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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In 3GPP RAN1 NR adhoc#1801 meeting, the specification for NR has been updated according to the meeting agreements which improve the quality of the specifications and reduce the errors. But in the specification, some agreements are still not captured correctly or missing. Also some FFS issues still need to be resolved. To complete the specification and further improve its quality, this contribution includes a summary on occasions where agreements are not captured correctly or are missing, and some FFS issues on PUCCH structure in long-duration.
[bookmark: OLE_LINK83][bookmark: OLE_LINK84]Discussion
Agreements on long PUCCH not captured correctly or missing
Correction on UCI repetition procedure in 38.213
In 9.2.6 of TS 38.213, the description of slot determination procedure for UCI repetition is not aligned with the agreement in RAN1#91 [1]:
Agreement:
· 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 
· 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.
· 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.
In the agreement, the consecutive UL symbols is equal to or larger than N. But in the 9.2.6, the consecutive UL symbols is only equal to N. Also some grammatical mistakes need to be solved.
Proposal 1: Change the description of slot determination procedure for UCI repetition in 9.2.6 of TS 38.213 to align with the above agreement in RAN1#91. The details are in the text proposal found in the draft CR [2].
Correction on SR only transmission on PUCCH format 1
In 6.3.2.4.1 of TS 38.211, the sequence modulation for PUCCH format 1 is defined as following:
-------------------------------------------------------------------------------------------------------------------------------
[bookmark: _Toc500952665]6.3.2.4.1	Sequence modulation






The block of bits  shall be modulated as described in clause 5.1 using BPSK if  and QPSK if , resulting in a complex-valued symbol . 
The complex-valued symbol  shall be multiplied with a sequence  according to


-------------------------------------------------------------------------------------------------------------------------------


Since SR only transmission on PUCCH format 1 has been supported, the complex-valued symbol  should be defined for this cases. In LTE,  for NACK and (NACK, NACK) has been used for SR only transmission. It is used to avoid the misunderstanding between eNB and UE when UE misses the DL assignment and has positive SR. In NR, the same mechanism can be reused, the text proposal can be found in the following in red,

[bookmark: _Toc500952698]< Unchanged parts are omitted >
6.3.2.4.1	Sequence modulation
For SR only transmission on PUCCH format 1, information is carried by the presence/absence of transmission of PUCCH from the UE. In the remainder of this clause, shall be assumed for SR only transmission on PUCCH format 1.






The block of bits  shall be modulated as described in clause 5.1 using BPSK if  and QPSK if , resulting in a complex-valued symbol . 
The complex-valued symbol  shall be multiplied with a sequence  according to


< Unchanged parts are omitted >

FFS issues on long PUCCH
Group re-ordering of new CGS
In NR, base sequences with different lengths are divided into 30 groups. In order to reduce inter-cell interference, the cross-correlation of sequences with different lengths from different groups should be minimized. However, after introducing new sets of CGS in NR to reduce the PAPR, re-ordering (grouping) is not done to achieve the abovementioned purpose. The consequences would be that even though PAPR within each cell is reduced as compared with LTE, the inter-cell interference could still be high due to the lack of necessary re-ordering (grouping). . To reduce the inter-cell interference, some correction is needed to re-order length-12, length-18 and length-24 CGSs, details and text proposals can be found in [3]. It should be emphasized that such re-ordering (grouping) only change the indices of sequences in each group, it does not introduce any new CGS. 
Proposal 2: Re-ordering of length-24, length-18 and length-12 CGS should be supported. The details are in the contribution [3]


Multiplexing of PUCCH transmission
In 3GPP RAN1 meeting [1] [4], multiplexing of SR and HARQ-ACK on PUCCH is discussed, and the following was agreed:
Agreements:
· When the transmission of HARQ-ACK bits with PUCCH format 2 or 3 or 4 coincides with a SR opportunity, a bit presenting the state of the SR being absent or present, is appended to the end of HARQ-ACK bits to form the UCI bits.
· FFS: How to distinguish which SR configuration is prioritized for transmission in case of multiple SR configurations in the same occasion.
· Note: when two transmissions coincide, it means they have same starting symbol and duration.
· FFS when PUCCH transmission of SR and HARQ-ACK bits partially overlap in time
Agreements:
· If a UCI transmission on a PUCCH form a UE using format 2 or 3 or 4 overlaps in time with K PUCCH resources, each configured for a SR, X bits are used to represent a SR being indicated by the UE and appended to the end of the end of HARQ-ACK followed by CSI.
· Note: X is used to indicate both the presence or absence of SR and which of the K configured SR is embedded.
· FFS: X=ceil(log2(K+1))
· FFS PUCCH formats 0 & 1
Based on the agreement, when PUCCH transmissions are partially overlapped in time, some mechanism are FFS. In the contribution [5], the potential multiplexing mechanism will be discussed, including HARQ with SR, and HARQ/SR with CSI. Then, when a UE using format 2 or 3 or 4 overlaps in time with K PUCCH resources, each configured for a SR, the value of X will be discussed.
Proposal 3: If HARQ-ACK with PUCCH F3/F4 is transmitted in multiple slots and collides with SR with PUCCH format F1/F0 transmitted in a single slot
· The PUCCH resource for transmission of HARQ-ACK/SR is the HARQ-ACK PUCCH resource in multiple slots, i.e., 1 bit for SR state is added to the end of HARQ-ACK and jointly transmitted on all PUCCH resources.
Proposal 4: When two symbols SR partially overlap with HARQ-ACK and neither of them is fully contained within the time duration of the other resource, SR is transmitted only on non-overlap symbol.
Proposal 5: For SR partially overlap with HARQ-ACK, following options can be considered
· Multiplex SR and HARQ-ACK on the resource of HARQ-ACK if processing time permitted
· Otherwise, drop SR at least on  overlapping symbols
Proposal 6: For AN/SR partially overlaps with PUCCH based P-CSI or SP-CSI
· Multiplex CSI in a multi-CSI PUCCH that satisfies the following and transmit AN/SR PUCCH and CSI PUCCH separately 
· TDMed with the AN/SR PUCCH, and
· Occupies the minimum number of RBs and can carry the CSI with a code rate not exceeding the configured maximum code rate
· Otherwise, multiplex AN/SR and CSI on an AN PUCCH, if the above multi-CSI PUCCH cannot be found.
Proposal 7: For the cases where more than one long PUCCH-based CSI reports, or more than two PUCCH-based CSI reports need to be transmitted in one slot, UE transmits one CSI report using the original, and transmit the other CSI using a multi-CSI PUCCH that is TDMed with the former long PUCCH.
Multiplexing of PUCCH and PUSCH
In 3GPP RAN1 Ad-Hoc 1801 meeting, partially overlapped PUCCH and PUCCH is raised as an open issue. Considering the different requirements of URLLC service and MBB service, in the contribution [6] [7], the multiplexing mechanisms of PUCCH and PUSCH for these two services are discussed respectively. For MBB service [6], in general, piggyback or drop of PUCCH will be used when different UCI types are multiplexing with PUSCH, such as SR, HARQ-ACK and CSI. For URLLC service, PUSCH would be transmitted with higher priority with PUCCH fully dropping or partly dropping if indication from UL grant is received. Meanwhile, with respect to GF PUSCH, PUCCH should also be dropped in case of different starting symbols and in the meantime, even in case of same starting symbol, UCI piggyback on GF PUSCH should also be limited to guarantee the UL data reliability. In [7], more detail discussion are provided on how to handle partial overlapping between PUCCH and PUSCH with lower latency requirement such as URLLC or GF transmission.
Proposal 8: For eMBB SR partially overlap with eMBB PUSCH 
· SR information could be carried by BSR in PSUCH if processing time permitted
· Otherwise, drop SR transmission at least in overlap region
Proposal 9: For eMBB HARQ-ACK partially overlap with eMBB PUSCH
· Piggyback HARQ-ACK  information on PSUCH if processing time permitted 
· Otherwise, puncture or drop PUSCH at least in overlap region
Proposal 10: For P-CSI and SP-CSI partially overlap with eMBB PUSCH, 
· Piggyback P-CSI and SP-CSI on PUSCH
· Alternatively, drop P-CSI and SP-CSI at least in overlap region
Proposal 11: 
UE should transmit PUSCH with higher priority and drop PUCCH either fully or partly when PUCCH and PUSCH partially overlap with different starting symbols, if the UL grant is compact DCI or the beta-offset indicator is a reserved value, e.g., ‘00’.
Proposal 12: 
In case of PUCCH and PUSCH having the same starting symbol, UCI piggyback function should be restricted either fully or partially to guarantee the data reliability for URLLC if the UL grant is compact DCI or the beta-offset indicator is a reserved value, e.g., ‘00’.
· For full restriction, all types of UCIs cannot be piggy-backed on PUSCH,
· For partial restriction, only certain types of UCI, e.g., HARQ-ACK or A-CSI, can be piggy-backed on PUSCH.
Proposal 13: 
In case of PUCCH and GF PUSCH for URLLC having the same starting symbol, the following options can be considered for the UE to determine whether to piggy-back the UCI on the GF PUSCH:
· Option1: If the GF PUSCH is associated with RV0, the UE determines not to piggy-back the UCI on the GF PUSCH,
· Option 2: If the transmission occasion (TO) for the GF PUSCH belongs to the first K/2 TOs within a period P, the UE determines not to piggy-back the UCI on the GF PUSCH.
Proposal 14: 
In case of PUCCH and GF PUSCH for URLLC having the same starting symbol, only certain types of UCI, e.g., HARQ-ACK or A-CSI, can be piggy-backed on GF PUSCH.
Proposal 15: 
In case that PUCCH partially overlaps with GF PUSCH while having different starting symbols, UE should transmit GF PUSCH with higher priority and drops PUCCH partly or fully.


Intra-slot hopping pattern for long PUCCH over multiple slots
In RAN1#90bis and RAN1#91 meeting, the following agreements for long-PUCCH over multiple slots were made in [8][1].
Agreement:
· For long PUCCH over multiple slots, at least support the case that the duration of long PUCCH in each slot is the same
· FFS the case of different durations in different slots
· For long PUCCH over multiple slots, the intra-slot hopping and inter-slot hopping are not enabled at the same time for a UE
· For long PUCCH over multiple slots
· The number of slots configured for a long PUCCH over multiple slot are  (1, 2, 4, 8)
· Inter-slot hopping is performed on every slot
· For intra-slot hopping or inter-slot hopping, the 1st hop and 2nd hop are performed on the frequency resources indicated by PUCCH resource allocations
In the contribution [9], we will discuss intra-slot frequency hopping pattern of long-PUCCH over multiple slots. There are two alternatives of intra-slot frequency hopping pattern among different slots. Alternative 1: the hopping pattern of PUCCH in the second slot is the same as that of the first slot. Alternative 2: the hopping pattern of PUCCH in the second slot is a switched hopping of that in the first slot. In [9], we discuss and compare these two alternatives. According to the simulation results, Alternative 2 can achieve better frequency diversity which has about 0.2~0.5 dB gain compared with Alternative 1. Therefore, we have the following proposal:
Proposal 16: 
For long PUCCH over multiple slots, intra-slot hopping pattern is switched between slots to maximize frequency diversity gain. The details are in the contribution [9].

Conclusion
Based on above discussions, the following proposals are given: 
Proposal 1: Change the description of slot determination procedure for UCI repetition in 9.2.6 of TS 38.213 to align with the above agreement in RAN1#91. The details are in the text proposal found in the draft CR [2].
Proposal 2: Re-ordering of length-24, length-18 and length-12 CGS should be supported. The details are in the contribution [3]
Proposal 3: If HARQ-ACK with PUCCH F3/F4 is transmitted in multiple slots and collides with SR with PUCCH format F1/F0 transmitted in a single slot
· The PUCCH resource for transmission of HARQ-ACK/SR is the HARQ-ACK PUCCH resource in multiple slots, i.e., 1 bit for SR state is added to the end of HARQ-ACK and jointly transmitted on all PUCCH resources.
Proposal 4: When two symbols SR partially overlap with HARQ-ACK and neither of them is fully contained within the time duration of the other resource, SR is transmitted only on non-overlap symbol.
Proposal 5: For SR partially overlap with HARQ-ACK, following options can be considered
· Multiplex SR and HARQ-ACK on the resource of HARQ-ACK if processing time permitted
· Otherwise, drop SR at least on  overlapping symbols
Proposal 6: For AN/SR partially overlaps with PUCCH based P-CSI or SP-CSI
· Multiplex CSI in a multi-CSI PUCCH that satisfies the following and transmit AN/SR PUCCH and CSI PUCCH separately 
· TDMed with the AN/SR PUCCH, and
· Occupies the minimum number of RBs and can carry the CSI with a code rate not exceeding the configured maximum code rate
· Otherwise, multiplex AN/SR and CSI on an AN PUCCH, if the above multi-CSI PUCCH cannot be found.
Proposal 7: For the cases where more than one long PUCCH-based CSI reports, or more than two PUCCH-based CSI reports need to be transmitted in one slot, UE transmits one CSI report using the original, and transmit the other CSI using a multi-CSI PUCCH that is TDMed with the former long PUCCH.
Proposal 8: For eMBB SR partially overlap with eMBB PUSCH 
· SR information could be carried by BSR in PSUCH if processing time permitted
· Otherwise, drop SR transmission at least in overlap region
Proposal 9: For eMBB HARQ-ACK partially overlap with eMBB PUSCH
· Piggyback HARQ-ACK  information on PSUCH if processing time permitted 
· Otherwise, puncture or drop PUSCH at least in overlap region
Proposal 10: For P-CSI and SP-CSI partially overlap with eMBB PUSCH, 
· Piggyback P-CSI and SP-CSI on PUSCH
· Alternatively, drop P-CSI and SP-CSI at least in overlap region
Proposal 11: 
UE should transmit PUSCH with higher priority and drop PUCCH either fully or partly when PUCCH and PUSCH partially overlap with different starting symbols, if the UL grant is compact DCI or the beta-offset indicator is a reserved value, e.g., ‘00’.
Proposal 12: 
In case of PUCCH and PUSCH having the same starting symbol, UCI piggyback function should be restricted either fully or partially to guarantee the data reliability for URLLC if the UL grant is compact DCI or the beta-offset indicator is a reserved value, e.g., ‘00’.
· For full restriction, all types of UCIs cannot be piggy-backed on PUSCH,
· For partial restriction, only certain types of UCI, e.g., HARQ-ACK or A-CSI, can be piggy-backed on PUSCH.
Proposal 13: 
In case of PUCCH and GF PUSCH for URLLC having the same starting symbol, the following options can be considered for the UE to determine whether to piggy-back the UCI on the GF PUSCH:
· Option1: If the GF PUSCH is associated with RV0, the UE determines not to piggy-back the UCI on the GF PUSCH,
· Option 2: If the transmission occasion (TO) for the GF PUSCH belongs to the first K/2 TOs within a period P, the UE determines not to piggy-back the UCI on the GF PUSCH.
Proposal 14: 
In case of PUCCH and GF PUSCH for URLLC having the same starting symbol, only certain types of UCI, e.g., HARQ-ACK or A-CSI, can be piggy-backed on GF PUSCH.
Proposal 15: 
In case that PUCCH partially overlaps with GF PUSCH while having different starting symbols, UE should transmit GF PUSCH with higher priority and drops PUCCH partly or fully.
Proposal 16: 
For long PUCCH over multiple slots, intra-slot hopping pattern is switched between slots to maximize frequency diversity gain. The details are in the contribution [9].
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