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1 Introduction
During RAN1#100e meeting, several issues related to UCI multiplexing in PUSCH repetition type B were discussed, and RAN1 concluded to further check details and come back with detailed proposals with TP in RAN1 #100bis meeting.
In this document, we provide our views on UCI multiplexing in PUSCH repetition Type B. 
2 Discussion
2.1 Timing conditions for UCI multiplexing
According to Sub-clause 9.2.5 and Sub-clause 9.2.6 of Rel-15 TS 38.213, the earliest PUCCH or PUSCH among a group of overlapping PUCCHs and PUSCHs is determined on a per-slot basis. Furthermore, if a PUCCH transmission over one or more slot overlaps with a PUSCH transmission over one or more slots and if per-slot basis timing conditions in Sub-clause 9.2.5 are satisfied, UCI (e.g. HARQ-ACK and/or CSI) is multiplexed in the PUSCH in the overlapping one or more slots. Relevant spec texts are shown below. Especially, underlined texts provide clarification for various multiplexing scenarios (e.g. overlapping between single-slot PUCCH and multi-slot PUSCH with different subcarrier spacing, overlapping among multi-slot PUCCHs, overlapping between multi-slot PUCCH and multi-slot PUSCH).   
Assuming that the same principles described above are applied to Rel-16 PUSCH repetition type B, the earliest PUSCH of repetition type B among a group of overlapping PUCCHs and PUSCHs in a slot has the earliest first symbol for the first actual repetition within the slot. For this interpretation, the current spec text is directly applicable without any change.

Observation 1: For timing conditions in Sub-clause 9.2.5, the earliest PUSCH of repetition type B among a group of overlapping PUCCHs and PUSCHs in a slot has the earliest first symbol for the first actual repetition within the slot. The current spec text for timing conditions is directly applicable to PUSCH repetition type B.
Proposal 1: No spec change in Sub-clause 9.2.5 of TS 38.213 is needed for timing conditions for multiplexing. 
2.2 UCI resource determination  

According to Rel-15 TS 38.213, a UE multiplexes UCI of a PUCCH into a PUSCH transmission in one or more slots, if the PUSCH transmission in the one or more slots overlaps with the PUCCH. The same principle can be applied to PUSCH repetition type B. That is, the UE multiplexes UCI into all the actual repetitions in the one or more slots.
Observation 2: According to the current 38.213 spec, if a PUCCH with UCI overlaps with a PUSCH of repetition type B in one or more slots, UE multiplexes the UCI into all the actual repetitions of the PUSCH in the one or more slots.

Considering that TBS for PUSCH repetition Type B is determined based on a nominal repetition length, it may be straightforward to determine the number of coded modulation symbols per layer for UCI based on the nominal repetition length. On the other hand, some of actual repetitions of PUSCH repetition type B may have the smaller number of available resource elements (REs) than the required number of REs for UCI multiplexing due to segmentation around unavailable resources. To avoid this error case, it may be necessary for the UE to not multiplex UCI on an actual repetition that has less number of REs than the required number of REs for UCI multiplexing 

Proposal 2: UE shall not multiplex UCI on an actual repetition that has less number of REs than the required number of REs for UCI multiplexing.   
----------------------------------- Start of TS 38.213 V16.1.0 ----------------------------------------------------------------
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<Text omitted>
If a UE has overlapping resources for PUCCH transmissions in a slot and at least one of the PUCCH transmissions is with repetitions over multiple slots, the UE first follows the procedures described in Clause 9.2.6 for resolving the overlapping among the resources for the PUCCH transmissions.
If a UE 
-
would multiplex UCI in a PUCCH transmission that overlaps with a PUSCH transmission, and 
-
the PUSCH and PUCCH transmissions fulfill the conditions in Clause 9.2.5 for UCI multiplexing, 
the UE 
-
multiplexes only HARQ-ACK information, if any, from the UCI in the PUSCH transmission and does not transmit the PUCCH if the UE multiplexes aperiodic or semi-persistent CSI reports in the PUSCH;

-
multiplexes only HARQ-ACK information and CSI reports, if any, from the UCI in the PUSCH transmission and does not transmit the PUCCH if the UE does not multiplex aperiodic or semi-persistent CSI reports in the PUSCH.
A UE does not expect to multiplex in a PUSCH transmission in one slot with SCS configuration [image: image1.wmf]1
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 UCI of same type that the UE would transmit in PUCCHs in different slots with SCS configuration [image: image2.wmf]2
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<Text omitted>
If a UE transmits a PUSCH over multiple slots and the UE would transmit a PUCCH with HARQ-ACK and/or CSI information over a single slot and in a slot that overlaps with the PUSCH transmission in one or more slots of the multiple slots, and the PUSCH transmission in the one or more slots fulfills the conditions in Clause 9.2.5 for multiplexing the HARQ-ACK and/or CSI information, the UE multiplexes the HARQ-ACK and/or CSI information in the PUSCH transmission in the one or more slots. The UE does not multiplex HARQ-ACK and/or CSI information in the PUSCH transmission in a slot from the multiple slots if the UE would not transmit a single-slot PUCCH with HARQ-ACK and/or CSI information in the slot in case the PUSCH transmission was absent.

<Text omitted>
9.2.5
UE procedure for reporting multiple UCI types
<Text omitted>

If a UE would transmit multiple overlapping PUCCHs in a slot or overlapping PUCCH(s) and PUSCH(s) in a slot and, when applicable as described in Clauses 9.2.5.1 and 9.2.5.2, the UE is configured to multiplex different UCI types in one PUCCH, and at least one of the multiple overlapping PUCCHs or PUSCHs is in response to a DCI format detection by the UE, the UE multiplexes all corresponding UCI types if the following conditions are met. If one of the PUCCH transmissions or PUSCH transmissions is in response to a DCI format detection by the UE, the UE expects that the first symbol [image: image4.wmf]0
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 of the earliest PUCCH or PUSCH, among a group overlapping PUCCHs and PUSCHs in the slot, satisfies the following timeline conditions

<Text omitted>
If a UE would transmit multiple overlapping PUCCHs in a slot or overlapping PUCCH(s) and PUSCH(s) in a slot, one of the PUCCHs includes HARQ-ACK information in response to an SPS PDSCH reception, and any PUSCH is not in response to a DCI format detection, the UE expects that the first symbol [image: image5.wmf]0
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 of the earliest PUCCH or PUSCH satisfies the first of the previous timeline conditions with the exception that components associated to a SCS configuration for a PDCCH scheduling a PDSCH or a PUSCH are absent from the timeline conditions. 

A UE does not expect a PUCCH or a PUSCH that is in response to a DCI format detection to overlap with any other PUCCH or PUSCH that does not satisfy the above timing conditions.
<Text omitted>

If a UE would transmit multiple PUCCHs in a slot that include HARQ-ACK information, and/or SR, and/or CSI reports and any PUCCH with HARQ-ACK information in the slot satisfies the above timing conditions and does not overlap with any other PUCCH or PUSCH in the slot that does not satisfy the above timing conditions, the UE multiplexes the HARQ-ACK information, and/or SR, and/or  CSI reports and determines corresponding PUCCH(s) for transmission in the slot according to the following pseudo-code. If the multiple PUCCHs do not include HARQ-ACK information and do not overlap with any PUSCH transmission by the UE in response to a DCI format detection by the UE, the timing conditions do not apply. 

<Text omitted>

9.2.6
PUCCH repetition procedure
<Text omitted>
If a UE would transmit a PUCCH over a first number [image: image6.wmf]1
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 of slots and the UE would transmit a PUSCH over a second number of slots, and the PUCCH transmission would overlap with the PUSCH transmission in one or more slots, and the conditions in Clause 9.2.5 for multiplexing the UCI in the PUSCH are satisfied in the overlapping slots, the UE transmits the PUCCH and does not transmit the PUSCH in the overlapping slots.

A UE does not multiplex different UCI types in a PUCCH transmission with repetitions over [image: image7.wmf]1
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 slots. If a UE would transmit a first PUCCH over more than one slot and at least a second PUCCH over one or more slots, and the transmissions of the first PUCCH and the second PUCCH would overlap in a number of slots then, for each slot of the number of slots and with UCI type priority of HARQ-ACK > SR > CSI with higher priority > CSI with lower priority

-
the UE does not expect the first PUCCH and any of the second PUCCHs to start at a same slot and include a UCI type with same priority 
-
if the first PUCCH and any of the second PUCCHs include a UCI type with same priority, the UE transmits the PUCCH starting at an earlier slot and does not transmit the PUCCH starting at a later slot
-
if the first PUCCH and any of the second PUCCHs do not include a UCI type with same priority, the UE transmits the PUCCH that includes the UCI type with higher priority and does not transmit the PUCCH that include the UCI type with lower priority 
A UE does not expect a PUCCH that is in response to a DCI format detection to overlap with any other PUCCH that does not satisfy the corresponding timing conditions in Clause 9.2.5.
If a UE would transmit a PUCCH over [image: image8.wmf]repeat
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 slots and the UE does not transmit the PUCCH in a slot from the [image: image9.wmf]repeat
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 slots due to overlapping with another PUCCH transmission in the slot, the UE counts the slot in the number of [image: image10.wmf]repeat
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 slots.
------------------------------ End of TS 38.213 V16.1.0 ---------------------------------------------------------------------
3 Text Proposal

The text proposal for TS 38.213 reflecting the above proposal 2 in Section 2 is presented below. 

Proposal 3: RAN1 adopts the following text proposal:

--------------------------   Start of Text Proposal for TS 38.213   ---------------------------------------------------------------
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<Text omitted>
If a UE transmits a PUSCH over multiple slots and the UE would transmit a PUCCH with HARQ-ACK and/or CSI information over a single slot and in a slot that overlaps with the PUSCH transmission in one or more slots of the multiple slots, and the PUSCH transmission in the one or more slots fulfills the conditions in Clause 9.2.5 for multiplexing the HARQ-ACK and/or CSI information, the UE multiplexes the HARQ-ACK and/or CSI information in the PUSCH transmission in the one or more slots. The UE does not multiplex HARQ-ACK and/or CSI information in the PUSCH transmission in a slot from the multiple slots if the UE would not transmit a single-slot PUCCH with HARQ-ACK and/or CSI information in the slot in case the PUSCH transmission was absent.
A UE shall not multiplex HARQ-ACK and/or CSI information on an actual repetition of a PUSCH repetition Type B transmission that has less number of REs than the required number of REs for UCI multiplexing.   
<Text omitted>
--------------------------   End of Text Proposal for 38.213   ----------------------------------------------------------------------
4 Conclusion
In summary, we have the following observations and proposals regarding UCI multiplexing in PUSCH repetition type B:

· Observation 1: For timing conditions in Sub-clause 9.2.5, the earliest PUSCH of repetition type B among a group of overlapping PUCCHs and PUSCHs in a slot has the earliest first symbol for the first actual repetition within the slot. The current spec text for timing conditions is directly applicable to PUSCH repetition type B.

· Proposal 1: No spec change in Sub-clause 9.2.5 of TS 38.213 is needed for timing conditions for multiplexing. 

· Observation 2: According to the current 38.213 spec, if a PUCCH with UCI overlaps with a PUSCH of repetition type B in one or more slots, UE multiplexes the UCI into all the actual repetitions of the PUSCH in the one or more slots.

· Proposal 2: UE shall not multiplex UCI on an actual repetition that has less number of REs than the required number of REs for UCI multiplexing.   
· Proposal 3: RAN1 adopts the Text Proposal in Section 3. 
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