, the UE should multiplex HARQ-ACK as the same method as Rel-15 on PUSCH to ensure the performance of high priority HARQ-ACK. Otherwise, the low priority PUSCH should be dropped.
Proposal 3: For PUCCH resource carrying high priority HARQ-ACK overlaps with low priority PUSCH, 
· if the number of REs that are earlier than the last symbol of PUCCH resource are sufficient, multiplex the HARQ-ACK on PUSCH as same as Rel-15. 
· otherwise, low priority PUSCH is dropped as Rel-16.
· Case 4: High priority PUSCH overlaps with low priority PUCCH carrying SR (Scenario-03)
According to the current MAC layer specification, it would occur that a low priority SR can overlap with a high priority PUSCH. For example, after a low priority SR is delivered from MAC layer to PHY layer, gNB can dynamically schedule a high priority PUSCH which may overlap with the SR resource for positive SR. 
If a low priority SR overlaps with a high priority PUSCH with UL-SCH, the BSR of this low priority SR can be packed in the high priority PUSCH. Therefore, the UE can drop the low priority SR and only transmit the high priority PUSCH same as the overlapping scenario between SR and PUSCH with same priority in Rel-16.
If a low priority SR overlaps with a high priority PUSCH without UL-SCH, in order to improve the performance of eMBB services, the multiplexing method should be further discussed in Rel-17.
[bookmark: OLE_LINK46][bookmark: OLE_LINK18][bookmark: OLE_LINK35][bookmark: OLE_LINK15]Proposal 4: 
· If a UE would transmit a high priority PUSCH with UL-SCH that overlaps with a PUCCH transmission with a low priority SR , the UE does not transmit the SR.
· If a UE would transmit a high priority PUSCH without UL-SCH that overlaps with a PUCCH transmission with low priority SR, the UE multiplex the SR on PUSCH.
· FFS: How to multiplex the low priority SR on high priority PUSCH.
· Case 5: High priority PUCCH carrying SR overlaps with low priority PUSCH (Scenario-10)
Similar to Case 4, the overlapping between the high priority SR and the low priority PUSCH will occur in PHY.
If a high priority SR overlaps with a low priority PUSCH with UL-SCH, in order to improve the performance of eMBB services, the multiplexing method should be further discussed in Rel-17.
If a high priority SR overlaps with a low priority PUSCH without UL-SCH, the UE can drop low priority PUSCH and only transmit the high priority SR same as the overlapping scenario between SR and PUSCH with same priority in Rel-16.
Proposal 5: 
· If a UE would transmit a PUCCH includes high priority SR that overlaps with a low priority PUSCH with UL-SCH, the UE should multiplex SR on PUSCH.
· FFS: How to multiplex the high priority SR on low priority PUSCH.
· If a UE would transmit a PUCCH includes high priority SR that overlaps with a low priority PUSCH without UL-SCH, the UE does not transmit the PUSCH.
· Case 6: High priority PUSCH overlaps with low priority PUSCH (Scenario-12)
According to the WID objective of Rel-17, we need to specify PHY prioritization of overlapping dynamic grant PUSCH and configured grant PUSCH of different PHY priorities on a BWP of a serving cell including the related cancelation behavior for the PUSCH of lower PHY priority. It means the cancelation behavior for the low priority PUSCH in case of CG PUSCH overlapping with a DG PUSCH with different priorities can be enhanced. The cancelation behavior between CG PUSCH overlapping with a DG PUSCH with different priorities in Rel-16 is specified as below:
	a first PUSCH of larger priority index on a serving cell, a second PUSCH of smaller priority index on the serving cell, and a transmission of the first PUSCH would overlap in time with a transmission of the second PUSCH, the UE does not transmit the second PUSCH, where at least one of the two PUSCH is not scheduled by a DCI format.


It means the low priority PUSCH will not transmit or all of the low priority PUSCH will be cancelled. While the enhancement of the low priority PUSCH could be considered that only part of the low priority PUSCH is cancelled in Rel-17.
Some of the cancellation timeline principles were given in RAN1 #101-e meeting which could be referred. 
	· Option#1: Tproc,2+d1 is the exact time for cancellation, i.e., the UE is not allowed to cancel the low priority channel earlier or later than the time pointed by Tproc,2+d1.
· Option#2: Tproc,2+d1 is the latest time for cancellation, i.e., the UE is allowed to cancel the low priority channel earlier than the time indicated by Tproc,2+d1, however, the deadline for cancellation is at the time indicated by Tproc,2+d1. 
· Option#3: Tproc,2+d1 is the earliest time for cancellation, i.e., the UE could cancel the low priority channel at or after the time indicated by Tproc,2+d1, but not earlier. The deadline for cancellation is the start of the first symbol of the high priority channel. 
· Option#4: A UE is expected to cancel the overlapping low priority channel by the first overlapping symbol at the latest. Further, the UE is expected the gap between the end of PDCCH carrying the grant for the high priority channel and the starting symbol of the high priority channel to be no smaller than Tproc,2+d1. 


In Rel-16, Option#4 is specified as the final timeline for cancellation of the low priority transmission when it overlaps with a high priority transmission for the allowed collision cases. It is simply for easy UE implementation. 
However, this cancellation timeline is not suitable in term of resource efficiency since the gNB cannot judge which resources will be cancelled if it’s up to UE implementation. It will cause the transmission sent by UE before the actual cancellation time is assumed as invalid by the gNB. Option2 has the same cons to allow a UE to cancel the low priority transmission anywhere earlier than the time indicated by Tproc,2+d1. Because, cancellation timeline is determined by UE implementation but gNB has no idea about the exact cancellation time. Above options 1/3 or possible new cancellation timeline for the cancellation of the low priority PUSCH could be considered in Rel-17 to overcome the cons of Rel-16 cancellation timeline especially for the collision between two PUSCH with different priority, where at least one of the two PUSCH is not scheduled by a DCI format.
Observation 1: The cancellation timeline due to intra-UE prioritization in Rel-16 will cause low resource efficiency since the transmission sent by UE before the actual cancellation time is assumed as invalid by the gNB.
Proposal 6: The timeline for cancellation the low priority PUSCH when it overlaps with a high priority PUSCH, where at least one of the two PUSCH is not scheduled by a DCI format, can be defined as different from Rel-16 to further improve the resource efficiency. 
[bookmark: OLE_LINK31]Collision handling of more than two UL channels
[bookmark: OLE_LINK48]For the overlapping scenarios among more than two UL channels, the mechanism of Rel-16 is to first solve the collision between UL channels with same priority, and then solve the collision between UL channels with different priorities. After the implementation of the first step, if the collision of UL channels with different priorities still exists, the low priority channel is dropped then. However, this method will incur performance deterioration of low priority traffic even if some of the low priority UL channels do not overlap with any high priority UL channels. An example for that case is shown as Figure 1. In this example, the low priority PUCCH with SR will be dropped but it doesn’t conflict with any high priority PUCCH resources.
[image: ]
[bookmark: OLE_LINK37]Figure 1. Prioritization rule for collision handling among more than two channels in Rel-16.
[bookmark: OLE_LINK51]For the overlapping scenarios of more than two UL channel, even if dropping operation is not performed in the second step in Rel-17, how to multiplex these collision needs to be further specified. For example, a high priority PUCCH carrying CSI and SR overlaps with a low priority PUCCH carrying HARQ-ACK and SR. There is no such multiplexing cases in Rel-15/16, how to concatenate the UCI bits needs to be considered. 
[bookmark: OLE_LINK44][bookmark: OLE_LINK10]Proposal 7: For the collision handling of more than two UL channels at least containing the same UCI, e.g. a high priority PUCCH carrying SR and HARQ-ACK overlaps with a low priority PUCCH carrying HARQ-ACK and CSI, the concatenate order of the UCI bits should be considered in Rel-17. 
In Rel-16, multiple sub-slot based PUCCH resources with HARQ-ACK can be transmitted in one slot, which means it is possible that more than one sub-slot based PUCCH resources overlap with a same slot based PUCCH resource with different priorities. An example is shown in Figure 2 where a slot based PUCCH carrying low priority SR overlaps with a sub-slot based PUCCH carrying high priority HARQ-ACK1 in sub-slot1. In the meantime, another high priority HARQ-ACK2 comes and is scheduled to be transmitted in sub-slot2 in order to reduce the latency of HARQ-ACK2.
[image: ]
[bookmark: OLE_LINK39][bookmark: OLE_LINK47]Figure 2. Two sub-slot based PUCCH resources carrying high priority HARQ-ACK overlap with one slot based PUCCH resource carrying low priority SR
[bookmark: OLE_LINK40][bookmark: OLE_LINK43][bookmark: OLE_LINK49][bookmark: OLE_LINK42][bookmark: OLE_LINK41]These kind of overlapping scenarios can be solved by always drop the low priority channel in Rel-16, e.g. drop the low priority SR in Figure 2, which will have a negative impact on eMBB traffic. Surely, such overlapping scenario can be avoided by gNB schedule, but it may affect the scheduling flexibility and it is detrimental to the latency of high priority traffic. Therefore, these overlapping scenarios should be solved by a new multiplexing mechanism in Rel-17.
[bookmark: OLE_LINK6][bookmark: OLE_LINK22]Proposal 8: The scenarios where multiple sub-slot based PUCCH resources carrying HARQ-ACK overlap with a slot based PUCCH/PUSCH with different priorities need to be studied in Rel-17.
Conclusions
According to the analysis given above, we have the following observation and proposals:
[bookmark: _GoBack]Proposal 1: For high priority PUCCH carrying SR/HARQ-ACK overlaps with low priority PUCCH carrying SR/HARQ-ACK/CSI,
· if the end of the chosen PUCCH resource the UE would multiplex all UCIs on is not later than the end of the high priority PUCCH, the UCIs with different priorities are multiplexed in the PUCCH resource.
· otherwise, low priority PUCCH is dropped as Rel-16. 
Proposal 2 For high priority PUSCH overlaps with low priority PUCCH carrying HARQ-ACK or CSI, introduce new beta_offset values from 0 to 1.
Proposal 3: For PUCCH resource carrying high priority HARQ-ACK overlaps with low priority PUSCH, 
· if the number of REs that are earlier than the last symbol of PUCCH resource are sufficient, multiplex the HARQ-ACK on PUSCH as same as Rel-15. 
· otherwise, low priority PUSCH is dropped as Rel-16.
Proposal 4: 
· If a UE would transmit a high priority PUSCH with UL-SCH that overlaps with a PUCCH transmission with a low priority SR , the UE does not transmit the SR.
· If a UE would transmit a high priority PUSCH without UL-SCH that overlaps with a PUCCH transmission with low priority SR, the UE multiplex the SR on PUSCH.
· FFS: How to multiplex the low priority SR on high priority PUSCH.
Proposal 5: 
· If a UE would transmit a PUCCH includes high priority SR that overlaps with a low priority PUSCH with UL-SCH, the UE should multiplex SR on PUSCH.
· FFS: How to multiplex the high priority SR on low priority PUSCH.
· If a UE would transmit a PUCCH includes high priority SR that overlaps with a low priority PUSCH without UL-SCH, the UE does not transmit the PUSCH.
Observation 1: The cancellation timeline due to intra-UE prioritization in Rel-16 will cause low resource efficiency since the transmission sent by UE before the actual cancellation time is assumed as invalid by the gNB.
Proposal 6: The timeline for cancellation the low priority PUSCH when it overlaps with a high priority PUSCH, where at least one of the two PUSCH is not scheduled by a DCI format, can be defined as different from Rel-16 to further improve the resource efficiency. 
Proposal 7: For the collision handling of more than two UL channels at least containing the same UCI, e.g. a high priority PUCCH carrying SR and HARQ-ACK overlaps with a low priority PUCCH carrying HARQ-ACK and CSI, the concatenate order of the UCI bits should be considered in Rel-17. 
Proposal 8: The scenarios where multiple sub-slot based PUCCH resources carrying HARQ-ACK overlap with a slot based PUCCH/PUSCH with different priorities need to be studied in Rel-17.
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