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1 [bookmark: _Ref129681862][bookmark: _Ref124589705]Introduction
In RAN1#104-e meeting[1], agreements of Intra-UE Multiplexing and Prioritization are achieved as follows:
Agreements:
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, 
· Use a PUCCH resource in the second PUCCH-Config (the PUCCH-config containing the PUCCH resource of the HP HARQ-ACK) at least in case the total number of LP and HP HARQ-ACK bits is more than 2.
· FFS: The PUCCH resource is configured dedicated for multiplexing of HP HARQ-ACK and LP HARQ-ACK.
· FFS in case the total number of LP and HP HARQ-ACK bits is 2.
· FFS details
Working assumption:
Reuse Rel-15 intra-UE PUCCH/PUSCH multiplexing timeline requirements for Rel-17 intra-UE PUCCH/PUSCH multiplexing with different priorities
· FFS whether or not to specify a different behavior than Rel-15 when the timeline requirements are not met  
Agreements:
For multiplexing LP HARQ-ACK in a HP PUSCH, support 0< beta-offset <1.
· FFS value(s)
· FFS to additionally support beta-offset =0 or a value disabling the multiplexing
· Aim to NOT increase the corresponding bitwidth in the DCI (compared to Rel-16)
Agreements:
Per UE with the capability of inter-band CA, simultaneous PUCCH/PUSCH transmission of different PHY priorities over different cells can be RRC configured within the same PUCCH group
· FFS: dynamic indication
Based on the above agreements, we present some further analyses on intra-UE multiplexing and prioritization.
2 Discussion
Intra-UE multiplexing/prioritization has been discussed in Release 16. However, due to the time limitation, only the prioritization of intra-UE collision handling was discussed in Release 16, and intra-UE multiplexing is one of the Work items in Release 17. In the previous release, it has been concluded that two-level priority is supported for different services (URLLC/eMBB) when collision happens between uplink transmissions the corresponding subsequent operations could be determined based on different priorities. In previous meetings, several agreements have been achieved, and the discussed scenarios could be divided into two categories, UCI multiplexing on PUCCH and UCI multiplexing on PUSCH. In this section, we will analyze the details and solutions for these two directions.
[bookmark: OLE_LINK78][bookmark: OLE_LINK79]UCI multiplexing on PUCCH
1 [bookmark: OLE_LINK49]
2.1 
Resource mapping rules
For multiplexing high-priority UCI and low-priority UCI on one PUCCH, there may exist a scenario that the total UCI bits exceed the payload of the multiplexed PUCCH resource. Solutions for the aforementioned scenario is under discussion in the previous meeting, the following options are proposed:
· Option 1a: LP UCI is dropped
· Option 1b: LP HARQ-ACK is partially dropped
· Option 1c: LP HARQ-ACK is compressed/bundled
For Option 1a, always dropping the low-priority UCI may lead to negative impact on performance of low-priority service. Therefore, Option 1b and Option 1c are preferred, at least low-priority UCI(s) has the opportunity to be transmitted and the transmission of high-priority UCI can be guaranteed without any reliability degradation.
In addition, for Option 1b, partially dropping low-priority UCI transmission(s) should not only focus on HARQ-ACK feedback, but for all the UCI types. When PUCCH resource is not sufficient, a specific UCI type or some of the UCI types can be dropped first. The dropping behavior should be in a certain dropping order. For example, the dropping order for the same priority UCIs could be as follows: CSI->SR->HARQ-ACK. In this case, when PUCCH resource is not sufficient for all the multiplexing HP UCI and LP UCI, low-priority CSI should be dropped first. 
[bookmark: OLE_LINK101][bookmark: OLE_LINK102][bookmark: OLE_LINK107]For Option 1c, compressed or bundled low-priority HARQ-ACK feedback could reduce the signaling overhead either and has no impact on the reliability of high-priority transmission. In this case, bundling the low-priority HARQ-ACK bits is a feasible solution. Instead of dropping HARQ-ACK feedback with low priority if the PUCCH resource is not available, bundling the low priority HARQ-ACK feedback into one bit could save a lot of signaling overhead, and the logical ‘OR’ operation could be considered. 
Furthermore, the combination of Option 1b and Option 1C is also considerable.
[bookmark: OLE_LINK105][bookmark: OLE_LINK106][bookmark: OLE_LINK109][bookmark: OLE_LINK110][bookmark: OLE_LINK108]Proposal 1: If the total UCI bits exceed the payload of the multiplexed PUCCH resource, partially dropped low priority UCI and/or compressed/bundled low-priority HARQ-ACK should be supported.
[bookmark: OLE_LINK117]Explicit indication for enabling multiplexing
[bookmark: OLE_LINK24][bookmark: OLE_LINK27]In Release-16, intra-UE prioritization was discussed and specified. For intra-UE multiplexing, it is one of the work items in Release 17. First of all, considering the compatibility of the two releases, an indication to enable the multiplexing procedure between UCIs with different priorities should be supported. Furthermore, the main principle of the intra-UE uplink collision handling is to guarantee the latency and reliability of high priority transmission. To this end, it would bring more benefits if the network could indicate whether multiplexing should be performed for UL transmissions with different priorities. For example, the enabling indication could on the basis of payload size of LP UCI; when LP UCI occupies a number of bits, intra-UE multiplexing should be enabled. For another example, if the intra-UE prioritization or the channel condition resulting in frequency dropping behavior of low priority UL transmission, intra-UE multiplexing should be enabled. And the indication could be explicit, multiplexing of UCIs could be dynamically scheduled by DCI or RRC configuration. However, regarding the two approaches, dynamically indicated in DCI would cost more DCI resources, and it is not feasible for the fallback DCI format. In addition, DCI miss detection may also lead to extra issues. Therefore, semi-statically indicated by RRC configuration is preferred.
Proposal 2: Support explicit indication to enable multiplexing procedure between HP UCI and LP UCI via RRC configuration.
Multiplexing timeline and latency
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]The main purpose of supporting multiplexing for UCIs with different priorities is to improve the transmission performance and reliability for low-priority UL transmission. However, regarding the stringent requirements on latency and reliability of URLLC traffic service, the multiplexing for different priorities should base on the fact that this multiplexing does not have any negative impact on high-priority UL transmission. Otherwise, low-priority transmission should be dropped. To this end, multiplexing for UCIs with different priorities should only be allowed when the PUCCH carrying the multiplexed UCI ends no later than the PUCCH carrying high-priority UCI.
For example, as specified in Figure 1, when LP UCI overlaps with HP UCI and multiplexing is performed between these two UCIs, the multiplexed UCI should end no later than high-priority UCI. As shown in Figure 1, multiplexed UCI 1 is accepted. However, for multiplexed UCI2, which ends after HP UCI is unacceptable.
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Figure 1 Multiplexed UCI should end no later than HP UCI
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Proposal 3: Multiplexing for UCIs with different priorities should only be allowed when the PUCCH carrying the multiplexed UCI ends no later than the PUCCH carrying high-priority UCI.
UCI multiplexing on PUSCH
Resource mapping rules
When multiplexing low priority UCI on high priority PUSCH, there may exist a problem that the resource for multiplexing may not be sufficient for the entire transmission of UCI and PUSCH. Dropping the entire low priority UCI is the simplest and straightforward solution. However, this also leads to a negative impact on the performance of low-priority service and unnecessary retransmissions. In this case, partially dropping or bundling for the low priority UCI could be considered. For partially dropping low priority UCI, the multiplexing priority order for different UCI types or the priority order within the same UCI type needs to be clarified. Similar to the analysis in section2.1.1, LP UCI compressed/bundling could be considered either.  
Proposal 4: For the multiplexing between low priority UCI and high priority PUSCH, if the resource is not sufficient for the multiplexing, considering bundling or partially drop the low priority UCI.
Explicit indication for enabling multiplexing
As we have discussed above, an explicit indication to enable a multiplexing procedure is necessary. The network could indicate to disable the multiplexing behavior between UL transmissions with different priorities. And drop the low-priority UL transmission to minimize the negative impact on high-priority UL transmission. However, how to configure this enabling indication has not been concluded. One alternative solution is to configure the multiplexing procedure by beta-offset. When beta-offset is set to 0 means, there is no UCI to be multiplexed on PUSCH. Nevertheless, in order to align with the enabling/disabling multiplexing indication between PUCCH with different priorities, an explicit indication is preferred. And similar to the discussion in 2.1.2, the indication could be dynamically scheduled by DCI or RRC configuration. Regarding the two approaches, dynamically indication in DCI would cost more DCI resources, and DCI miss detection may also lead to extra issues. Therefore, semi-statically indicated by RRC configuration is preferred.
[bookmark: OLE_LINK21][bookmark: OLE_LINK22][bookmark: OLE_LINK25][bookmark: OLE_LINK26]Proposal 5: RRC configuration for enabling UCI multiplexing on PUSCH with different priorities should be supported.
Multiplexing timeline and latency
[bookmark: OLE_LINK19][bookmark: OLE_LINK20]One agreement has been achieved, reuse Rel-15 intra-UE PUCCH/PUSCH multiplexing timeline requirements for Rel-17 intra-UE PUCCH/PUSCH multiplexing with different priorities. In addition, for the latency requirement of multiplexed PUSCH, multiplexing for UCI and PUSCH with different priorities should only be allowed when the ending symbol of multiplexed PUSCH is no later than the ending symbol of high-priority UCI. The principle of multiplexing behavior for different priorities should base on the fact that this multiplexing does not have any impact on high-priority UL transmission. Otherwise, low-priority transmission should be dropped.
Proposal 6: Multiplexing for UCI and PUSCH with different priorities should only be allowed when the ending symbol of multiplexed PUSCH is no later than the ending symbol of high-priority UCI.
More than two overlapping PUCCH/PUSCH
In Rel-16, RAN1#99 meeting, we already have one conclusion to resolve collision between UL transmissions, a UE performs the following: 
· Step 1: Resolve collision between UL transmissions with same priority. 
· Step 2: Resolve collision between UL transmissions with different priorities.
[bookmark: _GoBack]This conclusion could be used to dealing with more than two overlapping channels. However, it is not a generic approach that applies well in all scenarios. For example, when three UL transmissions overlap with each other, and two of them are high-priority transmissions, the collision handling between these two high-priority UL transmissions with no latency and reliability impact needs to be discussed. For another example, as shown in Figure 2(a), two UL UCIs overlap with one LP UCI respectively. If HP UCI1 and LP UCI satisfy the timeline condition to be multiplexed and the multiplexed UCI still overlaps with HP UCI2, as specified in Figure 2(b). In this case, when multiplexed UCI and HP UCI2 do not satisfy the timeline condition to be multiplexed, the multiplexed UCI may be determined to be dropped. This may lead to negative performance to HP UCI1. This issue should be discussed when multiplexing rules are clear for collisions between two UL transmissions.
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Figure 2 Multiplexing for more than 2 overlapping channels
Proposal 7: The scenario of multiplexing more than two overlapping channels should be further studied.
3 Conclusions
The following proposals have been made in this document.
Proposal 1: If the total UCI bits exceed the payload of the multiplexed PUCCH resource, partially dropped low priority UCI and/or compressed/bundled low-priority HARQ-ACK should be supported.
Proposal 2: Support explicit indication to enable multiplexing procedure between HP UCI and LP UCI via RRC configuration.
Proposal 3: Multiplexing for UCIs with different priorities should only be allowed when the PUCCH carrying the multiplexed UCI ends no later than the PUCCH carrying high-priority UCI.
Proposal 4: For the multiplexing between low priority UCI and high priority PUSCH, if the resource is not sufficient for the multiplexing, considering bundling or partially drop the low priority UCI.
Proposal 5: RRC configuration for enabling UCI multiplexing on PUSCH with different priorities should be supported.
Proposal 6: Multiplexing for UCI and PUSCH with different priorities should only be allowed when the ending symbol of multiplexed PUSCH is no later than the ending symbol of high-priority UCI.
Proposal 7: The scenario of multiplexing more than two overlapping channels should be further studied.
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