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1 Introduction

This contribution considers remaining aspects on PUCCH transmissions, including:

a) Resolving the ambiguity from conflicting agreements on overlapped PUCCHs from RAN1#93
b) Number of PUCCH repetitions and associated UCI types
c) Collisions of PUCCH with repetitions with UL channels/signals other than PUSCH
d) UCI multiplexing on multi-slot PUSCH
e) Other
2 Remaining Aspects
PUCCH overlapping
The following were agreed in RAN1#93 regarding PUCCH overlapping.
Agreements:

Within a group of overlapping PUCCH/PUSCH channels satisfying the timeline requirements, adopt the following procedure 

· Step 1: determine a set of non-overlapping (in time)PUCCH resource(s) for UCI multiplexing by considering only the PUCCH resources in the group (irrespective whether or not PUSCH(s) exists), where each PUCCH resource satisfies the timeline requirements

…

Agreements:

· For step 1, while there are overlapping PUCCH resources in a slot,

· The UE determines the PUCCH resource (resource A) that overlaps with at least another PUCCH resource with the priority order of earliest followed by largest duration (if applicable)

· In case of multiple candidates for resource A, the UE can pick one (implementation-specific)

· The UE determines a set of PUCCH resources (resource set X) overlapping with PUCCH resource A. 

· The UE determines a PUCCH resource and corresponding UCI for multiplexing the PUCCH resource A and PUCCH resources in set X in one shot.

· The determined PUCCH resource and the corresponding UCI replace resource set X and resource A 

· For step 1, when there are no more overlapping PUCCH resources in the slot, the UE determines “the timeline requirements for overlapping UL channels”. If the requirement is met, the UE proceeds to Step 2. 

· Note: the above is per PUCCH group

· The above agreements is to replace Step 1 in the agreements under 7.1.3.2.3

In [1], the pseudo-code for determining a PUCCH resource for overlapped PUCCH resources is according to the first agreement above; however, as highlighted, this agreement is replaced by the second agreement. The difference in the two agreements is that the first one considers all overlapping PUCCH resources while the second one considers only the PUCCH resources that overlap with the earliest PUCCH resource (or with the PUCCH resource with the longer duration in case of multiple earliest PUCCH resources). Although the first agreement is probably technically preferable and almost always the two agreements will have the same end result, the pseudo-code in [1] needs to be updated, as below, to reflect the second agreement.
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end if

end while
Additionally, the working assumption for the timeline requirements on overlapping UL channels can be confirmed (with T=1). 
Proposal 1: Update the pseudo-code to capture the updated agreement from RAN1#93.

Proposal 2: Confirm the working assumption from RAN1#93.

UCI types for PUCCH repetitions
Considering the following two agreements for PUCCH repetitions, the following apply. For the first agreement, UCI is limited to 1-2 UCI bits and hence is applicable only to HARQ-ACK/SR. The second agreement expands to more than 2 UCI bits and may therefore be viewed as also being applicable to CSI.

 Agreements: (RAN1 AH1801)
· For PUCCH in long duration, 

· At least for 1 or 2 UCI bits, the UCI can be repeated within N slots (N>1)

· The N slots may or may not be adjacent in slots where PUCCH in long duration is allowed

· Details are FFS, including repetition scheme including same or different formats, the possible value(s) N, the mechanism to determine the value of N, etc.

· FFS for >2 UCI bits

· FFS the case of within a slot
Agreements: (RAN1#90bis)
· Each slot in the multiple slots for long-PUCCH over multiple slots is always contained with a slot

· For long PUCCH with more than 2 bits over multiple slots, all UCI bits are encoded and transmitted in each slot

There are a couple of problems with applying PUCCH repetitions to multiple UCI types and, more importantly, to more than 1 (or 2) UCI bits (it is noted that PUCCH repetitions in LTE are applicable to 1-2 HARQ-ACK bits from Rel-8 and to 1 HARQ-ACK bit for eMTC UEs). 

The first problem is that the number of repetitions does not consider the number of UCI bits. Therefore, assuming that a UE is transmitting with nearly maximum power (hence, the PUCCH repetitions), a same number of repetitions applies for e.g. 3 UCI bits and 11 UCI bits despite a ~5-6 dB required difference in SINR. For non-power limited UEs, the transmission power is adjusted according to the number of UCI bits. Also, for PUCCH format 0 or 1, it is also adjusted based on the number of transmission symbols [1]. 
The second problem is that RRC configuration for PUCCH repetitions does not differentiate the number of repetitions based on the UCI type. Therefore, for more than 2 UCI bits, if a network supports only PUCCH format 3, either both or none of HARQ-ACK and CSI can be transmitted with repetitions, regardless of the target reliabilities/BLERs. Similar, if a network supports both PUCCH format 3 and PUCCH format 4, differentiation for configuration of repetitions for HARQ-ACK and CSI can only be by assigning different corresponding PUCCH formats (although a UE may not be supporting PUCCH format 4). 
The second problem is not as severe as the first problem (e.g. it also exists when jointly coding CSI and HARQ-ACK/SR for transmission in a PUCCH and the lower target BLER, if the target BLERs are not same, can be provisioned). Further, as previously noted, these two problems do not exist in LTE. 
There are two alternatives to resolving the first problem. The first alternative is to limit the applicability of PUCCH repetitions only to one HARQ-ACK (or SR) bit. However, this is more restrictive in NR than in LTE since the PUCCH transmission period over a slot can be materially shorter (e.g. due to fewer than 13-14 symbols being available and/or due to the SCS being higher than 15 KHz). Also, if transmission of 1 HARQ-ACK bit requires repetitions, it is practically certain that CSI cannot be reliably transmitted.
The second is to scale the number of repetitions based on the UCI payload. For PUCCH format 3 or PUCCH format 4 and for up to 11 UCI bits, the power is increased by 
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 can be for 11 UCI bits and the number of repetitions for a smaller number of UCI bits can be reduced relative to 
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 - this can result to only a single repetition for e.g. 1 HARQ-ACK bit but still have more than one repetitions for e.g. 10 UCI bits. 
A number of UCI bit larger than 11 does not need to be considered as such UCI payloads may be considered unlikely for (nearly) power limited UEs (may still require some scheduler restrictions especially for TDD systems). Otherwise, additional adjustment factors can be considered to account for different coding gains. 
Proposal 3: For PUCCH repetitions, the number of UCI bits is 
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Other collisions types for a PUCCH with repetitions
For PUCCH and PUSCH collisions, specifications are complete based on the agreements from RAN1#93. Remaining collision cases of a PUCCH transmission with repetitions include the following:

a) Collision with SRS: Drop SRS
b) Collision among PUCCH transmissions
a. Prioritize HARQ-ACK over other UCI types 

b. Prioritize ongoing HARQ-ACK transmission over new HARQ-ACK transmission

If PUCCH repetitions for CSI are to also be supported, additional prioritizations need to be considered. Periodic/semi-persistent CSI is typically prioritized over periodic/semi-persistent SRS but not over aperiodic SRS. Considering the use cases for collisions when a UE is configured for PUCCH repetitions, prioritization rules can be simplifies to be same for all UCI types. For collisions among CSI and SR, SR can be prioritized. 

Proposal 4: For collision of a PUCCH transmission with repetitions and SRS, drop SRS. For collision of a PUCCH transmission with repetitions and a PUCCH transmission with or without repetitions, prioritize (a) the ongoing PUCCH transmission for same UCI type, (b) HARQ-ACK over SR or CSI, and (c) SR over CSI.

UCI multiplexing on multi-slot PUSCH 

In RAN1 #93, the basic mechanism for UCI multiplexing on multi-slot PUSCH was agreed. 

Agreements:

· When single slot PUCCH overlaps with multi-slot PUSCH repetition in a slot, if the timeline requirement is met for the overlapped slot, multiplexing UCI on PUSCH in the overlapped slot; otherwise, it is considered as an error case for the overlapped slot
Agreements:

· At least for Dec drop, when multi-slot PUCCH repetition overlap with single/multi-slot PUSCH repetition in time, dropping PUSCH without deferral in overlapping slots if the timeline requirement within overlapping slots is met; otherwise; it is considered as the error case for overlapping slots

Based on the above agreements, it seems possible to multiplex UCI in any one or more PUSCHs of a multi-slot PUSCH transmission, e.g., HARQ-ACK can be in every slot of a multi-slot PUSCH. As shown in Figure 1, HARQ-ACK transmission for PDSCH in slot #1 and #2 is indicated to be in PUSCH in slot #6, and HARQ-ACK transmission for PDSCH in slot #4 is indicated to be in PUSCH in slot #9. A UE detects an UL grant in slot #5 that schedules a multi-slot PUSCH transmission with aggregationFactorUL = 4. However, the existing single UL DAI bit field in the UL grant scheduling the multi-slot PUSCH cannot indicate HARQ-ACK codebook size/presence for more than one slots. Extending the single slot UL DAI bit field to a multi-slot UL DAI bit field provides flexibility of HARQ-ACK multiplexing in each slot for a multi-slot PUSCH, e.g., 4 UL DAI bit fields with ‘10’, ‘00’, ‘00’ and ‘01’ for each slot in Figure 1. However, this is an over-design and the cost of linearly increased overhead in DCI is detrimental especially considering that the typical scenario for multi-slot PUSCH transmission is coverage limited operation. 

To maintain a single UL DAI bit field, the following alternatives are considered. 

(1) HARQ-ACK codebook size in each PUSCH is same, i.e. the UL DAI applies to all PUSCH repetitions for a multi-slot PUSCH transmission.

Because of the same HARQ-ACK codebook size in each PUSCH, the same rate matching applies for each PUSCH and the impact of HARQ-ACK multiplexing on data reception is similar for each PUSCH repetition – this is beneficial for keeping each repetition equivalent to other repetitions and for the implementation to combine data symbols across repetitions prior to decoding. 

For semi-static codebook, UL DAI indicates ‘yes’ or ‘no’ for HARQ-ACK multiplexing. The HARQ-ACK codebook size is fixed. It is up to gNB implementation to trigger HARQ-ACK feedback in any PUSCH for any number of PDSCHs. If UL DAI indicates ‘yes’ and the UE does not receive any PDSCH with HARQ-ACK feedback in a slot from the slots of the multi-slot PUSCH transmission, the UE still reports HARQ-ACK according to fixed codebook size with all values being NACK.  

For dynamic codebook, UL DAI indicates the HARQ-ACK codebook size. For each slot from the slots of the multi-slot PUSCH transmission, the HARQ-ACK codebook size is same according to UL DAI, while the gNB can schedule PDSCH receptions and indicate HARQ-ACK feedback timing that results to less HARQ-ACK feedback than the one determined by the UL DAI value in some slots from the slots of the multi-slot PUSCH transmission. 
(2) HARQ-ACK feedback is only in one slot from the slots of the multi-slot PUSCH. 

As multi-slot PUSCH is typically configured for coverage-limited operation, it is unlikely that a corresponding UE will have multiple PDSCHs to provide HARQ-ACK information in different slots of a multi-slot PUSCH transmission (although some minor scheduling restrictions are needed). Furthermore, in a coverage-limited scenario, it is unlikely to have strict latency requirements. Aggregating HARQ-ACK feedback for multiple PDSCHs in one PUSCH slot does not materially increase latency. 
The slot for HARQ-ACK feedback can be determined by the HARQ-ACK timing indicated in DL assignment and the UL DAI in the UL grant applies to that slot.  Because the UE detects the DL assignment at the same or a previous PDCCH monitoring occasion than the UL grant, the gNB can avoid cases where the UE needs to multiplex different HARQ-ACK feedback in more than one slots of a multi-slot PUSCH transmission. 
In addition, A-CSI multiplexing on a multi-slot PUSCH transmission is not yet specified. For multi-slot PUSCH scheduling, there is no separate timing indication for a slot where A-CSI is to be multiplexed. If only one pre-defined slot carries A-CSI, spectral efficiency for the corresponding PUSCH will be low (with a very large beta_offset is likely to be needed due to the very low spectral efficiency of data in a single PUSCH repetition) and the PUSCH repetition will be essentially lost. Therefore, it is preferable to multiplex A-CSI in every PUSCH repetition and have similar operation and impact on the data from A-CSI multiplexing as for single slot PUSCH transmission. 
Proposal 5: A UE multiplexes A-CSI in all PUSCH repetitions. Decide whether a UE multiplexes HARQ-ACK in all PUSCH repetitions or only in the PUSCH repetition indicated by the HARQ-ACK timing. 
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Figure 1: Multi-slot PUSCH scheduling with HARQ-ACK multiplexing
Other
In [1], the determination of slots for a PUCCH transmission with repetitions 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-ConfigurationCommon2, or is additionally provided higher layer parameter tdd-UL-DL-ConfigDedicated for the slot format per slot over the number of slots, as described in Subclause 11.1, the UE determines the [image: image37.wmf]repeat
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 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 PUCCH-F1-F3-F4-starting-symbol 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 PUCCH-F1-F3-F4-number-of-symbols.


The determination of valid PRACH occasions is described as follows.

	If a UE is provided higher layer parameter tdd-UL-DL-ConfigurationCommon, or is also provided higher layer parameter tdd-UL-DL-ConfigurationCommon2, a PRACH occasion in a PRACH slot is valid if 
-
it is within UL symbols, or 
-
it does not precede a SS/PBCH block in the PRACH slot and starts at least[image: image38.wmf]gap
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 symbols after a last downlink symbol and at least[image: image39.wmf]gap
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 symbols after a last SS/PBCH block transmission symbol, where [image: image40.wmf]gap
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 is provided in Table 8.2-2.


The above two determinations differ in that the valid PRACH occasions require [image: image41.wmf]gap
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 symbols between the last DL symbol and the first symbol for PRACH transmission. The highlighted condition for valid PRACH occasions should also apply for PUCCH transmissions. Otherwise, for PUCCH format 1, orthogonal UE multiplexing through time-domain OCC can be degraded. This condition may also be extended for single-slot PUCCH transmission but in such case it can also be assumed that the UE can follow the indication by the gNB.

Proposal 6: Include “starts at least[image: image42.wmf]gap
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 symbols after a last downlink symbol and at least[image: image43.wmf]gap

N

 symbols after a last SS/PBCH block transmission symbol, where [image: image44.wmf]gap
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 is provided in Table 8.2-2”, in the conditions for determining valid slots for repetitions of a PUCCH transmission. 

In RAN1#93, the possibility of a UE being configured with two multi-CSI resources having same capacity was discussed and it was suggested to either preclude such configuration or define a rule for the UE to select a resource in such case. A restriction to have multi-CSI resources with different capacity is clearly not severe but it is also fundamentally unnecessary. Definition of a rule to select one of the two resources is also unnecessary as it is preferable to leave this choice to the network through the resource index. Then, if two multi-CSI resources have same capacity, the UE chooses the one with the smaller index.  

Proposal 7: If the UE is configured with two multi-CSI resources having same capacity, the UE uses the multi-CSI resource with index 0. 

In [3] (section 6.4.1.3.2.1), sequence initialization for DM-RS in PUCCH using format 2 is described as follows: 

	6.4.1.3.2
Demodulation reference signal for PUCCH format 2
6.4.1.3.2.1
Sequence generation

The reference-signal sequence 
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 is the OFDM symbol number within the slot, 
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 is given by the higher-layer parameter scramblingID0 in the DMRS-UplinkConfig IE if provided and by [image: image55.png]N
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The pseudo-random sequence 
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 is provided by higher-layer parameter scramblingID0 in DMRS-UplinkConfig IE if provided. When two “DMRS-UplinkConfig”s are provided by dmrs-UplinkForPUSCH-MappingTypeA and dmrs-UplinkForPUSCH-MappingTypeB, respectively, one issue to clarify is how a UE selects a scramblingID0 from the two “scramblingID0”s. In [4] (section 7.3.1.1.2), a procedure to determine the bitwidth for antenna ports in DCI format 0_1 is specified if a UE is configured with both dmrs-UplinkForPUSCH-MappingTypeA and dmrs-UplinkForPUSCH-MappingTypeB. There are two alternatives. The first is to choose one of the two parameters. That is, to obtain scramblingID0 either from dmrs-UplinkForPUSCH-MappingTypeA or from dmrs-UplinkForPUSCH-MappingTypeB. The second is to determine scramblingID0 depending on the starting symbol position for the PUCCH with PUCCH format 2. For example, if a starting symbol is symbol 0 (or the first UL symbol), scramblingID0 in dmrs-UplinkForPUSCH-MappingTypeA is selected; otherwise, scramblingID0 in dmrs-UplinkForPUSCH-MappingTypeB is selected. The first alternative is simple while the second alternative follows same principles as for TypeA and TypeB PUSCH. Either alternative should be OK as this is not a critical issue.
Proposal 8: For PUCCH format 2 when a UE is provided both dmrs-UplinkForPUSCH-MappingTypeA and dmrs-UplinkForPUSCH-MappingTypeB, scramblingID0 is provided by either (a) one of dmrs-UplinkForPUSCH-MappingTypeA and dmrs-UplinkForPUSCH-MappingTypeB (down-select), or (b) dmrs-UplinkForPUSCH-MappingTypeA if the first PUCCH symbol is the first UL symbol in the slot; otherwise, dmrs-UplinkForPUSCH-MappingTypeB.
3 Conclusions

This contribution considered remaining aspects for PUCCH transmissions. In particular, the following are proposed. 
Proposal 1: Update the pseudo-code to capture the updated agreement from RAN1#93.

Proposal 2: Confirm the working assumption from RAN1#93.

Proposal 3: For PUCCH repetitions, the number of UCI bits is 
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Proposal 4: For collision of a PUCCH transmission with repetitions and SRS, drop SRS. For collision of a PUCCH transmission with repetitions and a PUCCH transmission with or without repetitions, prioritize (a) the ongoing PUCCH transmission for same UCI type, (b) HARQ-ACK over SR or CSI, and (c) SR over CSI.
Proposal 5: A UE multiplexes A-CSI in all PUSCH repetitions. Decide whether a UE multiplexes HARQ-ACK in all PUSCH repetitions or only in PUSCH repetition indicated by the HARQ-ACK timing. 
Proposal 6: Include “starts at least[image: image64.wmf]gap
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 symbols after a last downlink symbol and at least[image: image65.wmf]gap
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 symbols after a last SS/PBCH block transmission symbol, where [image: image66.wmf]gap
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 is provided in Table 8.2-2”, in the conditions for determining valid slots for repetitions of a PUCCH transmission. 
Proposal 7: If the UE is configured with two multi-CSI resources having same capacity, the UE uses the multi-CSI resource with index 0. 
Proposal 8: For PUCCH format 2 when a UE is provided both dmrs-UplinkForPUSCH-MappingTypeA and dmrs-UplinkForPUSCH-MappingTypeB, scramblingID0 is provided by either (a) one of dmrs-UplinkForPUSCH-MappingTypeA and dmrs-UplinkForPUSCH-MappingTypeB (down-select), or (b) dmrs-UplinkForPUSCH-MappingTypeA if the first PUCCH symbol is the first UL symbol in the slot; otherwise, dmrs-UplinkForPUSCH-MappingTypeB.
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