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1 Introduction

This contribution considers remaining aspects on PUCCH transmissions for more than 2 symbols, including:

a) The values for the 
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 UCI bits for a UE to determine second/third/fourth sets of PUCCH resources (applicable to all PUCCH formats)
b) The slots where PUCCH can be repeated when a UE is also configured for SFI-based operation
c) The UE behavior with respect to other transmissions when the UE is transmitting PUCCH repetitions
d) Whether to confirm or not the working assumption for HARQ-ACK and CSI multiplexing for PUCCH format 3 or PUCCH format 4
e) Mapping of d(0) for SR only transmission in PUCCH format 1

f) Determination of OCC index for DMRS symbols in PUCCH format 1

2 Remaining Aspects for PUCCH Formats 1/3/4
Values for the 
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 UCI bits for a UE to determine second/third/fourth sets of PUCCH resources 

This is also applicable to PUCCH formats 0 and 2. In [1], it is currently specified that if the UE transmits 
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 UCI bits, the UE determines a PUCCH resource set to be 
-
a first set of PUCCH resources if 
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, or
-
a second set of PUCCH resources, if any, if 
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 where 
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 is provided by higher layer parameter N_2, or
-
a third set of PUCCH resources, if any, if 
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 where 
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 is provided by higher layer parameter N_3, or
-
a fourth set of PUCCH resources, if any, if 
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The value range for 
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 in [2] is provided in increments of 4 bits and ranges from 4 to 256. The value of 
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 is undetermined. Given that polar code is supported for up to 1706 bits, a reasonable value for 
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 is 1706. This can support HARQ-ACK (and CSI) multiplexing even for the maximum of 8 CBGs per PDSCH, a DL association set size of 8, and 16 DL cells (maximum number of HARQ-ACK bits in this extreme scenario is 1024. In typical scenarios, CSI can also be multiplexed. For the values of 
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 and 
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, there is no reason to limit the maximum to 256. For example, the network should not need to operate with a maximum of four sets of PUCCH resources in order to support more than 256 UCI bits. The value range of 
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 can therefore extend to 1706. Further, a granularity of 4 bits in the value range is unnecessarily small and results to an unnecessary increase of test cases. Limiting the values to powers of 2 (with the maximum being 1706 instead of 1024) is sufficient (even then some values, such as 4, seem unnecessary).  
Proposal 1: The value range for 
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 is 4, 8, 16, 32, 64, 128, 256, 512, and 1706. The value of 
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 is 1706.    

Slots for PUCCH repetitions
The following was agreed as the outcome of the [91-NR-14] email discussions regarding the slots where a UE can transmit repetitions of a PUCCH transmission. 
Agreements:

When a UE receives a grant to transmit the long PUCCH over K slots where K is configured by higher layers, with duration of N symbol in each slot indicated by the DCI grant, with transmission starting in slot M, the UE is expected to do the following

o   If the UE receives the semi-static UL/DL configuration, the UE is expected to transmit the long PUCCH on the slot(s), starting from slot M, where the number of consecutive UL (FFS:  and/or Unknown) symbols >= N starting at the starting symbol indicated by PUCCH resource allocation. This continues until the UE has transmitted K slot(s) of long PUCCH.
o   If the UE does not receive any semi-static UL/DL configuration, the UE is expected to transmit long PUCCH over K consecutive slots, starting from slot M, starting at the starting symbol in each slot indicated by PUCCH resource allocation.


Regarding the FFS issue, there are two basic reasons why a UE should not transmit repetitions of a PUCCH transmission in symbols indicated as unknown by the semi-static UL/DL configuration. One reason is that the main benefit from SFI-based operation is when traffic is DL-dominant and has relatively large variations that the gNB scheduler is aware of and can then adapt flexible symbols to DL ones or UL ones. Relying on flexible symbols for repetitions of a PUCCH transmission essentially limits DL transmissions to fixed DL symbols and prevents dynamic adaptation. 
Another, probably more important reason, is the exposure of the PUCCH repetitions to inter-cell interference particularly as UEs having low geometries to require such repetitions are likely to be cell-edge ones experiencing large path-loss and inter-cell interference. Networks operating with dynamic adaptation of UL/DL configurations are expected to semi-statically align some UL symbols over a backhaul to guarantee that UL transmissions do not experience DL interference; otherwise, the UL transmission is lost, even worse for data, HARQ buffer corruption practically occurs as DL interference dominates. For PUCCH format 1 that relies on time-domain OCC-based orthogonal transmissions and is likely to be used for PUCCH repetitions, inter-UE interference will also occur as the orthogonal multiplexing is lost. It is noted that in eIMTA, due to the same reasons, PUCCH transmissions (with or without repetitions) occur only in fixed UL symbols.       

Proposal 2: The agreement from [91-NR-14] applies as is (without the FFS for the unknown symbols).    

UE behavior for additional transmissions during repetitions of a PUCCH transmission
The issues are the same as in LTE. Assuming a higher priority for HARQ-ACK than for data, a UE can disregard UL grants resulting to PUSCH transmissions in slots where the UE repeats a PUCCH transmission (the likely cause if a false CRC check as the gNB scheduler would otherwise have no reason to schedule PUSCH). Further, the UE should not multiplex other UCI in the repetitions of the PUCCH transmission as this will degrade the reception reliability (and 
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 is semi-statically configured). Also, the UE can disregard DL assignment indicating a respective HARQ-ACK transmission in a slot where the UE is transmitting a repetition (other than the first one) for a PUCCH conveying HARQ-ACK.
LTE specifies the following:

For a non-BL/CE UE, for FDD or for FDD-TDD and primary cell frame structure type 1, the UE shall upon detection of a PDSCH transmission in subframe n-4 intended for the UE and for which an HARQ-ACK shall be provided, transmit the HARQ-ACK response in subframe n. If HARQ-ACK repetition is enabled, upon detection of a PDSCH transmission in subframe n-4 intended for the UE and for which HARQ-ACK response shall be provided, and if the UE is not repeating the transmission of any HARQ-ACK in subframe [image: image22.wmf]n

 corresponding to a PDSCH transmission in subframes [image: image23.wmf]3
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, the UE:

-
shall transmit only the HARQ-ACK response (corresponding to the detected PDSCH transmission in subframe [image: image25.wmf]4
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-
shall not transmit any other signal/channel in subframes [image: image29.wmf]n
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-
shall not transmit any HARQ-ACK response repetitions corresponding to any detected PDSCH transmission in subframes [image: image32.wmf]3
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A simplified corresponding text for NR can be as in Proposal 3. The determination of the slots that constitute the 
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 slots are/can be captured separately based on existing/pending agreements.
Proposal 3: A UE configured with repetitions over 
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 slots for a PUCCH transmission with HARQ-ACK, and if the UE is not transmitting a PUCCH with a different HARQ-ACK in the first of the 
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 slots:

-
shall transmit only the HARQ-ACK on PUCCH in the 
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 slots; and
-
shall not transmit any other signal/channel in the 
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HARQ-ACK and CSI multiplexing for PUCCH format 3 or PUCCH format 4 

In RAN1#91, the following was agreed and is currently reflected in [1].

Agreements:

· UE determines one PUCCH resource set from one or more (up to K=4) configured PUCCH resource sets based on the UCI payload size (not including CRC). 

· PUCCH resource set i for UCI payload size is in the range of {Ni, …, Ni+1-1} bits (i=0, …, K-1)

· N0=1, N1=3
· …
However, there is total of 3 UCI bits for a 2-bit HARQ-ACK and a 1-bit SR but, due to resource selection for the transmission of positive/negative SR, the PUCCH resource set should be the one corresponding to 
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 UCI bits. Therefore, the agreement for the PUCCH derivation based on the number of UCI bits needs to be aligned with the one for HARQ-ACK and SR multiplexing in case of 2 HARQ-ACK bits. The statement “If a UE transmits up to two HARQ-ACK bits and one SR bit, it is
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” can be added in Subclause 9.2.1 for the purpose of PUCCH resource set determination.    
Proposal 4: Add the following statement to Subclause 9.2.1 of [1] “If a UE transmits up to two HARQ-ACK bits and one SR bit, it is
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Mapping of d(0) for SR only transmission in PUCCH format 1 

In LTE, for SR only transmission, d(0) for PUCCH format 1 is mapped to 1 corresponding to NACK. A same approach can apply for PUCCH format 1 in NR. Therefore, 
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 shall be assumed for PUCCH format 1 in NR and it should be specified in Subclause 6.3.2.4.1 of TS38.211.
Proposal 5: Add the following to Subclause 6.3.2.4.1 of TS38.211 “ 
[image: image43.wmf]1

(0)(1)

2

dj

=+

 shall be assumed for PUCCH format 1”.
Determination of OCC index for DMRS symbols in PUCCH format 1

In PUCCH format 1, OCCs apply to UCI symbols and DMRS symbols. An OCC index for UCI symbols is indicated by a PUCCH resource for PUCCH format 1. However, it was not discussed how to determine an OCC index for DMRS symbols in PUCCH format 1. One approach is to follow the OCC index for UCI symbols indicated by the PUCCH resource for PUCCH format 1. Another approach is to configure an OCC index for DMRS symbols by RRC signalling separate from the OCC index for UCI symbols. It is noted that the OCC index may need to be adjusted when the OCC length for DMRS symbols is different from the OCC length for UCI symbols or when the OCC length for DMRS symbols in the 1st hop is different from one in the 2nd hop. To avoid additional RRC signalling at this stage, the former approach can apply. 
Proposal 6: For PUCCH format 1, the OCC index for DMRS symbols is determined from the OCC index for UCI symbols.
SR transmission

For SR and HARQ-ACK multiplexing, if the number of HARQ-ACK bits is up to 2, PUCCH format 0 or 1 is used; otherwise, SR is represented by one bit and PUCCH format 2/3/4 is used. In order to support various verticals, a gNB can configure multiple SR resources. Therefore, there can be multiple SR resources associated with different verticals in a time position. The corresponding scheme to multiplex HARQ-ACK/CSI and more than one SR needs to be defined. 

In case of simultaneous SR and other UCI transmission, a UE transmits only one SR at a given time. However, one SR transmission may not necessarily mean 1-bit SR. Assuming K configured SR resources in a same slot/symbol, the UE can transmit one from the K SRs. If the UE has buffered data for only one vertical, the UE transmits the respective SR. If the UE has buffered data for multiple verticals, the UE selects a SR for transmission based on a prioritization rule (can be defined by RAN2). Therefore, the UE transmits a single SR but the gNB has to blindly detect which of the K SRs the UE transmitted. Consequently, when K SR resources are configured in a same slot/symbol, ceil(log2(K+1)) bit(s) are needed for the UE to inform the gNB which SR, if any, the UE transmitted. The ceil(log2(K+1)) bits can be appended to HARQ-ACK bits.
Proposal 7: When a UE has K>1 SR resources configured at the beginning of a PUCCH transmission conveying other UCI, the UE includes ceil(log2 (K+1)) bits in the UCI to indicate a SR from the K>1 SRs. 

3 Conclusions

This contribution considered remaining aspects for CA operation in NR. In particular, the following are proposed. 
Proposal 1: The value range for 
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 is 4, 8, 16, 32, 64, 128, 256, 512, and 1000. The value of 
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 is 1000.    

Proposal 2: The agreement from [91-NR-14] applies as is (without the FFS for the unknown symbols).    

Proposal 3: A UE configured with repetitions over 
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 slots for a PUCCH transmission with HARQ-ACK, and if the UE is not transmitting a PUCCH with a different HARQ-ACK in the first of the 
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 slots:

-
shall transmit only the HARQ-ACK on PUCCH in the 
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 slots; and

-
shall not transmit any other signal/channel in the 
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Proposal 4: Add the following statement to Subclause 9.2.1 of [1] “If a UE transmits up to two HARQ-ACK bits and one SR bit, it is
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Proposal 5: Add the following to Subclause 6.3.2.4.1 of TS38.211 “ 
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 shall be assumed for PUCCH format 1”.
Proposal 6: For PUCCH format 1, the OCC index for DMRS symbols is determined from the OCC index for UCI symbols.
Proposal 7: When a UE has K>1 SR resources configured at the beginning of a PUCCH transmission conveying other UCI, the UE includes ceil(log2 (K+1)) bits in the UCI to indicate a SR from the K>1 SRs. 
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