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1. Introduction
In this document a summary of the e-mail discussion on L1/L2 uplink control signaling is provided.
2. UCI content
Virtually all companies mentioned hybrid-ARQ acknowledgements, CSI (possibly including beam-related information), and scheduling request. The need to consider multiplexing with SRS was also brought up by several companies. A few companies also mentioned BSR and PHR as possible information to carry on L1/L2 control channels although in this case there is a need to discuss this with RAN2.
Proposal:
· Uplink L1/L2 control signaling should be able to carry at least hybrid-ARQ acknowledgements, CSI reports (possibly including beamforming information), and scheduling requests
3. Long control format
On some of the main points there were quite similar views expressed by most companies. Most companies saw the need for ‘UCI on PUSCH’ given the decision on supporting DFT-spread OFDM in the uplink for single-layer transmission. Several companies also saw the need for ‘simultaneous PUSCH and PUCCH’, especially as the PUCCH design anyway should be in place. For the ‘long PUCCH’ (i.e. transmission of UCI across most of a slot as opposed to using the last OFDM symbol only), many companies commented that this is useful for coverage-limited scenarios and therefore should be designed with low PAPR/CM in mind (the use of OFDM for the short control format was also suggested). Finally, for the ‘long PUCCH’, semi-static configuration of resource blocks in combination with dynamic signaling seems to be acceptable to most companies. 
Proposal:
· 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’, i.e. transmit uplink control on PUCCH resources even in presence of data
· The ‘long PUCCH’ (spanning most of a slot) should use a low PAPR/CM design.
· A combination of semi-static configuration and (for some types of UCI information) dynamic signaling is used to determine the ‘long PUCCH’ resources.
4. Short control format and data
The vast majority seem to prefer the possibility for FDM between ‘short UCI’ and data (one company wanted to allow it for FDM between different UEs only). There were also some companies that said FDM is possible at least for an ‘UL heavy’ slot but still thinking on the ‘DL heavy’ slot. How to schedule the last symbol in case of FDM was not discussed in detail.
Proposal:
· Support FDM of ‘short UCI’ and data, both within a UE and between UEs.
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Figure 1: Examples of data and UCI multiplexing.
5. Short control format and reference signals
All possibilities (FDM, TDM, TDM with splitting, CDM) were mentioned with FDM and TDM with splitting having the largest support. FDM can provide more flexibility in terms of balancing RS and payload. The benefits mentioned for TDM was processing timeline in the UE and low PAR if DFTS-OFDM is used for the short format (although many companies in other discussion stated OFDM is preferable for the short UCI).
Proposal:
· Focus on FDM and TDM with symbol splitting as the two main methods for multiplexing UCI and RS.
· Study FDM and TDM from the perspective of supported payloads and processing time in the UE (primarily for the fast ACK)
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Figure 2: Examples of RS and UCI multiplexing.
6. Transmission structure
The vast majority of companies expressed the view that multiple UEs may share RBs, at least for small payloads. For large payloads a UE may occupy one or more RBs on its own. Most companies also favored having a non-dynamic numerology (primarily the same numerology for control as for data with some companies mentioning semi-static configuration of the numerology).
Proposal:
· One RB can be shared by UCI from multiple UEs, at least for small payloads.

7. Multiplexing of different UEs
The question was vaguely formulated, but intended to address how to select the resources for hybrid-ARQ acknowledgement (which was also the way most companies read the question). The two main approaches are implicit derivation (e.g. linked to PDCCH resources used as done in LTE Rel-8) or explicit signaling (e.g. dynamic in the DCI or dynamic in combination with RRC signaling). The use of the ARI (acknowledgement resource indicator) in LTE with carrier aggregation was used as an example of that solely implicit linkage may not be a good choice. Explicit signaling seems to have slightly larger support.
Proposal:
· It should be possible to determine the resources for hybrid-ARQ at least partially based on dynamic signaling.
· Study the pros/cons with implicit indication as a possibility to reduce DCI overhead.
8. Hybrid-ARQ timing
Virtually all companies saw the need for dynamically indicating when to transmit the hybrid-ARQ acknowledgement as part of the DCI, possibly in combination with RRC configuration. The possibility to request feedback from all hybrid-ARQ processes, e.g. with polling, was also mentioned by a couple of companies.
Proposal:
· It should be possible to indicate (at least in combination with RRC) the timing between data reception and hybrid-ARQ acknowledgement transmission as part of the DCI.
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Figure 3: Example of ACK timing.

9. Other
No comments not included in the previous sections were brought up.


Appendix – questions and individual company responses

1. UCI content
In LTE, the UCI carries hybrid-ARQ acknowledgements, CSI, and scheduling request whereas other scheduling-related control information such as buffer-status reports and power headroom is carried using MAC control elements transmitted on PUSCH (i.e. invisible from L1). Scheduling request (assuming one is defined for NR) obviously needs to be transmitted outside PUSCH, as well as, for latency reasons, hybrid-ARQ acknowledgements.
· What types of information should be transmitted as L1/L2 control signaling (i.e. not in MAC control elements)?

	Company
	Comment

	Qualcomm
	ACK/NACK, SR, some CSI (preferably, we only carry limited number of bits in PUCCH)

	Nokia, ASB
	Similar signals as in LTE.
HARQ-ACK, CSI (including possible beam related info), SR. We think that NR should support also periodic CSI reporting on PUCCH. 
Additionally, it should be possible to multiplex PUCCH with sounding reference signal (SRS) within the UL control symbol(s).

	OPPO
	ACK/NACK, CSI and SR similar as in LTE, for other information such as BSR and PHR, we may need to consult with RAN2 first.
We also feel that multiplexing PUCCH with SRS needs to be considered.. 

	Idaho National Laboratory
	NR supports grant-free uplink transmissions. In that case LTE-like SR is not needed. However, in certain scenarios (e.g. URLLC), periodicity of the grant-free uplink resources may not be able to meet the latency requirements (e.g. during downlink multi-subframes). HARQ-ACK and CSI reporting are both supported same as LTE-like procedure. SR needs further investigation (see our view in section 6).

	MediaTek. Inc
	ACK/NACK, dedicated SR shall be supported
To reduce latency and possible overhead (in case of low utilization efficiency of dedicated SR), contention-based SR shall also be supported. FFS its details
To reduce, latency, dedicated/contention-based BSR (maybe partial) shall also be supported
Whether CSI (or beam related information) reporting is necessary or not depends on study of corresponding fields 

	Samsung
	ACK/NACK, SR, periodic CSI, and beam index and corresponding received signal power of the beam 

	KT Corp.
	HARQ-ACK, CSI, and SR as in LTE

	Panasonic
	ACK/NACK for DL data and CSI report is supported.
Dedicated channel for the SR is useful especially when the number of UEs in a cell is relatively small as this channel is collision free. UE buffer status report (BSR) and power headroom (PHR) may also be transmitted in uplink control channel.
Carrying data itself in the uplink control channel should be considered.

	NTT DOCOMO
	What types of information should be transmitted as L1/L2 control signaling (i.e. not in MAC control elements)?
At least SR, HARQ-ACK, and CSI should be supported. 

	Ericsson
	At least ACK/NAK, SR, CSI

	Intel
	HARQ ACK/NACK, SR, CSI report and beam related information.

BSR (buffer status report) can also be transmitted via NR uplink control channel for low user plane latency in UL.

	Huawei
	UCI types can include SR, HARQ-ACK, CSI, and combination in NR. Multiple PUCCH formats in NR should be supported to accommodate various UCI payload sizes.

	CATT
	Same signals as LTE should be supported including HARQ-ACK, SR and CSI (including beam-related information)

	Sharp
	At least HARQ-ACK, SR, and CSI.

	InterDigital
	At least SR, ACK/NACK and CSI are supported.
To support UL reciprocity functionality at the UE which is an agreed feature to be supported for NR, we may need to study data-associated control signaling for UL. For example UE may need to signal the precoding/beamforming information used for UL data transmissions or when data from more than one transport channels is transmitted.

	ZTE
	We believe HARQ-ACK, SR and CSI can be transmitted. BSR can also be considered.
Only SR and BSR can be periodic, since this related to low latency operation. The other signal should be dynamic only to reduce the latency.

	Motorola Mobility
	At least, SR and ACK/NACK for TBs should be supported.

	Xinwei
	HARQ ACK/NACK, Scheduling request, CSI (including beam related information, possibly in RSRP form or in SNR). It is also possible that if uplink RRM measurement is supported, additional control information for RRM might also be included in periodic control channel, which is detected together with uplink RRM RS by multiple cells.

	Convida
	HARQ Ack/Nack, SR, CSI & beam related, RRM, Power Control, BSR, MCS, etc.

	LG
	Similar as in LTE. At least HARQ-ACK for DL data reception, SR, CSI reports are to be supported. 

	ETRI
	The LTE approach can be the baseline. SR, HARQ-ACK, and CSI are at least included.



1. Long control format
At least two transmission durations are supported for uplink control according to RAN1#86bis agreements, 
· one short around the last OFDM symbol in a slot, TDM:ed or FDM:ed with data
· one long spanning multiple symbols (e.g. filling most of a slot or slots), FDM:ed with data
For the long format, where in the frequency domain are the UCI located? 
· In case of simultaneous UCI and data, the UCI could use some of the scheduled data resources. Is this the common view? 
· In case of UCI-only, how are the resources in the frequency domain obtained? Semi-static allocation, dynamically signaled, or something else?
· Are there some relation to the recent agreement on supporting both OFDM and DFT-spread OFDM in the uplink using “a common framework in designing CP-OFDM and DFT-S-OFDM based waveforms (without compromising CP-OFDM performance/complexity), e.g., control channels, RS, etc.”?

	Company
	Comment

	Qualcomm
	Yes, UCI could use some of the scheduled data resources, similar as existing LTE design. 
Even if data uses cp-ofdm waveform, it is still preferable to have UCI and PUSCH in contiguous RB as the data, to avoid IMD and simplify RAN4 evaluations. 
In case of UCI-only, the resources can be semi-static allocated or dynamically signaled.
To simplify the design, it is desirable to have a unique waveform for the long PUCCH format, regardless of data channel waveform. Since long PUCCH needs to support cell edge users, and always transmitted with single layer and low MCS, it is natural to assume DFT-S-OFDM waveform for the long PUCCH.

	Nokia, ASB
	For the long format, the following options should be supported for simultaneous UCI and UL data:
· Simultaneous transmission of PUCCH and UL data on PUSCH. 
· Multiplexing UCI with UL data on PUSCH.
PUCCH PRBs FDM:ed with UL data can be configured semi-statically. The actual resources for an UE can be indicated dynamically, or semi-statically.

We think that at least short PUCCH and mini-slot should be defined according to CP-OFDMA assumptions (i.e. no optimization for DFT-S-OFDMA waveform). On the other hand, multiplexing UCI with UL data on PUSCH should be supported for both CP-OFDMA and DFT-S-OFDMA. Further investigations are needed for long PUCCH FDM:ed with UL data. 
· Both DFT-S-OFDMA and CP-OFDMA –optimized approaches need to be studied

	OPPO
	For long format
· In case of simultaneous UCI and data, either UCI use some of the scheduled data resources or UCI uses its own resource (PRB) could be studied as latter could allow UCI to use the same structure as PUCCH and maintain consistent performance, it will also bring less impact to data transmission  and make it easy for power scaling and boosting in power limited situation. 
· In case of UCI-only, resources in the frequency can be configured by either semi-static allocation, or dynamic signaling or combined.
· On waveform for long format, we feel both DFT-S-FDMA and CP-OFDM shall be considered  (see R1-1611705), one for coverage improvement and the other for carrying large payload of UCI. 

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

	MediaTek Inc.
	For the long format, LTE’s related design may be the starting point
One key motivation of PUCCH in long duration is to improve coverage, low PAPR techniques shall be considered. Therefore, LowPAPR-sequence-based design as LTE format 1/1a/1b and DFT-S-OFDM based design as LTE format 3 shall be supported for PUCCH in long duration.

	Samsung
	1) Specification supports that UCI uses some of the scheduled data resources, aka, UCI piggyback on UL data channel.
2) For UCI-only case, semi-static and/or dynamic allocation can be considered. 
3) Long UL control channel has to support UEs that do not have large available power (including but not limited to “power limited” UEs) and need to transmit in more than one symbol for sufficient coverage. Therefore, specifications should support DFT-S-OFDM for the transmission of long UL control channel. Although a common framework in designing CP-OFDM and DFT-S-OFDM based waveforms can be targeted, eventual specification support of such common framework is FFS depending on trade-offs.

	KT Corp.
	We also think UCI can use some of the scheduled data resources.
PUCCH resource for UCI-only transmission can be allocated dynamically (i.e. L1 control signaling) or semi-statically (i.e. higher layer signaling). 
Regarding the waveform, at least, short control format should be defined based on CP-OFDMA. 

	Panasonic
	The UCI could use some of the scheduled data resources. On simultaneous UCI and data from a single UE perspective, at least one contiguous resource assignment should be supported. This is realized by UCI piggybacking on UL data or simultaneous adjacent transmission of UL data and UCI. Which one is FFS.
On resource allocation of UCI-only, it would be the combination of dynamic and semi-static. Certain resource is semi-statically configured. The offset and/or selection among semi-static resources are dynamically indicated.
On the waveforms, starting point of UL control channel in long transmission duration is DFT-s-OFDM. CP-OFDM based design can be considered for long transmission duration by modifying DFT-s-OFDM design.

	NTT DOCOMO
	In case of simultaneous UCI and data, the UCI could use some of the scheduled data resources. Is this the common view?
Yes, at least for the case of PUSCH transmission with DFT-s-OFDM waveform, UCI should be piggybacked on PUSCH. Other approach for the case where OFDM waveform is applied to PUSCH or PUCCH is FFS.
In case of UCI-only, how are the resources in the frequency domain obtained? Semi-static allocation, dynamically signaled, or something else?
The resources should be allocated either by semi-static signalling or by dynamic signalling (or combination of these signalling). 
Are there some relation to the recent agreement on supporting both OFDM and DFT-spread OFDM in the uplink using “a common framework in designing CP-OFDM and DFT-S-OFDM based waveforms (without compromising CP-OFDM performance/complexity), e.g., control channels, RS, etc.”?
We agree that DFT-s-OFDM waveform (including CAZAC sequences) good suits for long PUCCH format. FFS whether OFDM waveform is also useful for the long PUCCH format.

	Ericsson
	“Long PUCCH” is need in absence of UL data. The “long PUCCH”  could be designed similarly to LTE, i.e. a low-PAR/CM waveform and multiple UEs sharing a preconfigured set of RBs.
In presence of UL data UCI can be carried on the PUSCH resources, “UCI on PUSCH”. In addition, simultaneous “PUSCH and PUCCH” can be supported (almost) for free, e.g. if PAR/CM is less important.

	Intel
	Yes, UCI could use some of the scheduled data resources in case of simultaneous UCI and data

In case of UCI-only, resource can be semi-statically configured or dynamically signalled depending on UCI type. For instance, for periodic or SRS based CSI report, UL control channel resource can be semi-statically configured while for HARQ-ACK feedback, a combination of semi-static configuration and dynamic indication can be used.

Given that UL control channel with long duration is mainly targeted for UEs in a coverage limited condition, DFT-s-OFDM based waveform or sequence with low PAPR can be considered as a starting point.

	Huawei
	In case of simultaneous UCI and data, the UCI could use some of the scheduled data resources. Is this the common view? 
In case of simultaneous UCI and data, the UCI can have two options: 
1) the UCI is transmitted in PUCCH and has its own time-frequency resource for PUCCH;
2) the UCI can be piggybacked in PUSCH and could use some of scheduled data resources.

In case of UCI-only, how are the resources in the frequency domain obtained? Semi-static allocation, dynamically signaled, or something else?
In case of UCI-only, the signaling design to indicate the time-frequency resource of PUCCH can be further studied. The following options are possible, including semi-static allocation, dynamically signaled, combination of semi-static allocation and dynamic indication.

	CATT
	Yes, UCI can be multiplexed with data. Multiplexing method is FFS.
In case of UCI only and at least for HARQ-ACK, frequency resources can be dynamically signaled. Alternatively, a mix of semi-static configuration of a set of resources and dynamic allocation of the actual index. 

	Sharp
	In case of simultaneous UCI and data, the UCI could use some of the scheduled data resources depending on the configuration and UCI type.
In case of UCI only, both dynamic and semi-static methods should be considered.
Both DFT-S-OFDM and CP-OFDM formats should be considered. At least the same coding methods should be applied.

	InterDigital
	UCI transmission on the PUSCH resources should be supported at least for the coverage limited UEs, in order to avoid high PAPR/CM associated with simultaneous PUSCH and PUCCH transmission.
The long PUCCH will more likely cater for coverage limited UEs, therefore to have a unified framework for UL control channel, it is preferred to design long PUCCH based on DFT-s-OFDM waveform only.
The short PUCCH, on the other hand, can be optimized for OFDM waveform. 

	ZTE
	UCI should be transmitted in contiguous resource with PUCCH, however, this does not means the UCI should be put into same modulation or mapping process. They can be independent to each other, e.g. not related to waveform.
The frequency resource HARQ-ACK should be dynamically determined by PDSCH scheduling region or PUSCH scheduling region.  Additional PDCCH indication can be used if those are not applicable. SR and BSR should be semi-statically configured.
Common frame work should not limit the flexibility of design PUCCH and PUSCH.

	Motorola Mobility
	1. For DFT-S-OFDM based transmission, UCI can be multiplexed in data resources instead of dedicated control resources as in LTE. For CP-OFDM transmission, UCI transmission can be independent of presence/absence of data transmission.
2. UCI frequency resources for long control format can be determined by semi-static signaling, dynamic signaling, implicit derivation, or combination of those. 

	Xinwei
	Q: In case of simultaneous UCI and data, the UCI could use some of the scheduled data resources. Is this the common view? 
A: In our understanding, UCI could use scheduled data resources. It is also up to implementation that UE could be scheduled to transmit data and control simultaneously on independent channels.
Q: In case of UCI-only, how are the resources in the frequency domain obtained? Semi-static allocation, dynamically signaled, or something else?
A: For different UCI content, the resources might be gained in different ways. Typically for SR, the resources would be semi-statically configured. For multi-shot CSI, the resources are pre-configured and dynamically triggered to use. For ACK/NACK, the resources are preconfigured and could be dynamically chosen from the preconfigured resources for each transmission.
Q: Are there some relation to the recent agreement on supporting both OFDM and DFT-spread OFDM in the uplink using “a common framework in designing CP-OFDM and DFT-S-OFDM based waveforms (without compromising CP-OFDM performance/complexity), e.g., control channels, RS, etc.”?
A: We believe both waveform and control channel format should dynamically indicated by gNB. Under the same scheduling framework, different schemes might choose different waveforms and control formats. It should be up to gNB implementation.

	LG
	1) UCI could be transmitted on the resources scheduled for UL data. Detailed design including UCI mapping to the UL data resources needs to be studied. 
2) In case of UCI-only, the resource used for the UCI transmission could be provided by semi-static allocation and/or dynamic indication.
3) For long duration NR-PUCCH format, at least DFT-s-OFDM based structure should be supported for sufficient coverage with low PAPR. And, OFDM based long duration NR-PUCCH structure could also be specified if it provides potential benefits.

	ETRI
	· The LTE approach (UCI on PUSCH, and simultaneous PUCCH-PUSCH transmission) can be a baseline.
· The LTE approach can be a baseline. At least for HARQ-ACK, both RRC and DCI can be used to determine the PUCCH resource. FFS for other type of UCI. For example, aperiodic CSI report can be DCI indicated, and SR can be RRC configured.
· The LTE approach can be a performance baseline and we can discuss both CP-OFDM and DFT-S-OFDM. FFS if different performance requirement for eMBB and URLLC might apply.



1. Short control format and data
In case of a short uplink control format, it has been agreed that it can be multiplexed with data using FDM and/or TDM, see Figure 1 for some examples.
· Is FDM of data and UCI using the short format supported (e.g. third and fourth alternative in Figure 1)?
· Can the last symbol(s) be used for uplink data in case of a “downlink-centric slot” (e.g. third alternative in Figure 1)?
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[bookmark: _Ref464641320]Figure 1: Examples of data and UCI multiplexing.
	Company
	Comment

	Qualcomm
	Yes, FDM of data and UCI using short format should be supported to send “time critical” uplink data, by users with good link budget.
Yes, it is desirable in downlink-centric slot for the “time critical” uplink data for users with good link budget, so that they don’t need to wait for the uplink-centric slot. This will be an advantage over existing LTE TDD design. 
In this sense, the short UL control duration becomes a “common” uplink unit in both uplink-centric and downlink-centric slots. It is preferable to have the same short uplink burst format for both downlink-centric and uplink-centric slots, as shown below
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This way, we can have anchored UL and DL control regions, which are protected from any mixed interference in dynamic TDD.

	Nokia, ASB
	There is no FDM between PUCCH and UL data at least within a PRB.
From a single UE perspective, the baseline operation should be no FDM between UL data and UL control within the UL control symbols (i.e. no alternative 3 or 4 in Fig. 1) for short PUCCH format. The support of FDM between data and control for a UE needs to be investigated further.
But FDM of short PUCCH for one UE and UL data for another UE using different PRBs can be supported.

	OPPO
	· FDMed of data and short control format should be supported.  It should be clarified that we prefer to transmit UCI such as A/N only on control channel, but not on UL shared data channel in this case
· In case of a “downlink-centric slot”, we prefer not to support UL data in the last symbol due to limited resource available for control channel and maybe SRS.

	Idaho National Laboratory
	First and second alternative 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. 

	MediaTek Inc
	FDM of data and UCI using the short format shall be supported in UL only and UL-major, but not supported in DL-major (e.g. third alternative in Figure 1). The below figure shows some examples how FDM works. Details shall be FFS.
To implement these different FDM scenario so that resource utilization is more efficient, the ending index of OFDM symbol may be indicated in DCI.
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	Samsung
	FDM of data and UCI in short UL control channel should be supported at least for the fourth alternative (in UL centric slot). 
FDM of data and UCI in DL centric slot (third alternative) is FFS.

	KT Corp.
	We don’t prefer that FDM of data and UCI within last symbol(s) configured for short control format, which could make PUSCH allocation and relevant UL grant DCI format complicated. Therefore, we think alternative 1 and 2 should be a baseline.

	Panasonic
	We assume CP-OFDM waveform for UL control channel in short transmission. Then FDM of data and UCI using the short format is supported. 
If the forth alternative in Figure 1 means one UE’s data is mapped continuously between middle part of data and the last symbol(s) part of data, it is FFS. If the forth alternative means 2nd case and 3rd case combination but data is different UEs, it is supported.

Yes, the last symbol(s) can be used for uplink data in case of a “downlink-centric slot”. These symbols should be allowed to be multiplexed with SR, BSR, TCP initial request, and SRS.

	NTT DOCOMO
	Is FDM of data and UCI using the short format supported (e.g. third and fourth alternative in Figure 1)?
Yes, at least fourth alternative in Figure 1. 
Can the last symbol(s) be used for uplink data in case of a “downlink-centric slot” (e.g. third alternative in Figure 1)?
Yes, it can be realized by configuring mini-slot-level scheduling (in addition to slot-level scheduling) and then scheduling UL data in the mini-slot at the last symbol(s) of a slot. FFS whether this mechanism is supported without mini-slot-level scheduling.

	Ericsson
	Yes, FDM of data and short UCI is possible (form same and different UEs). All figures illustrate scenarios that should be supported. In an “uplink-heavy” slot, the last symbol can be scheduled by the same grant as the rest of the uL part or by a separate grant (FFS).

	Intel
	Yes, FDM of data channel and UL control channel with short duration should be supported, as illustrated below. The resource allocated for UL data channel on the last symbol can be indicated via combination of semi-static and dynamical signaling. 
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The symbol(s) at the end of a downlink-centric slot can be considered to use for uplink data. 


	Huawei
	Is FDM of data and UCI using the short format supported (e.g. third and fourth alternative in Figure 1)?
For the third alternative in figure 1, the UL data can be FDM multiplexing with the UCI if the short UL part can accommodate minimum resource unit for UL data scheduling.
For the fourth alternative in Figure 1, it is not necessary to support the FDM multiplexing between the UCI and the data, TDM should be a baseline in this case.

Can the last symbol(s) be used for uplink data in case of a “downlink-centric slot” (e.g. third alternative in Figure 1)?
Yes, those resources could be used for grant-free transmission at least for small uplink packets

	CATT
	FDM of UCI and data can be supported as shown in the figure. 
The last one or more symbols can be used for uplink data transmission.

	Sharp
	FDM of data and UCI using the short format should be supported. 
In DL centric slot, the last symbol can be reserved only for HARQ-ACK feedback. Thus, no UL data in the last symbol is allowed. 

	InterDigital
	Yes, data and UCI can be FDM multiplexed as long as the granularity for UCI is at least one PRB. This mode of operation resembles PUSCH + Short PUCCH (Third and fourth figures). 


	ZTE
	We should support the FDM scheme to reduce overhead. Otherwise, the overhead of UL can be too large. This overhead also considers the case with multiple beam transmission on PUCCH. Which we might use different beam for different UEs. If data is not able to be multiplex, more resource will be lost.


                                   

Transmitting PUSCH in downlink centric should also not be precluded. But it may not be the first priority, since the DMRS structure could be PUCCH like.

	Motorola Mobility
	FDM of data and UCI with short control format should be possible for CP-OFDM transmission. 
For CP-OFDM transmission, it should be possible to allocate data resource with symbol-level granularity.

	Xinwei
	Is FDM of data and UCI using the short format supported (e.g. third and fourth alternative in Figure 1)?
It is possible uplink control slot might be using different anolog beamforming from data. Thus for some cases, from a single UE perspective it should be prohibited that data and control are transmited in the same OFDM symbol. It is also possible that multiplexing of well-structured control channel might be much easier than with data channel. But transmission of data in control symbol can be designed to be dynamically on/off. For the corresponding UL-grant, it could be signaled.
Thus we prefer it is up to gNB to control whether data and short UL control are on the same symbol. Specification should gNB to turn off the co-located transmission.
Can the last symbol(s) be used for uplink data in case of a “downlink-centric slot” (e.g. third alternative in Figure 1)?
We support the transmission of UL data in downlink centric slot due to the possible stringent timing requirement of URLLC traffic. 

	Convida
	· Is FDM of data and UCI using the short format supported (e.g. third and fourth alternative in Figure 1)?
Yes, control and data may be FDM in the last symbol. 
· Can the last symbol(s) be used for uplink data in case of a “downlink-centric slot” (e.g. third alternative in Figure 1)?
Yes, the last symbol may be used for carrying data.

	LG
	1) UL data and short duration NR-PUCCH could be multiplexed by FDM manner (e.g. like third and fourth alternative in Figure 1 in the above), to maximize UL resource utilization.
2) Yes. The last symbol(s) configured for short duration NR-PUCCH in DL-centric slot (e.g. as third alternative in Figure 1) could be used for (small) UL data. 

	ETRI
	For better spectral efficiency, both UL data and short UL control can be allocated in FDM.
In our view, the DL-centric slot should be defined to allow at least one UL subslot. 



1. Short control format and reference signals
In case of a short uplink control format spanning one nominal OFDM symbol duration at the end of a slot, how are UCI and reference signals multiplexed? 
· In the frequency domain, e.g. by using different subcarriers? 
· In the time domain, possibly by splitting one nominal OFDM symbol into two shorter ones with double subcarrier spacing which could also be used to obtain more processing time for the UE? 
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Figure 2: Examples of RS and UCI multiplexing. . (CDM option is added)
	Company
	Comment

	Qualcomm
	TDM approach is more attractive from ACK timeline perspective. Also the “symbol splitting” (or scaled numerology ctrl in 3rd figure) is more preferable from overhead reduction perspective. Another advantage for 3rd figure is it can be applied to both DFT-S-OFDM and OFDM waveforms.


	Nokia, ASB
	FDM should be the primary multiplexing scheme between RS and data at least in the case of short format(s).
The need for TDM between RS and data on long PUCCH format can be considered as part of the DFT-S-OFDMA support.

	OPPO
	We prefer TDMed way to multiplex RS and control channel in short format as we feel short format may be likely to use DFT-S-FDMA waveform. Certainly figure 3 provides an option that could be used for both DFT-S-FDMA and CP-OFDM waveforms.

	Idaho National Laboratory
	The second and the third alternatives (TDM) between RS and UCI should be considered in order to support DFT-S-OFDM transmissions.

	MediaTek Inc.
	In case of a short uplink control format spanning one nominal OFDM symbol duration : 
When only few bits are transmitted, low-PAPR-sequence-based design is still attractive due to 
1. Sequence-based is simple and good
2. PAPR is smaller than OFDMA design
Therefore, CDM of UCI and RS shall be supported. (Ex : one sequence as DMRS, and its linear-phase-shift version to carry UCI)
When more bits are transmitted, OFDMA design may be considered, and therefore FDM of UCI and RS shall also be supported

	Samsung
	TDM approaches require an equal split of resources for RS and UCI. FFS whether this is optimal for UCI payloads larger than ~2 bits. 
CDM can be considered for 1-2 UCI bits, and FDM can be the baseline for larger UCI payloads.
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	KT Corp.
	We think FDM between RS and UCI should be considered for short control format.

	Panasonic
	At least FDM should be required for the multiplexing between RS and data especially relatively large payload size like 50 to 100 bits. In such case, RE ratio between RS versus data would not be so suitable in the third option in Fig. 2.
Third option (symbol splitting) might be useful for ACK/NACK only transmission as it allows half symbol additional processing time.

	NTT DOCOMO
	In case of a short uplink control format spanning one nominal OFDM symbol duration at the end of a slot, how are UCI and reference signals multiplexed?
Following two should be studied further.
1. FDM between UCI and RS with OFDM waveform in one symbol
2. TDM between UCI and RS with DFT-s-OFDM waveform in two symbols
The benefits of the above 1 are flexible RB allocation and flexible ratio between UCI and RS resource elements, to match the amount of UCI payload or coding rate. The benefit of the above 2 is lower PAPR. However, in order to confine short UL control format within one nominal OFDM symbol duration, doubling SCS is necessary. 

	Ericsson
	From an overhead perspective alt I or III is preferred (1 symbol OH instead of 2). “Immediate ACK”/”same -slot ACK” is important; alt III is ok if this is required to give the UE sufficient processing time. 

	Intel
	In case of short control channel format, FDM based multiplexing of DM-RS and data symbols should be supported. TDM with symbol splitting can be optionally considered as an additional mode. For small payload size, e.g., SR or 1-2 bit HARQ-ACK feedback, it is FFS whether coherent or non-coherent (without DM-RS) based structure can be used.

For UL control channel with long duration, TDM based multiplexing of DM-RS and data symbols with the same subcarrier spacing as in LTE should be supported. 

	Huawei
	In the frequency domain, e.g. by using different subcarriers? 
For PUCCH within one OFDM symbol, FDM multiplexing between UCI and DMRS is a baseline; furthermore, NR should strive for a design to keep low PAPR.
For PUCCH with more than one OFDM symbols, TDM multiplexing between UCI and DMRS can be a baseline for low PAPR design.
In the time domain, possibly by splitting one nominal OFDM symbol into two shorter ones with double subcarrier spacing which could also be used to obtain more processing time for the UE? 
The use case and benefit are not clear so far, more study is needed as well as investigation on the impact on TRP-TRP interference and UE complexity.

	CATT
	The benefit of TDM seems to be reduced PAPR. However, we are not clear that using short PUCCH format would be a typical use case for power limited scenarios. Thus we prefer the FDM approach.

	Sharp
	For CP-OFDM based format, FDM is enough. For DFT-S-OFDM based, TDM should be supported by extending a LTE Rel-14 2-sym sTTI design (once it is completed).

	InterDigital
	At least TDM multiplexing with and without symbol splitting should be considered to enable a common framework for RS design for both OFDM and DFT-s-OFDM.

	ZTE
	We consider the Sequence based scheme and FDM schemes between RS and payload. This 2 schemes both work for one symbol.
We should further evaluate the splitting symbol schemes, if the above cannot meet requirement.

	Motorola Mobility
	FDM for CP-OFDM based transmission. Whether short control format with DFT-S-OFDM is supported is FFS, since DFT-S-OFDM is mainly targeted for coverage-limited scenario. With gNB and/or UE beamforming, the coherence bandwidth of a beamformed channel is likely to be quite large allowing sparse DM RS allocation in the frequency domain.

	Xinwei
	As we stated previously, OFDM and DFT-S-FDMA are supported under the same framework and dynamically indicated. For the PAPR benefit of TDM, it is only useful for DFT-S-FDMA. Thus we think it is better to define two kinds of multiplexing. When OFDM is indicated as the waveform for UL control, FDM should be chosen from the perspective of easier multiplexing with data. When DFT-S-FDMA is indicated, it could use the form of TDM. To reduce overhead, we believe one symbol splitting is a better way. 

	Convida
	For DFT-S-OFDM, TDM is required.
For CP-OFDM, both TDM and FDM may be applicable.

	LG
	As one-symbol NR-PUCCH format, at least the following approaches are preferred. 
(1) FDMed RS/UCI structure based on normal OFDM symbol duration (e.g. first alternative in Figure 2).
(2) TDMed RS/UCI structure based on sub-symbol duration with larger sub-carrier spacing than data (e.g. third alternative in Figure 2) at least for low PAPR (FFS how much latency could be reduced by using this).
(3) Sequence-based method by which a sequence (e.g. Zadoff-Chu) conveying UCI is transmitted alone without associated RS (R1-1611842).
On top of (2) in the above, it is useful to consider FDMed RS/UCI structure based on sub-symbol duration with larger sub-carrier spacing than data, and this structure could be beneficial especially for the multi-beam operation based NR environments (R1-1611847).
In case of TDMed RS/UCI structure based on normal OFDM symbol duration (e.g. second alternative in Figure 2), it could be considered as short duration NR-PUCCH format consisting of more than one symbol (R1-1611843). 

	ETRI
	In our view, for short PUCCH format, we can discuss both coherent detection based on DM-RS and non-coherent detection with no DM-RS. Using non-coherent detection for one symbol PUCCH, at least one or two bits can be detected. In this case, larger payload than two bits are FFS. If DM-RS based PUCCH is discussed, then it is slightly preferred to TDM due to the less processing latency.



1. Transmission structure
RAN1#86bis agreed to “in frequency-domain, a PRB (or multiple PRBs) is the minimum resource unit size for UL control channel”. Note that for unlicensed operation in the future, the uplink control signaling need to span a large part of the transmission bandwidth while for the licensed case this is not necessary from a regulatory perspective.
· Does a UE use a complete PRB on its own or are multiple UEs multiplexed in a (set of) PRB(s)? If so, how? 
· Should uplink control signaling in absence of uplink data be restricted to a “control subband”, similarly to what was agreed for the downlink?
· How is the numerology for uplink control signaling determined?

	Company
	Comment

	Qualcomm
	UE should be scheduled in unit of PRB (or multiple PRB’s). It may also be desirable to multiplex more than 1 UE within the same PRB, if PUCCH not piggyback on data. 
For control only transmission, it is desirable to have PUCCH in a pre-configured “control subband”. Network can configure multiple “control subband” for control capacity purpose.
Uplink control numerology of short duration can be specified semi-statically. We don’t see a need for very dynamic specification, which complicates DCI.

	Nokia, ASB
	It should be possible to multiplex different UEs within PUCCH PRB. At least the following options should be considered:
· Opt 1: No multiplexing within symbol  (c.f. LTE PUCCH Format 4)
· Opt 2: CDM based on CAZAC (c.f. PUCCH format 1/1a/1b, 2/2a/2b) using one or multiple cyclic shifts per UE
· Opt 3: CDM + FDM within symbol/PRB 
· Opt 4: Orthogonal cover code (c.f. PUCCH Format 1/1a/1b, 3). This option can be combined with Opt 1 – Opt 3, and the main use case is long PUCCH format.
It makes sense to restrict the UL control signalling to a control subband. However, this can be seen as a BS implementation issue.
As a starting point, data and control should follow the same numerology at least in the same slot interval. If justified by considerable benefits, it is possible to support also scenario where data and control are sent with different numerologies.

	OPPO
	Multiple UE could have their control channels multiplexed on a PRB to improve the efficiency. CDM should be used as baseline.
For UCI only case, it may be easier for UE to obtain its UCI from a “control subband”  at least for long format.  It is however preferred to use control channel to transmit UCI whenever is possible as using UL shared channel for UCI transmission may bring some issues (R1-1611699).
We also feel the same numerology for both data and control channels shall be the baseline to start with.  If  different numerology on control channel is supported, semi-static configuration of control channel numerology could be considered as the baseline.

	Idaho National Laboratory
	As mentioned in section 1, 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.

	MediaTek Inc
	CDM and FDM shall be supported in PUCCH region. (CDM and FDM may be used in different PUCCH format/scenario)
The idea of “control subband” makes sense.
Control and data following the same numerology shall be the baseline solution.

	Samsung
	FFS whether UE multiplexing applies within a PRB for the short UL control channel duration considering the required power boosting and associated interference in the last slot symbol depending on the sub-band size (e.g. due to interference-limited operation from UE multiplexing, that may be pronounced by required power boosting for the short UL control channel format, BLER targets may not be met). For the long UL control channel duration, UE multiplexing can apply. 
It is preferred to have PUCCH in “control sub-band” similar to downlink control. Multiple “control sub-bands” can be configured.
Based on Q5, same numerology with data is the baseline. 

	KT Corp.
	UCIs from different UEs can be multiplexed within a (set of) PRB(s). 
Regarding the numerology, it makes sense that control and data follow the same numerology. We don’t see the motivation and benefits of splitting the numerology between control and data clearly, yet.

	Panasonic
	On resource unit size, a complete PRB (or a few PRB) is used for larger UCI payload size. On the other hand, for small UCI payload size, multiple UEs are multiplexed in a (set of) PRB(s). FDMed by subcarrier level and CDM are studied for the multiplexing among uplink control channel from different UEs by taking into account the multiplexing capacity.
On resource allocation, the frequency resource indicatable to dynamic/semi-static combinations is “control subband.” Therefore, the uplink control signalling is restricted to such region. The control subband can be different among UEs. The global sum of “control subbands” is known to UE for the data allocation is FFS.
On the numerology for uplink control channel, if uplink data and uplink control channel are the same numerology, it is known. While if uplink data and uplink control channel are the different numerology, the numerology for uplink control is semi-statically indicated. FFS whether SIB and/or dedicated.

	NTT DOCOMO
	Does a UE use a complete PRB on its own or are multiple UEs multiplexed in a (set of) PRB(s)? If so, how?
No need for a UE to use a complete PRB for PUCCH transmission. Subcarrier-level and PRB-level comb structures, and CDM among UEs, should be studied, for the purposes of achieving frequency-diversity gain and of enabling unlicensed carrier transmission. 
Should uplink control signaling in absence of uplink data be restricted to a “control subband”, similarly to what was agreed for the downlink?
Yes. 
How is the numerology for uplink control signaling determined?
If different numerology is used, it should be configured by higher-layer signaling.

	Ericsson
	A full PRB is often not required to support the UCI from one UE, hence it should b epossible to multiplex multiple UEs in one PRB. It should be possible to configure one or more “control subbands” where UEs can transmit their control. Cotnrol should use the same numerology as data as a starting point (except the possibility to split one OFDM symbol into two, if needed, to support “immediate ACK”).

	Intel
	For small payload size, either CDM or FDM or combination of these two options can be used to multiplex multiple UEs for UL control channel in multiple PRBs. For instance, different cyclic shift values (CDM) or comb offsets (FDM) can be assigned for one UE for UL control channel with short duration.

The definition of control subband is not clear. Different number of PRBs may be allocated for different PUCCH formats. UCI transmission can occur within configured PRBs. 

As a starting point, data and control should follow the same numerology at least in the same slot interval

	Huawei
	Does a UE use a complete PRB on its own or are multiple UEs multiplexed in a (set of) PRB(s)? If so, how? 
Both are possible, which depend on the payload size and the corresponding PUCCH format. The details need more study.

Should uplink control signaling in absence of uplink data be restricted to a “control subband”, similarly to what was agreed for the downlink?
Firstly, the uplink control signaling can be transmitted with PUCCH, and the PUCCH can be limited to a “control subband” (depend on the time-frequency resource configured for the PUCCH). At the same time, as we mentioned above, the uplink control signaling can be piggbacked to PUSCH region (even though there is no data scheduling), at this stage, this kind of design cannot be precluded.

How is the numerology for uplink control signaling determined?
The numerology for uplink control signaling can be signaled in SIB, RRC, DCI, etc. It is not so clear so far and more study is needed.

	CATT
	Multiplexing of multiple UEs in the same PRB can be supported by frequency domain OCC as used for LTE PUCCH format 5.
If there is no data, control can be confined to a control subband, similarly to LTE
The numerology for NR PUCCH can be the same as UL data for multiplexing with UL data.

	Sharp
	Multiple UE multiplexed in a (set of) PRB(s) is preferred.
For a licensed band, there could be multiple uplink control subbands. For a given UE, uplink control signaling can be restricted to a “control subband” that is semi-statically configured by eNB. 

	InterDigital
	From efficiency perspective, the same design approach as in LTE can be adopted where multiple UEs are multiplexed in one PRB. 
Configuring multiple “control subbands” should be supported to be able to extend the UL control capacity for future applications if needed.
Numerology can be determined based on higher-layer signaling.

	ZTE
	We propose to consider the exact multiplexing schemes between UEs and then decide the mapping granularity.
This should also consider the transmission scheme of PUCCH, supporting of MU-MIMO scheme and so on.
Subband can be used for periodic feedback. However, dynamic signaling should not be restricted to 1 subband.
Default operation is same numerology.

	Motorola Mobility
	UE can use a complete PRB on its own (e.g. for data transmission). It should be also possible to multiplex multiple UEs in a (set of) PRB(s) e.g. for control transmission. At least, uplink control channel using the same numerology as data channel should be supported.

	Xinwei
	Does a UE use a complete PRB on its own or are multiple UEs multiplexed in a (set of) PRB(s)? If so, how? 
UE could be multiplexed for UL control, especially for OFDM based transmission. CDM and comb like structure should both be supported.
Should uplink control signaling in absence of uplink data be restricted to a “control subband”, similarly to what was agreed for the downlink?
No, the concept of UL control subband is not necessary. The resources for UL control is directly controlled by gNB if it wants to restrict the resources to certain subband in frequency domain.
How is the numerology for uplink control signaling determined?
The numerology for uplink control signaling is indicated by DL control. Typically, it is the same as UL data. But it is also possible that UE may have the form of symbol splitting transmission, the numerology could be dynamically indicated. 

	Convida
	· Does a UE use a complete PRB on its own or are multiple UEs multiplexed in a (set of) PRB(s)? If so, how? 
A UE may use 1 or more PRBs depending on its control information size and may be multiplexed with other UEs with the same or different amount of control information resources.
· How is the numerology for uplink control signaling determined?
It may be configured through RRC or dynamically indicated through DCI.
· Should uplink control signaling in absence of uplink data be restricted to a “control subband”, similarly to what was agreed for the downlink?
It need not be restricted to specific control bands.

	LG
	1) Whether a complete PRB is used for a single UE or shared among multiple UEs could be dependent upon NR-PUCCH format, i.e., which type of UCI or how large UCI payload is transmitted. 
2) UL control subband could be configured at least from NW perspective. Whether it needs to be informed (i.e., transparent or not) for UEs is FFS. 
3) UL control channel structure based on sub-symbol duration by configuring larger sub-carrier spacing than data is to be supported, with consideration of low PAPR based one-symbol NR-PUCCH and multi-beam operation based NR environments.

	ETRI
	· It does no need to span a complete PRB in either time or frequency. Depending on the multiplexing capability between UEs, the spreading factor (i.e., the number of REs) may be determined. Also, depending on the link budget, the time duration may be determined. In the same PRB, FDM/CDM/TDM can be considered between UEs.
· gNB may intend to confine UL control region in frequency domain to avoid many fragmented UL data region in frequency, assuming that UL control and UL data are not likely to be multiplexed in the same PRB(s). For a single UE perspective, each hop in frequency can be confined within UL control subband.
· For this time being, we do not see the benefit of switching numerology for UL control in one usage scenario. At least eMBB, it is preferred that RRC configures the numerology for UL control channel. FFS for both URLLC and eMBB supporting UEs.



1. Multiplexing of different UEs
Multiple UEs may transmit UCI in the same slot. 
· How are different UEs multiplexed, i.e. how are resources assigned to different UEs to avoid collisions between UEs? Are the resources implicitly derived (i.e. like LTE which uses the CCE number), explicitly signaled using the DCI, configured using RRC, or something else?

	Company
	Comment

	Qualcomm
	We can start with the existing LTE approach (i.e. implicitly derived). 

	Nokia, ASB
	We think that for HARQ-ACK at least the following solutions should be considered as potential resource indication scheme:
· Explicit resource indication based on L1 DL signaling
· Explicit resource indication based on higher layer signaling combined with resource selection based on L1 DL signaling (i.e. ARI based solution used in LTE CA). 
We don't see a need for implicit resource allocation.
RRC configuration can be used as a resource indication scheme for periodic CSI on PUCCH.

	OPPO
	We feel the explicit resource indication in DCI plus timing between data transmission and corresponding A/N feedback shall be used to determine the resource for A/N. 

	Idaho National Laboratory
	SR channel uses CDM with assigned spreading-signatures to the UEs.

	MediaTek Inc
	FFS implicit, explicit derivation, or combination of implicit and explicit derivation.

	Samsung
	The question seems limited to HARQ-ACK (not on UCI in general). Depending on the UL control channel structure, both implicit derivation (e.g. as for PUCCH Format 1a/1b in LTE) and a combination of semi-static configuration and explicit indication (e.g. as for PUCCH Format 3/4/5 in LTE) can be considered. For other UCI types, semi-static allocation may also be applicable (e.g. if periodic CSI is supported).

	KT Corp.
	Followings can be a starting points for PUCCH resource allocation for a UE
· PUCCH resource for HARQ-ACK and aperiodic CSI can be indicated in L1 control signaling.
· PUCCH resource for periodic CSI and SR can be configured by higher layer.

	Panasonic
	The resource allocation is the combination among semi-static (like starting position), implicit (DL data PRB assignment or CCE of DL control) and explicit (like dynamic offset).

	NTT DOCOMO
	Considering that different DL control subband(s) are configured for different UEs, it is not preferable to rely only on implicit resource determination based on, e.g., NR-CCE number, as long as UE-specific resource configuration is available. ARI/ARO type of explicit signaling is preferable.

	Ericsson
	Far ACK resources: explicit indication in the DCI is simple (especially if mixing different timing relations for different UEs) but to limit the DCI payload implicit indication can be considered.

	Intel
	For HARQ-ACK feedback, a combination of semi-static configuration and dynamic indication in the DCI is used for resource allocation of UL control channel. For periodic or SPS based CSI report, resource for UL control channel can be semi-statically configured by higher layers. 

	Huawei
	Downlink control channel structure should be designed firstly, then we can continue to discuss what kind of PUCCH multiplexing of different UEs can be supported. Based on the flexible HARQ timing, at least from HARQ-ACK perspective, the dynamic signaling is needed.

	CATT
	Explicitly signaled using the DL DCI

	Sharp
	Both implicit and explicit methods can be considered to determine control channel resource. 
In case of explicit method, multiple resources are RRC configured for a UE, and the resource is explicit signaled by a DCI.

	InterDigital
	For forward compatibility (e.g., resource ambiguity became an issue once Carrier Aggregation was introduced in LTE), resource indication should not be solely based on the implicit approach. Some form of explicit indication may be needed.

	ZTE
	We should fully utilize the UL/DL channel reciprocity.  The resource should be implicitly determined by this as possible. Explicit scheme can be complementary.

	Motorola Mobility
	We should not preclude any of approaches or combination of those at this stage.

	Xinwei
	It may also depends the which UCI the above question refers to. For SR, the resources are preconfigured and avoids collision with each other and with other forms of UCI. For other forms of CSI, UE could be preconfigured with several sets/pools of resources. Then for each transmission, the corresponding ACK/NACK or the multi-shot CSI, the resources could be dynamically triggered in the predefined resources set. Avoidance of collision is under control of gNB.

	Convida
	We support multiplexing of UE on UL control for better resource utilization. TDM, FDM and CDM are all good candidates. Resources may be allocated based on the UE’s SINR. To the extent possible, resource information must be derived implicitly.

	LG
	For determination of UL control channel resource, implicit manner and explicit manner (and combination) could be considered. In addition, different method can be applied according to UCI type (e.g. HARQ-ACK, SR, CSI).

	ETRI
	LTE can be the baseline approach, i.e., the PUCCH resource can be derived by the combination of RRC and DCI.



1. Hybrid-ARQ timing
Regarding the timing of hybrid-ARQ acknowledgements, “DL data reception in slot N and corresponding acknowledgment in slot N+K1; All UEs should support K1≥1 with exact values for K1 FFS; Some UEs may support K1=0 (FFS conditions)” was agreed. If was also agreed that “Timing relationship between DL data reception and corresponding acknowledgement can be (one or more of, FFS which ones) dynamically indicated by L1 signaling (e.g., DCI); semi-statically indicated to a UE via higher layer; a combination of indication by higher layers and dynamic L1 signaling (e.g., DCI)”
Supporting K1=0 is useful for operation in unlicensed spectrum (where an acknowledgement is allowed to be transmitted without a preceding LBT if it comes “immediately” after the data) and in general to reduce latency. However, even for UEs capable of K1=0, transmitting an acknowledgement “immediately” after a downlink transmission (top of Figure 3) may not always be desirable, e.g. to handle coexistence with TD-LTE or to reduce overhead from downlink-uplink switching. Instead, acknowledgements from multiple downlink transmissions should come at one occasion (bottom of Figure 3).
· Should we support dynamic timing relation for the acknowledgement? If so, how (timing as part of DCI, the gNB polls the UE for an ACK report, etc)?
· If the acknowledgement is transmitted at a later time instant not immediately after a data transmission, do we need some specific mechanism to handle that a UE may need to do LBT before UCI transmission in unlicensed spectrum?
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[bookmark: _Ref464655089]Figure 3: Example of ACK timing.

	Company
	Comment

	Qualcomm
	We can support configurable ACK timeline. However, this doesn’t mean it can be “fully dynamic”. It should always allow UE to process data packets with a fixed pipelining, although UE can delay/group the ACK feedback based on network configurations.

	Nokia, ASB
	Dynamic timing relation for the HARQ-ACK needs to be supported. Explicit timing info is included in the DL grant. Higher layer configuration for the allowed values for the timing relation should be considered as one option to limit the amount of explicit signaling. 
It should be possible for BS to trigger HARQ-ACK feedback for all HARQ processes simultaneously.

	OPPO
	Dynamic timing of A/N and its corresponding DL transmission should be supported, certainly, the exact timings need to be studied/decided considering the UE processing capability and scheduler complexity. Both higher layer signaling and DL grant could be used to indicate the timing. 

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

	MediaTek Inc.
	Dynamic timing relation for the ACK shall be supported. Timing info may be included in the DCI.

	Samsung
	It is preferred to have dynamic configuration of ACK timeline on top of RRC configuration. 

	KT Corp.
	HARQ-ACK timing can be configured explicitly by higher layer or L1 control signaling.
We also think that HARQ-ACK multiplexing across multiple HARQ processes needs to be supported from a single UE perspective. 

	Panasonic
	Dynamic timing relation is supported. The timing as part of DCI. 
If semi-static DL/UL indication is known like agreed in R1-168395, gNB decides minimum timing relations and gNB indicates this to UE semi-statically.

	NTT DOCOMO
	Should we support dynamic timing relation for the acknowledgement? If so, how (timing as part of DCI, the gNB polls the UE for an ACK report, etc)?
Yes. The timing can be indicated by DCI. 

	Ericsson
	The DCI indicates when to transmit the ACK. To avoid a large number of timing relations in the DCI, a polling mechanism can be considered as a complement (this can also be useful to support a “late” ACK requiring LBT in unlicensed spectrum).

	Intel
	Dynamic HARQ-ACK timing or semi-static configuration or a combination of these two can be considered for NR. 

	Huawei
	Should we support dynamic timing relation for the acknowledgement? If so, how (timing as part of DCI, the gNB polls the UE for an ACK report, etc)?
Yes, dynamic timing relation for the acknowledgement should be supported. But in order to reduce the number of bits in DCI, potential semi-static signaling is also needed to restrict the possible timing relation candidates.

If the acknowledgement is transmitted at a later time instant not immediately after a data transmission, do we need some specific mechanism to handle that a UE may need to do LBT before UCI transmission in unlicensed spectrum?
In unlicensed spectrum where LBT is mandated or where LBT is the preferred mechanism for coexistence, then a UE would have to perform LBT before UL transmission unless the UL transmission meets certain conditions such as a sufficiently small gap following the latest transmission associated with the same BS, as specified in LTE-LAA.

	CATT
	Dynamic timing relation for the acknowledgement should be supported. The timing can be indicated by DL DCI.

	Sharp 
	Explicit timing indication by DCI should be supported. To reduce DCI overhead, the DCI without this indication should also be considered, e.g. if the assigned DL/UL transmission direction is signaled to UE by higher layer signaling.

	InterDigital
	DCI can indicate whether to report HARQ-ACK and (if yes) the timing of HARQ-ACK. DCI can also request the latest HARQ state for all HARQ processes of a HARQ entity.

	ZTE
	Dynamic timing can be realized by DCI indication. This is in line with dynamic direction of transmission. However, the Dynamic scheme can save a lot overhead by properly split the DCI information into, e.g. PDSCH part, for those delay feedback as we shown in contribution. Detail can be FFS.
Yes, we should specify that LBT if the feedback is not instantly after a data transmission.

	Motorola Mobility
	Some flexibility in ACK timing beyond the minimum time needed for ACK transmission can be supported in addition to a fixed ACK timing. 

	Xinwei
	Dynamic timing relationship is needed for different verticals requirements. We support the possible way of reducing overhead through higher layer restriction/preconfiguration.  

	Convida
	NR should support flexibility in assigning the HARQ timing. It may be configured through RRC or DCI. 

	LG
	Similarly with ARI in LTE, it can be considered to dynamically indicate (e.g. DCI) one of multiple HARQ-ACK timing candidates configured by higher layer (e.g. RRC). Moreover, aggregated HARQ-ACK mechanism as second alternative in Figure 3 (and combination with HARQ-ACK timing indication) can also be considered for efficient DL/UL resource management.

	ETRI
	The DCI and RRC carries the timing relation. The RRC configuration sets possible timing relations, and the DCI can choose one of them.



1. Other
Any additional comment or views on uplink control signaling?

	Company
	Comment

	
	

	
	




image3.emf
DL

UL


image4.png
PUCCH and PUSCH from the same UE
UE is not in power-limited situation UE in power-limited situation

i =

[ -

slot

PUCCH and PUSCH from different UE

(] [

I: - =





image5.png
PUCCH UE#2
v
PUSCH UE #1

> PUCCH UE#3

slot




image6.emf
time

Fre

UE1 PUCCH region

UE2 UE3

Reccive 1

Receive2


Microsoft_Visio_2003-2010_Drawing.vsd
time


Fre


UE1 PUCCH region


UE2


UE3


Reccive 1


Receive2



image7.emf
time

Fre

UE1 PUCCH region

UE2 UE3


Microsoft_Visio_2003-2010_Drawing1.vsd
time


Fre


UE1 PUCCH region


UE2


UE3



image8.emf
slot

UCI

DM-RS

slot

UCI

DM-RS

slot

UCI

DM-RS

FDM TDM TDM 

with symbol splitting


image1.emf
DL

UL

slot

data

UCI

No multiplexing TDM of UCI and data FDM of UCI and data


image2.emf
DL

UL

DL

UL


