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1. Introduction
The target of this email discussion is to share the views on UL L1/L2 control channel designs for NR. For reference, RAN1 agreements related to UL L1/L2 control channel designs are copied below [1][2].
	Related agreements at the RAN1#86bis meeting:

	Agreements:
· For UL control channel in short duration,
· 1symbol duration of a slot is supported.
· FFS: afew symbol duration of a slot is supported.
· Mechanism enabling frequency-diversity is supported.

Agreements:
· In frequency-domain, a PRB (or multiple PRBs) is the minimum resource unit size for UL control channel.

Agreements:
· UE-specific RS is used for PUCCH transmission

Agreements:
· At least two ways of transmissions are supported for NR UL control channel
· UL control channel can be transmitted in short duration
· around the last transmitted UL symbol(s) of a slot
· FFS: How to define and treat the potential gap at the end of the slot
· FFS: in the other positions, e.g., the first UL symbol(s) of a slot
· TDMed and/or FDMed with UL data channel within a slot
· UL control channel can be transmitted in long duration
· over multiple UL symbols to improve coverage
· FDMed with UL data channel within a slot
· FFS how to multiplex with SRS
· The frequency resource and hopping, if hopping is used, may not spread over the carrier bandwidth

Agreements:
· NR should support both data and control with the same numerology
· Study impact and benefits of allowing the transmission of DL control information and data transmission to a UE within the same slot interval using different numerologies in TDM or FDM manner
· Above may apply both slot and mini-slot
· Study impact and benefits of allowing the transmission of uplink control information and data transmission from a UE within the same slot interval using different numerologies in TDM or FDM manner
· Above may apply both slot and mini-slot
· Followings applies both DL and UL
· The associated DM-RS for data/control transmission still uses the same numerology as the data/control transmission
· FFS: Control channel performance under different numerologies, Overhead saving, Control channel capacity; Quantify timeline saving, UE complexity

Agreements:
· Study at least the following operations to be supported in NR, from a single UE perspective
· Case 1: UL data and UCI are FDMed where the resource for UCI is not a part of the resource allocated for UL data 
· Case 2: UL data and UCI are TDMed where the resource for UCI is not a part of the resource allocated for UL data 
· Case 3: UL data and UCI are multiplexed where the resource for UCI is a part of the resource allocated for UL data
· FFS: how different types of UCI are handled
· Further study on other possibilities is not precluded


	Related agreements at the RAN1#87 meeting:

	Agreements:
· Physical uplink control signaling should be able to carry at least hybrid-ARQ acknowledgements, CSI reports (possibly including beamforming information), and scheduling requests
· Support ‘UCI on PUSCH’, i.e. using some of the scheduled resources for UCI in case of simultaneous UCI and data
· Support ‘simultaneous PUSCH and PUCCH at least for the long PUCCH format’, i.e. transmit uplink control on PUCCH resources even in presence of data
· At least a low PAPR/CM design should be supported for the ‘long PUCCH’
· A combination of semi-static configuration and (at least for some types of UCI information) dynamic signaling is used to determine the PUCCH resource both for the ‘long and short PUCCH formats’
· It should be possible to dynamically indicate (at least in combination with RRC) the timing between data reception and hybrid-ARQ acknowledgement transmission as part of the DCI.

Agreements:
· Support FDM of ‘short UCI’ and data, both within a UE and between UEs at least for the case where the PRBs for short UCI and data are non-overlapping
· FFS: PUSCH in the short UL duration can be scheduled independently

Agreements:
· A UCI carried by long duration UL control channel at least with low PAPR design can be transmitted in one slot or multiple slots
· Transmission across multiple slots should allow a total duration of [1]ms at least for some cases
· FFS: more than [1] ms at least for some cases
· FFS the numbers of the slots

Agreements:
· In order to support TDM of short PUCCH from different UEs in the same slot, a mechanism to tell the UE in which symbol(s) in a slot to transmit the short PUCCH on is supported at least above 6 GHz (exact mechanism FFS)

Agreements:
· For UL control channel with long duration, TDM between RS and UCI is supported at least for DFT-S-OFDM
· FFS on location of RS symbol(s) (e.g., front-loaded RS, fixed-location RS)




2. Discussions on UL control channel in short duration
2.1. Potential UL control channel structure(s) in 1 symbol duration
At the RAN1#87 meeting, following options are discussed (Type A-D are re-formulated from R1-1613349 below, but any other options are not precluded):
· Option 1: 1 symbol in the 1 symbol duration with the same SCS as DL data and/or UL data
· 1-1: UCI and RS are multiplexed in the OFDM symbol in FDM manner
· 1-2: No RS is multiplexed in the OFDM symbol (e.g., sequence-based message)
· Option 2: More than 1 symbols in the 1 symbol duration with higher SCS than DL data and/or UL data
· 2-1: UCI and RS are multiplexed in different OFDM symbols in TDM manner
· 2-2: UCI and RS are multiplexed in joint TDM and FDM manner
Companies are encouraged to input views on UL control channel structure(s), including pros/cons of options and the most preferred option.
	Company
	Views

	ZTE
	Basic scheme should be considered as same numerology for UL control and whole slot. The short format will contain limited number of payload like 1 or 2 bits. The simple sequence based scheme should be sufficient to carry that information.  
We should consider additionalsequence-based scheme if 2 symbols are available by symbol splittingwith higher SCS. With 2 symbols, the frequency hopping can be enabled and sequence based scheme can archive better performance. It can be looked as Option 2-3.

	Panasonic
	For UL control channel in 1 symbol duration carrying 1 or 2 bits ACK/NACK, to have reliability using the diversity is more important rather than the reduction of CM/PAPR or IMD. Then, CP-OFDM with distributed mapping (i.e., Option 1-1 or 1-2 above) would be suitable choice at least for higher subcarrier spacing like above 60 kHz. For lower subcarrier spacing like 30 kHz and 15 kHz, if reduced ACK/NACK time is required, Option 2-1 would be required in order to have more processing time. However, whether reduced ACK/NACK time is essential for these subcarrier spacing cases should be considered. To support short latency only when using higher subcarrier spacing may simplify the whole design. For other cases (i.e., reduced ACK/NACK time is not needed) with lower subcarrier spacing, same as higher subcarrier spacing case (i.e., CP-OFDM with distributed mapping) would be sufficient.
For more UCI payload case, when Option 2-1 is used for 1 or 2 bits ACK/NACK, Option 2-2 could be possibility. For the remaining cases, Option 1-1 should be used.

	NTT DOCOMO
	<Option 1>
Pros: Efficient FDM b/w data and control for same/different UEs on the same symbol
Cons: Higher PAPR and longer UE processing time
<Option 2>
Pros: Lower PAPR and shorter UE processing time
Cons: FDM b/w data and control on the same symbol becomes challenging
<Preference>
NR should be designed such that it works with a given one numerology for all the channels at least within uplink and/or within downlink. Therefore, Option 1 should be supported. Besides, if Option 2 offers substantial gain of PAPR lowering and/or UE processing time reduction, it can be supported as well. Note that NR supports both OFDM and DFT-s-OFDM waveform for uplink transmission and both are mandatory.
Option 2 can be realized not only by 2x SCS of data channels, but also 4x, 8x, etc, of data channels can be considered. RAN1 (and possibly RAN4) will discuss necessary SCS at least for some channels/signals for NR. If Option 2 is agreed, additional discussion on SCS for the UL control channel will be necessary.

	MediaTek
	Considering 
a. good BLER performance of Option 1-1, 
b. simple decoding mechanism and good for PRB sharing among UEs of Option 1-2 in case of small size UCI
Option 1-1 shall be supported for larger size UCI, and Option 1-1 shall be supported for small size UCI

	CATT
	First we should decide if both OFDM and DFT-S-OFDM are possible for short PUCCH (we will have a contribution on this in R1-1700200). The RAN1 #86bis agreement makes it clear that DFT-S-OFDM is complementary to CP-OFDM and only targeting link budget limited cases). For short PUCCH we are already giving up some coverage gain compared to long PUCCH. Secondly, if PUSCH can also be transmitted in the short format, the PAPR would not seem to be a concern in this case. 
Having said that, Option 2-1 is proposed to give the UE more processing time before it has to send A/N feedback. Since the UE can be signaled/configured to transmit A/N in a subsequent slot, this seems to be an optimization and leads to more considerations such as increased SCS to accommodate 2 symbols. Secondly it is agreed to support short UCI and data for same UE at least when the PRBs are not overlapping. Two separate FFTs may be needed if the numerology is different. For Option 2-2, if UCI is mapped to other symbols apart from the last symbol it undermines the motivation of additional processing time before sending feedback.
Option 1-1 seems to be the simplest. Option 1-2 can be considered but it seems that it is limited to A/N and to self-contained slot structure.

	Samsung
	Option 1-1 is preferred. Option 1-2 was considered in LTE, shown to have similar BLER as option 1-1, but was not adopted as it introduces a different Tx/Rx structure that is applicable only for 1-2 bits. Option 2-1 has worse BLER than option 1-1 while the practical need/benefit of a slight decrease in channel estimation latency is unclear. Option 2-2 is worse than option 2-1.

	OPPO
	We do not have strong view on these two options but slightly prefer option 1.  As for option 2, we feel more study/investigation is needed to determine its gain and limitation.  For option 1, we feel sub-option 1-1 could be considered as the starting point.

	Qualcomm
	Option 2-1 can provide extra PDSCH processing time (when RS and UCI are TDM’ed) to enable ACK feedback within the same slot. It should be supported (at least as one of the modes). 
When ACK feedback is not required within the same slot, option 2-2 can also support FDM of RS and UCI with flexible RS density. In addition, option 2 also allows sequence based design, with additional frequency hopping capability among the two (short) symbols.

	Sharp
	For CP-OFDM based 1-symbol UL control channel, Option 1-1 is preferred for better flexibility of tradeoff between RS and UCI. 
For DFT-S-OFDM based 1-symbol UL control channel, Option 1-2 can be used.
Option 2 should be viewed as a 2-symbol design (if supported) since gNB can always configure a higher SCS for the control channel. Furthermore, with Option 2, UE has to support multiple numerologies, esp. in case of simultaneous control and data transmissions.

	Nokia, ASB
	Option 1-1 should be the baseline, and option 2-2 can be considered as complimentary.
First of all, no symbol splitting should be supported. So option 1 has to be supported. We assume option 1-2 can only support very limited number of payload bits (e.g. 1 or 2 bits), so we prefer option 1-1 in order to have a unified design for a wider range of payload.
Symbol splitting has some advantage in certain scenarios, and option 2 can be considered. Option 2-2 allows a more flexible allocation of RS and UCI symbols, which can improve the performance.

	Intel
	Option 1-1, which employs the same subcarrier spacing for UL data and control, must be supported as a default configuration. According to our evaluations to be presented in the upcoming RAN1 NR Ad hoc, Option 1-2 (sequence based design with DMRS) does not provide meaningful performance benefit compared to DMRS based structure, due to non-coherent detection loss, performance degradation under frequency selective channels, and difficult to support diversity transmission/reception with reasonable performance.
Option 2-1 can be considered as a supplemental configuration to Option 1-1. Option 2-1 is preferred to Option 2-2, considering low PAPR and simple DMRS structure. 

	ETRI
	We prefer option 1 because a short UL control duration could operate using a single numerology. Option 1-2 would reduce the multiplexing order but has more number of REs than option 1-1. We think that both options are worth to study further.
Option 2 may require different numerology between DL reception and UL transmission. If we allow the simultaneous transmission of UL control and UL data, then a single subcarrier spacing should be used.

	Motorola Mobility
	Option 1 is preferred. Option 1-1 for large size UCI, and Option1 (details FFS) for small size UCI. 
FDM of UCI and RS can reduce the DM RS overhead compared to option 2-1, leading to better BLER performance for a given control resource, and can provide a simpler channel structure than option 2-2.    
Option 2 increases UE transmitter complexity when short UL control channel and UL data are FDMed within a UE. Also, it may limit scheduling flexibility of short UL control and UL data, and would cause a guard band overhead due to different numerology. 

	LG
	Option 1-1 can provide flexibility on the adjustment of UCI/RS ratio in a PUCCH resource while PAPR may increase.
Option 2-1 can guarantee low PAPR for PUCCH transmission while change of SCS is required in the UE side.
Thus, at least Options 1-1 and 2-1 are to be supported as baseline for all the UCI types/ payloads (e.g. HARQ-ACK, SR, CSI feedback).
In addition, Option 1-2 can also be considered as a low PAPR scheme for small size UCI (e.g. HARQ-ACK) by considering UE complexity in Option 2-1.
Moreover, FDMed UCI/RS structure using one sub-symbol with higher SCS can also be considered for multi-beam operation situation (and further reduction of HARQ latency).

	Ericsson
	The possibility for acknowledging DL data in the ‘same slot’ as the data itself should be part of NR. We are fine with option 2-1 if the UE processing constraints require this. Option 1-1 can also be considered but we see no need for option 1-2.
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In terms of structure, among the four alternatives depicted above, the first and second alternatives can be supported. Third and the fourth alternative should be investigated further. If the third and the fourth alternatives are supported, then FDM of short PUCCH for one UE and only the scheduled uplink data for other UE using different PRBs case should be considered. 




2.2. Potential duration(s)of UL control channel in short duration
Support of 1 symbol duration was agreed in RAN1#86bis, but support of more than 1 symbol duration is still FFS. Companies are encouraged to input views on how long duration one UL control channel in short duration should be able to span.
· Option 1: 1-symbol duration only
· Option 2: More than 1-symbol duration (how many symbols?)
	Company
	Views

	ZTE
	Those one UL control channel may be further repeated in multiple beam operation. However, we think this email discussion may focus on the case without considering beam operation.
For limited number of UL resources, 1-symbol duration should be supported as kind of building block structure. However, more than 1 symbol should be also supported in the case when the slots have many symbolsavailable. This will allow repeating of building block structure and frequency hopping.

	Panasonic
	For NR Phase 1, focus on 1-symbol duration only might be possibility in order to reduce the standardization time. If coverage is a problem, just to reuse UL control channel in long duration might be sufficient. However, for forward compatibility reason, multiple symbol options in future release should not be prevented. 
Another possibility would be to support more than 1 symbol duration by repeating the UL control channel for 1-symbol duration over multiple symbol duration. It could also reduce the standardization time compared to designing UL control channel for a given multiple symbol duration.We think the maximum duration or maximum number of repetition could be sufficient by only half slot length.

	NTT DOCOMO
	Support of Option 2, with at least 2-symbol duration is preferred. UL control channel spanning more than 1-symbol duration offers better coverage at the cost of control overhead increase. Another use-case is to reserve UL control channel resource region over more than 1-symbol duration, while actual UL control channel in short-duration is transmitted using limited duration, e.g., 1-symbol duration, within the region. This enables to receive UL control channel in short-duration from different UEs using different beams in TDM manner.

	Sony
	Agree with view stated in ZTE’s second paragraph: 1-symbol duration supported as a basic building block.

	CATT
	It depends on what we mean by short PUCCH. The original motivation was to support HARQ-ACK feedback for a received PDSCH in the same slot. To keep things simple we could define it as UCI transmitted in the UL part of a DL-centric slot. In our view Option 1 is baseline. If Option 2 is supported our current preference is to limit to at most 2 symbols if it is a question of coverage. Anymore and the differentiation between short and long PUCCH becomes fuzzy.

	Samsung
	It depends on the required coverage which in turn depends on the UCI payloads to be supported.
Given that the UL control channel with “long” duration can be as short as 4 symbols, there may not be a need to introduce “short” and “long” terminologies but instead have a single UL control channel with variable duration/structure. Introducing 2 symbols for the “short” duration (e.g. by simple repetition with potential frequency hopping) can be considered to have 3 dB steps in offered coverage for UL control channels.

	OPPO
	We share the similar view as ZTE that 1-symbol structure could be considered as the building block for short format, while more than 1-ysmobl duration should also be supported when more UL symbols are available and also need for more coverage/power because between long format and short format, there are quite large gap (number of symbols for A/N) that may need to be filled to accommodate the A/N performance in between. For example,  short duration could be configured with for example 1-6 symbols. To simplify the design and standard efforts, the A/N transmission in 1-symbol could be repeated and transmitted in additional symbols., thus to use 1-symbol as the granularity for more than 1-symbol PUCCH format. 

	Qualcomm
	For sub-6 without beam sweeping, 1 symbol duration (with possibility of split symbol) is a reasonable starting point. For mmW with beam sweeping, more than 1 symbol duration is needed (the symbol duration is shorter than sub-6) for multi-beams.

	Sharp
	Support Option 2, a short UL control channel duration should support at least 1-symbol and 2-symbol designs. 
· For 1-symbol design, at least CP-OFDM modulation should be supported. 
· For 2-symbol design, both DFT-S-OFDM and CP-OFDM can be used.

	Nokia, ASB
	Agree that the short PUCCH format design should be extendable to a larger number of symbols, even if they are not all specified in phase 1.

	Intel
	Option 2 should be supported at least for non-15 kHz subcarrier spacings.
When FDM of multiple numerologies is adopted in an NR carrier, the numerology of larger subcarrier spacing come to have more UL symbols while the GP of different numerologies are aligned in order to avoid DL/UL collision between different numerologies.

	ETRI
	More than one symbol should be allowed for UL control. To utilize the UL resource, it should be able to multiplex UL data and UL control in the same subslot. In this case, we think that UL control channel can span as many symbols as a subslot can.

	Motorola Mobility
	1 symbol for short UL control channel may be good enough for limited CSI feedback and HARQ-ACK transmission.
Mini-slot based UL data channel can be used for aperiodic CSI reporting.

	LG
	Support Option 2 with consideration of moderate coverage and/or large size UCI.
At least 2-symbol duration short PUCCH format needs to be supported for low PAPR transmission without change of SCS (i.e., using same SCS with data channel).
And, 2-symbol PUCCH based on FDMed RS/UCI structure can also be considered for efficiency of UL resource utilization.
FFS on whether/how to support other duration for short PUCCH format.

	Ericsson
	Option 1 (single symbol, possibly with symbol splitting) is the baseline. We see limited need for longer duration from a coverage perspective as the ‘long PUCCH’ can be used for these cases. 




Companies supporting more than 1 symbol duration are encouraged to provide views on how to realize more than 1 symbol duration, e.g.:
· Option A: Repeating the UL control channel for 1-symbol duration over multiple symbol durations
· Option B: Designing UL control channel for a given multiple symbol duration
· Option C: Reusing structure of option 2 in 2.1 with scaling SCS for achieving longer duration
· Option D: any others
	Company
	Views

	ZTE
	Simply repeating is not good solutions for this. We should consider pepeating with hopping in Option A.

	Panasonic
	If more than 1-symbol duration is supported, to support more than 1 symbol duration by repeating the UL control channel for 1-symbol duration over multiple symbol duration is preferred. It could also reduce the standardization time compared to designing UL control channel for a given multiple symbol duration.As far as UL control channel in 1-symbol duration is designed with distributed mapping, no need of the hopping for the repetition.

	NTT DOCOMO
	For Option 1 in 2.1, repeating the UL control channel for 1-symbol duration over multiple symbol durations with potential scrambling/spreading (i.e., Option A) is preferred for its simplicity.
For Option 2 in 2.1, just scaling SCS (i.e., Option C) is preferable for 2-symbol duration. For more than 2-symbol duration, Option A can be used additionally. 

	Sony
	A: repeating the UL control channel for 1 symbol duration. If there is hopping involved, then the hopping scheme needs to allow for efficient scheduling

	CATT
	Option A seems to be about coverage enhancement. Option B is a new PUCCH format. Option C in our view seems to target TDM of RS and UCI data. Since there could be different motivations it is unclear how to conclude on this question. 

	Samsung
	Need to first agree on the supported UCI payloads. If the increase in the number of symbols is for increasing coverage, repetition of the UL control channel for 1-symbol duration should suffice. If it is for increasing the maximum supportable UCI payloads, a different structure is needed.  

	OPPO
	We prefer option A, namely repeating the UL control channel for 1-symbol duration over multiple symbol durations. Additional enhancement based on this could be considered.  We also propose to consider in option D that in additional to repeating 1-symbol control channel in multiple symbols, CDM in time domain could be introduced to multiplex more A/N and reduce interference.   

	Qualcomm
	For mmW, multiple symbols could support different beams/users, i.e., option A.
For sub-6, the need for more than 1 symbol duration can be supported if there is clear need

	Sharp
	Option A can be used for simplicity. 
If a 2-symbol UL control channel is supported, RS may be present in only 1 symbol. Thus, Option B is preferred to have separate designs for 1-symbol and 2-symbol UL control channels.
If a 2-symbol design is supported, Option C should be the other way around. The option 2 in 2.1 with scaling SCS should reuse the design for a 2-symbol UL control channel.

	Nokia, ASB
	It is preferable that the design is the same for the case with 2 normal symbols and the case with 2 split symbols, which is basically Option C.
In terms of the actual design, we agree it should be a unified design for all cases, but not necessarily Option A. E.g. we could consider putting RS in the first symbol only.

	Intel
	Cases of having multiple symbols within the control region should aim to re-sue the design for a single symbol case as much as possible, and should not complicate the whole design and incur additional time/efforts for RAN1 standardization work without clear justification.

	ETRI
	The payload capacity of one UL control symbol is limited when repeating the same UL control symbol while the reliability is enhanced. If a short UCI spans a few symbols, then UCI can be encoded (repetition as baseline) and mapped to REs. The option B can enhance the payload capacity.  

	LG
	Option A or C can be applied according to UCI/RS multiplexing structure.
To be specific, Option A can be applied for 1-symbol FDMed UCI/RS structure (above Option 1-1), and Option C can be applied for 1-symbol TDMed UCI/RS structure (above Option 2-1). 

	Ericsson
	As stated above we see limited need for a multi-symbol short PUCCH from a single UE. Supporting TDM of different UEs short PUCCH (e.g. to handle analog beamforming) is catered for by the RAN1#87 agreement “In order to support TDM of short PUCCH from different UEs in the same slot, a mechanism to tell the UE in which symbol(s) in a slot to transmit the short PUCCH on is supported at least above 6 GHz (exact mechanism FFS)”




2.3. Potential position(s)of UL control channel in short duration
There was a proposal to map UL control channel in short duration before data in a slot. Companies are encouraged to provide views on pros/cons, use-cases, and realizations of possible position(s) of UL control channel in short duration within a slot, e.g.:
· Option 1: UL control channel in short duration is always after DL/UL data part in the slot
· Option 2: UL control channel in short duration can be before DL/UL data part in the slot
	Company
	Views

	ZTE
	We already agree to support UL control in last portion of UL transmission part in a slot. The same structure can be simply moved to earlier portion of slot.
It is for sure that the self-contained structure can be supported, that’s why we agreed the short UL control in the end of slot. Extending this structure in case when both BS and UE do not have sufficient processing time, we have use case is as shown in the example:

This examples shows UE have to do delayed response in some cases. In that case the UE may not have sufficient time to feed back BS with an ACK/NACK, then it can feed back in the slot n+1. Typically delays can be caused by CPRI. Then, BS side also need more time to do the retransmission. In our view a decent CRPI delay around 50ns should be supported.  As illustrated in the above figure, both X0 and X1 will be good to accommodate that delay.
The structure can also allow UE specific configuration, e.g. remote UE with larger propagation delay will be configured with delayed transmission. And it can also be related with UE capability.
We consider that SRS can be transmitted at the last symbol of the UL slot. Resource conflict between SRS and UL control can be avoided by put UL control in earlier symbol.
If NR operates in an unlicensed spectrum, LBT can be reduced when the UC is placed in front of the UL data. If the NR operates in the unlicensed spectrum as in the slot with UL control at the end, an additional GAP2 needs to be added before the UL control. In Fig. b,  No additional GAP2 is required.




	Panasonic
	For below 6 GHz (or lower subcarrier spacing), Option 1 is sufficient as to have very flexible DL/UL operation in isolated cell deployment is rather difficult or lower priority. For above 6 GHz (or higher subcarrier spacing), isolated cell deployment to allow flexible DL/UL switching can be more possible in these condition. In this case, because of shorter slot length, DL/UL switching can be frequent. Therefore, Option 1 can be sufficiently works. Then, we think Option 1 is sufficient. We also think to reduce HARQ round trip time and fast scheduling could be possible to have more than 1 HARQ process within a slot.

	NTT DOCOMO
	For dynamic TDD, it is beneficial to map a UL control channel in short-duration at the end of a slot, so thatno cross-link interference on the UL control channel is guaranteed as long as network is tightly synchronized. 
For other cases (e.g., FDD, semi-static TDD), UL control channel in short-duration or in long-duration can be used for a given scheduling unit (e.g., slot) depending on how the slot is used (i.e., DL or UL). If the UL part of the slot is long, it is possible to map UL control channel in short-duration at various positions. However, so far, there seems no strong motivation to enable UL control channel in short-duration before UL data in the UL part of the slot. So, our current preference is Option 1. 

	Sony
	For Massive MIMO with channel reciprocity (TDD), it should be possible to transmit UL control at the start of the slot. SRS, or SRS embedded within the UL control portion, can then be used by the gNodeB to calculate precoding vectors for the DL transmission in the following part of the slot. 
We want to be able to have a self-contained slot structure and not rely on using SRS in a previous slot (because that previous slot only exists for continuous transmissions from a UE).
The functionality we basically want to achieve is as shown below:
self contained transmission
coherence time
SRS
precoded DL
gNB determines precoding vectors



	CATT
	One motivation for Option 2 was about processing time, where, for example, HARQ-ACK could be delayed to a next UL-centric slot but not necessarily wait till the end of the slot before being transmitted. In any case for this case, the UCI can be transmitted in long PUCCH. Although Option 2 can be supported as long as explicit signaling indicates the start and duration of the transmission, it such flexibility creates specification headaches so we prefer to leave as FFS.

	Samsung
	Both options are supported by NW configuration. Some motivations for option 2 can be found in R1-1613632 (Reduce latency from UCI feedback to DL grant (HARQ-ACK, CSI, SR), minimize the number of GAPs in upstream slot on unlicensed carrier, better support of SRS transmission, utilization of available resource during DL data bandwidth adaptation, adaptive interference management in dynamic TDD, support calculation of transmission vectors for massive MIMO) and can also offer time for retuning from the 1st RF BW for NR-PDCCH to the 2nd RF BW for PDSCH.

	OPPO
	We prefer option 1 as at this stage. For option 2,  we understand the motivations from some use cases as described by ZTE, our concern is even such  options could relax the processing time of the UE, it may introduce new slot structures and will require more standard efforts and increase UE complexity. To be more specific, we can not agree to have UCI transmitted before DL data as that would create new slot structure with more DL/UL switching instances.  However, we could be fine if short format UCI is transmitted before UL data only.  

	Qualcomm
	We don’t see a clear benefit by “moving” the short UL control to the front (i.e. before the data portion). The claimed benefits of relaxing timeline with the 2-interlaces scenario is only valid for DUDU… pattern. The eNB time line will still be dominated by other scenarios, such as DDDU…
By keeping a unified design of placing the short UL control at the end of slot has several benefits:
· A single design supports both self-contained and non-self-contained slot structure.
· A fixed location of short UL control protects the UCI from mixed interference in case of dynamic TDD.
While keeping the short UCI at the end of slot, we could still optionally add extra short signal burst before the data portion for, e.g., interference management purpose (e.g. optional CTS burst to mitigate potential interferer). However, we don’t view such extra short burst as the short UCI that we are discussing here.


	Sharp
	Combination of option 1 and option 2 can be considered. 
· Option 1 can be a default setting with default HARQ-ACK timing. 
· Option 2 can be used when explicit timing is indicated to postpone the HARQ-ACK feedback to a later slot.

	Nokia, ASB
	Prefer option 1 for now. The only potential benefit of option 2 that we see is for the unlicensed spectrum, when LBT is performed by multiple UEs at the same time, with some UEs transmitting PUCCH only, and some other UEs transmitting PUSCH(+PUCCH). But this can be considered later.

	Intel
	Both Options 1 and 2 should be supported. In the last RAN1#87 meeting, several benefits of Option 2 have been presented and addressed, as provided below. Unless for a so-called self-contained operation, Option 1 does not provide meaningful benefits compared to Option 2.
· UL ACK and sounding in slot n can be used to schedule in the DL in slot (n+1) or possibly slot n
· UL ACK related to DL slot n can be transmitted in slot (n+1)
· gives the UE more processing time than ACK transmission in slot n
· could also give more gNB processing as retransmissions occur in slot (n+2)
· No need for additional LBT prior to UL ACK transmission in unlicensed spectrum
· Allows time for DL data BW adaptation after receiving DL control channel
· Supports UL SRS and ACK in the same slot by using both early and last symbol for UL
· Adaptive interference management in dynamic TDD via prompt CSI feedback for the scheduled slot
· Supports calculation of transmission vectors for massive MIMO exploiting channel reciprocity.



	ETRI
	For FDD case, a URLLC PDSCH can be scheduled in any DL subslot and its HARQ-ACK should be able to transmit in any UL subslot. For TDD case, UE should wait for the fastest transmission HARQ-ACK opportunity. It could occur in the same slot or the next slot depending on the UE capability. In this case, to reduce further latency, the UL control channel can precede the UL data channel.

	Motorola Mobility
	If DL data continues up to the end of a slot, UE may not have enough processing time even in Option 2. It is cleaner to allow only one option (Option 1).

	LG
	Option 2 can be considered only for short PUCCH before UL data part in a slot (e.g. a slot type such as {DL control, GP, UL control, UL data}).
It could be useful for relaxation of HARQ processing time budget in both UE (for HARQ-ACK feedback) and gNB (for preparing retransmission) sides.
On the other hand, benefit of short PUCCH before DL data part in a slot is not clear and not preferred due to potential UE complexity. 

	Ericsson
	We prefer option 1 (UL ctrl at the and) only and do currently not see a need for option 2 in phase 1.

	Idaho National Laboratory
	Dynamic HARQ-ACK timing should be considered to support dynamic TDD and multi-subframes downlink.




It was agreed that TDM of short PUCCH from different UEs in the same slot is supported at least above 6 GHz. Companies are encouraged to provide views on how to support TDM of UL control channel in short duration from different UEs in the same slot.
· Option 1: Position of a UL control channel in short duration for a given UE in a slot is semi-statically configured by higher-layer
· Option 2: Position of a UL control channel in short duration for a given UE in a slot is indicated by L1 signalling
	Company
	Views

	ZTE
	We think dynamical indication should be supported.

	Panasonic
	On the position of short PUCCH within a slot, we think semi-static configuration by higher layer should be supported. However, the combination of semi-static configuration and dynamic indication should also be considered such that higher layer configuration indicates a few resources and L1 signalling indicates one of higher layer configured resources. In addition, depending on UCI type, some UCI could support semi-static configuration only while other UCI could support the combination.

	NTT DOCOMO
	Option 2 is preferred. For example, 2-symbol duration is reserved as the UL control channel region. Then, depending on the L1 signalling, UE transmits UL control channel in 1-symbol duration in one of the 2 symbols of the reserved region.

	CATT
	Option 2

	Samsung
	Dynamic indication is preferable – FFS whether explicit or implicit.

	OPPO	
	We feel option 2 could be better to dynamically configure different UE to use different symbols to transmit their A/N.  The L1 signalling overhead needs to be evaluated. 

	Qualcomm
	Both can be supported.

	Sharp
	Option 1 is a default behavior for default HARQ-ACK timing. 
Option 2 can be used to overwrite option 1 in case of explicit HARQ-ACK timing by DCI.

	Nokia, ASB
	Semi-static configuration should be the starting point. Dynamic indication can be further considered.

	Intel
	In signaling overhead perspective, we prefer Option 1. When considering the motivation that RAN1 agreed to support TDM of different UE’s PUCCH symbols, Option 2 can be further considered. 

	ETRI
	The UL HARQ-ACK timing, or UL control symbol index in this case, may be indicated by combination of higher layer signalling and L1 signalling..

	Motorola Mobility
	At least Option 1 is supported. Support of dynamic L1 signaling should be determined, taking into account a DCI overhead.

	LG
	Support Option 2 for resource flexibility.
Option 1 may also need to be considered for some cases.

	Ericsson
	Dynamic is preferable from a scheduling flexibility perspective as semi-static can result in potential ‘pairing problems’ in the scheduled to ensure that two UEs do not collide with their ACKs. However, we should be careful not to inflate the DCI overhead too much so some further analysis on dynamic vs semi-static is likely needed.




When a UL control channel in short duration is mapped on the last symbol(s)of a slot, how to define and treat the potential gap at the end of the slot is not clear yet. Companies are encouraged to provide views on this aspect.
· Option 1: The gap at the end of a slot is explicitly defined
· Option 2: The gap at the end of a slot is implicitly handled (e.g., the gap is created by TA)
	Company
	Views

	ZTE
	The gap at the end of a slot is implicitlyallocated.
End gap will introduce another overhead of one OFDM symbol.

	Panasonic
	The end of slot is determined by TA. Basically the gap by TA is some kind of semi-static operation but, if position of a UL control channel in short duration is indicated dynamically, the gap can also be handled dynamically.

	NTT DOCOMO
	Option 2.

	CATT
	Option 2

	Samsung
	Implicit handling (option 2).

	OPPO
	We prefer option 2, namely, the gap at the end of a slot is implicitly handled. 

	Qualcomm
	The gap at the end is implicitly adjusted by TA. So should be option 2.

	Sharp
	Option 2 is sufficient. 
If the end of a slot is a UL short control channel, no explicit gap needs to be defined for either a DL or UL transmission in the next slot. (As in current TDD configurations, a GP is only defined for a DL to UL transition.)

	Nokia, ASB
	Option 2

	Intel
	Option 2 is flexible, efficient and sufficient as done in LTE. Option 1 is restrictive without a clear benefit than Option 2.

	ETRI
	If the potential gap is considered, then we prefer implicit handling. We think that the option 1 may increase the signalling overhead to indicate the gap length, and option 2 can be handled by gNB scheduling.

	Motorola Mobility
	Option 2 (gap created by TA)

	LG
	If the purpose of the gap at the end of a slot is to provide gNB processing time for preparing DL data retransmission, PUCCH position can be indicated to earlier symbol than the last symbol.

	Ericsson
	We prefer option 2 (assuming that “gap at the end” refers to the gap for UL-to-DL switching) and see no need of option 1.




2.4. Potential multiplexing approach(s) for UCI and UL data/SRS
It was agreed to support FDM of ‘short UCI’ and data, both within a UE and between UEs at least for the case where the PRBs for short UCI and data are not overlapped.However, it was not clear yet whether any other options (e.g., UCI on PUSCH) are possible for a certain condition. Besides, there was no agreement on multiplexing between UCI and SRS so far. Companies are encouraged to provide views on pros/cons of potential approaches and the most preferred solution for each issue, e.g.,
· Multiplexing between short UCI and UL data within a UE or between UEs:
· How to handle the case when the PRBs for short UCI and UL data are overlapped
· Multiplexing between short UCI and SRS within a UE or between UEs:
· Whether different handling is necessary compared to multiplexing between short UCI and UL data
	Company
	Views

	ZTE
	When overlapped by UCI, the UL data can be rate matching. This is not a frequently happened case and may not impact much on performance.
We can try to avoid same symbol for UCI and SRS. Multiplexing UCI and SRS may resulting in some dropping scheme.

	Panasonic
	On multiplexing between short UCI and UL data within a UE, there would be two options. One is simultaneous transmission of UCI in short UL control channel and PUSCH. The other is UCI on PUSCH (UCI is piggy-backed). For both options, lower PSD issue by wider data transmission should be considered. Assuming UL control channel can be allowed higher PSD than UL data channel, multiplexing UCI with wideband data transmission results in lower PSD transmission. This might cause large overhead for UCI transmission such as more repetition of UCI.

	NTT DOCOMO
	Multiplexing between short UCI and UL data within a UE or between UEs
Simple way is to inform UL control channel region to UEs. If a scheduled UL data for a given scheduling unit (e.g., slot) does not overlap with the PRBs for the UL control channel region, the UL data spans until the end of the slot. Otherwise, the scheduled UL data for a given slot blanks the UL control channel region.Further efficient multiplexing could be FFS.
Multiplexing between short UCI and SRS within a UE or between UEs
It is not clear yet for NR whether SRS is mapped at the last symbol of a slot. Assuming that SRS is transmitted using the last symbol of a slot, the short UCI and SRS need to be FDMed each other. In general, scheduler should take the responsibility so that the short UCI and SRS are not collided each other on the same resource.

	Sony
	We think that SRS should not be dropped for the massiveMIMO case discussed in Q2.3 previously (where SRS is used to derive precoding vectors for a subsequent DL transmission). This should probably be handled by a scheduling scheme (and NR needs to provide flexibility to the scheduler).

	CATT
	This is also related to PUCCH waveform. For OFDM, FDM multiplexing of SRS and UCI is possible. Otherwise, for DFT-S-OFDM, TDM is needed and/or introduction of dropping rules.

	Samsung
	Indication of PRBs used for short UL control channel transmission in a slot can be dynamic through indication of a configuration in a DCI.
For SRS transmission, indication can be by higher layers.    

	OPPO
	· Multiplexing between short UCI and UL data within a UE or between UEs:
· How to handle the case when the PRBs for short UCI and UL data are overlapped

For the cases between UEs, we feel there could be several ways to handle this:
Opt 1: gNB can dynamically indicate the number of symbols used to transmit uplink share channel
Opt 2: gNB indicates the resources reserved for short uplink control channel. The reserved Res in PRBs allocated for uplink share channel transmission will be punctured
Opt 3: Shortened uplink share channel is semi-statically configured
Considering better system efficiency, we prefer Opt 1 to support multiplexing between short UCI and UL data between Ues
For cases within the same UE, we feel puncture the uplink share channel could be adopted. 

· Multiplexing between short UCI and SRS within a UE or between UEs:
· Whether different handling is necessary compared to multiplexing between short UCI and UL data

If it is from the same UE and there is no power limitation, both SRS and short UCI could be transmitted.  If there is a power limitation or resource conflict, SRS could be dropped.
If SRS and UCI are from different UE, some orthogonal design between SRS and UCI could be considered.




	Qualcomm
	How to handle the case when the PRBs for short UCI and UL data are overlapped
· If the UL data is the data contained only within the short UL burst (e.g. in DL centric slot), then it is referably FDM’ed with the short UCI on contiguous RBs. We are also open to UCI on PUSCH.
· If the UL data is the data from regular UL burst, then it is preferred that data is not FDM’ed with short UCI (i.e. terminate before the short UL burst), at least when the RB overlap with UCI.

Multiplexing between short UCI and SRS within a UE or between UEs:
SRS can be multiplexed with UCI either TDM on different symbols or FDM on the same symbol.


	Sharp
	Short UL control channel should have higher priority than data and/or SRS in case of overlapping. The same UE behavior can be applied for data and SRS.
The UE behavior depends on whether simultaneous UL control and data channel transmission is supported. Two potential solutions:
· If simultaneous UL control and data channel transmission is not supported, drop the data/SRS in the given symbol(s), and transmit only short UCI.
· If simultaneous UL control and data channel transmission is supported, transmit short UCI, and drop overlapping Res for data/SRS. Power scaling may be applied to remaining data/SRS Res in power limited case.

	Nokia, ASB
	Multiplexing between short UCI and UL data within a UE or between UEs
It is preferable that the eNB does not need to indicate the region for PUSCH to rate match around in the control symbol. Therefore, we prefer not to support FDM of PUSCH and short PUCCH when the PRB overlaps, meaning that it should be TDM only in this case.
Multiplexing between short UCI and SRS within a UE or between UEs
Short UCI and SRS can be multiplexed in the same symbol using FDM.

	Intel
	When the PRBs for short UCI and UL data are overlapped, DCI can indicate what PRBs at the last symbol can be used for data, e.g., by using a coarse bitmap with a limited number of bits.
Handling for multiplexing of short UCI and SRS is different from the multiplexing of UL data and short UCI, because the (candidate) resources of UL control and SRS can be semi-statically configured. SRS and short UCI can be multiplexed on different PRBs or, in cases that IFDMA like structure is employed for SRS, 1~2 bits UCI and SRS can be considered to be multiplexed in IFDMA manner.

	ETRI
	In the case of UL data, UL data may not be allocated in the REs where short UCI is mapped. The detailed scheme can be further studied.
In the case of SRS, it would be desirable to multiplex short UCI and SRS in the overlapped PRB at least from different UEs. We think simultaneous SRS and short UCI transmission can be configured if the UE is capable.

	Motorola Mobility
	Multiplexing between short UCI and UL data within a UE: Depending on UE capability and/or resource allocation, UE may transmit both short UCI and UL data simultaneously, or may puncture UL data transmission in UL control region to transmit short UCI.
Resource overlapping of short UCI with UL data (in particular between UEs) need to be avoided as much as possible via flexible scheduling of short UCI. In case of overlapping, gNB receiver can handle the interference. 
Short UCI and SRS within a UE or between UEs can be multiplexed in frequency, with a scheduler allocating non-overlapping resources.

	LG
	For short UCI and UL data within a same UE, puncturing of UL data resource (e.g. RB or symbol level) can be applied, and conditional UCI piggyback on UL data channel (according to UCI processing time budget) can also be considered. 
For short UCI and UL data between different UEs, rate-matching of UL data resource (e.g. symbol or (UL control) subband level) can be applied with semi-static or dynamic manner. 
For short UCI and SRS within a same UE, dropping of SRS can be considered.
For short UCI and SRS between different UEs, it can be handled by gNB scheduling. 

	Idaho National Laboratory
	TDM between RS and UCI should be considered in order to support DFT-S-OFDM transmissions.




2.5. Whether/how to transmit UL data in the UL control channel duration
There was a discussion on how/whether to support UL data transmission in a short duration. Companies are encouraged to provide views on pros/cons of possible options and the most preferred option for UL data transmission in a short control duration.
· Option 1: UL data in the short duration is scheduled by gNB separately from UL data in the data duration
· Option 2: UL data in the data part of the slot spans until the end of the slot in a certain condition
	Company
	Views

	ZTE
	Prefer Option2. This can save the control signaling. However, those options should be further selected when we decided the scheduling detail of UL data.

	Panasonic
	Following two cases could be considered. One is UL data in short duration which is transmitted in DL centric slot. The other is UL data in long duration which is transmitted in UL centric slot and UL only slot.
For UL data in short duration at last symbol(s) in DL centric slot, mini-slot could be used. In addition, these symbols should be allowed to be used by grant-free UL transmission such as BSR, TCP initial request.
For UL data in long duration, time/frequency resource not used by UL data is semi-statically indicated similar to LTE SRS resource reservation. In the time/frequency resource not used by UL data, short UL control channel, SRS, and UL data in short duration are transmitted. The time/frequency resource not used by UL data is further split for time/frequency resource for short UL control, SRS, and UL data in short duration. How to indicate such separation is FFS.

	NTT DOCOMO
	NR can support both options. UE should support at least option 2.
Option 1 is useful to enable short UL data scheduling at the end of a DL-centric scheduling unit (e.g., slot), e.g., for dynamic TDD. This can be realized by using mini-slot mechanism.
Option 2 is useful to make the wasted resource being minimized without using mini-slot mechanism.

	MediaTek
	NR shall at least to support Option 2 to minimize the waste resource. Whether the UL data part span till the end of the slot or not may be dynamically indicated in DCI 

	CATT
	We agree that Option 1 is possible using mini-slot scheduling.

	Samsung
	Option 2 suffices (there is also mini-slot scheduling). Same issue exists for support of DL data transmission and NR-PDCCH in first few slot symbols and same treatment as for the UL can apply. 

	OPPO
	We feel both options could be considered. Option 1 requires to schedule some shortened duration of PUSCH in short PUCCH duration. It could be considered with mini-slot mechanism if it is introduced.  Option 2 is a more normal scheduling option and should be supported at least.

	Qualcomm
	Option 1 should be the default. Same scheduling mechanism can be used for the short UL burst in both DL-centric and UL-centric slots.
In case the RB resources for short UL control region is semi-statically configured (which is FFS), it may be possible for PUSCH to span till end of slot only if the data RB assignment does not overlap with the short UCI region.

	Sharp
	Option 2 is preferred. In this case, the data puncturing may be used in case of collision between short UCI and data (by dropping the overlapping symbol(s) or overlapping Res)
Option 1 is not always possible, esp. for an ongoing UL data transmission scheduled in an earlier time or by SPS. Moreover, Option 1 may require multiple UL grants for a single UL transmission, e.g. UL part before short UCI transmission, UL part with short UCI transmission, and UL part after short UCI transmission.

	Nokia, ASB
	At least option 2 should be supported, based on what we have already agreed. It needs to be further discussed how the UE knows the last symbol of PUSCH transmission.
Option 1 may potentially be supported as well if the NR design (e.g. UL mini-slot) can automatically support it. 

	Intel
	Option 2 is seemingly a reasonable use case of transmitting UL data on the last symbol.

	ETRI
	We think both options should be supported. For example if UL URLLC is transmitted, the option 1 can be applied to the DL-centric slot and the option 2 can be applied to the UL-centric or UL slot.

	Motorola Mobility
	Both options are needed. Option 1 using e.g. 1-2 symbol mini-slot is useful for low-latency UL data transmission in TDD, and can avoid potential overlapping between UL data and short UL control channel. Option 2 can exploit the resource more efficiently, with low DCI signaling overhead.

	LG
	Either Option 1 or 2 can be considered to apply according to whether UL control subband is transparent to UE or not. 
For example, Option 1 can be applied on the remaining resources unused for PUCCH if UL control subband is transparent to the UE, while Option 2 can be applied by rate-matching PUSCH around UL control subband if it is not transparent to the UE.

	Ericsson
	Support at least option 2; option 1 is simple but may increase the DCI overhead.




2.6. Enabler for frequency-diversity for UL control channel in short duration
It was agreed to support mechanisms to enable frequency-diversity at RAN1#86bis meeting. Companies are encouraged to provide the views on how to enable frequency-diversity gain for UL control channel in short duration.
	Company
	Views

	ZTE
	We should consider always-on frequency hopping scheme. Since the frequency diversity will ensure the performance for this format with limited resource.

	Panasonic
	Frequency diversity is realized by CP-OFDM with distributed mapping. As far as UL control channel in 1-symbol duration is designed with distributed mapping, no need of the hopping for the repetition (if supported).

	NTT DOCOMO
	Irrespective of the waveform, using larger number of PRBs for a given PUCCH in short-duration can achieve a certain level of frequency-diversity gain. In the following, how to achieve frequency-diversity gain more than this is discussed.
If a UL control channel in short-duration adopts CP-OFDM waveform, non-contiguous distributed PRB transmission can achieve frequency-diversity gain. However, this transmission may require large MPR due to its high IMD and hence, it may not be possible to improve the performance from coverage point of view.
If the UL control channel in short-duration adopts DFT-s-OFDM waveform, distributed PRB is not a good choice since low PAPR is no longer be kept. Increasing the number of symbols for a UL control channel in short-duration could be one option to enable frequency-hopping.

	Sony
	Any frequency diversity scheme needs to have a low PAPR, since the UL control channel in short duration may be used for mMTC in a later phase (where low PAPR is useful for mMTC from a power consumption and complexity perspective)

	CATT
	We have similar views with DOCOMO. For DFT-S-OFDM we may need at least 2 symbols to do frequency hopping as in LTE, whereas OFDM provides more flexibility. 

	Samsung
	Frequency diversity is achieved by transmission in frequency distributed RBs which can be explicitly configured or implicitly derived. With explicit configuration, there is no need to distinguish between frequency distributed RBs or frequency localized RBs. With implicit configuration, NW should also have control whether the RBs are distributed or localized in frequency.

	OPPO
	We feel frequency diversity could be beneficial for PUCCH especially A/N transmission. However,  we also need to consider the power issue when enabling frequency diversity as by spreading the A/N transmissions (or its repetitions) may result in more UL transmit power. So it may be good if this feature could be configured and enabled. 

	Qualcomm
	Could consider comb structure to expand to wide frequency or split symbol with hopping between 2 symbols

	Sharp
	Frequency diversity can be supported by interlaced or distributed resource assignment.

	Nokia, ASB
	We think short PUCCH should be designed based on CP-OFDM, so frequency diversity can be achieved by clustered transmission (distributed transmission) in frequency domain.

	Intel
	It seems a safer design to support frequency diversity transmission of UL control channels using scattered PRBs, and whether to employ a localized transmission or transmit using multiple scattered (including just two) PRBs can be configured by the network depending on deployment scenarios (macro/micro, carrier frequency, etc.).

	ETRI
	The multi-cluster transmission achieves the frequency diversity, but for most cases, frequency hopping should be considered due to the power constraint. For this, at least two symbols should be used to define frequency hopping. The time granularity of frequency hopping should consider the multiplexing of other UL channels.

	Motorola Mobility
	Distributed resource allocation in frequency with OFDM waveform can provide frequency diversity.

	LG
	Distributed resource mapping is to be considered as baseline for F-diversity of short PUCCH format.
FFS on frequency hopping for short PUCCH using multiple symbols (e.g. due to impact of power transient period).

	Ericsson 
	“Comb” or a set of dispersed frequencies (resource blocks) although the required power back-off to handle intermodulation products needs to be considered in this case. 

	Idaho National Laboratory
	Scheduling Request (SR) channel should use spread spectrum method (time or frequency domain) to enable frequency diversity.  SR channel should use CDM with assigned spreading-signatures to the UEs.




2.7. Other aspects for UL control channel in short duration
Companies are encouraged to provide the views on necessary features of UL control channel in short duration (if any), e.g.:
· Necessary feature(s) for below 6GHz eMBB
· Necessary feature(s) for above 6GHz eMBB
· Necessary feature(s) for URLLC
	Company
	Views

	ZTE
	Features for above 6GHz, robust transmission with multiple beams UL should be extended based on one UL control channel defined in 2.1.
We also consider unified solution for URLLC/eMBB, with potential enhancement to ensure the reliability. Basically, we think only short format can be used for URLLC.

	NTT DOCOMO
	For below 6GHz eMBB, it is important to make sure that UL control channel in short-duration is multiplexed on the given carrier in an efficient way. Higher spectral efficiency is targeted.
For above 6GHz eMBB, it is important to make sure that UL control channel in short-duration is multiplexed in TDM manner among UEs so that better TDM granularity is achievable.

	Samsung
	Sufficient (e.g. order of 2 or 4) frequency diversity and adjustable RS/UCI resource ratio depending on UCI payload.
URLLC can use “short” or “long” UL control channel depending on SCS (similar to using “mini-slot” or “slot” for the data channel). HARQ-ACK BLER may not be a critical issue (e.g. BLER same as for eMBB or one order of magnitude lower is expected to suffice).  

	Sharp
	Below 6GHz, it is better to use semi-static configured resources.
Above 6GHz, consider beam sweeping, efficient UE multiplexing should be considered. A UE may select the symbol(s) for short PUCCH transmission within a set of symbols, e.g. based on gNB indication.
The short UL control channel for URLLC DL transmission should be more robust, e.g. BER<10^-6, it may support only 1 HARQ process with only 1 or 2 bits. Thus, the short UL control channel parameters for URLLC feedback can be configured separately from other UL control channels.

	Nokia, ASB
	We do not see strong need to differentiate these cases so far. The design can be the same for all the cases.

	Ericsson
	We prefer a unified design across the frequency range and currently see no need to differentiate the cases between above/below 6 GHz (especially as RAN1 specifications are band agnostic).

	Idaho National Laboratory
	For applications requiring low latency, the periodic Scheduling Request procedure used in LTE does not provide sufficiently small delay for some eMBB and especially for URLLC applications. This periodic structure can offer good resource utilization efficiency at the expense of long delays (note: In LTE the SR period is the largest delay component of the uplink scheduling procedure.) Conversely, in order to offer low delay (with ever shorter SR periods) low resource utilization efficiency may result. An alternative scheduling request method using an underlay UL control channel has been proposed to a) eliminate the wait time to transmit Scheduling Requests, which would minimize scheduling delay and b) make resource utilization efficiency independent of the SR transmission scheme, thus giving the eNB more flexibility to allocate resources, especially in dynamic TDD deployments.




3. Discussions on UL control channel in long duration
3.1. Potential UL control channel structure(s) in long duration
Companies are encouraged to input views on UL control channel structure(s), including pros/cons of options and the most preferred option, e.g. (but not limited to):
· Option 1: UL control channel in long duration spans whole slot
· UL control channel in long duration cannot be transmitted on UL-centric slot
· Option 2: UL control channel in long duration spans UL part of a UL-centric slot
· UL control channel in long duration does not span whole slot
· Option 3: Duration of UL control channel in long duration is different depending on whether it is transmitted by UL-only slot or UL-centric slot
· Option 4: Any others
It was agreed that for UL control channel with long duration, TDM between RS and UCI is supported at least for DFT-S-OFDM. It was not sure yet how/whether to support OFDM waveform for UL control channel in long duration, and if it is yes, how to map UCI and RS symbols. Companies are encouraged to provide the views of preferences on this aspect.
· Option 1: UCI and RS are multiplexed in TDM manner regardless of its waveform
· Option 2: UCI and RS are multiplexed in the same symbol in FDM manner if it is OFDM waveform
	Company
	Views

	ZTE
	We slightly prefer TDM for DFT-S-OFDM. Duration of UL control should be fitted in to the UL part of a slot.
Considering OFDM, the FDM between RS and payload will give finergranularity.

	Panasonic
	We think at least almost the same as LTE PUCCH should be supported for UL control channel in long duration in order to finalize NR Phase 1 timely manner. Therefore, UL control channel in long duration which spans whole slot should be supported. Other structure such as UL control channel in long duration which spans UL part of a UL centric slot would be FFS. One of possibilities would be something similar order of the flexibility in LTE PUCCH (14, 13, 7, and 6 symbols) is supported. If UEs who use short UL control channel and UEs who use long UL control channel are coexist and symbols at the end of slot are reserved for short PUCCH and SRS, more flexibility on the symbol length (e.g., 12 and 5 symbols) is needed.
Since we think the starting point is LTE PUCCH, i.e., DFT-s-OFDM, UCI and RS are multiplexed in time domain. In order to support the case of not supporting DFT-s-OFDM base station, CP-OFDM based design can be considered but the design should take into account commonality with DFT-s-OFDM design.

	NTT DOCOMO
	Structure of UL control channel in long-duration
It is preferable to make sure that UL control channel in long-duration can be used in both UL-only and UL-centric scheduling unit (e.g., slot). Therefore, Option 2 and/or Option 3 is preferable.
Multiplexing b/w RS and UCI of UL control channel in long-duration
Option 2. However, the benefit is unclear to utilize OFDM waveform for UL control channel in long-duration. At least DFT-s-OFDM waveform should be applicable to UL control channel in long-duration. 

	CATT
	Regarding the structure of the long PUCCH our initial view is Option 3.
For multiplexing RS and UCI we first have to agree on whether PUCCH is always DFT-S-OFDM. If yes, then it would have to be TDM of RS and UCI for a UE. If it can also be CP-OFDM then we can consider FDM of UCI and RS as this could improve resource utilization efficiency. It seems a bit premature to make decisions without some evaluations.

	Samsung
	For UL control channel structure, option 3 is preferred. “Long” UL control channel needs to be transmitted almost all UL symbols in a slot. How to multiplex “short” UL control channel and “long” UL control channel is FFS.
For UCI and RS multiplexing, option 1 is preferred. To simplify Tx/Rx, same PUCCH format structures for DFT-S-OFDM and for OFDM are preferred. It can also be considered to always use DFT-S-OFDM for the “long” UL control channel as the payloads are not too large and coverage is more important than potential FDS gains. 

	OPPO
	For long format duration, our view is that sufficient number of OFDM symbols are needed to guarantee the consistent performance of long format PUCCH, which could target the coverage in our understanding.  Having said that, we feel the duration of long format (number of symbols) shall be equal or larger than certain threshold and is independent of whether it is a full UL slot or a UL/DL-centric slot. If the symbols in one slot is not enough,  symbols in multiple slots could be aggregated to form a long format of PUCCH. 
On RS and UCI multiplexing, we feel the need to introduce OFDM waveform for long format where RS and UCI could be MUX in FDM manner because the motivations of long format PUCCH are not only for coverage but also for large UCI payload. Using OFDM WF could solve the second issue well due to its better  spectrum efficiency.

	Qualcomm
	We prefer DFT-S-OFDM based PUCCH for the long burst. The benefit of CP-OFDM for long PUCCH format is not clear, and we prefer a unified long PUCCH design (without dynamic switching) regardless of presence and waveform of PUSCH. This indicates TDM RS and data.
The length of the long PUCCH in UL-only slot and UL-centric slot could be different, but preferably based on a unified design with simple rate matching.

	Sharp
	For long PUCCH duration, Option 1 is preferred. Option 1 provides fixed granularity at time domain, and can reduce the specification efforts.
UL-centric slot can be used for short UL control channel instead of long UL control channel. Furthermore, UL-centric slots may have different UL lengths. If supported; multiple UL control channel lengths have to be defined. 
For UCI and RS multiplexing, at least for DFT-S-OFDM based long PUCCH, Option 1 TDM between RS and UCI is preferred. The LTE PUCCH structure can be largely reused. For CP-OFDM based long PUCCH, a common RS and UCI multiplexing framework is preferred.

	Nokia, ASB
	On the duration of long PUCCH, Option 3 appears to be a good starting point.
For CP-OFDM-based long PUCCH, we do not see strong motivation to do any specific optimization. So Option 1 is preferred.

	Intel
	As to the duration of long UL control channels, Option 3 should be supported for efficient utilization of the resource and flexible configuration of the format for each slot. That is, the duration of long UL control channel in long can be different depending on the specific slot format (DL control duration, UL data centric, UL data + other signals/channel, etc.).
Considering that the main motivation to adopt long UL control channel is coverage extension and DFT-s-OFDM is considered, support of only Option 1 (TDM of UCI and DMRS) is preferred and the TDM design is workable for CP-OFDM as well.

	ETRI
	We think that the duration of long UCI channel could be configurable in terms of subslot(s) to consider multiplexing with UL data channel.
 If the configured duration is larger than two symbols, then it is preferred to TDM RS and UCI to reduce PAPR. Depending on the UL coverage, a number of subslots can be configured.

	Motorola Mobility
	Q1: UL control channel in long-duration should be allowed in both UL-only and UL-centric slot (Option 3) to avoid unnecessary HARQ-ACK feedback delay and/or scheduling delay in dynamic TDD. 
Q2: For simplicity and commonality of design, Option 1 (TDM of UCI and RS regardless of its waveform) is preferred. Also, CDM based multi-user multiplexing of DM RS can be used irrespective of waveform.

	CMCC
	For the duration of the long PUCCH, Option 3 is preferred, so as to allow UCI transmission on different slot types.
Whether to support CP-OFDM waveform for long duration PUCCH needs further discussion, considering the requirements of both coverage-limited scenario and good coverage scenario with possible large payload size of UCI, e.g., CSI feedback case and UCI feedback for CA case.

	LG
	For long PUCCH resource allocation, Option 3 can be considered for efficiency in UL resource utilization, and Option 2 can also be considered for simplicity. Especially, for resource allocation for long PUCCH transmission over multiple slots, Option 2 with discontinuous slots is preferred with consideration of flexible UL/DL configuration for dynamic TDD.
For long PUCCH structure with OFDM waveform, Option 2 is to be considered as baseline, while FFS on TDMed RS/UCI based long PUCCH structure with OFDM waveform. Front-loaded or fixed-located or LTE-like RS symbol structure can be considered for TDMed RS/UCI based long PUCCH structure with DFT-s-OFDM waveform, while multi-symbol extension of FDMed UCI/RS based 1-symbol PUCCH structure can be considered for Option 2 with OFDM waveform. Zadoff-Chu sequence or DFT processing can be used for UCI part in TDMed RS/UCI based long PUCCH structure with DFT-s-OFDM, while DFT processing can be omitted for UCI part in Option 2 with OFDM.

	Ericsson
	Preferably a single long PUCCH structure based on DFTS-OFDM irrespective of the waveform for uplink data (results in option 1 in the first set of options). The length may vary but should be based on a single scalable design (option 3 in the first set of options).

	Idaho National Laboratory
	For simplicity, only DFT-S-OFDM based design should be considered for long control format.  




3.2. Potential multiplexing approach(s) for UCI and UL data/SRS
It was agreed to support ‘simultaneous PUSCH and PUCCH at least for the long PUCCH format’. However, it was not clear yet whether any other options (e.g., UCI on PUSCH) are possible for a certain condition. Companies are encouraged to provide views on how to multiplex UCI and UL data/SRS when the UL control channel is in long duration in a slot.
· Option 1: Always simultaneous PUCCH-PUSCH transmission
· Option 2: Allow UCI on PUSCH in a certain condition (in which condition?)
	Company
	Views

	ZTE
	Allow UCI on PUSCH in a certain condition to further reduce the PAPR as this is coverage limited scenario.

	Panasonic
	On simultaneous UCI and data from a single UE perspective, in order to ensure DFT-s-OFDM waveform property, UCI and data are TDMed or piggy-backed on PUSCH. TDMed with UCI and data would not be desirable at least for long duration as the transmission duration is shortened and it degrades the coverage. The other possibility would be simultaneous adjacent transmission similar to the waveform in LTE based D2D. Uplink control channel is within the resource allocated for UL data.

	NTT DOCOMO
	Option 2, at least when the UE transmits PUSCH on DFT-s-OFDM waveform. Simultaneous PUCCH-PUSCH transmission should be configured if it is deemed necessary by the network.

	CATT
	Option 2 can be further considered. 

	Samsung
	As UCI multiplexing in PUSCH is agreed (reasons are not repeated here), option 1 is not applicable. Whether a UE transmits UCI in a control channel or in a data channel (when UE transmits both channels in a same slot) is configurable by the NW (higher layer or L1).

	OPPO
	We feel option 2, namely allow UCI on PUSCH in a certain condition would be more appropriate. The condition could be power limitation, i.e., when it is power limited, consider to transmit UCI on PUSCH, otherwise, could transmit PUCCH-PUSCH simultaneously.

	Qualcomm
	For simplicity, simultaneous PUCCH (low PAPR design) and PUSCH (independent of waveforms) with contiguous RB is preferred. This allows a unified PUCCH design regardless of PUSCH waveform or PUSCH existence.
However, we are also open to UCI on PUSCH.

	Sharp
	Option 2 should be used. 
The conditions of simultaneous PUCCH-PUSCH transmission should be studied first.
Simultaneous PUCCH-PUSCH transmission should be supported if PUCCH and PUSCH have the same waveform and numerology. FFS on other cases if PUCCH and PUSCH have different waveforms and/or different numerologies.

	Nokia, ASB
	We have already agreed that “Support ‘UCI on PUSCH’, i.e. using some of the scheduled resources for UCI in case of simultaneous UCI and data”. Does not this mean we already agreed on Option 2?

	Intel
	As in LTE, whether to do simultaneous transmission of PUCCH and PUCCH or embedding UCI on PUSCH can be configured by the network via high layer signaling.

	ETRI
	We think that the serving gNB can configure UCI is mapped on whether data channel or control channel.

	Motorola Mobility
	Option 2 needs to be supported for coverage-limited UEs.

	CMCC
	Prefer Option 2, allow UCI on PUSCH in case of simultaneous UCI and data. Whether to allow simultaneously PUCCH and PUSCH can depend on UE capability and configuration of network.

	LG
	For long PUCCH and UL data, UCI piggyback on PUSCH can be considered as baseline, and simultaneous PUCCH/PUSCH transmission can be considered as UE capability and can be configurable by gNB as in LTE. 
For long PUCCH and SRS, symbol level puncturing of long PUCCH (e.g. like shortened PUCCH format in LTE) or dropping of SRS can be considered.

	Ericsson
	It depends on how we interpret the agreement to support ‘UCI on PUSCH’. If this means UCI on PUSCH resources, we could obtain this by option 1 using the ‘outermost’ PUSCH resources for PUCCH transmission (instead of configured PUCCH resources) and have a single unified structure which would be nice and simple. If we interpret the agreement as meaning UCI on the PUSCH channel prior to DFT precoding option 1 (with ‘always’) would not be possible.  Irrespective of the interpretation, we think that when simultaneous PUSCH and PUCCH is supported it is beneficial from RF perspective (out of band emissions) to locate the PUCCH ‘inside’ the PUSCH region.

	Idaho National Laboratory
	TDM between RS and UCI should be considered in order to support DFT-S-OFDM transmissions.




3.3. Enabler for frequency-diversity for UL control channel in long duration
It was agreed to support mechanisms to enable frequency-diversity at RAN1#86bis meetingCompanies are encouraged to provide views on how to enable frequency-diversity for UL control channel in long duration.
	Company
	Views

	ZTE
	Semi-static configuration should be supported.

	Panasonic
	Frequency hopping should be applied to obtain frequency diversity gain

	NTT DOCOMO
	Similar to LTE, intra-TTI frequency-hopping should be applicable to UL control channel in long-duration.

	CATT
	Similar frequency hopping as in LTE at least for DFT-S-OFDM

	Samsung
	As for the “short” UL control channel – either by explicit or by implicit configuration of RBs used to transmit the “long” UL control channel. For DFT-S-OFDM, a similar concept to the “LTE slot” is needed in case of frequency diversity (assuming order of 2).  

	OPPO 
	We also feel enable frequency-diversity would be beneficial for long format PUCCH. Semi-static configuration could be a starting point. 

	Qualcomm
	Intra-TTI frequency hopping should be supported for PUCCH only case. For simultaneous PUCCH and PUSCH, PUCCH can be placed on 2 edges of the PUSCH.


	Sharp
	Frequency hopping can be applied for long PUCCH transmission. Similar to LTE, different control regions may be configured for frequency diversity. FFS on the frequency hopping at slot level or sub-slot level.

	Nokia, ASB
	We prefer not do any specific optimization for CP-OFDM, so frequency hopping can be used to achieve frequency diversity for both CP-OFDM and DFT-S-OFDM. Both half-slot-based hopping and symbol-based hopping can be considered.

	Intel
	Frequency diversity transmission of long UL control channel can be easily supported by half-slot level frequency hopping as in LTE, and its support is necessary and safe, considering that long UL control channel is mainly for coverage limited scenarios and frequency diversity transmission is helpful and beneficial in frequency dispersive macro scenarios.

	ETRI
	Frequency hopping should be considered to achieve low PAPR. The time and frequency granularity of frequency hopping should consider multiplexing other UL channels. 

	Motorola Mobility
	Frequency hopping within a slot can be supported.

	CMCC
	Prefer intra-TTI frequency hopping for single-slot long duration PUCCH. In addition, for the multi-slot long duration PUCCH, the inter-slot frequency hopping can also be considered.

	LG
	Frequency hopping with configurable hopping period is to be considered for F-diversity of long PUCCH format.

	Ericsson
	Frequency hopping between (sets of) OFDM symbols in the slot can be used.

	Idaho National Laboratory
	Scheduling Request (SR) channel should use spread spectrum method (time or frequency domain) to enable frequency diversity.  SR channel should use CDM with assigned spreading-signatures to the UEs.




3.4. Support for UL control channel in long durationover more than one slot
It was agreed to support UL control channel spanning over more than one slot. Companies are encouraged to provide the views on how to realize such longer duration and how long duration(s) is/are necessary.
	Company
	Views

	ZTE
	We should at least support 2 slots case. This will give comparable coverage as LTE in low frequency. 
For long format, we should allow UL only slots in aggregation.

	Panasonic
	The longer format needs to support multiple slot usage with repetition in order to support further longer coverage.

	NTT DOCOMO
	For example, for an integer multiple of a slot, UL control channel in long-duration over one slot can be repeated over the given duration, with a possible scrambling/spreading.

	CATT
	For multiple slots, an aggregation based on the single slot scheme is preferred.

	Samsung
	Given that a “long” UL control channel transmission in a slot can be over a very small number of symbols, such as 4, transmission over multiple slots is needed. Either the number of slots or the total number of symbols can be defined. Same coverage as for LTE is desirable when there is UE multiplexing in same RBs (e.g. 4x14 = 56 symbols as for LTE PUCCH formats 1a/1b). 

	OPPO
	We feel the duration  of  long format should be equal or larger than certain threshold to maintain the similar coverage as in LTE.  The actual number of slots that could be aggregated for long format may be dependent on how many UL OFDM numbers are available in each slot.  The realization of long format could be achieved by simply repeating the UCI in 1-symbol into multiple symbols as it is the most simple and straightforward way. Certainly enhancement could be considered as well.    

	Qualcomm
	Simple repetition should be the starting point.

	Sharp
	A long UL control channel spanning over multiple slots (at least up to 1ms duration) should be supported to achieve higher reliability and larger payload. The number of slots can be configurable.
FFS on the need of a UL control channel over 1ms.  

	Nokia, ASB
	Agree that repetition should be the starting point.

	Intel
	The duration can be configured via high layer signaling and simple repetition should be sufficient. In cases that the formats of the slots are pre-configured in a semi-static manner, the duration of the long UL control channel can be different slot by slot in accordance to the formats of the corresponding slots. 

	ETRI
	Slot-level aggregation can be considered to increase UL coverage, but subslot-level aggregation across slot boundary can also be studied at least for FDD case. This can be useful when UL control channel occasion is considered at above 6 GHz.

	Motorola Mobility
	Slot-level repetition over multiple slots, possibly with different number of UL symbols per slot depending on UL-only or UL-centric slot. 

	CMCC
	The time domain length of long duration uplink control channel can be UE-specific assigned. Regarding to the signalling, the LTE scheme of higher layer configuration can be started as baseline. In addition, it is suggested to study whether it is necessary to introduce more flexible signalling for time duration and resources allocation of the uplink control.  
For the multi-slots uplink control channel, the control information on each slot is suggested to be self-decodable, and the latter slots are suggested to be the retransmission of the first slot. FFS the retransmission is repetition or different redundant version. 

	LG
	As answered in above 3.1, Option 2 with discontinuous slots is to be considered with consideration of flexible UL/DL configuration for dynamic TDD. 

	Ericsson
	The starting point is repetition across slots.




3.5. Other aspects for UL control channel in long duration
Companies are encouraged to provide the views on necessary features of UL control channel in long duration (if any), e.g.:
· Necessary feature(s) for below 6GHz eMBB
· Necessary feature(s) for above 6GHz eMBB
· Necessary feature(s) for URLLC
	Company
	Views

	ZTE
	It should be considered as one of scheme for enhancing coverage by using different beam in different symbol for long format. Then, FDM RS and payload should be considered.
May not be needed for URLLC.

	NTT DOCOMO
	For below 6GHz eMBB, UL control channel in long-duration should enable comparable coverage/link-budget with LTE PUCCH. 
For above 6GHz eMBB, necessity of UL control channel in long-duration should be investigated.
For URLLC, UL control channel in long-duration for below 6GHz eMBB may be able to be re-used mostly.

	Samsung
	Scalable structures/durations as number of available symbols for UL control channel transmission per slot can vary. Transmission power control should be used to account for variable number of available transmission symbols per slot. 
Sufficient (e.g. order of 2 or 4) frequency diversity and adjustable RS/UCI resource ratio depending on UCI payload.
URLLC can use “short” or “long” UL control channel depending on SCS (similar to using “mini-slot” or “slot” for the data channel). HARQ-ACK BLER may not be a critical issue (e.g. BLER same as for eMBB or one order of magnitude lower is expected to suffice).  

	Sharp
	Below 6GHz, it is better to use semi-static configured resources.
Above 6GHz, consider beam sweeping, not all symbols may be used by a UE. Thus, the gNB may configure a longer duration for a UL control channel, and indicate a pattern on which symbols are used by a given UE.
Long control channel should not be used to report UCI of URLLC traffic. URLLC traffic may preempt or puncture a long PUCCH transmission. 

	Nokia, ASB
	Do not see the need to differentiate the cases

	CMCC
	For below 6GHz, the uplink control channel needs to provide the flexibility and feasibility to support seamless coverage in macro deployment scenario with different frequency bands.

	Ericsson
	We prefer a unified design across the frequency range and currently see no need to differentiate the cases between above/below 6 GHz (especially as RAN1 specifications are band agnostic).

	Idaho National Laboratory
	For applications requiring low latency, the periodic Scheduling Request procedure used in LTE does not provide sufficiently small delay for some eMBB and especially for URLLC applications. This periodic structure can offer good resource utilization efficiency at the expense of long delays (note: In LTE the SR period is the largest delay component of the uplink scheduling procedure.) Conversely, in order to offer low delay (with ever shorter SR periods) low resource utilization efficiency may result. An alternative scheduling request method using an underlay UL control channel has been proposed to a) eliminate the wait time to transmit Scheduling Requests, which would minimize scheduling delay and b) make resource utilization efficiency independent of the SR transmission scheme, thus giving the eNB more flexibility to allocate resources, especially in dynamic TDD deployments.





4. Conclusion
Proposals:
· For PUCCH in short-duration,
· At least following is supported for PUCCH in 1-symbol duration:
· UCI and RS are multiplexed in the given OFDM symbol in FDM manner if RS is multiplexed.
· Same SCS between DL/UL data and PUCCH in short-duration in the same slot.
· At least a PUCCH in short-duration spanning 2-symbol duration of a slot is supported.
· FFS actual structure and waveform.
· Same SCS between DL/UL data and PUCCH in short-duration in the same slot.
· At least semi-static configuration for the following is supported.
· Position of a PUCCH of a given UE within a slot.
· I.e., short-PUCCHs of different UEs can be TDM’ed within the given duration in a slot.
· FFS: Support of dynamic indication
· PUCCH in short-duration can span until the end of a slot.
· No explicit gap symbol is necessary after the PUCCH in short-duration.
· For a slot having short UL-part (i.e., DL-centric slot):
· ‘Short UCI’ and data can be FDMed by one UE if a data is scheduled on the short UL-part.
· For a slot having long UL-part (i.e., UL-centric slot or UL-only slot), following are FFS:
· Whether/how a UL data in the long UL-part can be extended until the end of the slots.
· Whether/how a UL data can be scheduled on the short-duration.
· For PUCCH in long-duration,
· Long UL-part of a slot can be used for transmission of PUCCH in long-duration.
· I.e., PUCCH in long-duration is supported for both UL-only slot and a slot with the number of uplink symbols greater than X (X >= 2).
· In addition to simultaneous PUCCH-PUSCH transmission, UCI on PUSCH is supported.
· Intra-TTI frequency-hopping is supported.
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