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1 Introduction

In RAN1#91, the following were agreed [1]:

	Agreements:

· For PUCCH formats 0, 1, 3 & 4, slot-level base sequence hopping as in LTE is reused
· FFS details especially regarding slot indexing considering the difference between NR and LTE
· Slot-level base sequence hopping for PUCCH format 3 and 4 is a function at least based on a configurable ID, similarly as agreed for PUCCH format 0 and 1.

· Note that: the configurable ID is already agreed for PUCCH base sequence hopping

· FFS: whether and how to support symbol-level base sequence hopping



This contribution discusses whether or not to support symbol-level base sequence hopping (the yellow part shown above) and other remaining design aspects on short PUCCH (PUCCH formats 0 and 2).
2 Remaining Design Aspects
Symbol-level base sequence hopping
In last RAN1 meeting, there was a discussion about whether or not symbol-level base sequence hopping is needed for PUCCH formats 0 (also for PUCCH format 1) but no consensus was achieved. Since symbol-level cyclic shift hopping was agreed to be supported in NR, symbol-level base sequence hopping seems be a duplicated functionality. So, it is proposed not to support symbol-level base sequence hopping.
Proposal 1: In Rel-15, symbol-level base sequence hopping is not supported for PUCCH format 0 (also for PUCCH format 1).

Multiplexing with other sequences
It was agreed that further study for multiplexing b/w sequence-based short PUCCH and other sequences using CDM or FDM (DMRS for PUSCH/PUCCH, SRS, long-PUCCH) [2]. Short PUCCH has a limited coverage and if it is CDMed or FDMed with other sequences, then it’s coverage is more reduced. It is noted that simultaneous transmission of PUSCH and PUCCH is not supported and no FDM between SRS and short PUCCH is supported. So, we propose that multiplexing between PUCCH format 0 and other sequences using CDM or FDM is not specified in Rel-15. 
Proposal 2: CDM or FDM based multiplexing between PUCCH format 0 and other sequences is not specified in Rel-15.

Multiplexing with other PUCCH formats

From a single UE’s perspective, FDM of short PUCCH and PUSCH, and FDM of short PUCCH and long PUCCH have been agreed. However, with consideration of the urgent timeline to complete NR standardization, it was decided in [3] that simultaneous transmission of PUCCH and PUSCH is deprioritized in Rel-15. Similarly, FDM of short PUCCH and long PUCCH in a slot should be deprioritized because it gives an impact on UL power control such as power sharing between different PUCCH formats. If needed, only TDM of long PUCCH and short PUCCH is supported.

Proposal 3: FDM of short PUCCH formats and long PUCCH formats within a slot is not supported in Rel-15.
According to Proposal 3, since different PUCCH formats cannot be transmitted simultaneously, when the transmission occasions of different UCIs are the same, these UCIs need to be multiplexed within a given PUCCH format. However, these occasions of multiple UCIs cannot be well-aligned but be partially overlapped. For example, when SR is configured to be transmitted using PUCCH format 1, HARQ-ACK may need to be transmitted using PUCCH format 0 for fast HARQ-ACK feedback. In this case, PUCCH format 0 with a CS offset for SR can be used for simultaneous transmission of SR and HARQ-ACK or HARQ-ACK can be transmitted on SR resource configured for PUCCH format 1 if any. However, both require for using more resources, i.e., additional CS values for simultaneous transmission of SR and HARQ-ACK on PUCCH format 0 and additional PRB for simultaneous transmission of SR and HARQ-ACK on PUCCH format 1. There is another example such as SR is configured to be transmitted using PUCCH format 0 and HARQ-ACK transmission is indicated to be transmitted using PUCCH format 1. Similar to the previous example, it is possible that simultaneous transmission of SR and HARQ-ACK can be performed on either PUCCH format 0 or PUCCH format 1 and there is an ambiguity. In order to resolve this ambiguity, additional UE’s behavior needs to be specified. So, it is preferred for UE to transmit either SR only or HARQ-ACK only on a given PUCCH format.
For another example, when P-CSI (periodic CSI) is transmitted on long PUCCH with 14-symbol duration in slot n, URLLC traffic can be occurred at UE side, e.g., SR transmission is required for the URLLC by using short PUCCH in symbol #2 of slot n (assuming that gNB configures PUCCH format 0 with 2-symbol periodicity). Then, either short PUCCH or long PUCCH should be dropped based on a predefined rule. Similar to LTE, HARQ-ACK with/without SR has the highest priority than CSI, and HARQ-ACK may have the same priority as SR. On top of that, it is reasonable to prioritize short PUCCH transmission over long PUCCH transmission, considering the short PUCCH is more likely to serve the delay-critical traffic than long PUCCH. 

Proposal 4: In case that short PUCCH formats (i.e., PUCCH formats 0/2) overlaps with long PUCCH formats (i.e., PUCCH formats 1/3/4), the following prioritization rule is supported: 

· If different UCI types are transmitted on short PUCCH and long PUCCH, HARQ-ACK = SR >  CSI feedback
· If same UCI type is transmitted on short PUCCH and long PUCCH, short PUCCH > long PUCCH

Symbol location
The primary motivation for short PUCCH in NR is to support fast HARQ-ACK feedback for reducing RTT (round trip time). Therefore, a short PUCCH may not often exist, e.g., for UEs not capable or not requiring immediate HARQ-ACK feedback and it does not need to take much flexibility in Rel-15, i.e., the already agreed short PUCCH resources in the last and second last symbol are sufficient. So, short PUCCH transmission in other symbols of a slot should be conditioned on non-slot based operation in Rel-15.

Proposal 5: In Rel-15, short PUCCH transmission in other symbols than the last and second last symbols of a slot is conditioned on non-slot based operation.
Shifted DMRS
LTE downlink supports a frequency shift of CRS to avoid inter-cell interference because LTE CRS has to be always transmitted across the entire system bandwidth and this interference avoidance in LTE was essential. Unlike LTE CRS, however, it is rare that a same PUCCH format transmitted in the same resource is collided with ones transmitted from neighboring cells because PUCCH is not always transmitted and PUCCH RBs will not span across the entire bandwidth. So, the benefit of a frequency shift for PUCCH DMRS is not obvious at the cost of more test cases. For same reason, PDCCH does not support shifted DMRS mapping.

Proposal 6: DMRS shifted mapping is not supported for PUCCH format 2.

MU-MIMO
It was argued that orthogonal MU-MIMO for PUCCH should be introduced in Rel-15 to increase UL capacity. For NR PDCCH, it has been agreed to support non-orthogonal MU-MIMO rather than orthogonal MU-MIMO. So, same principle as PDCCH discussion applies for PUCCH to reduce standardization work including minimizing test cases and non-orthogonal MU-MIMO can be supported for PUCCH format 2 by gNB implementation in Rel-15 (this aspect is applied for other PUCCH formats).

Proposal 7: In Rel-15, orthogonal MU-MIMO is not supported for PUCCH format 2.

Time-domain OCC 
It was proposed that for PUCCH format 0 with 2-symbol, time-domain OCC with length-2 needs to be applied across two symbols in order to increase UE multiplexing capacity when frequency hopping is disabled. NR already supports many PUCCH formats and different PUCCH formats within a slot can be configured for a UE, e.g., PUCCH format 2 and PUCCH format 1. In this sense, there is no clear motivation to have more UE multiplexing capacity while increasing standardization work and corresponding test cases. Also, short PUCCH has a limited coverage and if it is CDMed between UEs, then its coverage is more reduced. So, we propose that time-domain OCC is not supported for 2-symbol PUCCH for up to 2 UCI bits.
Proposal 8: In Rel-15, time-domain OCC is not supported for PUCCH format 0 with 2 symbols.
SR transmission

In last RAN1 meeting, simultaneous transmission of HARQ-ACK/SR and CSI was agreed if single SR is configured in a time position, e.g. a slot or a symbol. If there is only up to 2-bit HARQ-ACK, SR can be transmitted with 2-bit HARQ-ACK using PUCCH format 0 or 1. Otherwise, 1-bit SR is  appended at the end of HARQ-ACK bits and transmitted on PUCCH format 2 (focusing on short PUCCH). However, as discussed in [4], when multiple SR resources are configured in a time position, ceil(log2(K+1)) bit(s) are needed to inform gNB whether SR is transmitted or not, and which SR resource is used for actual SR transmission. Therefore, PUCCH format 2 can always be used to carry SR together with other UCI(s), e.g. HARQ-ACK and CSI. That is, ceil(log2(K+1))SR bits can be appended to the end of HARQ-ACK followed by CSI if any before encoding.

Proposal 9: If K>1 SR resources due at the same time position with other UCI(s), ceil(log2(K+1)) bits are used to represent a SR being indicated by UE and appended to the end of the end of HARQ-ACK followed by CSI, and PUCCH format 2 is used for the transmission. 

3 Conclusion
This contribution has discussed remaining issues on short PUCCH and we have proposed the following:
Proposal 1: In Rel-15, symbol-level base sequence hopping is not supported for PUCCH format 0 (also for PUCCH format 1).
Proposal 2: CDM or FDM based multiplexing between PUCCH format 0 and other sequences is not specified in Rel-15.

Proposal 3: FDM of short PUCCH formats and long PUCCH formats within a slot is not supported in Rel-15.
Proposal 4: In case that short PUCCH formats (i.e., PUCCH formats 0/2) overlaps with long PUCCH formats (i.e., PUCCH formats 1/3/4), the following prioritization rule is supported: 

· If different UCI types are transmitted on short PUCCH and long PUCCH, HARQ-ACK = SR >  CSI feedback
· If same UCI type is transmitted on short PUCCH and long PUCCH, short PUCCH > long PUCCH
Proposal 5: In Rel-15, short PUCCH transmission in other symbols than the last and second last symbols of a slot is conditioned on non-slot based operation.

Proposal 6: DMRS shifted mapping is not supported for PUCCH format 2.

Proposal 7: In Rel-15, orthogonal MU-MIMO is not supported for PUCCH format 2.

Proposal 8: In Rel-15, time-domain OCC is not supported for PUCCH format 0 with 2 symbols.
Proposal 9: If K>1 SR resources due at the same time position with other UCI(s), ceil(log2(K+1)) bits are used to represent a SR being indicated by UE and appended to the end of the end of HARQ-ACK followed by CSI, and PUCCH format 2 is used for the transmission. 
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