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In the RAN#94-e meeting [1], the following proposals were endorsed as guidance for the upcoming RAN1 meetings at Q1 2022:
· RAN1 is tasked to complete the remaining normative work for Rel-17 Enhanced IIoT & URLLC by Q1 of 2022
· All RAN1 decisions that impact other WGs should be finalized in RAN1#107bis-e
· RAN to guide RAN1 to focus on the discussions on Capabilility#1 only in Q1 2022 for Rel-17 intra-UE multiplexing framework
In this contribution, we discuss the remaining issues for intra-UE multiplexing and prioritization of Rel-17 URLLC, including those for the intra-UE multiplexing framework, multiplexing on PUCCH/PUSCH, and prioritization between LP CG PUSCH and HP DG PUSCH. In addition, some suggestions for text proposals for the spec CR are also provided.
Remaining issues for intra-UE multiplexing
As brief highlights, the essential remaining issues for intra-UE multiplexing/prioritization from our understanding include: 
· Details for the intra-UE multiplexing/prioritization framework, including the detailed UE behaviors for Step 2.1 and Step 2.2, and the simultaneous inter-priority PUCCH/PUSCH transmission.
· Inter-priority multiplexing on PUCCH, including mapping of 1 bit HP HARQ-ACK and 1 bit LP HARQ-ACK, the support of multiplexed HP UCI and LP UCI on PUCCH format 2, handling for 1-2 bits HP UCI or LP UCI on PUCCH format [2]/3/4, handling of ambiguity due to LP DCI missing, HP SR and LP HARQ-ACK multiplexing, and the support of the remaining inter-priority PUCCH collision cases that have not been discussed.
· Inter-priority multiplexing on PUSCH, including the support of the remaining inter-priority PUCCH/PUSCH collision cases,  handling of ambiguity due to LP DCI missing, prioritizations for transmission power allocation/reduction, and the design of beta-offset, and the collision between inter-priority SR and PUSCH.
· Prioritization between LP CG PUSCH and HP DG PUSCH.
2.1 Remaining issues for intra-UE multiplexing framework
As the focus of this meeting is Capability#1, the analysis of this section is provided based on Capability#1 only.
Detailed procedure for Step 2
Detailed procedure for Step 2.1
In the RAN1#107-e meeting [2], the agreements have been achieved as shown below.
	Agreement
For handling overlapping PUCCHs/PUSCHs with different priorities, Step 2 consists of the following sub-steps:
· Step 2.1: Resolve collision of LP PUCCHs and HP PUCCHs. 
· Step 2.2: Resolve collision of PUCCHs and PUSCHs of different priorities. 
[bookmark: _Hlk90570097]
Agreement
If multiplexing of PUCCHs and/or PUSCHs with different priorities is enabled by RRC, support both of the following UE capabilities to resolve collision of PUCCHs and/or PUSCHs with different priorities in step 2:
· Capability #1: It is not expected that Rel-15 multiplexing timeline is not met for all overlapping channels [FFS the overlapping channels are resultant channels after step 1]. UE performs multiplexing or dropping of PUCCHs and/or PUSCHs with different priorities according to Rel-17 rules.
· Dynamic enabling/disabling multiplexing for different priorities is not supported for Capability #1
· (Working assumption) Capability #3:…

· [bookmark: _Hlk90631716]FFS: Time unit to apply Rel-15 timeline (e.g. slot based, sub-slot based)
· FFS: The set of PUSCH and PUCCH that eligible for Rel-15 multiplexing consideration
Note: “collision” refers to overlapping PUCCHs, overlapping PUCCH and PUSCH (excluding PUSCH supporting simultaneous transmission with PUCCH), overlapping PUSCHs on a same cell.
Note: “Rel-15 multiplexing timeline” means Rel-15 timeline calculation in Rel-16 spec, including all the formula and all the values for the variables
Note: “Rel-16 prioritization timeline” means Rel-16 cancellation timeline calculation in Rel-16 spec, including all the formula and all the values for the variables


Firstly, the FFS issues for Capability #1 in the above agreement are discussed.
Applicable channels with Rel-15 multiplexing timeline
The first issue is that for Capability #1, whether Rel-15 timeline requirement should be met for the resultant channel after Step 1, or for all the original channels before Step 1. Different from Rel-15 where all overlapped original PUCCH/PUSCHs are multiplexed by a single procedure in Clause 9.2.5 of 38.213, Rel-17 introduces two sequential steps (i.e., Step 1 and Step 2) in which the multiplexing procedures of PUCCH/PUSCHs are individually carried out up to three times (intra-priority LP PUCCH/PUSCH multiplexing, intra-priority HP PUCCH/PUSCH multiplexing, and inter-priority HP/LP PUCCH/PUSCH multiplexing), where these procedures are performed individually. In this sense, the Rel-15 timeline should be separately applied to the multiplexing procedures of Step 1 (also separately applied to LP PUCCH/PUSCH multiplexing and HP PUCCH/PUSCH multiplexing in Step 1) and Step 2, respectively, where the input channels before each particular step are separately used as the reference of timeline. In other words, the Rel-15 multiplexing timeline for Step 2 should be based on the resultant channels after Step 1.
E.g., as shown in the Figure 1 below, the first understanding is that all the original LP HARQ-ACK, LP CSI, and HP PUCCH should meet the timeline before Step 1, while the second understanding is that the LP HARQ-ACK and LP CSI should meet Rel-15 timeline (timeline 1) before Step 1, and the resultant LP PUCCH and the HP PUCCH should meet Rel-15 timeline (timeline 2) before Step 2. With the second understanding, gNB could have much more scheduling flexibility as the HP PDSCH can be scheduled at a later position.
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Figure 1 – Timeline requirement in step 1 and step 2
Proposal 1: For Capability#1 of Step 2, the Rel-15 timeline applies to the resultant overlapping channels after Step 1.
Time unit to apply Rel-15 timeline
Another issue is which time unit should be applied for Rel-15 timeline, especially for the typical case when HP PUCCHs are subslot based and LP PUCCH is slot based and overlapped with the multiple HP PUCCHs, as shown in Figure 2 below. In this case, the subslot can be taken as the time unit for multiplexing by assuming all channels in the subslot satisfy the Rel-15 timeline, while the UE does not need to look ahead the channels that may be scheduled in later subslots.
Proposal 2: Time unit to adopt Rel-15 timeline should be subslot, i.e. based on the time unit of HP channel.
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Figure 2 – Slot-based LP PUCCH overlapping with multiple subslot-based HP PUCCHs
It should be noted that, under this principle, the recursive operation where the resultant channel of an intermediate multiplexing step is still overlapped with another PUCCH can naturally be avoided with a one-step multiplexing operation.  As shown in Figure 2, the LP UCI on the long LP PUCCH should be multiplexed into one of the HP PUCCH resources of the second PUCCH-config, resulting in a subslot based PUCCH resource for carrying hybrid LP UCI and HP UCI; in this sense, the resulting PUCCH is confined within the first subslot and would not overlap with the HP PUCCH in the second subslot. 
Specifically, for the case shown in Figure 2, the LP PUCCH should be multiplexed with the first overlapping HP PUCCH regardless of the HP UCI type. This is because when UE is handling subslot#1, UE cannot look ahead another HP UCI, e.g., HARQ-ACK, which would be scheduled in a later subslot. 
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Figure 3 – Long LP PUSCH overlapping with multiple subslot-based HP PUCCHs
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Figure 4 – Error cases that should be avoided by gNB
For two short HP PUCCHs overlapping with a long LP PUSCH as shown in Figure 3, the LP PUSCH can be dropped, or alternatively, this case can be avoided by gNB implementation. The cases where the HP PUCCH/PUSCH is configured as slot based and overlaps with multiple subslot based LP PUCCHs, as shown in case (A) and case (B) in Figure 4, are not typical and can be avoided by gNB scheduling. 
Proposal 3: For Step 2.1 and Step 2.2, avoid the recursive operation for the following cases:
· For long LP PUCCH overlapping with multiple short HP PUCCHs, a one-step operation is performed to multiplex LP UCI into the HP PUCCH resource, and the resultant PUCCH is not expected to be overlapped with another PUCCH.
· For long LP PUSCH overlapping with multiple short HP PUCCHs, drop the long LP PUSCH, or, this case can be avoided by gNB.
· Long HP PUCCH/PUSCH overlapping with multiple short LP PUCCHs should be avoided by gNB.
Proposal 4: For long LP PUCCH overlapping with multiple short HP PUCCHs in Step 2.1, the subslot of the first overlapping HP PUCCH should be taken as a reference to handle the multiplexing with LP UCI regardless of the HP UCI type.
PUCCH/PUSCH eligible for Rel-15 multiplexing
Basically Step 2.1 and Step 2.2 of inter-priority channels can follow the principle of Rel-15 multiplexing rule. But some additional dropping cases under Capability#1 introduced in Rel-17 should be taken into account, which leads to some differences with the Rel-15 multiplexing rule.
· LP UCI dropped due to no enough encoding chain on PUCCH/PUSCH.
· LP HARQ-ACK dropped due to collision with HP PUCCH with HARQ-ACK and the RE number rest for LP HARQ-ACK is 0. 
· Pending cases for PUCCH, such as LP PUCCH with CSI and/or SR only colliding with HP PUCCH, where the LP PUCCH should be straightforwardly dropped unless new agreement is achieved supporting such multiplexing. This is analyzed in Section 2.2.6.
· Pending cases for PUSCH, such as LP PUCCH with CSI and/or SR only colliding with HP PUSCH, or LP PUSCH colliding with HP SR only, where the LP UCI/PUSCH should be straightforwardly dropped. This is analyzed in Section 2.3.1.
Proposal 5: Take Rel-15 multiplexing principle as a baseline for Step 2 under UE Capability #1, with the additional step that the non-eligible LP UCI/PUSCH should be dropped in prior to the inter-priority multiplexing of Step 2.1/2.2.
Apart from the above FFS issues, some other key issues raised in the email discussion of the last meeting are also discussed in below.
UCI on PUCCH multiplexing procedure in Step 2.1
In the last meeting, a proposal was raised in below on whether to reuse the Rel-16 multiplexing procedure/pseudo code in Clause 9.2.5 for Step 2.1. 
	[Medium priority] Proposal 1-3-1:
For multiplexing of overlapping HP PUCCHs and LP PUCCHs within a time unit, reuse PUCCH multiplexing procedure as defined in Rel-16 TS38.213 clause 9.2.5 and determine a single resource for multiplexing UCI associated with resources [image: ] according to Rel-17 rules.
· For determining a single resource for multiplexing UCI associated with resources [image: ], LP UCI(s) that are not eligible for multiplexing on a HP PUCCH are dropped before multiplexing.
· FFS the time unit.


We think it is unnecessary to introduce the above procedure/pseudo code for Step 2.1. 
Firstly, as we mentioned above, the recursive operation could be avoided by a one-step multiplexing action, which means in Step 2.1, the resultant PUCCH with hybrid HP and LP UCI after the one-step multiplexing will not overlap with another PUCCH. Hence, there is no need to perform the recursive pseudo code. 
Secondly, regarding the pseudo code in Clause 9.2.5 already has to be performed twice in Step 1 for LP PUCCH and HP PUCCH separately, the complexity on processing would be further increased if a third round of such operation is additionally performed in Step 2.1; as a result, there would be a risk that the UE can hardly complete the pseudo code operations for up to three times even within the Rel-15 timeline.
Thirdly, there will be non-negligible spec efforts to apply and adapt the above pseudo code to the inter-priority PUCCH multiplexing. In the legacy Rel-15/16, the pseudo code for single priority PUCCH multiplexing include the following steps:
Step 1) Find a reference PUCCH resource A with the priority order of earliest symbol followed by longest duration in the slot.
Step 2) Find a set of PUCCH resources X overlapping with the PUCCH resource A.
Step 3) Perform multiplexing over the set X and A to generate a resulting resource and a resulting UCI.
Step 4) Loop Step 1) ~ Step 3) until there is not any overlapping PUCCHs in the slot.
For Rel-17, it should be further discussed whether the reference PUCCH should be the same as Rel-15, or selected only from the HP PUCCH resources, as it is a majority view that HP time unit is applied for PUCCH multiplexing. Moreover, as the non-eligible LP PUCCHs should be dropped for Rel-17 in case of overlapping with HP, an additional step needs to be introduced before Step 1) to preclude these to-be-dropped PUCCHs, for which it is inevitable to introduce and re-organize the pseudo code in the Clause 9.2.5.3 of the Rel-17 spec CR of 38.213 [3].
Proposal 6: There is no need to introduce the pseudo code in Clause 9.2.5 of 38.213 for inter-priority PUCCH multiplexing in Step 2.1.
UCI on PUSCH multiplexing procedure in Step 2.2
During the last meeting, a proposal was raised for the PUSCH selection in Step 2.2 on whether to reuse Rel-15/16 rule or to introduce other additional factors, such as PUSCH priority index, whether the PUSCH will be cancelled, etc. In our understanding, it is straightforward to reuse the Rel-15/16 multiplexing rule of the same priority without a strong need for further optimization with respect to the fact that we still have more essential issues to be finished within the limited time. Introducing other new PUSCH selection factors, on the other hand, will give rise to unnecessary discussions on how to embed the additional factor into the legacy Rel-15/16 rules/priorities for PUSCH selection which are already complicated.
Proposal 7: For Step 2.2, reuse Rel-15/16 rule for PUSCH selection.
Joint operation of simultaneous PUCCH/PUSCH transmission with Rel-17 intra-UE multiplexing /Rel-16 prioritization
In the last meeting [2], the following conclusions have been achieved. In the following we discuss the joint operation of simultaneous transmission of inter-priority PUCCH/PUSCH with Rel-17 intra-UE multiplexing/Rel-16 prioritization.
	Conclusion
There is no consensus in RAN1 to support simultaneous PUCCH/PUSCH transmission of same priority over different cells in Rel-17.
Conclusion
There is no consensus in RAN1 to support simultaneous PUCCH/PUSCH transmissions on different cells for intra-band CA in Rel-17.


For the issue of combination of simultaneous PUCCH/PUSCH transmission and Rel-17 multiplexing, it should be discussed in which step or sub-step of the whole procedure should the simultaneous transmission be located. After Step 2.1, i.e., the inter-priority PUCCH multiplexing in PCell, there would be a resulting PUCCH with no overlapping with any other PUCCHs. In Step 2.2, if it overlaps with an inter-band PUSCH of a different priority, the UE would simultaneously transmit both channels if the simultaneous transmission is enabled; otherwise the resulting PUCCH is multiplexed on the inter-band PUSCH.
Proposal 8: If both simultaneous PUCCH/PUSCH transmission and the Rel-17 multiplexing are enabled, the simultaneous transmission should be performed in Step 2.2.
Next, we consider the case where Rel-16 prioritization jointly operates with simultaneous PUCCH/PUSCH transmission. For Rel-16 prioritization only, the procedure is as follows: 
· Step A: Perform the multiplexing of LP PUCCH(s)/PUSCH assuming no overlapping HP UL channels and determine the final LP PUCCH/PUSCH; 
· Step B: Judge whether the final LP PUCCH/PUSCH is overlapping with any HP UL channel before and/or after multiplexing of HP UL channels, and if an overlapping happens, the LP PUCCH/PUSCH is dropped.
In case the simultaneous transmission is also enabled, the processing can be slightly changed: the UE performs Step A as in Rel-16 and determines the final LP PUCCH/PUSCH; and in Step B, the UE would still check whether the final LP PUCCH/PUSCH overlaps with any HP UL channel; only when the overlapping happens and the HP UL channel is within the same band as the final LP PUCCH/PUSCH, the LP PUCCH/PUSCH will be dropped. Otherwise, the LP PUCCH/PUSCH can be transmitted simultaneously with the HP UL channel.
Proposal 9: If both simultaneous PUCCH/PUSCH transmission and the Rel-16 prioritization are enabled, the prioritization of LP PUCCH/PUSCH can be performed as follows.
· Step A: Perform the multiplexing of LP PUCCH(s)/PUSCH assuming no overlapping HP UL channels and determine the final LP PUCCH/PUSCH; 
· Step B: Judge whether the final LP PUCCH/PUSCH is overlapping with any HP UL channels before and/or after multiplexing of HP UL channels; if an overlapping happens on the same serving cell or cells within the same band, the LP PUCCH/PUSCH is dropped; otherwise it is transmitted.
2.2 Remaining issues for UCI multiplexing on PUCCH
2.2.1 Mapping of 1 bit LP HARQ-ACK and 1 bit HP HARQ-ACK on PUCCH format 0/1
In RAN1#105-e [4], it has been agreed that the multiplexed 1 bit HP HARQ-ACK and  1 bit LP HARQ-ACK should be treated as high priority bits following the Rel-15 design on PUCCH format 0/1, but the mapping order of the two bits are not discussed. As a straightforward solution, the two HARQ-ACK bits should be mapped as {HP HARQ-ACK, LP HARQ-ACK}, i.e., the HP HARQ-ACK bit should be mapped in prior to the LP HARQ-ACK bit.
	Agreement:
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, when the total number of LP and HP HARQ-ACK bits is 2, treat the two bits as HARQ-ACK bits with High priority.
           Rel-15 design (for PF0 and PF1) is baseline.
           Note: QC has strong concern on above scheme. The scheme cannot provide unequal error protection between the HP bit and LP bit hence could suffer from performance degradation for the HP bit. QC accept the scheme for the sake of progress in RAN 1 with the concern on the performance reserved.


Proposal 10: For the multiplexed 1 bit HP HARQ-ACK and 1 bit LP HARQ-ACK on PUCCH format 0/1, the HP HARQ-ACK bit should be mapped in prior to the LP HARQ-ACK bit.
2.2.2 Separate coding of HP and LP for PUCCH format 2
Another issue is that the legacy PUCCH format 2 does not support the transmission of CSI part 2 for Rel-15/Rel-16., i.e., there is only one encoding chain for PUCCH format 2. However, because the PUCCH format 2 is typically adopted for serving latency sensitive traffic, it is useful to relax this restriction in Rel-17 and to allow PUCCH format 2 to carry separately coded HP HARQ-ACK and LP HARQ-ACK. From the implementation perspective, the two encoding chains for PUCCH format 3/4 can also be applied for format 2 without much challenge. From the specification perspective, the legacy rate matching and multiplexing rule for HARQ-ACK/CSI part 1 and CSI part 2 under PUCCH format 3/4 can be mostly reused with minor difference of concatenating HP HARQ-ACK and LP HARQ-ACK for multiplexing. In this sense, the RRC configuration of PUCCH format 2 can also include separate coding rates for HP HARQ-ACK and LP HARQ-ACK similar to PUCCH format 3/4. 
Proposal 11: For PUCCH format 2, support 2 encoding chains for the case of HP HARQ-ACK and LP HARQ-ACK multiplexing. Separate code rates can be configured for HP HARQ-ACK and LP HARQ-ACK for PUCCH format 2.
2.2.3 Handling of 1-2 bits LP HARQ-ACK or HP HARQ-ACK for multiplexed PUCCH
For the handling of 1 bit LP HARQ-ACK or HP HARQ-ACK with more than 2 bits total HARQ-ACK payload size, three options were provided for down-selection in last meeting as shown below.
	Proposal 2.1b:
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, when the total number of LP and HP HARQ-ACK bits is more than 2, for HP HARQ-ACK or LP HARQ-ACK of 1 bit, support separate coding and down-select from the following options:
· Option 1a: Introduce Table 5.3.3.1-1A to TS 38.212 Clause 5.3.3.1. Reuse the Rel-15 PUCCH scrambling.
Table 5.3.3.1-1A: Encoding of 1-bit information 
	

	
Encoded bits 

	1
	


	2
	


· Option 1b: Reuse Rel-15 TS 38.212 Clause 5.3.3.1. Apply the Rel-15 PUSCH scrambling.
· Option 2: Reuse Rel-15 TS 38.212 Clause 5.3.3.3, i.e., padding to 3 bits and using RM coding.


For Option 1a, it should be noticed in the following table in the legacy spec 38.212 that the current encoding method of 1 bit UCI does not support the repetition of the information code but inserts a placeholder instead. Introducing such new coding method with repeated information bits induces high implementation complexity. Actually, the eventual result of Option 1a is the same as Option 1b, i.e., applying the UCI-on-PUSCH scrambling, where the pseudo code has already been supported for PUSCH and can be easily extended to PUCCH. It should be noted that reusing an existing scrambling scheme is more straightforward and simple for implementation than introducing a new coding scheme.
We can also accept Option 2 as the easiest way as the performance gap between Option 1a/1b and Option 2 is not significant.
	Table 5.3.3.1-1: Encoding of 1-bit information 
	

	
Encoded bits 

	1
	


	2
	


	4
	


	6
	


	8
	






Proposal 12: For the encoders of LP and HP HARQ-ACK bits with more than 2 bits total payload size, and HP HARQ-ACK or LP HARQ-ACK of 1-2 bit(s), support option 2, i.e., padding and RM encoding.
2.2.4 Ambiguity of the LP HARQ-ACK due to LP DCI missing
It has been discussed in the past few meetings that the ambiguity on LP HARQ-ACK existence or LP HARQ-ACK Type 2 codebook size may have crucial impact on the performance of HP UCI if they are multiplexed into one PUCCH. And since HP DCI has much higher reliability than LP DCI, it can be considered to introduce a T-DAI value in HP DL DCI to help the UE to identify the LP HARQ-ACK payload size.
For LP HARQ-ACK with Type 1 codebook, though the payload size is fixed and reliable, the presence of the LP HARQ-ACK may still lead to the ambiguity of the resulting PUCCH. In that sense, a 1 bit T-DAI field is still needed in HP DCI to indicate the presence of the LP Type 1 HARQ-ACK, where the value 0 means no LP HARQ-ACK, and 1 means full LP HARQ-ACK Type 1 codebook.
For LP HARQ-ACK with Type 3 codebook, enh. Type 3 codebook or one-shot retransmission, as they may take a joint operation with Type 1 codebook or Type 2 codebook, the up to 2 bits T-DAI cannot distinguish the types among these different codebooks. E.g., if the UE receives no LP DCI but receives the HP DCI indicating a T-DAI value, it cannot identify whether this T-DAI applies for Type 1/2 codebook, for Type 3 codebook, or for one-shot retransmission, which may significantly differ on the codebook size. Therefore, the overlapping between HP PUCCH and LP HARQ-ACK of Type 3 codebook/enh. Type 3 codebook/one shot retransmission should be avoided as anyhow the triggering of these codebook types for LP is mainly for scheduling HARQ retransmission and would not frequently happen.
Proposal 13: Additional LP T-DAI indication can be introduced in HP DL DCI to resolve the issue of ambiguous LP HARQ-ACK payload size in case of collision with HP HARQ-ACK.
· 2 bits LP T-DAI for Type 2 HARQ-ACK codebook to indicate the LP HARQ-ACK payload size.
· 1 bit LP T-DAI for Type 1 HARQ-ACK codebook to indicate the presence of LP HARQ-ACK.
Proposal 14: UE does not expect the overlapping between HP PUCCH and LP HARQ-ACK subject to Type 3 codebook/enh. Type 3 codebook/one shot retransmission.
In addition, there would be some HP UCI types without a corresponding DCI for dynamically indicating the LP T-DAI, such as SPS HARQ-ACK and SR.
If the HP UCI is SPS HARQ-ACK, as the position of the SPS HARQ-ACK is predictable, the gNB should avoid such collision by careful scheduling. 
On the other hand, if the HP UCI is SR, the gNB cannot predict the presence of the SR and avoid the LP HARQ-ACK accordingly; in this sense, the UE can transmit the positive HP SR and LP HARQ-ACK on a different PUCCH as compared with the HP SR only situation, and transmit LP HARQ-ACK on the LP PUCCH in case of negative HP SR, which will be analyzed later in this contribution.
Proposal 15: HP SPS HARQ-ACK only and LP HARQ-ACK are not expected to be multiplexed.
Another important scenario is DL CA case with hybrid TB HARQ and CBG HARQ. In Rel-15/Rel-16, the Type 2 HARQ-ACK codebook could include HARQ-ACK bits for TB-based PDSCH (i.e. first HARQ-ACK sub-codebook) and CBG-based PDSCH (i.e. second HARQ-ACK sub-codebook). E.g. TB-based PDSCH is scheduled by DCI 1_0 or DCI 1_1 in PCell and CBG-based PDSCH is scheduled by DCI 1_1 in SCell, and the HARQ-ACK may be transmitted in the same PUCCH shown in Figure 5 below. In this case, the counter DAI value and total DAI value will apply individually for the two HARQ-ACK sub-codebooks. And when the HARQ-ACK is multiplexed on PUSCH, two total-DAI fields with 4 bits in total are applied in the UL grant to separately indicate the two HARQ-ACK sub-codebooks.
[image: ]
Figure 5 - HARQ-ACK feedback for TB-based PDSCH and CBG-based PDSCH
In Rel-17 HP HARQ-ACK and LP HARQ-ACK multiplexing case, the LP T-DAI indication can be introduced in the HP DCI as discussed above. If LP Type 2 HARQ-ACK codebook includes two HARQ-ACK sub-codebooks, then following the Rel-15 UL DAI principle it may need to add doubled additional T-DAI fields (i.e. 4bits) in HP DCI for each HARQ-ACK sub-codebook, which will largely increase the HP DCI overhead and cause degraded performance of HP PDCCH. To avoid this issue, an overhead saving method is to introduce only one T-DAI field (2 bits) and apply to both HARQ-ACK sub-codebooks jointly. If the two sub-codebooks are with different modulo values, NACK(s) would be padded for round up. E.g. in Figure 5 the LP T-DAI value in HP DCI is set to 2 (based on two CBG based PDSCHs), then the number of LP TB HARQ-ACK will be rounded up to 2 bits.
Observation 1: If LP Type 2 HARQ-ACK codebook includes two HARQ-ACK sub-codebooks separately for TB and CBG, then adding two additional T-DAI fields (i.e. 4bits) in HP DCI for two LP HARQ-ACK sub-codebooks will lead to too large HP DCI overhead.
Proposal 16: For multiplexing of HP HARQ-ACK and LP HARQ-ACK with two LP sub-codebooks, the one additional LP T-DAI field (i.e. 2bits) in HP DCI should be applied to both the first LP TB-based HARQ-ACK sub-codebook and the second LP CBG-based HARQ-ACK sub-codebook.
2.2.5 HP SR and LP HARQ-ACK
In Rel-17, the multiplexing of HP SR and LP HARQ-ACK has been discussed in the following two cases. 
· Case 1: LP HARQ-ACK is of 1~2 bits and carried on PUCCH format 0 or 1
· Case 2: LP HARQ-ACK is of more than 2 bits and carried on PUCCH format [2]/3/4
According to the agreed basic procedure for intra-UE multiplexing framework, the overlapping between HP SR and LP HARQ-ACK may happen in Step 2.1. A unified rule for HP and LP multiplexing should be applied for this step, including the tackling of the overlap between HP HARQ-ACK with LP HARQ-ACK as well as HP SR with LP HARQ-ACK. As analyzed in 2.1.1, the multiplexed HP SR and LP HARQ-ACK should be carried on the PUCCH resources of the second PUCCH-config, thus the resulting PUCCH would not overlap with another HP HARQ-ACK in a later subslot.
For Case 1, after discussions of multiple meetings, the proposal close to convergence in the last meeting is to perform resource selection depending on the positive/negative status of SR, where the LP HARQ-ACK can be transmitted on the SR resources in case of positive SR and on the HARQ-ACK resources otherwise. This rule can be uniformly applied for HP SR with PUCCH format 0/1 and LP HARQ-ACK with PUCCH format 0/1. In our understanding, this proposal should be taken as a starting point for detailed designs for this meeting.
	Proposal 2.6:
When a PUCCH carrying HP SR with PF0/1 overlaps with a PUCCH carrying LP HARQ-ACK with PF0/1,
· For positive SR, transmit HARQ-ACK on the SR PUCCH resource.
· For negative SR, transmit HARQ-ACK on the HARQ-ACK PUCCH resource.
Note: It was agreed to support multiplexing a LP HARQ-ACK and a HP SR into a PUCCH for some HARQ-ACK/SR PF combinations in Rel-17.


In particular, for HP SR with PUCCH format 0 and LP HARQ-ACK PUCCH format 0/1, one HP SR resource should be reserved to support at least 4 CS sequences, and if the HP SR is positive:
· 1 bit LP HARQ-ACK should be transmitted on the HP SR PUCCH resource by using {CS 0, CS 6} representing {NACK, ACK} respectively;
· 2 bits LP HARQ-ACK should be transmitted on the HP SR PUCCH resource by using {CS 0, CS 3, CS 6, CS 9} representing {NACK/NACK, NACK/ACK, ACK/ACK, ACK/NACK} respectively.
Similarly, for HP SR with PUCCH format 1 and LP HARQ-ACK PUCCH format 0/1, if the HP SR is positive, the 1 bit LP HARQ-ACK can be transmitted on the same SR resource with BPSK, while 2 bits LP HARQ-ACK can be transmitted with QPSK.
For Case 2, the multiplexing rule in Rel-15/16 is to append  bits to into the HARQ-ACK bit sequence where  denotes the number of SR configurations whose PUCCH resources overlap with the PUCCH resource carrying HARQ-ACK. In Rel-17, a unified solution is preferred for HP SR PUCCH format 0/1 and PUCCH format 2/3/4, i.e., the LP HARQ-ACK is separately encoded with HP SR and transmitted on the HP SR resources in case of positive SR. However, only PUCCH format 0/1 is supported as SR resources in the legacy specification which cannot carry the large payload HARQ-ACKs of PUCCH format 2/3/4. To this end, one possible solution is to introduce dedicated PUCCH resource sets at the second PUCCH-config that supports PUCCH format 2/3/4 for transmitting the multiplexed HP SR and LP HARQ-ACKs. As an alternative solution with less specification impact, LP HARQ-ACK can be simply dropped.
Proposal 17: When a PUCCH carrying HP SR with PUCCH format 0/1 overlaps with a PUCCH carrying LP HARQ-ACK with PUCCH format 0/1,
· For positive SR, transmit HARQ-ACK on the SR PUCCH resource.
· For negative SR, transmit HARQ-ACK on the HARQ-ACK PUCCH resource.
Proposal 18: For multiplexing HP SR and LP HARQ-ACK with format 2/3/4:
· Adopt separate coding to HP SR and LP HARQ-ACK on one PUCCH resource.
· Introduce dedicated PUCCH resource sets that supports PUCCH format 2/3/4 at the second PUCCH-Config for transmitting the multiplexed SR and HARQ-ACK.
2.2.6 Handling of remaining cases for inter-priority HARQ-ACK on PUCCH
In RAN1#102-e meeting [5], the following cases for inter-priority multiplexing are agreed:
· Multiplexing a high-priority HARQ-ACK and a low-priority HARQ-ACK into a PUCCH in R17.
· Multiplexing a low-priority HARQ-ACK and a high-priority SR into a PUCCH for some HARQ-ACK/SR PF combinations (FFS applicable combinations).
· Multiplexing a low-priority HARQ-ACK, a high-priority HARQ-ACK and a high-priority SR into a PUCCH.
Actually, for the cases listed above, the details of Rel-17 multiplexing procedure have been discussed and some key conclusions/agreements have been achieved. But there are still some pending cases that have not been discussed.
Table 1 – Cases of UCI multiplexing on PUCCH
	
	LP PUCCH

	
	HARQ
	SR
	CSI
	HARQ +SR
	HARQ +CSI
	SR+CSI
	HARQ +SR+CSI

	HP PUCCH
	HARQ
	Yes
	TBD2
	TBD2
	TBD1
	Yes
	TBD2
	TBD1

	
	SR
	Yes
	TBD2
	TBD2
	TBD1
	TBD1
	TBD2
	TBD1

	
	HARQ +SR
	TBD1
	TBD2
	TBD2
	TBD1
	TBD1
	TBD2
	TBD1


As shown in Table 1, for the cases that marked in green “Yes”, it has been agreed that the HP HARQ-ACK and LP HARQ-ACK are separated encoded (and LP CSI is dropped if any), while the HP SR colliding with LP HARQ-ACK are under discussion with options to be down-selected. For the rest the cases that have not been discussed, some simple principles are suggested in the following.
For the case marked in blue “TBD1”, the columns of LP UCIs all include LP HARQ-ACK. For the cases of LP HARQ-ACK + LP SR + HP UCI, the LP SR can be jointly encoded with the LP HARQ-ACK as in Rel-15/16, so it can reuse the same principle as LP HARQ-ACK only colliding with HP UCIs. Similarly, for the cases of HP HARQ-ACK + HP SR + LP UCI, the HP HARQ-ACK and HP SR can be jointly encoded and use the same encoding chain with HP HARQ-ACK only.
For the cases of LP HARQ-ACK + LP CSI + HP UCIs, or LP HARQ-ACK + LP SR + LP CSI + HP UCIs, considering that we already agreed that when HP HARQ-ACK and LP HARQ-ACK is multiplexed, CSI should be dropped entirely, the similar solution should be also adopted, i.e., the LP CSI is entirely dropped, and handling of the remaining LP HARQ-ACK (+ LP SR if any) can use the principle as we discussed above.
Proposal 19: For the collision between LP HARQ-ACK, LP SR and HP UCIs, LP SR can be jointly encoded with LP HARQ-ACK and follow the same handling rule as LP HARQ-ACK only and HP UCIs. For the collision between HP HARQ-ACK, HP SR and LP UCIs, HP SR can be jointly encoded with HP HARQ-ACK and follow the same handling rule as HP HARQ-ACK only and LP UCIs.
Proposal 20: For the collision between LP HARQ-ACK (and LP SR if any), LP CSI and HP UCIs, LP CSI is dropped.
For the cases the marked in “TBD2”, no LP HARQ-ACK is included. Since we only have limited time to complete Rel-17 intra-UE multiplexing feature, simply dropping LP SR and/or LP CSI could be a simple way.
Proposal 21: For the collision between HP UCI and LP UCI with LP SR and/or LP CSI without LP HARQ-ACK, LP SR and/or LP CSI should be dropped.
2.3 Remaining issues for UCI multiplexing on PUSCH
2.3.1 Handling of remaining cases for inter-priority UCI on PUSCH
[bookmark: _Hlk92385633]In RAN1#102-e meeting [5], the high-priority cases for PUSCH that need to be discussed are agreed:
· Multiplexing a low-priority HARQ-ACK in a high-priority PUSCH (conveying UL-SCH only).
· Multiplexing a high-priority HARQ-ACK in a low-priority PUSCH (conveying UL-SCH only)
· Multiplexing a low-priority HARQ-ACK, a high-priority PUSCH conveying UL-SCH, a high-priority HARQ-ACK and/or CSI.
· Multiplexing a high-priority HARQ-ACK, a low-priority PUSCH conveying UL-SCH, a low-priority HARQ-ACK and/or CSI.
We have some agreements on the HP HARQ-ACK, LP HARQ-ACK and PUSCH on previous meetings, while there are still some pending cases that have not been discussed/concluded. The Table 2 in below lists the status of the remaining cases.
Table 2 – Cases of UCI multiplexing on PUSCH
	
	w/ UL-SCH
	w/o UL-SCH

	
	HP HARQ
	LP HARQ
	HP + LP HARQ
	HP HARQ
	LP HARQ
	HP + LP HARQ

	LP PUSCH
	w/ P-CSI
	TBD1*
	Rel-15
	Yes
	--
	--
	--

	
	w/ A-CSI/
SP-CSI
	TBD1*
	Rel-15
	Yes
	TBD1*
	Rel-15
	TBD2*

	
	w/o CSI
	TBD1*
	Rel-15
	Yes
	--
	--
	--

	HP PUSCH
	w/ P-CSI
	TBD1***
	TBD1**
	TBD2**
	--
	--
	--

	
	w/ A-CSI/
SP-CSI
	Rel-15
	TBD1**
	TBD2**
	Rel-15
	TBD1**
	TBD2**

	
	w/o CSI
	Rel-15
	TBD1**
	Yes
	--
	--
	--


Firstly, for the cases marked with green ‘Yes’, we already have agreements. Then, for the cases with ‘TBD1’, the multiplexing of inter-priority UCI on PUSCH can be supported since the total UCI number does not exceed the number of encoding chains, while the mapping order may be discussed and determined. For the case in red mark ‘TBD2’, at least part of the UCI has to be dropped as more than three UCIs are colliding with one PUSCH. In the following we discuss the whether/how to support the multiplexing for the ‘TBD1’ and ‘TBD2’ cases.
HP HARQ-ACK without LP HARQ-ACK would be transmitted on LP PUSCH (*)
For LP PUSCH with UL-SCH, the HP HARQ-ACK can reuse the legacy HARQ-ACK encoding chain, which is the same rule as Rel-15 multiplexing of HARQ-ACK on PUSCH without differentiated priorities.
For LP PUSCH without UL-SCH, though there is no explicit agreement to support this case, we think it is simple and straightforward to support this case by applying the same rule as LP PUSCH with UL-SCH, since the encoding of UL-SCH is independent and does not occupy the encoding chains for UCI on PUSCH.
Proposal 22: If HP HARQ-ACK without LP HARQ-ACK would be transmitted on LP PUSCH, HP HARQ-ACK should be multiplexed on the LP PUSCH by reusing the encoding chain for the legacy HARQ-ACK.
· It applies to the LP PUSCH with/without UL-SCH.
LP HARQ-ACK without HP HARQ-ACK would be transmitted on HP PUSCH (**)
Similar to the principle of HP HARQ-ACK on LP PUSCH, the LP HARQ-ACK can reuse the legacy HARQ-ACK encoding chain on HP PUSCH, irrespective of whether the HP PUSCH is with UL-SCH or without UL-SCH, and irrespective of the priority of CSI (if any) on PUSCH is HP or LP.
As an alternative, if the CSI on PUSCH is HP A-CSI/SP-CSI, the mapping order can be re-organize as HP CSI part 1 (reusing legacy HARQ-ACK encoding chain)  HP CSI part 2 (reusing legacy CSI part 1 encoding chain)  LP HARQ-ACK (reusing legacy CSI part 2 encoding chain), as the HP CSI is prioritized over LP HARQ-ACK.
Proposal 23: If LP HARQ-ACK without HP HARQ-ACK would be transmitted on HP PUSCH, LP HARQ-ACK should be multiplexed on the HP PUSCH by reusing the encoding chain for the legacy HARQ-ACK.
· It applies to the HP PUSCH with/without UL-SCH.
LP CSI without LP HARQ-ACK would be transmitted on HP PUSCH (***)
If the LP PUCCH including LP CSI only without LP HARQ-ACK collides with HP PUSCH (with or without HP HARQ-ACK/HP CSI/UL-SCH), it should be dropped without being multiplexed on HP PUSCH, since the motivation in the first place is only to enable the transmission of inter-priority HARQ-ACK on PUSCH.
Proposal 24: LP CSI only should be dropped when colliding with HP PUSCH.
HP HARQ-ACK, LP HARQ-ACK, and A-CSI/SP-CSI would be transmitted on LP PUSCH without UL-SCH (*)
Similar to the case of HP HARQ-ACK, LP HARQ-ACK and LP CSI on LP PUSCH which has been agreed, it is straightforward to support this case by applying the same rule, i.e., CSI part 2 is dropped if any.
HP HARQ-ACK, LP HARQ-ACK, and CSI would be transmitted on HP PUSCH (**)
It includes two sub-cases:
1) The CSI is P-CSI, i.e., the CSI could be categorized as LP CSI. As the priority of CSI is lower than that of the HARQ-ACK with the same priority, it is intuitive to drop the CSI to give the priority to LP HARQ-ACK. Similar to the multiplexing of HP HARQ-ACK and LP HARQ-ACK on LP PUSCH, the CSI part 2 should be dropped if any, and the reorganization of the encoding chains can refer to HP HARQ-ACK, LP HARQ-ACK and CSI on LP PUSCH.
In addition, if the semi-static CSI includes a single part, then there is no need to drop CSI.
2) The CSI is A-CSI/SP-CSI on the HP PUSCH, i.e. the CSI is categorized as HP CSI. There may be two options for this case according to the discussion in the previous meetings. The first option is that the HP CSI triggered by HP DCI should be prioritized over the LP HARQ-ACK, thus the LP HARQ-ACK should be dropped in this sub-case. The second option is that HP CSI part 2 should be replaced by LP HARQ-ACK, so that the LP HARQ-ACK information should be ensured. We prefer option 1, because meeting the requirements for URLLC is critical and should always been guaranteed if overlapping with eMBB. So any type of HP UCI/PUSCH should have absolutely higher priority than any type of LP UCI/PUSCH.
In addition, if the A-CSI on HP PUSCH is of a single part, i.e., the number of UCIs does not exceed 3, then the LP HARQ-ACK can still be multiplexed and transmitted on HP PUSCH by reusing the legacy coding chain of CSI part 2.
The above rules for sub-case 2) apply also for HP PUSCH without UL-SCH.
Proposal 25: If HP HARQ-ACK, LP HARQ-ACK, and A-CSI including two parts would be transmitted on HP PUSCH, the LP HARQ-ACK should be dropped.
· If the A-CSI is of a single part, the LP HARQ-ACK can be multiplexed on the HP PUSCH by reusing the legacy CSI part 2 encoding chain.
· It applies to the HP PUSCH with/without UL-SCH.
2.3.2 Ambiguity of the LP HARQ-ACK on HP PUSCH due to LP DCI missing
In case LP HARQ-ACK would be transmitted on the HP PUSCH with or without HP HARQ-ACK, there would also be LP HARQ-ACK ambiguity issue similar to the discussions in Section 2.2.4. Following the same principle, additional LP UL DAI field can be introduced for HP UL DCI to identify the LP HARQ-ACK payload size. 
For Type 2 LP HARQ-ACK codebook, 2 bits LP UL DAI can be introduced to indicate the LP payload size. For Type 1 HARQ-ACK codebook, 1 bit LP UL DAI can be introduced to indicate the presence of the LP Type 1 HARQ-ACK. It should be noted that in Rel-15, the UE would also generate the HARQ-ACK even in case of UL DAI = 0 for Type 1 codebook, if it receives only a PDSCH that is scheduled by DCI format 1_0 with a counter DAI field value of 1 on the PCell. In Rel-17, this condition should not apply due to the reliability concern, and the UE should not transmit LP HARQ-ACK on HP PUSCH in case of UL DAI = 0 regardless of other conditions.
For LP HARQ-ACK with Type 3 codebook/enh. Type 3 codebook/one-shot retransmission, it should follow the same principle as discussed in Section 2.2.4 for PUCCH.
Proposal 26: Additional LP UL DAI indication can be introduced in HP UL DCI to resolve the issue of ambiguous LP HARQ-ACK payload size in case of collision with HP PUSCH.
· 2 bits LP UL DAI for Type 2 HARQ-ACK codebook to indicate the LP HARQ-ACK payload size.
· 1 bit LP UL DAI for Type 1 HARQ-ACK codebook to indicate the presence of LP HARQ-ACK. The UE should not transmit LP HARQ-ACK on HP PUSCH in case of UL DAI = 0 regardless of other conditions.
Proposal 27: UE does not expect the overlapping between HP PUSCH and LP HARQ-ACK subject to Type 3 codebook/enh. Type 3 codebook/one shot retransmission.
2.3.3 Prioritizations for transmission power reductions
For the current power control mechanism, UE should reduce the transmission power of PUSCH/PUCCH/PRACH/SRS according to the following order if the maximum power [image: ] would be exceeded.
In particular, for PUCCH and PUSCH transmissions, the Rel-16 power allocation prioritization order is as follows, where the power reduction is performed in descending order. 
· HP PUCCH/PUSCH with HARQ-ACK and/or SR
· HP PUSCH with HP CSI
· HP PUSCH only
· LP PUCCH/PUSCH with HARQ-ACK and/or SR
· LP PUCCH/PUSCH with CSI
· LP PUSCH only
Two basic principles can be observed from the list: 1) Any type of HP signal/channel always has higher priority than any type of the LP signal/channel. 2) For the signals/channels with the same priority index, the priority order is: PUCCH/PUSCH with HARQ-ACK and/or SR>PUCCH/PUSCH with CSI>PUSCH only, as HARQ-ACK is generally more important than CSI and data only.
In Rel-17, as intra-UE multiplexing of inter-priority UCI on PUSCH is introduced, new cases arise such as HP HARQ-ACK on LP PUSCH, and LP UCI on HP PUSCH. It is observed that the current priority list could not give the proper order for UCI-on-PUSCH with mixed priority. 
As one example, for HP HARQ-ACK on LP PUSCH, this channel would be categorized to LP PUCCH/PUSCH with HARQ-ACK, which has lower priority than other HP channels during power allocation, but HP HARQ-ACK is obviously more critical than HP PUSCH only as per the above principle 2). 
As another example, for LP HARQ-ACK on HP PUSCH, this channel would be categorized to HP PUCCH/PUSCH with HARQ-ACK, which is the same as HP PUCCH/PUSCH with HP HARQ-ACK and/or HP SR and higher than HP PUSCH with HP A-CSI or HP PUSCH only. However, the LP HARQ-ACK should be obviously with lower priority than HP HARQ-ACK, HP SR, and HP A-CSI as per the above principle 1).
Considering the PUCCH/PUSCH with mixed priorities due to multiplexing, the power allocation principle should also be updated. Firstly, the power allocation order of LP PUSCH with HP HARQ-ACK should be the same as HP PUCCH/PUSCH with HARQ-ACK, i.e., higher than HP PUSCH with CSI as well as HP PUSCH only. Secondly, the power allocation order of HP PUSCH with LP HARQ-ACK should be the same as HP PUSCH only, i.e., lower than HP PUCCH/PUSCH with HP HARQ-ACK and/or HP SR, as well as HP PUSCH with CSI.
Proposal 28: Update the transmission power allocation order for Rel-17 by considering inter-priority UCI-on-PUSCH cases:
· LP PUSCH with HP HARQ-ACK should be of the same priority as HP PUSCH with HP HARQ-ACK, i.e., higher than HP PUSCH with CSI, as well as HP PUSCH only.
· LP HARQ-ACK on HP PUSCH should of the same priority as HP PUSCH only, i.e., lower than HP PUSCH with HP HARQ-ACK, as well as HP PUSCH with CSI.
2.3.4 Value range of beta-offset
In RAN1#104-e meeting [6], it was agreed that support the value of beta-offset is less than 1, yet the value is FFS. 
	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)


In RAN1#106-e meeting [7], it has been agreed to introduce two sets of beta-offset values for LP HARQ-ACK on HP PUSCH and HP HARQ-ACK on LP PUSCH.
	Agreement
In NR Rel-17, [at least] 2 new set of beta offset values can be configured to the UE to indicate separate beta_offset values for the following cases:
· Multiplexing LP HARQ-ACK on HP PUSCH
· Multiplexing HP HARQ-ACK on LP PUSCH


Regarding the RAN#94-e meeting guidance, the beta offset value range has to be completed in this meeting. In Rel-15, the candidate values of beta-offset for HARQ-ACK are specified in Table 9.3-1 in 38.213. In Rel-17, at least for LP HARQ-ACK on HP PUSCH, the inter-priority beta-offset <1 values have to be additionally specified.
One straightforward way is to specify some new beta-offset values in Table 9.3-1A and Table 9.3-1B as introduced in the Rel-17 spec CR of 38.213 [3]. However, given that we have only one meeting to handle the specific new beta-offset values, it may be challenging to converge on the particular new beta-offset values based on, e.g., evaluations.
As an alternative, a new scaling factor X<1 can be configured by the RRC and applied on top of the legacy set of the HARQ-ACK beta-offset values in Table 9.3-1 of 38.213, so that the LP HARQ-ACK on HP PUSCH beta-offset can be indexed to the value of β*X, where the set of β is the same as the legacy HARQ-ACK beta-offset set. Thus the gNB has full flexibility by configuring the factor X and configuring/indicating the beta-offset entry from the table to derive optimized beta-offset values. An example is shown in the following table which fills in Table 9.3-1A of [3]. In particular, the range of parameter X can be specified based on some typical ratios of HP UCI code rate to LP UCI code rate where the set of HP/LP UCI code rates can refer to PUCCH-MaxCodeRate.
	 or  or 
	

	0
	1.000*X

	1
	2.000*X

	2
	2.500*X

	…
	…

	15
	126.000*X

	16
	Reserved

	…
	Reserved


Similarly, a new scaling factor Y>1 can be configured by the RRC for the beta-offset of HP HARQ-ACK on LP PUSCH. An example is shown in the following table which fills in Table 9.3-1B of [3].
	 or  or 
	

	0
	1.000*Y

	1
	2.000*Y

	2
	2.500*Y

	…
	…

	15
	126.000*Y

	16
	Reserved

	…
	Reserved


Proposal 29: New RRC configured scaling factors can be introduced and applied on top of the set of legacy beta-offset values to generate the inter-priority beta-offset values for UCI on PUSCH
· Scaling factor X<1 can be introduced to determine the values of smaller beta-offset including the less than 1 values for LP HARQ-ACK on HP PUSCH
· Scaling factor Y>1 can be introduced to determine the values of larger beta-offset for HP HARQ-ACK on LP PUSCH
2.3.5 Collision between inter-priority SR and PUSCH
In Rel-15, SR is only allowed to be transmitted on PUCCH. For PUSCH, it should be noted that the Buffer Status Report (BSR) would be transmitted on PUSCH, so gNB would know if UE has data to be transmitted. For Rel-17, there is no need to send SR through PUSCH of a different priority due to the same reason. In order to guarantee the performance of HP, for the case that HP SR is overlapped with LP PUSCH, LP PUSCH should be dropped. And for the case that LP SR is overlapped with HP PUSCH, LP SR should be dropped.
Proposal 30: For the case of SR overlapping with PUSCH of a different priority, drop the signal/channel of the low priority.
2.4 Prioritization between CG LP PUSCH and DG HP PUSCH 
It is agreed in last meeting [2], that additional time d3 is supported for the cancellation between HP DG PUSCH and LP CG PUSCH.
	Agreement
For the overlapping between LP CG and HP DG, if MAC delivers two MAC PDUs to PHY, PHY layer can make the prioritization so that the UE is expected to cancel the overlapping low priority CG PUSCH by the first overlapping symbol at the latest. 
· On top of Rel-16 cancellation time (N2+d1) for PUCCH/PUCCH or PUCCH/PUSCH collision, additional time d3 is needed (which results N2+d1+d3 in total cancellation time) for LP CG-PUSCH and HP DG-PUSCH collision resolution.
· (Working assumption) d3 = {0, }symbol(s) upon UE capability report, where  for SCS=15/30/60/120kHz, respectively.


The working assumption has been proposed to decide the value of d3. We think the additional value is properly set.
Proposal 31: Confirm the working assumption about the value of d3.
Text Proposals
In this section we provide some text proposals to the spec CRs.
3.1 Text proposal for Clause 9.2.5.3, 38.213
For the PRB determination and multiplexing of HP HARQ-ACK and LP HARQ-ACK in Clause 9.2.5.3 of the spec CR 38.213 [3], it mentions that the UE ‘multiplexes’ the HP HARQ-ACK and the LP HARQ-ACK in case the original HP PUCCH and the original LP PUCCH are overlapped.
In a later paragraph, the text states that the UE transmits the PUCCH on  PRBs, but does not clearly describe the UE behavior for the case of LP RE = 0, i.e.,  so that there is no spare RBs for LP HARQ-ACK transmission. It is intuitive that the UE will drop the LP HARQ-ACK in case of LP RE = 0, and we think this dropping behavior should be explicitly captured in the spec to make it clearer and more readable, since otherwise it will be contradictory with the earlier paragraph saying that the UE ‘multiplexes’ the HP HARQ-ACK and LP HARQ-ACK, which implies that the UE will always transmit LP HARQ-ACK. As a reference of the legacy 38.213, the UE behavior of dropping of CSI part 2 is also explicitly stated in case there is no enough resources to carry it on PUCCH when multiplexed with HARQ-ACK and CSI part 1.
	…
the UE 
-	determines
-	a PUCCH resource set from the second PUCCH-Config using  as described in clause 9.2.1, and a PUCCH resource from the PUCCH resource set as described in clause 9.2.3 where a DCI format, if any, triggers PUCCH transmission of priority 1, or
-	a PUCCH resource from the second sps-PUCCH-AN-List using  as described in clause 9.2.1, and 
-	multiplexes the  and  HARQ-ACK information bits in a same PUCCH using the PUCCH resource.
…

	If , the UE transmits the PUCCH over the  PRBs. If a UE transmits a PUCCH that includes HARQ-ACK information bits of priority 0 and 1 using PUCCH format 1, the UE determines a power for the PUCCH transmission, as described in clause 7.2.1, assuming that all HARQ-ACK information bits have priority 1.


The text proposal is given as follows.
Proposal 32: RAN1 should adopt the following TP to explicitly address the UE behavior of dropping LP HARQ-ACK in case the rest RE on the resultant PUCCH for LP HARQ-ACK is 0.
	------------------ Text Proposal for 38.213 Clause 9.2.5.3 ------------------
If , the UE transmits the PUCCH over the  PRBs. If , the HARQ-ACK information bits of priority 0 are dropped. If a UE transmits a PUCCH that includes HARQ-ACK information bits of priority 0 and 1 using PUCCH format 1, the UE determines a power for the PUCCH transmission, as described in clause 7.2.1, assuming that all HARQ-ACK information bits have priority 1.


3.2 Text proposal for Section 9, 38.213
The collision of scheduled LP PUCCH/PUSCH with HP SPS HARQ-ACK is not expected under Rel-16, since the occasion for HP SPS HARQ-ACK is semi-static and will not arrive in urgency, so that the gNB can avoid such collision by careful scheduling of LP PUCCH/PUSCH. But in Rel-17, it is supported to multiplex the LP channel with the HP channel in case of overlapping, so this restriction may be removed for the UE enabled with inter-priority UCI multiplexing.
The text proposal is given as follows.
Proposal 33: RAN1 should adopt the following TP to remove the restriction of disallowing the collision between HP SPS HARQ-ACK with LP PUCCH/PUSCH.
	------------------ Text Proposal for 38.213 Section 9 ------------------
A UE does not expect to be scheduled to transmit a PUCCH or a PUSCH with smaller priority index that would overlap in time with a PUCCH of larger priority index with HARQ-ACK information only in response to a PDSCH reception without a corresponding PDCCH unless the UE is provided UCI-MuxWithDifferentPriority. A UE does not expect to be scheduled to transmit a PUCCH of smaller priority index that would overlap in time with a PUSCH of larger priority index with SP-CSI report(s) without a corresponding PDCCH.


Conclusions
According to the discussion, following proposals and observations are provided:
Proposal 1: For Capability#1 of Step 2, the Rel-15 timeline applies to the resultant overlapping channels after Step 1.
Proposal 2: Time unit to adopt Rel-15 timeline should be subslot, i.e. based on the time unit of HP channel.
Proposal 3: For Step 2.1 and Step 2.2, avoid the recursive operation for the following cases:
· For long LP PUCCH overlapping with multiple short HP PUCCHs, a one-step operation is performed to multiplex LP UCI into the HP PUCCH resource, and the resultant PUCCH is not expected to be overlapped with another PUCCH.
· For long LP PUSCH overlapping with multiple short HP PUCCHs, drop the long LP PUSCH, or, this case can be avoided by gNB.
· Long HP PUCCH/PUSCH overlapping with multiple short LP PUCCHs should be avoided by gNB.
Proposal 4: For long LP PUCCH overlapping with multiple short HP PUCCHs in Step 2.1, the subslot of the first overlapping HP PUCCH should be taken as a reference to handle the multiplexing with LP UCI regardless of the HP UCI type.
Proposal 5: Take Rel-15 multiplexing principle as a baseline for Step 2 under UE Capability #1, with the additional step that the non-eligible LP UCI/PUSCH should be dropped in prior to the inter-priority multiplexing of Step 2.1/2.2.
Proposal 6: There is no need to introduce the pseudo code in Clause 9.2.5 of 38.213 for inter-priority PUCCH multiplexing in Step 2.1.
Proposal 7: For Step 2.2, reuse Rel-15/16 rule for PUSCH selection.
Proposal 8: If both simultaneous PUCCH/PUSCH transmission and the Rel-17 multiplexing are enabled, the simultaneous transmission should be performed in Step 2.2.
Proposal 9: If both simultaneous PUCCH/PUSCH transmission and the Rel-16 prioritization are enabled, the prioritization of LP PUCCH/PUSCH can be performed as follows.
· Step A: Perform the multiplexing of LP PUCCH(s)/PUSCH assuming no overlapping HP UL channels and determine the final LP PUCCH/PUSCH; 
· Step B: Judge whether the final LP PUCCH/PUSCH is overlapping with any HP UL channels before and/or after multiplexing of HP UL channels; if an overlapping happens on the same serving cell or cells within the same band, the LP PUCCH/PUSCH is dropped; otherwise it is transmitted.
Proposal 10: For the multiplexed 1 bit HP HARQ-ACK and 1 bit LP HARQ-ACK on PUCCH format 0/1, the HP HARQ-ACK bit should be mapped in prior to the LP HARQ-ACK bit.
Proposal 11: For PUCCH format 2, support 2 encoding chains for the case of HP HARQ-ACK and LP HARQ-ACK multiplexing. Separate code rates can be configured for HP HARQ-ACK and LP HARQ-ACK for PUCCH format 2.
Proposal 12: For the encoders of LP and HP HARQ-ACK bits with more than 2 bits total payload size, and HP HARQ-ACK or LP HARQ-ACK of 1-2 bit(s), support option 2, i.e., padding and RM encoding.
Proposal 13: Additional LP T-DAI indication can be introduced in HP DL DCI to resolve the issue of ambiguous LP HARQ-ACK payload size in case of collision with HP HARQ-ACK.
· 2 bits LP T-DAI for Type 2 HARQ-ACK codebook to indicate the LP HARQ-ACK payload size.
· 1 bit LP T-DAI for Type 1 HARQ-ACK codebook to indicate the presence of LP HARQ-ACK.
Proposal 14: UE does not expect the overlapping between HP PUCCH and LP HARQ-ACK subject to Type 3 codebook/enh. Type 3 codebook/one shot retransmission.
Proposal 15: HP SPS HARQ-ACK only and LP HARQ-ACK are not expected to be multiplexed.
Observation 1: If LP Type 2 HARQ-ACK codebook includes two HARQ-ACK sub-codebooks separately for TB and CBG, then adding two additional T-DAI fields (i.e. 4bits) in HP DCI for two LP HARQ-ACK sub-codebooks will lead to too large HP DCI overhead.
Proposal 16: For multiplexing of HP HARQ-ACK and LP HARQ-ACK with two LP sub-codebooks, the one additional LP T-DAI field (i.e. 2bits) in HP DCI should be applied to both the first LP TB-based HARQ-ACK sub-codebook and the second LP CBG-based HARQ-ACK sub-codebook.
Proposal 17: When a PUCCH carrying HP SR with PUCCH format 0/1 overlaps with a PUCCH carrying LP HARQ-ACK with PUCCH format 0/1,
· For positive SR, transmit HARQ-ACK on the SR PUCCH resource.
· For negative SR, transmit HARQ-ACK on the HARQ-ACK PUCCH resource.
Proposal 18: For multiplexing HP SR and LP HARQ-ACK with format 2/3/4:
· Adopt separate coding to HP SR and LP HARQ-ACK on one PUCCH resource.
· Introduce dedicated PUCCH resource sets that supports PUCCH format 2/3/4 at the second PUCCH-Config for transmitting the multiplexed SR and HARQ-ACK.
Proposal 19: For the collision between LP HARQ-ACK, LP SR and HP UCIs, LP SR can be jointly encoded with LP HARQ-ACK and follow the same handling rule as LP HARQ-ACK only and HP UCIs. For the collision between HP HARQ-ACK, HP SR and LP UCIs, HP SR can be jointly encoded with HP HARQ-ACK and follow the same handling rule as HP HARQ-ACK only and LP UCIs.
Proposal 20: For the collision between LP HARQ-ACK (and LP SR if any), LP CSI and HP UCIs, LP CSI is dropped.
Proposal 21: For the collision between HP UCI and LP UCI with LP SR and/or LP CSI without LP HARQ-ACK, LP SR and/or LP CSI should be dropped.
Proposal 22: If HP HARQ-ACK without LP HARQ-ACK would be transmitted on LP PUSCH, HP HARQ-ACK should be multiplexed on the LP PUSCH by reusing the encoding chain for the legacy HARQ-ACK.
· It applies to the LP PUSCH with/without UL-SCH.
Proposal 23: If LP HARQ-ACK without HP HARQ-ACK would be transmitted on HP PUSCH, LP HARQ-ACK should be multiplexed on the HP PUSCH by reusing the encoding chain for the legacy HARQ-ACK.
· It applies to the HP PUSCH with/without UL-SCH.
Proposal 24: LP CSI only should be dropped when colliding with HP PUSCH .
Proposal 25: If HP HARQ-ACK, LP HARQ-ACK, and A-CSI including two parts would be transmitted on HP PUSCH, the LP HARQ-ACK should be dropped.
· If the A-CSI is of a single part, the LP HARQ-ACK can be multiplexed on the HP PUSCH by reusing the legacy CSI part 2 encoding chain.
· It applies to the HP PUSCH with/without UL-SCH.
Proposal 26: Additional LP UL DAI indication can be introduced in HP UL DCI to resolve the issue of ambiguous LP HARQ-ACK payload size in case of collision with HP PUSCH.
· 2 bits LP UL DAI for Type 2 HARQ-ACK codebook to indicate the LP HARQ-ACK payload size.
· 1 bit LP UL DAI for Type 1 HARQ-ACK codebook to indicate the presence of LP HARQ-ACK. The UE should not transmit LP HARQ-ACK on HP PUSCH in case of UL DAI = 0 regardless of other conditions.
Proposal 27: UE does not expect the overlapping between HP PUSCH and LP HARQ-ACK subject to Type 3 codebook/enh. Type 3 codebook/one shot retransmission.
Proposal 28: Update the transmission power allocation order for Rel-17 by considering inter-priority UCI-on-PUSCH cases:
· LP PUSCH with HP HARQ-ACK should be of the same priority as HP PUSCH with HP HARQ-ACK, i.e., higher than HP PUSCH with CSI, as well as HP PUSCH only.
· LP HARQ-ACK on HP PUSCH should of the same priority as HP PUSCH only, i.e., lower than HP PUSCH with HP HARQ-ACK, as well as HP PUSCH with CSI.
Proposal 29: New RRC configured scaling factors can be introduced and applied on top of the set of legacy beta-offset values to generate the inter-priority beta-offset values for UCI on PUSCH
· Scaling factor X<1 can be introduced to determine the values of smaller beta-offset including the less than 1 values for LP HARQ-ACK on HP PUSCH
· Scaling factor Y>1 can be introduced to determine the values of larger beta-offset for HP HARQ-ACK on LP PUSCH
Proposal 30: For the case of SR overlapping with PUSCH of a different priority, drop the signal/channel of the low priority.
Proposal 31: Confirm the working assumption about the value of d3.
Proposal 32: RAN1 should adopt the following TP to explicitly address the UE behavior of dropping LP HARQ-ACK in case the rest RE on the resultant PUCCH for LP HARQ-ACK is 0.
	------------------ Text Proposal for 38.213 Clause 9.2.5.3 ------------------
If , the UE transmits the PUCCH over the  PRBs. If , the HARQ-ACK information bits of priority 0 are dropped. If a UE transmits a PUCCH that includes HARQ-ACK information bits of priority 0 and 1 using PUCCH format 1, the UE determines a power for the PUCCH transmission, as described in clause 7.2.1, assuming that all HARQ-ACK information bits have priority 1.


Proposal 33: RAN1 should adopt the following TP to remove the restriction of disallowing the collision between HP SPS HARQ-ACK with LP PUCCH/PUSCH.
	------------------ Text Proposal for 38.213 Section 9 ------------------
A UE does not expect to be scheduled to transmit a PUCCH or a PUSCH with smaller priority index that would overlap in time with a PUCCH of larger priority index with HARQ-ACK information only in response to a PDSCH reception without a corresponding PDCCH unless the UE is provided UCI-MuxWithDifferentPriority. A UE does not expect to be scheduled to transmit a PUCCH of smaller priority index that would overlap in time with a PUSCH of larger priority index with SP-CSI report(s) without a corresponding PDCCH.
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