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1	Introduction
During RAN plenary #81, a new version of the release 15 NR specifications was approved. While the specs are in good shape, there are few open points and corrections. 
In this contribution, we discuss open points and corrections to the specification related to the uplink control channel design. Specifically, we consider the following points:
· Error cases for PUCCH/PUSCH multiplexing.
· Determination of slots used for a multi-slot PUCCH transmission.
· Null A-CSI overlap with PUCCH
· Avoiding CSI part 1 puncturing due to rounding.
· [bookmark: _Hlk528694995]Determination of number of coded modulation symbols for UCI.

2	Error cases for PUCCH/PUSCH multiplexing
In RAN1#94bis [1], the following conclusion was reached:

Conclusion:
· It is clarified at least the following cases are error cases for Rel-15. How to handle the error cases is up to UE implementation.
· PUCCH overlaps with 1-symbol PUSCH 
· PUCCH overlaps with 2-symbol or 3-symbol PUSCH with frequency hopping enabled 
· HARQ-ACK on PUCCH overlaps with 4-symbol PUSCH with DMRS on the last symbol without frequency hopping enabled for PUSCH
· FFS the case of frequency hopping enabled – to conclude in RAN1#95
· No spec update is necessary for the above

It is an open point if and what are the error cases when PUCCH overlaps a PUSCH. There are two principles followed when a UCI is multiplexed on PUSCH:
1. UCI coded modulation symbols are not multiplexed into symbols carrying DMRS.
2. HARQ-ACK coded modulation symbols are mapped after the first DMRS symbol in each frequency hop.

Applying these principles, if there are no non-DMRS symbols in each frequency hop UCI can’t be multiplexed in PUSCH, or if there are no non-DMRS symbols after the first DMRS symbol of each frequency hop, HARQ-ACK can’t be multiplexed in PUSCH. Both of these would be considered error cases if a PUCCH overlaps a corresponding PUSCH. The attached CR “Error Cases in PUCCH/PUSCH multiplexing” describes the required test change to TS 38.213 [3].
Proposal 1: Adopt attached CR “Error Cases in PUCCH/PUSCH multiplexing” for TS 38.213.
3	Determination of slots used for Multi-slot PUCCH
In section 9.2.6 of TS 38.213 [3], the procedure for determining the slots used for a multi-slot PUCCH transmission is described as follows:

“If a UE is provided higher layer parameter TDD-UL-DL-ConfigurationCommon, or is additionally provided higher layer parameter TDD-UL-DL-ConfigDedicated, as described in Subclause 11.1, the UE determines the  slots for a PUCCH transmission starting from a slot indicated to the UE as described in Subclause 9.2.3 and having
-	an UL symbol or flexible symbol provided by higher layer parameter startingSymbolIndex in PUCCH-format1, or in PUCCH-format3, or in PUCCH-format4 as a first symbol, and
-	consecutive UL symbols or flexible symbols, starting from the first symbol, equal to or larger than a number of symbols provided by higher layer parameter nrofsymbols in PUCCH-format1, or in PUCCH-format3, or in PUCCH-format4


If a UE is not provided higher layer parameter TDD-UL-DL-ConfigurationCommon, the UE determines the  slots for a PUCCH transmission as the  consecutive slots starting from a slot indicated to the UE as described in Subclause 9.2.3.”
This procedure fails to address two points:
1. Unpaired spectrum with no semi-static UL/DL configuration. In this case, multi-slot PUCCH should avoid slots where a would-be PUCCH transmission would overlap with SS/PBCH block.
2. The presence of a gap between the last DL symbol of semi-static configuration/SS/PBCH block and the first uplink symbol of the PUCCH transmission, when PUCCH is transmitted in symbols configured as flexible symbols.
Both points have already been addressed for PRACH, we propose the same solution for multi-slot PUCCH. Accordingly, we propose the attached CR “Determination of slots used for Multi-slot PUCCH” for TS 38.213 [3]:
Proposal 2: Adopt attached CR “Determination of slots used for Multi-slot PUCCH” for TS 38.213.
4	Null A-CSI overlap with PUCCH
In RAN1#94bis overlap of Null A-CSI and PUCCH was discussed, but not agreed. This issue is described in section 2.8 of R1-1812021 [4]. In this case, we suggest that the PUSCH channel is not transmitted, and UCI is transmitted on the transmitted on the corresponding PUCCH channel. Accordingly, we propose the attached CR “Null A-CSI report overlap with PUCCH” for 38.213 [3].
Proposal 3: Adopt attached CR “Null A-CSI report overlap with PUCCH” for TS 38.213.
5	Avoiding CSI part 1 puncturing due to rounding
In [5] and section 2.5 of [4], an issue was identified with the multiplexing of UCI on PUSCH without UL-SCH, and when frequency hopping is enabled. The issue is that some of the CSI-part1 bits are punctured, while there are enough resources across both hops to send the reserved HARQ-ACK information and CSI-part1 without puncturing. The issue occurs when the number of reserved HARQ-ACK bits equals the number of CSI-part2 bits, and HARQ-ACK bits are not split equally between the two hops due to rounding. Consider for example, the following scenario (based on the first example in [5]):
· Number of REs in the first hop: 1 PRB x 12 (subcarriers) x 5 (symbols) = 60 REs. With 16QAM, this corresponds to 240 bits.
· Number of REs in the second hop: 1 PRB x 12 (subcarriers) x 5 (symbols) = 60 REs. With 16QAM, this corresponds to 240 bits.
· Assume that: , , and . Note that , which is the number of bits available in the first and second hop.
·  is split between the first and second hops such that an integer number of symbols (i.e. in groups of 4-bits with 16-QAM) is occupied by HARQ-ACK in each hop, with rounding down in the first hop and the rest of the bits for HARQ-ACK go to the second hop. In this case: , and .
· Similarly,  is split between the first and second hops such that an interger number of symbols (i.e. in groups of 4-bits) is occupied by CSI-part1 in each hop, with rounding down in the first hop and the rest of the bits for CSI-part1 go to the second hop. In this case: , leaving 176 bits of CSI-part1 to go to the second hop. However, as the second hop has already 68 bits of HARQ-ACK and there are 240 bits available in the second hop, only 172 bits of the CSI-part1 can fit in the second hop, meaning that 4 CSI-part1 bits are punctured. It is worth noting that in the first hop only 236 bits are user for HARQ-ACK (64 bits) and CSI-part1 (172 bits).
· The reason for this is the rounding down of HARQ-ACK and CSI-part1 in the first frequency hop.

In [5], a solution was proposed to have HARQ-ACK bits rounded up in the first hop. While this does indeed solve the issue, it introduces a non-backward compatible change for all cases that require rounding even cases that don’t have this issue, for example if there are enough bits in the second hop to cover the extra CSI-part1 bits.
In [6], an alternative solution is presented that addresses the corner cases where this issue happens without impacting other cases. This solution requires special handling for these corner cases.
Yet another solution, is to consider the corner cases describes in this section as error cases that are not supported. This would not impact any existing implementations and potential issues UE-base station compatibility implemented according to different versions of the standard.
Observation 1: The UE is not expected to multiplex CSI part 1 on PUSCH if there are not enough REs in the first frequency hop of PUSCH for the code modulation symbols of CSI part 1.
[bookmark: _Hlk492897650]6	Determination of number of coded modulation symbols for UCI
According to TS 38.212 [2], the coded modulation symbols of HARQ-ACK, CSI part 1 and CSI part 2 when multiplexed on PUSCH with UL-SCH is determined by the following equations:






An issue that was discussed in RAN1#94bis, and also raised in R1-1811489 [7], is the summation  has filler bits which should be excluded. While it is accurate to exclude the filler bits from this summation, doing so creates potential UE-base station compatibility issue implemented according to different versions of the standard. We suggest not to change the equation for Q in 38.212, and rely on adjusting the PUSCH Beta offset to compensate for the filler bits.
[bookmark: _Hlk528851360]Observation 2: The effect of inclusion of filler bits on the number of coded modulation symbols for UCI, can be compensated by adjusting the PUSCH Beta offset.
7	Conclusions
In this contribution, we discussed the remaining open issues related to the uplink physical control channel. The following observations and proposal were made:
[bookmark: _GoBack]Proposal 1: Adopt attached CR “Error Cases in PUCCH/PUSCH multiplexing” for TS 38.213.
Proposal 2: Adopt attached CR “Determination of slots used for Multi-slot PUCCH” for TS 38.213.
Proposal 3: Adopt attached CR “Null A-CSI report overlap with PUCCH” for TS 38.213.
Observation 1: The UE is not expected to multiplex CSI part 1 on PUSCH if there are not enough REs in the first frequency hop of PUSCH for the code modulation symbols of CSI part 1.
Observation 2: The effect of inclusion of filler bits on the number of coded modulation symbols for UCI, can be compensated by adjusting the PUSCH Beta offset.
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