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1. Introduction
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]According to RP-192324, it is guided that eMBB UL-SCH/UCI does not multiplex URLLC UL-SCH/UCI in the same UL channel. This decision would simplify the discussion at WG, and deprioritize some issues such as HARQ-ACK codebook multiplex and UCI piggyback on PUSCH. In this contribution, we address our views about the remaining issues.
2. Discussion
The priority of UCI or UL-SCH should be indicated into at least two levels. The priority can be implied from the DL assignment or UL grant from gNB. For example, a SR has one-to-one mapping with a PUCCH resource, in turn, which corresponds to a LCG. Thus, UE can guess the priority of SR based on the priority of the LCG. In case of UL-SCH without grant, the RRC signalling (or MAC procedure) indicates which UL-SCH would be mapped on the granted UL resource. Likewise, SPS PDSCH generates HARQ-ACK, whose priority can be indicated by RRC signalling. For periodic CSI report, it does not have consensus to support CSI for URLLC and seems to have as low priority as eMBB.
On the other hand, DCI triggered UL transmissions such as HARQ-ACK has priority as high as DCI has. For the case of HARQ-ACK, DL-DCI can have different scrambling id, or search space, or different format. The priority of PDSCH is indicated from DL-DCI, and this keep the same to HARQ-ACK on PUCCH. For the case of UL-SCH, the priority of UL grant, which is indicated from UL-DCI, keeps the same to UL-SCH on PUSCH. For the case of aperiodic CSI report, in our understanding, the discussion is still open. The UL grant can determine whether this aperiodic CSI has higher priority or less. Again, PRACH can be transmitted by PDCCH order. Based on the above principle, the priority of PRACH can be determined by the DCI.
[bookmark: _Ref21266796]Proposal 1: The priority of UL transmission can be determined by DCI or RRC signalling if DCI is not available.
The intra-UE UL multiplexing rule can be easily generalized to inter-UE UL multiplexing rule. Other agenda discusses UL PI, which stops some (or all) of UL transmission of lower priority than UL PI. It has been agreed in the previous meeting to use GC-DCI for UL PI (with FFS UE-DCI). In our understanding, intra-UE UL multiplexing and inter-UE UL multiplexing are quite similar because DCI can stop some (or all) of UL transmissions of lower priority.
[bookmark: _Ref21266799]Proposal 2: Strive for the common and unified design for inter-/intra-UE UL multiplexing.
2.1. Sub-slot configurations
In Rel-16, the sub-slot can be applied to derive HARQ-ACK feedback timing. About details of sub-slot configurations, the following agreements are made. Sub-slots of length 2 or 7 are agreed.
	Agreements:
At least one sub-slot configuration for PUCCH can be UE-specifically configured to a UE.
· At least support following two sub-slot configurations for PUCCH: “2-symbol*7” and “7-symbol*2”.
· FFS other configurable sub-slot configurations, e.g. 4, 14 sub-slots in a slot.
· For the above two sub-slot configurations (“2-symbol*7” and “7-symbol*2”), support a single configuration for PUCCH resource following R15 applicable for all the sub-slots in a slot.
· FFS whether or not to additionally support that PUCCH resource configuration can be different for different sub-slots
· FFS for other sub-slot configurations, if any.   
· FFS: If a PUCCH resource across sub-slot boundary is supported.



With given sub-slots of 2/7-symbol, there are proposals about supporting possibly different PUCCH resource configurations per sub-slot. This will increase the flexibility to maintain similar number of HARQ-ACK bits per sub-slot, and we come up with two examples.
For an example, supposedly the serving gNB tends to schedule PDSCH at the early in a slot and to request the HARQ-ACK at late in the slot. This tendency leads to more HARQ-ACK bits for later sub-slots. This imply that earlier sub-slots may have more PUCCH resources and less target BLER than later sub-slots.
Another example would be a TDD, whose slot formats may have several consecutive DL slots following a special slot which has both DL and UL. The HARQ-ACK feedback of DL slots will corresponds to the sub-slot in the special slot. This is because sub-slot configuration did not consider both traffic patterns and semi-static sub-slot patterns. Again, earlier sub-slot and later sub-slot may have uneven configurations for PUCCH resource.
There might be some ways to deal with this issue. One alternative is to allow different configurations of PUCCH resource per sub-slot. However, we think that there is no strong need to introduce different configurations of PUCCH resource per sub-slot because this can also be relieved if the sub-slot boundary is differently configured. Thus, if we allow increasing the length of sub-slots, i.e., unequal length of sub-slots, then the similar payload for PUCCH will be achieved. 
Considering the length of each mini-slot, at least 4-symbol sub-slot will be useful. The concept of sub-slot comes from HARQ timing for PUCCH and the concept of mini-slot comes from the time resource allocation for PUSCH. They have some relationships in terms of UCI piggyback on PUSCH. If PUCCH resource does not cross the sub-slot/mini-slot, then it is convenient to process multiplex UCI with UL-SCH. We note that if 4-symbol length is adopted, then 3-symbol length is also adopted to fit the slot boundary.
[bookmark: _Ref21266802]Proposal 3: Other length (e.g., 3/4-symbol) per sub-slot are additionally supported.
If additional length is introduced, then we have to discuss sub-slot patterns in a slot. For example, 14-symbol slot can be partitioned using 4-symbol sub-slots as many patterns such (3,4,3,4) or (3,3,4,4) or (4,4,3,3). Each pattern could be useful and we prefer to indicate an index to a sub-slot pattern which is configured by higher layer. 
To reduce the signalling overhead, we can fix a sub-slot pattern in the specification and to indicate the number of sub-slots per slot. Regarding TDD with semi-statically configured SFI, we think that sub-slot pattern can be differently interpreted from a full UL slot. With the given number of sub-slots, adjacent non-DL symbols can be grouped into a sub-slot for HARQ-ACK feedback. Again, to reduce the signalling overhead, the number of sub-slots per slot can determine the sub-slot patterns depending on the SFI.
[bookmark: _Ref21266805]Proposal 4: The number of sub-slots per a slot determines sub-slot pattern.
2. Repeated UL transmissions
While the previous discusses have focused on a single transmission, the eMBB still can configure repeated transmissions (such as slot aggregation or bundling). The repetition can be configured for coverage extension or for dynamic TDD. For dynamic TDD, a single serving cell can operate as eMBB and URLLC dynamically, which means the serving cell has a frequent UL-DL switching. The configured resources should not use FL symbols, and those configured resources may not have sufficient symbols in a slot. Thus, a transmission can use multiple slots and its aggregated resources finally achieve sufficient received quality. PUCCH carrying SPS PDSCH’s HARQ-ACK can be repeated even at the cell center to keep the similar received quality as 14 symbols. As another example by similar reasonings, CG PUSCH can be repeated to both achieve sufficient received quality and avoid possible collisions at the cell center. Therefore, we think a UE can operate both URLLC and eMBB with UL repetition.
[bookmark: _Ref16848726]Proposal 5: Discuss the priority/multiplex when UCI/UL-SCH are repeated.
In our view, the solution can be simple. The Rel-15 principle can be mostly reused, and the newly introduced priority between UCIs can be applied. {URLLC HARQ-ACK and URLLC SR} > eMBB HARQ-ACK are generally accepted. In our understanding in eMBB discussion, HARQ-ACK is more important than SR because the SR opportunity periodically occurs and the latency does not matter for eMBB. However, in URLLC, the latency requirement gets very tight and should not wait for the next SR opportunity. In this case, we think that the priority of URLLC HARQ-ACK and URLLC SR are the same at least to determine the UL channel whether to drop or transmit in repeated transmission.
[bookmark: _Ref16848730]Proposal 6: For repeated UL transmission, the priority of URLLC HARQ-ACK and URLLC SR are re-considered.
Furthermore, UL-SCH can be repeated as well. The Rel-15 principle tells us the UCI drops UL-SCH in the overlapped slot. This principle should be enhanced because UL-SCH for URLLC is more important to at least eMBB UCI. If URLLC may not allow retransmission (due to the time bound) though eMBB always may, the priority of UL-SCH should precede UCI. 
[bookmark: _Ref16848735]Proposal 7: For repeated UL transmission, the priority of URLLC UL-SCH and URLLC UCI are re-considered.
2. Code rate for UCI on PUSCH
In Rel-15, UCI is piggybacked on PUSCH when its PUCCH resource overlaps in time with dynamically scheduled PUSCH. For URLLC UCI, we can apply the similar procedure to map onto eMBB PUSCH, but with possibly enhanced beta offsets. For eMBB UCI with URLLC PUSCH, we have to introduce other beta offsets. As many companies already mentioned, beta offsets with less than 1 should be introduced for this purpose. 
[bookmark: _Ref5087519]Proposal 8: Introduce new beta offsets at least 0 < beta < 1.
Some companies discuss beta offset of 0 to determine whether UCI is piggybacked or not. However, in our view, in addition to beta offset, the other fields such as DAI and CSI trigger should be used as well. In the case of HARQ-ACK, both DAI and beta offset can be used. DAI indicates whether HARQ-ACK is multiplexed or dropped, and beta offsets are applied if DAI has some specific value. In the case of CSI, both CSI trigger and beta offset can be used. CSI trigger indicates whether CSI is multiplexed with UL-SCH or dropped, and beta offsets are applied if CSI is determined to multiplex on PUSCH.
[bookmark: _Ref16848744]Proposal 9: DCI in DAI and CSI trigger can be used to indicate whether considering UCI is dropped or not. FFS jointly with beta offset = 0
In some sense, the number of reserved/punctured REs in URLLC PUSCH is controlled by beta offsets. We wish to stress the upper bound of REs for UCI, which is governed by alpha which is also known as scaling (alpha scaling). The current scaling is higher layer signalled and has one value among four (i.e., 0.5, 0.65, 0.8, 1.0). 
scaling                                 ENUMERATED { f0p5, f0p65, f0p8, f1 }
The remaining REs for PUSCH is used for UL-SCH, which is 1- scaling, can be too small for some URLLC UL-SCH. It may be beneficial to let scaling less than 0.5, or even including 0, which means that UCI of all types does not multiplex with UL-SCH.
[bookmark: _Ref16848748]Proposal 10: Introduce new values for alpha scaling less than 0.5.
2. UCI on the enhanced PUSCH
During the Rel-16 URLLC discussion, legacy PUSCH with any URLLC indication (either indirectly or directly) and enhanced PUSCH with repetition have been discussed. For legacy PUSCH case, UCI piggyback can follow the Rel-15 or modified Rel-15 principle. When UCI (of 3 or more bits) is multiplexed, the PUSCH starting symbol is concerned. This is because UL-SCH should be rate matched and PUSCH processing depends on only UL grant.
However, the PUSCH with repetition would have different rule from Rel-15, in that the PUSCH is actually a collection of PUSCH instances. UL-SCH is coded and mapped for each PUSCH instance, and each PUSCH instance can operate independently. We believe that each PUSCH instance can be a unit of multiplexing UCI, at least for URLLC. Following the previous agreements (subslot based HARQ-ACK timing), some PUSCH instances that collide PUCCH can carry HARQ-ACK.
[bookmark: _Ref16848751]Proposal 11: For enhanced PUSCH repetition, only some of PUSCH instances multiplex UCI if feasible.
This can relax the Rel-15 principle that UL grant must be later than all DL assignments and error occurs otherwise. If URLLC is considered, then the scheduling restriction is not desirable to avoid this constraint. Even though UL grant is received before some DL assignment, UCI can be multiplexed in some PUSCH instances. UE has already processed UL-SCH, and while UE can generate next PUSCH instance, UE can rate match/puncture UL-SCH and multiplex UCI.
[bookmark: _Ref16848756]Proposal 12: Consider relieving the constraint: for UCI multiplexing on PUSCH, UL grant can be received before some DL assignments.
2. eMBB HARQ-ACK vs. URLLC HARQ-ACK
Regarding different service types, different target performance is required. Applying the same encoding (with a common CRC), its information bits experience the same performance. It is desirable that URLLC HARQ-ACK bits and eMBB HARQ-ACK bits should be treated separately. However, the codebook-to-PUCCH mapping could be either prioritized or multiplexed. In our perspective, the discussion falls into two different levels, i.e., codebook level and resource level. 
[bookmark: _Ref5087512]Proposal 13: eMBB HARQ-ACK and URLLC HARQ-ACK are separately encoded.
Codebook prioritization or multiplexing means clear. Codebook prioritization means that only one codebook is selected and mapped to the corresponding PUCCH resource. Codebook multiplexing means that two codebooks are encoded separately and are mapped to one PUCCH resource. On the other hand, PUCCH resource multiplexing means that UE multiplexes eMBB PUCCH and URLLC PUCCH. In the previous meeting, both options are captured.
	Agreements:
In case eMBB HARQ-ACK (i.e., low priority) collides with URLLC (i.e., high priority) HARQ-ACK, down-select from options below.
· Option 1: Drop eMBB HARQ-ACK. 
· Option 2: Multiplex eMBB HARQ-ACK and URLLC HARQ-ACK if the multiplexing rule is met. Otherwise, drop eMBB HARQ-ACK
· FFS the details of the rule, e.g.
· Timeline
· Latency 
· Reliability
· Pre-defined rules or configurable rules or dynamically-indicated multiplexing
· FFS: Resending HARQ-ACK or not after dropping.



In some sense, multiplexing eMBB PUCCH and URLLC PUCCH is another way of multiplexing eMBB codebook and URLLC codebook (option 2). But it is different in that each codebook is already processed and mapped to own PUCCH. Thus, this processing timeline can be different from multiplexing two codebooks and mapping to one PUCCH resource. For example, eMBB PUCCH is generated following Rel-15 timeline, and URLLC codebook is generated following Rel-16 timeline. UE can map URLLC codebook onto eMBB PUCCH if sufficient REs are available. Otherwise, URLLC PUCCH can include both URLLC codebook and eMBB codebook.
More specifically, when eMBB PUCCH has one or two bits, PF0/PF1 are used. Depending on the URLLC payload, the resource (e.g., PRB or cyclic shift) of PF0 or PF 1 can be determined. It is beneficial when URLLC codebook has one or two bits because the amount of PUCCH resources increase as many as the number of URLLC payload. Particularly when both eMBB and URLLC have one or two bits in own codebook, this multiplexing scheme can be interpreted as the resource selection. 
On the other hand, when eMBB PUCCH has three or more bits, PF2/PF3/PF4 are used. In this case, eMBB codebook are encoded and mapped to the eMBB PUCCH resource. While mapping, UE can reserve some REs for multiplexing URLLC codebook. Depending on URLLC payloads, the number of reserved REs are determined. UE can map or not map on those REs, i.e., URLLC codebook punctures or rate matches eMBB codebook. If UE knows the maximum REs for URLLC codebook, then UE can apply an RE offset at mapping eMBB codebook to the PUCCH resource. This is beneficial when PUCCH carries eMBB CSI and eMBB codebook. It is also noted that Rel-15 UCI mapping onto PUSCH can be a baseline to this approach.
[bookmark: _Ref5087516]However, we also note the limited time budget in Rel-16, following the RANP guide. Option 1 can be adopted for Rel-16, and Option 2 can be further discussed in Rel-17.
Proposal 14: Option 1 (Transmit URLLC HARQ-ACK) is adopted, and Option 2 (Multiplex all HARQ-ACK bits if feasible) is discussed in the next release.
Many companies propose that eMBB HARQ-ACK can be dropped due to URLLC HARQ-ACK (option 1). There was a FFS resending HARQ-ACK, whose issue is natural to ask if a UE drops eMBB HARQ-ACK by URLLC UL transmission. When the UE drop all eMBB HARQ-ACK, the serving gNB should retransmit all DL-SCH. This wastes DL resources and degrades DL throughput. To solve this problem, we suggest that the gNB can request the UE to retransmit eMBB HARQ-ACK. In this case, eMBB DL throughput can be kept similar with the dynamic URLLC multiplexing.
[bookmark: _Hlk21273288]To facilitate the retransmission of HARQ-ACK, we propose that the next UL transmission (either PUSCH or PUCCH) can carry the dropped HARQ-ACK bits. The DCI can include the DAI that count all current and previous number of HARQ-ACK bits. The DCI has additional field to indicate whether or not transmit the dropped HARQ-ACK bits. The new HARQ feedback timing is now changed to the indicated next UL transmission.
[bookmark: _Ref21266849][bookmark: _Hlk21273316]Proposal 15: Discuss the way of resending HARQ-ACK feedback.
2. eMBB PUSCH vs. URLLC SR
Moreover, we should consider SR for URLLC mapping on eMBB PUSCH. This is because gNB should be able to know the presence of UL URLL traffic at a UE. In Rel-15, a buffer status report is included in PUSCH and SR is not triggered with reporting the buffer status. However, in Rel-16 URLLC, a buffer status report in eMBB PUSCH may not be reliable enough and a UL-SCH can be even retransmitted, which means a buffer status report cannot be multiplexed in some cases. UE may not be able to assemble a new buffer status report without a UL grant. In this case, UE should not wait until gNB indicates a URLL UL grant to trigger the most updated buffer status report. Thus, we believe that UE can transmit without UL grant, i.e., UE transmit URLLC SR by dropping/multiplexing eMBB PUSCH. 
Dropping eMBB PUSCH and transmit URLLC SR would be the simplest and effective solution. Our concern is to decrease eMBB UL throughput, and it is desirable to map those SR onto eMBB PUSCH. If SR is mapped onto PUSCH, then SR can be regarded as UCI that Rel-15 allows to map onto PUSCH.
However, we also note the limited time budget in Rel-16, following the RANP guide. Option 1 can be adopted for Rel-16, and Option 2 can be further discussed in Rel-17.
[bookmark: _Ref5087521][bookmark: _Ref16889585]Proposal 16: Adopt Option 1 (dropping PUSCH/transmit SR), and Option 2 (mapping SR onto PUSCH if feasible) is discussed in the next release.
2. Other HARQ-ACK schemes
There is a case where a HARQ-ACK feedback is useless due to its latency bound. With the given numerology, the maximum number of retransmissions is fixed because its next retransmission would be meaningless due to the latency bound. The last allowed DL transmissions does not require HARQ-ACK feedback, and in turn, UE need not report HARQ-ACK for this HARQ process. 
For codebook-less HARQ, UE does not transmit the PUCCH. For Type-1 codebook, UE should set some bits to the known value such as ACK. For Type-2 codebook, UE should not count for the HARQ-ACK bit. In this case, the DL-DCI for the HARQ-less PDSCH can indicate implicitly or explicitly indicate not to transmit HARQ feedback.
Introducing new field in DL-DCI can be considered, but due to DCI overhead, it is desirable to have an implicit way of not feeding back. As we pointed above, the maximum number of retransmissions is limited, invalid HARQ parameters can be indicated. For an example, some redundancy version may not be used and reserved, which could implicitly indicate not to feed back. Another example can be an invalid K1. In principle, the K1 should be larger than the processing capability and less than the latency budget. If DL-DCI indicates an invalid K1, then UE may not perform HARQ feedback.
In addition, DL SPS PDSCH can be configured to support TSC messages, and TSC message’s non-integer periodicity results multiple active DL SPS transmissions. However, some PDSCH instance may not assign DL-SCH if TSC message does not arrive. Regardless massive overhead, UE could feedback every PDSCH instance, though it is not desirable. In our view, UE should skip PUCCH carrying HARQ-ACK of that PDSCH instance. Also, SPS PDSCH does not have dynamic scheduling direct signalling of skipping PUCCH is not a solution.
[bookmark: _Ref5087489]Proposal 17: Discuss the way of implicitly indicate no HARQ-ACK feedback.
3. Conclusion
In this contribution, we address our view about UCI transmissions for Rel-16 URLLC.
Proposal 1: The priority of UL transmission can be determined by DCI or RRC signalling if DCI is not available.
Proposal 2: Strive for the common and unified design for inter-/intra-UE UL multiplexing.
Proposal 3: Other length (e.g., 3/4-symbol) per sub-slot are additionally supported.
Proposal 4: The number of sub-slots per a slot determines sub-slot pattern.
Proposal 5: Discuss the priority/multiplex when UCI/UL-SCH are repeated.
Proposal 6: For repeated UL transmission, the priority of URLLC HARQ-ACK and URLLC SR are re-considered.
Proposal 7: For repeated UL transmission, the priority of URLLC UL-SCH and URLLC UCI are re-considered.
Proposal 9: DCI in DAI and CSI trigger can be used to indicate whether considering UCI is dropped or not. FFS jointly with beta offset = 0
Proposal 10: Introduce new values for alpha scaling less than 0.5.
Proposal 11: For enhanced PUSCH repetition, only some of PUSCH instances multiplex UCI if feasible.
Proposal 12: Consider relieving the constraint: for UCI multiplexing on PUSCH, UL grant can be received before some DL assignments.
Proposal 13: eMBB HARQ-ACK and URLLC HARQ-ACK are separately encoded.
However, we also note the limited time budget in Rel-16, following the RANP guide. Option 1 can be adopted for Rel-16, and Option 2 can be further discussed in Rel-17.
Proposal 14: Option 1 (Transmit URLLC HARQ-ACK) is adopted, and Option 2 (Multiplex all HARQ-ACK bits if feasible) is discussed in the next release.
Proposal 15: Discuss the way of resending HARQ-ACK feedback.
Proposal 16: Adopt Option 1 (dropping PUSCH/transmit SR), and Option 2 (mapping SR onto PUSCH if feasible)
Proposal 17: Discuss the way of implicitly indicate no HARQ-ACK feedback.
Page 6 / 6

