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1. Introduction
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]In the previous meeting, many agreements are made, which set guidelines for further discussions. In this contribution, we address our views about details. Many discussion topics are similar to both PUCCH and PUSCH, and we mainly describe our views about PUCCH in the first section, and PUSCH in the next section.
2. Discussion
2.1. Multiplexing on PUCCH
Explicit indication for enabling multiplexing:
	Agreements:
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, support a mechanism for gNB to enable/disable the multiplexing.
· FFS the type of the mechanism, e.g. DCI indication and/or RRC configuration
· FFS: Interaction between the enable/disable mechanism and other multiplexing conditions
· FFS for other types of UCI.



The scheduling DCI can schedule either HP TB(s) or LP TB(s). There are two alternatives: one alternative is to use PUCCH for the LP TB and the other alternative is to use PUCCH for the HP TB. Regardless of either alternative, the scheduling DCI should indicate to multiplex or prioritize. Otherwise, PUCCH resource should indicate more REs than it is probably used. As a result, the LP UCI has always to less REs if either puncturing or rate matching is applied by the HP UCI. Therefore, we believe that multiplexing should be indicated dynamically. The scheduling DCI can have an additional field to enable this.
When an SPS is activated, DCI is involved as an activating DCI. The activating DCI can decide whether or not multiple HP UCI and LP UCI, but we prefer to have this field in the RRC signalling because CG type 1 PUSCH would have this field in the RRC signalling and it is rather beneficial to have a unified solution to SPS and CG.
[bookmark: _Ref54222104]Proposal 1: The scheduling DL-DCI has an additional field whether or not to allow multiplex HP UCI and LP UCI, or otherwise by the RRC signalling.
Multiplexing rule and order:
In the Rel-16, the multiplex rule is to multiplex per priority and prioritize the HP UCI if exists. In the Rel-17, it may not be directly generalized because some UCIs can be dropped while being multiplexed. For example, the CSI may be dropped if final PUCCH resource may not able to guarantee sufficiently low code rate for the HP UCI. Some or entire CSI (part 2) may also be dropped due to the same reason.
We would propose that the HP UCI follows the Rel-16 rule to determine a PUCCH resource. Then, each LP UCI by the received order of DCI is checked whether to multiplex. The PUCCH resource is updated only when the LP UCI is determined to be multiplexed. 
[bookmark: _Ref54222108]Proposal 2: Multiplex HP UCI, and check to multiplex each LP UCI at earliest order.
Transmission power aspect:
In the Rel-16, the power for PUCCH depends on the payload. Coding scheme is also one of inputs to determine the power for PUCCH. When LP UCI and HP UCI are multiplexed, we need to devise how to count the effective number of bits and how to calculate the offset to compensate the payload from the other priority.
[bookmark: _Ref54222112]Proposal 3: Further study how to adjust the power of PUCCH for payload from the other priority.
Determining the PUCCH resource:
	Agreements: 104
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



In Rel-15, the UCI is spread for one or two bits or encoded otherwise, and then mapped to the resource grid. Code rate is configured per format. The payload for UCI determines a resource set, and PRI determines one resource in the chosen resource set. In Rel-17, we have both HP UCI and LP UCI in one channel with different quality (BLER). Thus, we need to describe how to choose a resource set. 
If we treat LP UCI and HP UCI equally, then there are some cases where one bit of HP UCI and one bit of LP UCI are involved for the format 0 or 1, which will have similar BER. This result in the PUCCH for the HP UCI. Another example includes that two bits of LP UCI and one bit of HP UCI are involved or vice versa, and the total payload is three bits if we treat LP UCI and HP UCI equally but each UCI does not corresponds to any coding scheme. Those issues can be avoided by the other approaches.
Instead we can weight HP UCI and LP UCI in terms of code rate. The idea is that each UCI payload is inversely emphasized by own code rate, and their sum which is possibly not an integer is used to determine the resource set. However, in the Rel-16, the code rate is configured per format, it is coupled between the code rate and the resource set. To break this coupling, some notion of the reference format need to be introduced. 
The better approach would introduce an additional resource set or at least an additional resource in the second PUCCH-config whenever the PUCCH is informed of multiplexing HP UCI and LP UCI. This new resource (set) consists of a number of resources but their formats may not be 0 nor 1. Most companies think that this resource is included in the legacy second resource set. In other words, LP UCI would be treated as if it were HP UCI in the resource set determination. This is simple approach but its resource would have excessive REs.
[bookmark: _Ref54222136]Proposal 4: Introduce additional PUCCH resource in additional resource set or in the second resource set for multiplexing HP UCI and LP UCI when more than two bits in total are involved.
One of remaining question would be which PUCCH resource to be used. If PUCCH for LP UCI is used, then the HP UCI can puncture the LP UCI because LP UCI is scheduled much earlier than the HP UCI and LP UCI should not wait for potential existence of HP UCI. However, if PUCCH for HP UCI is used, then the rate matching can be applied. The encoded HP UCI is mapped, then the encoded LP UCI is mapped. The LP UCI needs not be re-encoded but RE mapping is performed at remaining resources which are not occupied by the encoded HP UCI.
These two alternatives impact other many design options. For example, managing the latency of HP UCI can be different when PUCCH for LP UCI is chosen or PUCCH for HP UCI is chosen. If PUCCH for LP UCI is used, then the HP UCI can be mapped within a first hop. If PUCCH for HP UCI is used, then the mapping of HP UCI ends earlier than of LP UCI. Each solution may need further details and can be discussed after the resource determination rule is agreed.
At least for SPS PDSCH, there is no DCI to produce HARQ-ACK. When HP SPS HARQ-ACK is multiplexed with LP HARQ-ACK from LP DCI, the LP DCI can indicate the final PUCCH resource.
[bookmark: _Ref54222141]Proposal 5: The LP DCI determines the final PUCCH resource in at least for the HP SPS case.
2.2. Multiplexing on PUSCH
Explicit indication for enabling multiplexing:
	Agreements: 103
For HARQ-ACK multiplexing on PUSCH of different priority in R17, support a mechanism for gNB to enable/disable the multiplexing.
· FFS the type of the mechanism, e.g. DCI indication and/or RRC configuration, beta_offset=0
· FFS: Interaction between the enable/disable mechanism and other multiplexing conditions
· FFS for other types of UCI.

Agreements: 104
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)

Proposal for 2nd round discussion: 104bis
For multiplexing a HARQ-ACK into a PUSCH with different priorities in R17, at least support RRC configuration for gNB to enable/disable the multiplexing.
· FFS whether or not to additionally introduce dynamic mechanism, e.g. DCI indication, beta_offset=0
· FFS: Interaction between the enable/disable mechanism and other multiplexing conditions
· FFS for other types of UCI.



[bookmark: _GoBack]In the Rel-16, multiplexing UCI is performed by puncturing TB or by rate matching. When two priorities are concerned, the scheduling DCI can indicate to multiplex LP UCI or drop, while HP UCI is being multiplexed. Depending on the scheduling, the amount of REs for TB may or may not be sufficient after UCI multiplexing. Therefore, we believe that multiplexing should be indicated dynamically. The scheduling DCI can have an additional field to enable this. This is a unified approach to both DL-DCI and UL-DCI.
When an configured grant is activated, DCI is involved as an activating DCI for CG type 2. The activating DCI can decide whether or not multiple HP UCI and LP UCI, but we prefer to have this field in the RRC signalling because CG type 1 would have this field in the RRC signalling and it is rather beneficial to have a unified solution to SPS and CG.
[bookmark: _Ref54222145]From the previous agreement, there are (up to) four pairs of beta offsets, each of which pairs is indicated by the DCI field. Either one value is for LP HARQ-ACK and the other value is for HP HARQ-ACK, and zero value has been discussed to indicate not to multiplex LP HARQ-ACK. We think that including zero value in the beta offset might not be flexible enough.
In our understanding, the set of beta offsets can be interpreted differently according to the presence of LP HARQ-ACK or not. Based on the same size of beta offset field, the two behavior of multiplexing UCI types or multiplexing LP HARQ-ACK should be distinguished. If one value of beta is zero, then the number of cases for beta offsets are quite limited. 
As an example, if a UE determines that no LP HARQ-ACK bits are present, then the beta offset field can be interpreted as for different UCI types such as HARQ-ACK and CSI part1 and part2. If a UE determines that LP HARQ-ACK bits are present, then the beta offset field can be interpreted as for HP HARQ-ACK and LP HARQ-ACK. Since DTX events are unavoidable, we think that additional field should be (re)used to indicate which interpretation is taken. Otherwise, beta offset field should be able to extend to express a number of multiplexing cases. However, if we introduce a field to indicate multiplex/prioritize, then it is simple and similar design with the PUCCH case.
[bookmark: _Ref71708922]Proposal 6: The scheduling UL-DCI has an additional field whether or not to allow multiplex HP UCI and LP UCI, or otherwise by the RRC signalling.
If LP UCI and HP UCI are multiplexed with TB, then we can rate match the TB with the UCI assumption of total number of LP UCI and HP UCI bits. When HP PUSCH multiplexes HP/LP UCI, the number of UCI bits are known to UE considering the timeline requirement. To reduce the BLER of HP TB and to simplify the mapping, it is desirable to have rate match the TB and the size of UCI bits are calculated by the total payload of both HP UCI and LP UCI. Less likely when LP PUSCH multiplex with HP UCI, the same principle can be applied to have a unified framework.
[bookmark: _Ref71643393]Proposal 7: The TB is rate matched with the UCI assumption of total number of LP UCI and HP UCI.
PUSCH with more than one PUCCHs:
In the Rel-16, the PUSCH repetition type B allow piggybacking only one HARQ-ACK codebook for URLLC scenario. Following this rule, up to one PUCCH can be overlapped. However, also in the Rel-16, the joint codebook can be configured for mTRP scenario. Each HARQ-ACK codebook is concatenated and they form an HARQ-ACK codebook. Following this rule, more than one PUCCH can be overlapped.
If we can introduce an additional rule to build an extended HARQ-ACK codebook, then more than one HARQ-ACK codebook may be transmitted onto PUSCH repetition(s). Similarly, one PUSCH repetition can be conceptually regarded as a PUCCH. In this case, subslot based HARQ-ACK codebooks may be transmitted even in one PUSCH repetition. We would propose to concatenate subslot based HARQ-ACK codebooks if they are multiplexed onto one UL channel. We also note that if the additional rule is adopted, then this rule can be applied to both PUSCH and PUCCH.
[bookmark: _Ref54222171]Proposal 8: For HARQ-ACK codebook construction, sub-slot based HARQ-ACK codebooks are concatenated, and may be transmitted for PUSCH repetition.
Timeline for piggybacking:
	Working assumption: 104
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  



In the Rel-16, the UL-DCI includes all information about PUSCH, and all DL-DCIs for multiplexing should be received before the UL-DCI. This makes sense when a single priority is considered. When two priorities are considered, depending on combinations, the LP TB and the HP UCI can be multiplexed. When the UL-DCI assigns the LP TB but HP UCI to be multiplexed, the DL-DCI for UCI may be received later. Thus, it should be possible to affect DL-DCI after UL-DCI to generate PUSCH. It is natural to puncture the PUSCH if a DL-DCI occurs after the UL-DCI.
[bookmark: _Ref54222235]Proposal 9: DL-DCI for HP UCI which is received after UL-DCI for LP TB may affect the PUSCH mapping.
Latency aspects:
In the Rel-16, the UCI is mapped for all PUSCH hops to obtain a frequency diversity. When LP TB and HP UCI are multiplexed, the HP UCI may be mapped and should keep the latency bound. The scheduled PUSCH may have many symbols per hop, and in this case the HP UCI may not be mapped at the second hop due to the increased latency. Otherwise, the UE can drop the LP TB and transmit PUCCH carrying the HP UCI. However, in the other scenario where HP TB and LP UCI are multiplexed, there is no such limitations. 
[bookmark: _Ref54222238]Proposal 10: HP UCI may not be mapped at the second hop of the PUSCH.
CG-UCI:
In the Rel-16, the CG-UCI is jointly encoded with the HARQ-ACK, whose priority is considered the same and always low. If the CG PUSCH in unlicensed band can be transmitted with higher priority index, then UCIs of only the same priority can be multiplexed. This is because a joint codeword has a single BLER and HARQ-ACK and CG-UCI of different priorities have the same BLER which is not desirable. 
Transmission power aspect:
In the Rel-16, the power for PUCCH in the given format depends on the payload. Coding scheme is also one of inputs to determine the power for PUCCH. When LP UCI and HP UCI are multiplexed, we need to devise how to count the effective number of bits and how to calculate the offset from the other priority.
[bookmark: _Ref54368789]Proposal 11: Further study how to adjust the power of PUSCH for payload from the other priority.
3. Conclusion
Regarding PUCCH transmissions, we would like to suggest the followings.
Proposal 1: The scheduling DL-DCI has an additional field whether or not to allow multiplex HP UCI and LP UCI, or otherwise by the RRC signalling.
Proposal 2: Multiplex HP UCI, and check to multiplex each LP UCI at earliest order.
Proposal 3: Further study how to adjust the power of PUCCH for payload from the other priority.
Proposal 4: Introduce additional PUCCH resource in additional resource set or in the second resource set for multiplexing HP UCI and LP UCI when more than two bits in total are involved.
Proposal 5: The LP DCI determines the final PUCCH resource in at least for the HP SPS case.
Regarding PUSCH transmissions, we would like to suggest the followings. 
Proposal 6: The scheduling UL-DCI has an additional field whether or not to allow multiplex HP UCI and LP UCI, or otherwise by the RRC signalling.
Proposal 7: The TB is rate matched with the UCI assumption of total number of LP UCI and HP UCI.
Proposal 8: For HARQ-ACK codebook construction, sub-slot based HARQ-ACK codebooks are concatenated, and may be transmitted for PUSCH repetition.
Proposal 9: DL-DCI for HP UCI which is received after UL-DCI for LP TB may affect the PUSCH mapping.
Proposal 10: HP UCI may not be mapped at the second hop of the PUSCH.
Proposal 11: Further study how to adjust the power of PUSCH for payload from the other priority.
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