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1 Introduction

At the RAN1 #87 meeting, the following agreements were made regarding NR UL control channel [1]: 

· 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.

In addition, the following agreements were made with respect to NR UL control channel with short duration [1]  

· 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

· 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)

Furthermore, the following agreements were made on NR UL control channel with long duration [1]. 

· 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

· 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)

In this contribution, we present evaluation results and our view on UL control channel with short duration for NR.  
2 Link level simulation results
In this section, we provide link-level simulation results for DM-RS based structure for short UL control channel. The simulation assumptions are outlined in the Appendix of this contribution.

2.1 Short UL control channel performance with small payload

As discussed in our companion contribution [2], DM-RS based structure and sequence based design can be considered to carry 1 or 2 bit HARQ ACK/NACK feedback in short UL control channel. For DM-RS based structure, DM-RS is inserted and embedded in the UL control channel to allow gNB to perform coherent detection. Further, orthogonal sequences can be considered as spreading code on modulated symbols to multiplex multiple UEs in the same frequency resources. As shown in Figure 1, FDM or TDM based multiplexing of DM-RS and UCI symbols can be employed for UL control channel with 1 symbol duration: 
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Figure 1. DM-RS based structure for UL control channel with 1 symbol duration
In the simulations, UL control channel spans 1 symbol and occupies contiguous 2 PRBs, where 12 REs are allocated for data symbols and DM-RS in an interleaved fashion, respectively. Further, computer generated sequence with length of 12 as defined in LTE is employed for both DM-RS and spreading sequence for UCI symbols.
Figure 2 illustrates link level simulation results for short UL control channel carrying 1 bit UCI information. In the figure, it can be observed that FDM and TDM based multiplexing of DM-RS and UCI symbols can deliver similar link level performance in case of 1 bit payload size. 
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Figure 2. Link level simulation results for short UL control channel carrying 1 bit information
Observation 1:

· For short UL control channel carrying small payload, FDM and TDM based multiplexing of DM-RS and UCI symbols can deliver similar link level performance.

As agreed in the RAN#87 meeting [1], NR supports 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. As shown in Figure 3, when TDM based multiplexing of DM-RS and UCI symbols with doubling subcarrier spacing is used, UE may need to transmit the UL data and UL control channel with short duration simultaneously using different numerologies in the same symbol duration, which may not be desirable considering the implementation complexity at UE transmitter. This may not be even feasible for certain UEs who do not support simultaneous transmission of multiple numerologies in a FDM manner. 
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Figure 3. Potential issues for TDM based multiplexing of DM-RS and UCI symbols

In OFDM system, CP is used to mitigate the inter-symbol interference (ISI), which may be introduced by synchronization error, timing offset tracking error and delay spread. Given that TDM based multiplexing of DM-RS and UCI symbols with doubling subcarrier spacing would reduce CP length by half, in order to maintain similar performance as long CP, this indicates that more stringent requirement on synchronization and timing offset tracking error may need to be defined, or TDM based multiplexing may be only applied for certain scenarios with relatively small delay spread. 
Further, as mentioned below for short UL control channel carrying relatively large payload, FDM based multiplexing of DM-RS and UCI symbols should be employed thanks to superior link level performance. In the design of short UL control channel, it is more desirable to consider a unified structure, i.e., FDM based multiplexing, for both small and relatively UCI payload sizes, which can help reduce specification and implementation effort. 
Taking into account the aforementioned limitations for TDM based multiplexing of DM-RS and UCI symbols using doubling subcarrier spacing, in our view, FDM based multiplexing of DM-RS and UCI symbols should be supported in NR as a mandatory feature. It is FFS the support of TDM based multiplexing of DM-RS and UCI symbols using doubling subcarrier spacing unless clear benefit is identified in RAN1. 
Proposal 1:

· FDM based multiplexing of DM-RS and UCI symbols should be supported in NR as a mandatory feature
· FFS the support of TDM based multiplexing of DM-RS and UCI symbols with doubling subcarrier spacing in case that clear benefit is identified in RAN1.
2.2 Short UL control channel performance with relatively large payload
As discussed in our companion contribution [2], UE specific DM-RS can be embedded for UL control channel transmission carrying relatively large payload size to allow gNB to perform coherent detection. In case when 1 symbol is allocated for UL control channel transmission, DM-RS can be multiplexed with UL control channel in a FDM manner. 
In the simulation, it is assumed that 8 and 20 bits payload is carried by short UL control channel, which occupies 4 PRBs. Further, for 8 bit payload, RM block code is used similar to LTE while for 20 bit payload, dual RM block code is used similar to LTE PUCCH PF3. In addition, rate matching is applied after encoding to fill in all available REs allocated for UCI symbols. In the simulations, various DM-RS patterns and overheads are evaluated as shown in Figure 3. 
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Figure 4. DM-RS patterns and overheads for short UL control channel
Figure 4 and Figure 5 illustrate link level simulation results for short UL control channel carrying 8 and 20 bits payload, respectively. In the figures, it can be observed that 
· DM-RS with 1/3 or 1/4 overhead can achieve ~0.5dB and ~1.2dB better link level performance compared to DM-RS with 1/2 overhead for both TDM and FDM based structure for 8 and 20 bits payload, respectively. 
· DM-RS with 1/3 overhead can slightly outperform DM-RS with 1/4 overhead for 20 bits payload in case of relatively large delay spread.  

· FDM and TDM based multiplexing of DM-RS and UCI symbols with same overhead can deliver similar link level performance. 
According to the simulation results, for short UL control channel carrying relatively large payload, it is more appropriate to employ FDM based multiplexing of DM-RS and UCI symbols due to superior link level performance. Further, DM-RS with 1/3 or 1/4 overhead can be considered as baseline for short UL control channel carrying relatively large payload. 
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Figure 5. Link level simulation results for short UL control channel carrying 8 bit payload
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Figure 6. Link level simulation results for short UL control channel carrying 20 bit payload

Observation 2:

· For short UL control channel carrying relatively large payload, DM-RS with 1/3 or 1/4 overhead can achieve ~0.5dB and ~1.2dB better link level performance compared to DM-RS with 1/2 overhead for 8 and 20 bits payload, respectively.

· FDM and TDM based multiplexing of DM-RS and UCI symbols with same overhead can deliver similar link level performance.
Proposal 2:

· FDM based multiplexing of DM-RS and UCI symbols is employed for short UL control channel carrying relatively large payload, e.g., > 2 bits payload.
· DM-RS with 1/3 or 1/4 overhead can be considered as baseline. 
3 Conclusions

In this contribution, we presented evaluation results and shared our view on UL control channel with short duration for NR. Based on the discussions, we summarize our views through the following observations and proposals:
Observation 1:

· For short UL control channel carrying small payload, FDM and TDM based multiplexing of DM-RS and UCI symbols can deliver similar link level performance.

Proposal 1:

· FDM based multiplexing of DM-RS and UCI symbols should be supported in NR as a mandatory feature
· FFS the support of TDM based multiplexing of DM-RS and UCI symbols with doubling subcarrier spacing in case that clear benefit is identified in RAN1.

Observation 2:

· For short UL control channel carrying relatively large payload, DM-RS with 1/3 or 1/4 overhead can achieve ~0.5dB and ~1.2dB better link level performance compared to DM-RS with 1/2 overhead for 8 and 20 bits payload, respectively.

· FDM and TDM based multiplexing of DM-RS and UCI symbols with same overhead can deliver similar link level performance.

Proposal 2:

· FDM based multiplexing of DM-RS and UCI symbols is employed for short UL control channel carrying relatively large payload, e.g., > 2 bits payload.
· DM-RS with 1/3 or 1/4 overhead can be considered as baseline. 
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Appendix: Simulation assumptions 
	Parameters
	Values or assumptions

	Carrier Frequency 
	2 GHz 

	System Bandwidth 
	20MHz

	Subcarrier spacing
	15kHz and 30kHz for TDM based multiplexing

	BS antenna configuration 
	2 Rx 

	UE antenna configuration 
	1 Tx 

	Channel model
	TDL-A (300ns) and TDL-C (1000ns)

UE velocity: 3km/h

	Payload size 
	1, 8 and 20 bits 

	Channel estimation
	MMSE
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