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1.	Introduction
A couple of remaining issues for UCI multiplexing are discussed in this contribution, including the following aspects.
· UCI mapping on PUSCH
· Indication of A-CSI without UL_SCH
· Collision between long PUCCH repetitions and other transmission 
This contribution is a revised contribution from R1-1803834.
2. UCI mapping on PUSCH
2.1 Determination of the reserved RE and actual used HARQ-ACK resource
In previous meetings, a couple of agreements are as follows,
Agreements:
· When UE determines to transmit 0, 1, or 2 HARQ-ACK bits, the amount of reserved REs for HARQ-ACK is calculated assuming 2-bits HARQ-ACK, along with the beta_offset determined for the particular transmission
· In case the number of HARQ-ACK bits determined at UE is less than 2, the modulated HARQ-ACK symbols are mapped to a subset of the reserved REs.
· FFS how to determine the subset
Agreements:
· Clarify in 38.212 that modulated HARQ-ACK symbols are not mapped to non-DMRS symbol before the first DMRS symbol(s) 

Working assumption:
· Locations of the reserved REs for HARQ-ACK are determined following the same rule defined (in RAN1 #91) for mapping modulated HARQ-ACK symbols to REs.

For HARQ-ACK transmitted on PUSCH, it is agreed that some REs are reserved if HARQ-ACK is up to 2bits. HARQ-ACK can be only mapped in the reserved REs and CSI part 1 cannot be mapped in the reserved REs. The following aspects are need to be further clarified,
1) T-F location of the reserved REs
2) Determination of the actual used reserved Res for HARQ-ACK transmission
Time-frequency location for HARQ-ACK reserved REs
The WA is locations of the reserved REs for HARQ-ACK are determined following the same rule defined (in RAN1 #91) for mapping modulated HARQ-ACK symbols to REs. However, the detailed is not provided. Similar to the afore mentioned distributed UCI mapping rules, the time-frequency location is determined as follows.
Proposal 1: the time-frequency location of HARQ-ACK reserved REs are determined as follows
· On i-th OFDM symbol, Reserved REs are mapped to:
· the REs from 0th to N_avaliable_RE –1, if the number of unmapped reserved REs at the beginning of OFDM symbol i is larger or equal to the number of available REs in this OFDM symbol.
· the REs in the set {jk, k = 0,1,2,…N_unmapped_RE –1}, where  jk  = floor(the number of available REs on i-th OFDM symbol/the number of unmapped modulated symbols for that UCI at the beginning of OFDM symbol i * k) 
· where i starts from the index of the first available non-DMRS symbol after the first DMRS symbol(s)
Determination of the subset for actual used HARQ-ACK REs 
In case the number of HARQ-ACK bits determined at UE is less than 2, the modulated HARQ-ACK symbols are mapped to a subset of the reserved REs. A rule for determination of the subset is needed. A simple approach is to pick up the REs actual used REs from the reserved REs with uniformly-spaced, in such approach the diversity gain can be achieved.
Proposal 2: The REs of the subset for actual used HARQ-ACK REs is selected from the qk reserved REs, where {qk, k = 0,1,2,…N_actual_RE –1}, and qk=floor(the number of reserved REs/ the number of actual used REs * k)
2.2 Indication of A-CSI without UL_SCH	
Indication of whether UL_SCH is together included in the PUSCH transmission with UCI is necessary, otherwise some resources may be wasted if no UL_SCH is ready. In LTE, if eNB indicated a-CSI transmission and the number of PRB is up to 4, UE is not required to delivered UL_SCH in the PUSCH transmission. However, the duration of the PUSCH can be dynamically changed in NR, therefore using the number of PRBs is not appropriate for NR. Some proposals are proposed as follows,
Option 1: Reuse NDI/RV/MCS fields
This option reuse the NDI, RV and MCS fields to trigger CSI on PUSCH without UL-SCH data. By this option, NDI bit is toggled compared to the previous transmission for the same HARQ process and RV is set to 0. Then this can be combined with IMCS = {[28], 29, 30, 31} indicating the modulation order for CSI on PUSCH without UL-SCH data is QPSK, 16QAM, 64QAM and [256QAM] (if PUSCH can support 256QAM).
However, both in NR and LTE, UE shall flush the buffer according to NDI toggle. By reusing NDI/RV/MCS fields, gNB cannot indicate UE to flush buffer with DCI scheduling a-CSI without UL_SCH.
Option 2: indicates A-CSI transmission without UL_SCH according to the number of PRB and the number of OFDM symbols
Similar to LTE mechanism, if the time-frequency resources for PUSCH is very limited when a-CSI is triggered, UE reports the a-CSI without UL_SCH. However, the duration of the PUSCH can be dynamically changed in NR, therefore using only number of PRBs is not appropriate for NR. This can be optimized by also considering the number of OFDM symbols for PUSCH transmission as well. 
Option 3: add 1-bit to indicate a-CSI without UL_SCH
For this option, additional 1-bit is added to indicate a-CSI without UL-SCH. It’s the simplest and clearest option. It has no the drawback of NDI toggle nor HARQ process reserved. In addition, all MCS values can be used rather than limited within in the set of {[28], 29, 30, 31} comparing with other options.
Proposal 3: Add 1-bit in DCI to indicate a-CSI without UL-SCH.

3. Collision between long PUCCH repetitions and other transmission
Partial overlapping of single-slot PUCCH and multi-slot PUSCH with different start symbols
Regarding overlapping of PUCCH and PUSCH, some agreements were achieved at last meeting as following:
Agreements:
· When a single slot PUCCH overlap with a single slot PUSCH with the same starting symbol and with different ending symbols, PUCCH is not transmitted and UCI is piggybacked on PUSCH using the same multiplexing rules defined in 38.212 for fully overlapped PUCCH and PUSCH. 
· FFS: overlap for multiple slot transmissions.
Agreements:
· In case a single slot PUCCH overlap with a multi-slot PUSCH transmission 
· If the starting symbol of PUCCH and PUSCH are aligned in a slot, piggyback UCI on PUSCH in that slot using the same multiplexing rules defined in 38.212 for fully overlapped PUCCH and PUSCH and drop PUCCH transmission

In case a single slot PUCCH overlap with multi-slot PUSCH transmission, there was an intense offline discussion specifically for PUCCH and PUSCH have different starting symbols.
Some companies claimed that the processing timeline is important, i.e., the ongoing transmission is not expected to be interrupted/cancelled. Based on such principle, it is expected that earlier transmission has higher priority than late transmission. Therefore, if starting symbol of PUCCH is earlier than PUSCH, PUSCH should be cancelled or postponed. If PUSCH is cancelled, then the performance of multi-slot PUSCH is impacted. If PUSCH is postponed, then further rules need to be defined, e.g., what if the postponed PUSCH collided with another PUCCH/PUSCH. 
Therefore, considering the limited timeline for NR Release 15, it is preferred that UE is not expected to be scheduled a single slot PUCCH overlap with a multi-slot PUSCH transmission with different starting symbols.
Proposal 4: it is proposed that UE is not expected to be scheduled a single slot PUCCH overlap with a multi-slot PUSCH transmission with different starting symbols. 

Besides, the collision between long PUCCH repetitions and other transmission need to be decided.
Collision with other transmission PUSCH or SRS during long PUCCH repetition transmission
In LTE, other uplink transmissions, such as SRS or PUSCH, are dropped during the transmission of HARQ-ACK repetition. This is desirable because the HARQ-ACK repetition is intended for the coverage limited UE for which simultaneously transmissions are likely unreliable or even impossible. 
It seems reasonable to reuse such behavior in NR. One may argue that in the case of long PUCCH colliding with URLLC transmission, the later should be prioritized. However, it is questionable whether the URLLC transmission can be reliably transmitted with required PSD for the power limited UE. If indeed necessary, further enhancement is probably needed to enable such transmission, which may not be in the Release-15 timeline. 
[bookmark: _Ref481592423]Proposal 5: UE shall drop other uplink physical signals or channels during long PUCCH repetition transmission. 

(Partially) overlapping of different type of long PUCCH repetitions
On the other hand, it is possible that different types of long PUCCH repetitions are partially overlapping in some slots. In principle, there are two alternatives for this issue:
· Alt.1: Simply drop the other PUCCH transmissions at the duration of an on-going long PUCCH repetition transmission.
· Alt.2: Multiplex the other PUCCH transmissions together with the on-going long PUCCH repetition transmission.
Alt.2 would complicate the design. Moreover, it may not be robust enough to decode both PUCCH transmissions after multiplexing. Finally, such collision can simply be avoided by the gNB scheduler. Therefore, Alt.1 is preferred.
[bookmark: _Ref503552011][bookmark: OLE_LINK1][bookmark: OLE_LINK2]Proposal 6: UE shall drop other UCI transmissions (Partially) overlapping with an on-going PUCCH repetition transmission. 

4.	Conclusion
In this document, we discuss the UL signal combinations with the different durations and other remaining UCI multiplexing issues. The following proposals are proposed.
Proposal 1: the time-frequency location of HARQ-ACK reserved REs are determined as follows
· On i-th OFDM symbol, Reserved REs are mapped to:
· the REs from 0th to N_avaliable_RE –1, if the number of unmapped reserved REs at the beginning of OFDM symbol i is larger or equal to the number of available REs in this OFDM symbol.
· the REs in the set {jk, k = 0,1,2,…N_unmapped_RE –1}, where  jk  = floor(the number of available REs on i-th OFDM symbol/the number of unmapped modulated symbols for that UCI at the beginning of OFDM symbol i * k) 
· where i starts from the index of the first available non-DMRS symbol after the first DMRS symbol(s)

Proposal 2: The REs of the subset for actual used HARQ-ACK REs is selected from the qk reserved REs, where {qk, k = 0,1,2,…N_actual_RE –1}, and qk=floor(the number of reserved REs/ the number of actual used REs * k)
Proposal 3: Add 1-bit in DCI to indicate a-CSI without UL-SCH.
Proposal 4: it is proposed that UE is not expected to be scheduled a single slot PUCCH overlap with a multi-slot PUSCH transmission with different starting symbols. 
Proposal 5: UE shall drop other uplink physical signals or channels during long PUCCH repetition transmission. 
Proposal 6: UE shall drop other UCI transmissions (Partially) overlapping with an on-going PUCCH repetition transmission. 
5. References
[1] Chairman's Notes RAN1#91 and Chairman's Notes NR Adhoc#1801 and Chairman's Notes RAN1#92
[2] TS38.212


5/5
