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1. Introduction
In this contribution, we address the remaining issues of UCI multiplexing on PUSCH for Rel-15 Dec. drop.
2. Overlap handling between different uplink transmissions
In RAN1#92-bis meeting [1], the following working assumption and agreements were reached for overlap handling between different uplink transmissions:
Working assumption:
· When single-slot PUCCH overlaps with single-slot PUCCH or single-slot PUSCH in slot n for a PUCCH group,
· The UE multiplex all UCIs on either one PUCCH or one PUSCH, using the existing UCI multiplexing rule, if both following conditions are satisfied:
· If the first symbol of the earliest PUCCH(s)/PUSCH(s) among all the overlapping channels starts no earlier than symbol N1+X after the last symbol of PDSCH(s) 
· If the first symbol of the earliest PUCCH(s)/PUSCH(s) among all the overlapping channels starts no earlier than N2+Y after the last symbol of PDCCHs scheduling UL transmissions including HARQ-ACK and PUSCH (if applicable) for slot n
· If at least one pair of overlapping channels does not meet the above timeline requirements, UE consider it is an error case for all UL channels in the group of overlapping channels. UE behavior is not specified. 
· The definition of N1 and N2 follows the same definition in current NR spec. 
· X and Y are non-negative integer values.
· FFS on values of X and Y 
· FFS on timeline requirement for multiplexing UCIs on PUSCH with A-CSI. 
· FFS how to handle one PUCCH overlap with multiple PUSCHs which satisfy timeline requirement.
· FFS: how to handle HARQ-ACK for semi-static PDSCH.
· FFS multiplexing rule when AN PUCCH resource with F1 overlaps with SR PUCCH resource with F0.
· FFS: how to handle semi-statically configured PUCCH overlap with semi-statically configured PUCCH or PUSCH.
· Note: The above proposal does not override the dropping rules defined for ACK/SR colliding with A-CSI-only on PUSCH without UL-SCH, or ACK/SR colliding with SP-CSI on PUSCH without UL-SCH. 
· Note: Consider how to handle PUCCH colliding with other UL channels in NR Rel. 15 June drop when URLLC is taking into account.

Agreements:
· For SP-CSI on configured PUSCH without UL-SCH colliding with a PUSCH with UL-SCH with overlapped symbols in time 
· When starting symbols between the two channels are aligned, drop SP-CSI (following MIMO agreements made in last meeting)
· When starting symbols between the two channels are not aligned
· FFS
· Note: this replaces the MIMO agreements made earlier

Overlap handling for NR-CA with CCs of different numerologies within a NR PUCCH-group
NR supports NR-CA with CCs of different numerologies within a NR PUCCH-group, and with CCs of different numerologies between NR PUCCH-groups. Detailed HARQ-ACK feedback procedure and CA aspects are discussed in [R1-1807067] and [R1-1807071]. From our point of view, these two features are quite important to make sure that NR can support high data rate by aggregating multiple CCs over FR1 and FR2.
So far, RAN1 has not well discussed how/whether to support UCI on PUSCH for CA with different numerologies within a NR PUCCH-group. First of all, we want to make sure that this is supported similar to the case of CA with the same numerology within a NR PUCCH-group.
We have working assumption as captured above, but the working assumption does not consider the case of NR-CA with CCs of different numerologies within a NR PUCCH-group. Other agendas as CA and UE feature have some agreements for mixed numerology transmissions, hence overlapping handling for PUCCH and PUCCH/PUSCH should cover NR-CA with CCs of different numerologies within a NR PUCCH-group.
Proposal 1:
· Clarify that Rel. 15 NR supports UCI multiplexing on PUSCH for NR-CA with CCs of different numerologies within a NR PUCCH-group.
In NR-CA with CCs of different numerologies within a NR PUCCH-group, for example, PUCCH in slot n on mmW collides PUCCH in slot m and PUSCH in slot m+2, which is described in Figure 1 (a). It seems that the overlap case is similar to Figure 1 (b) of an example for single numerology transmission. If NR defines and supports overlap handling for multiple PUCCH/PUSCH transmissions, the handling method can be applied to the mixed numerology transmissions easily. The current working assumption mentions overlapping case between single-slot PUCCH and single-slot PUCCH/PUSCH in slot n for a PUCCH group, but overlap handling for multiple PUCCH/PUSCH transmissions are discussed in this meeting. Thus, NR clearly supports overlap handling for NR-CA with CCs of different numerologies within a NR PUCCH-group, including UCI on PUCCH/PUSCH with different numerology.
[image: ]
(a) NR-CA with CCs of different numerologies within a NR PUCCH-group
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(b) NR-non-CA
Figure 1: Overlap example between multiple PUCCHs/PUSCHs

Overlap handling for multi-slot transmissions
The above working assumption refers overlapping case between single-slot PUCCH and single-slot PUCCH/PUSCH in slot n for a PUCCH group. NR supports multi-slot transmissions (i.e. repetition), hence overlapping handling between multi-slot PUCCHs/PUSCHs. In our views, the existing overlap handling can be applied in collision slot only.
Figure 2 provides an example for the overlapping case, where the second, third, fourth PUCCH transmissions collide the first, second, third PUSCH transmissions, respectively. In other words, the multiple overlaps can be separated to consider the collision handling. In this example, PUCCH in slot n can be transmitted without overlap handling as dropping either or multiplexing both. For slot n+1, n+2, n+3, PUCCH and PUSCH are overlapped, and then UCI is multiplexed on the PUSCH if processing time is provided enough. Finally, the last PUSCH can be transmitted without any overlap handling. It seems that there is no issue such as overlap handling on multi-slot transmissions if only overlap handling methods are defined for all UL transmission types. Then, timeline requirement needs to be defined, and it is straightforward to apply to the first overlapping slot.
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Figure 2: Overlap example between multi-slot PUCCH and multi-slot PUSCH
Proposal 2:
· For multi-slot UL transmissions (PUSCH/PUCCH), the existing overlap handling as multiplexing both or dropping either is applied to the overlapping slot only.
· Timeline requirement is applied to the first overlapping slot.

Overlap handling between SP-CSI on PUSCH and UL-SCH
NR does not admit multiplexing between SP-CSI reporting on PUSCH and UL-SCH according to MIMO session agreements. SP-CSI is dropped always in collision case. RAN1#92-bis meeting confirms that the above agreement targets for the case of the same starting symbol. Still FFS when the starting symbols are not aligned, and we propose the prohibition is applied to the case of the different starting symbol as well.
The reason why the prohibition of the multiplexing was agreed is the current NR specification does not have any indication of successful activation/deactivation. gNB cannot know whether UE multiplexes SP-CSI on the UL-SCH, which may occur if PDCCH for the activation/deactivation is failed to detect at the UE. The impact may continue semi-permanently. Here the same issue occurs for the different starting symbol, hence SP-CSI reporting on PUSCH should be dropped when the SP-CSI is collided to UL-SCH with different starting symbol.
Proposal 3:
· For SP-CSI on configured PUSCH without UL-SCH colliding with a PUSCH with UL-SCH with overlapped symbols in time, when starting symbols between the two channels are not aligned, drop SP-CSI.

3. Details of UCI on PUSCH without UL-SCH
In RAN1#92 meeting [2], the following agreements were reached for A-CSI on PUSCH without UL-SCH:
Agreements:
For UCI-only multiplexed on PUSCH without UL-SCH
· Modulation order and code rate are signalled in DCI.
· Resource determination following the same principle as UCI multiplexing on PUSCH with UL-SCH.  
· FFS: A-CSI only without UL-SCH on PUSCH is triggered explicitly based on adding one bit in DCI or triggered implicitly based on a special combination of certain existing fields in DCI.
· FFS: how modulation and code rate are signalled.

Still we need to discuss 
- How to indicate A-CSI on PUSCH without UL-SCH,
- Modulation and coding rate.
[bookmark: _GoBack]In LTE, A-CSI on PUSCH without UL-SCH is indicated by implicit way, i.e., using some fields of a DCI format for a given DCI format; MCS index (I_MCS), the numbers of TBs/layers, “CSI request” field, and the number of scheduled PRBs (N_PRB). It is noted that the modulation order is always set to Q_m=2, i.e. QPSK.
For NR, we have the following two options to indicate A-CSI on PUSCH without UL-SCH: 
- Option 1: Special combination of existing fields in DCI
- Option 2: New one-bit field in DCI
For Option 1, NDI (with toggling), I_MCS, RV, CSI request field can be used for the indication. (LTE uses N_PRB as well, but it is not desirable for NR to use N_PRB. The number of symbols is variable in NR, which implies that such as scheduling restrictions of N_PRB is not suitable.) Some companies propose [3] indication methods with NDI (with toggling), I_MCS, RV, CSI request field. However, according to the following evaluations, our preference is Option 2.
Figure 3 evaluates the indication method with NDI, I_MCS, CSI request field, without RV. If the NDI is toggled based on the last UL transmission, and if PDCCH detection for A-CSI without UL-SCH between initial UL-SCH#0 and re-trans UL-SCH#0 is missed, UE misunderstands the re-trans UL-SCH#0 as another initial UL-SCH#1. The system is broken according to the above case; hence the special combination fields cannot be adopted. Toggling based on the last UL-SCH as shown in Figure 3 (b) can solve the issue. Even if PDCCH detection for A-CSI without UL-SCH between initial UL-SCH#0 and re-trans UL-SCH#0 is missed, UE understands the re-trans UL-SCH#0 correctly. However, still NDI toggled based on the last UL-SCH has an issue in another case as Figure 3 (c). If PDCCH detection for initial UL-SCH#1 between re-trans UL-SCH#0 and A-CSI without UL-SCH is missed, UE misunderstands the A-CSI without UL-SCH as re-trans UL-SCH#0. Even though UL-SCH transmissions are not affected in this case and the impact of failure of A-CSI reporting is small, misunderstanding such as the above case should be avoided as possible. The indication of A-CSI on PUSCH without UL-SCH may be able to include RV field, but the RV cannot be used for some retransmissions, which means the scheduling flexibility degrades. 
Thus, summarizing the above discussions, A-CSI on PUSCH without UL-SCH should be indicated by new one-bit field in DCI. Option 2 is much simpler and safer compared to Option 1. Additional one-bit in DCI field 0_1 has quite small degradation. Additionally, Option 2 has the advantage that modulation order and coding rate can be indicated by I_MCS in the DCI.
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(a) Toggling based on the last UL transmission
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(b) Toggling based on the last UL-SCH: case i
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(c) Toggling based on the last UL-SCH: case ii
Figure 3: Evaluations of PDCCH misdetection
Observation 1:
· For A-CSI on PUSCH without UL-SCH, if special combination of existing fields in DCI as NDI/I_MCS/RV/CSI request field, misunderstanding between gNB and UE occurs when PDCCH detection is missed.
Proposal 4:
· New one-bit field is added in DCI format 1_0, which indicates A-CSI on PUSCH without UL-SCH.
· Modulation order and coding rate are indicated by I_MCS = 0~27 with 256 QAM or 0~28 without 256QAM.

4. Conclusion
 Observation 1:
· For A-CSI on PUSCH without UL-SCH, if special combination of existing fields in DCI as NDI/I_MCS/RV/CSI request field, misunderstanding between gNB and UE occurs when PDCCH detection is missed.
Proposal 1:
· Clarify that Rel. 15 NR supports UCI multiplexing on PUSCH for NR-CA with CCs of different numerologies within a NR PUCCH-group.
Proposal 2:
· For multi-slot UL transmissions (PUSCH/PUCCH), the existing overlap handling as multiplexing both or dropping either is applied to the overlapping slot only.
· Timeline requirement is applied to the first overlapping slot.
Proposal 3:
· For SP-CSI on configured PUSCH without UL-SCH colliding with a PUSCH with UL-SCH with overlapped symbols in time, when starting symbols between the two channels are not aligned, drop SP-CSI.
Proposal 4:
· New one-bit field is added in DCI format 1_0, which indicates A-CSI on PUSCH without UL-SCH.
· Modulation order and coding rate are indicated by I_MCS = 0~27 with 256 QAM or 0~28 without 256QAM.
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