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1 Introduction

At the RAN1 #86 meeting, the following agreements were made regarding NR time domain frame structure [1]:

· A slot can contain all downlink, all uplink, or {at least one downlink part and at least one uplink part}

· FFS regarding the number of switching points, multiplexing of different use cases (e.g., multiplexing eMBB and URLLC use cases) and/or numerologies in the time domain.
In addition, the following agreements were made with respect to the NR frame structure [1]: 

· Followings are considered as starting points of NR frame structure at least within the CP overhead
· Subframe
· Already agreed upon

· Assume x=14 in the reference numerology for subframe definition (for normal CP)

· FFS: y=x and/or y=x/2 and/or y is signalled
· Slot

· Slot of duration y OFDM symbols in the numerology used for transmission

· An integer number of slots fit within one subframe duration (at least for subcarrier spacing is larger than or equal the reference numerology)

· The structure allows for ctrl at the beginning only

· The structure allows for ctrl at the end only

· The structure allows for ctrl at the end and at the beginning

· Other structure is not precluded

· One possible scheduling unit
· Mini-slot

· Should at least support transmission shorter than y OFDM symbols in the numerology used for transmission

· May contain ctrl at the beginning and/or ctrl at the end

· The smallest mini-slot is the smallest possible scheduling unit (FFS: smallest number of symbols)
· Note: the names are for the purpose of discussion. Whether some terms can be merged or not is FFS

· FFS whether NR frame structure needs to support both slot and mini-slot or these can be merged
In this contribution, we present our view on NR uplink control channel design with primary focus on coverage enhancement aspect.  
2 Discussion on NR uplink control channel design
In LTE, PUCCH is transmitted in a frequency region on the edges of the system bandwidth. To exploit the benefit of frequency diversity, each PUCCH transmission in one subframe is comprised of a single RB in the first slot at or near one edge of the system bandwidth, followed by a second RB in the second slot at or near the opposite edge of the system bandwidth.
For NR, uplink control channel design may be different when considering the support of low latency application. As described in our companion contribution [2], uplink control channel and DL or UL data channel can be multiplexed in a TDM manner. Further, NR PUCCH can be inserted in the last part of one slot to enable fast HARQ ACK/NACK feedback.   
Figure 1 illustrates one candidate NR TDD frames structure for DL and UL data slots. As shown in the figure, NR PUCCH is allocated in the last OFDM symbol within one slot. Further, in the DL data slot, NR PUCCH can be located after GP while in the UL data slot, NR PUCCH can be located after UL data portion. Note that GP is inserted in order to accommodate the DL to UL and UL to DL switching time and round-trip propagation delay. 
When allocating NR PUCCH in the last part of one slot, overhead for NR PUCCH transmission may need to be minimized in order to improve the data rate. For high throughput scenario and UEs in a good coverage, NR PUCCH can span one symbol within one slot, which can be considered as a baseline for NR PUCCH design. 
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Figure 1. One candidate TDD frame structure for NR
Proposal 1
· TDM based multiplexing of uplink control channel and data channel should be supported in NR when exists.

· As a baseline, NR uplink control channel spans one symbol within one slot. 
3 Discussion on coverage enhancement  

MCL analysis for NR PUCCH

In this section, we analyze maximum coupling loss (MCL) when NR PUCCH spans 1 or multiple symbols using a larger subcarrier spacing than LTE. 
In the simulations, it is assumed that 1 and 2 bit payload is carried by NR PUCCH, respectively. As shown in Figure 2, three options are considered in the simulations:

· Option 1: NR PUCCH spans 1 symbol and occupies 6 PRBs. Totally, 48 REs are allocated for data symbols.
· Option 2: NR PUCCH spans 2 symbol and occupies 6 PRBs in each symbol. Totally, 96 REs are allocated for data symbols. Further, frequency hopping is enabled to exploit the benefit of frequency diversity
· Option 3: NR PUCCH spans 14 symbols and occupies 1 PRB. Further, similar physical channel structure as LTE PUCCH is considered, where slot based frequency hopping is employed.
Note that for all three options for NR PUCCH, 60kHz is assumed as subcarrier spacing. The simulation assumptions are outlined in the Appendix of this contribution.  
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Figure 2. NR PUCCH durations: 1, 2 and 14 symbols
MCL calculation for NR PUCCH and LTE PUCCH carrying 1 bit payload is given in Table 1. The detailed MCL performance (MCL vs. BLER) for LTE and NR PUCCH with various durations is illustrated in Figure 4 in the Appendix of this contribution.   
Table 1. MCL analysis for uplink control channel

	Physical channel name
	NR PUCCH
(1 symbol)
	NR PUCCH
(2 symbols)
	NR PUCCH
(14 symbols)
	PUCCH (LTE)

	
	
	
	
	

	Subcarrier spacing (kHz)
	60
	60
	60
	15

	Transmitter
	 

	Max Tx power  (dBm)
	23
	23
	23
	23

	(1) Actual Tx power (dBm)
	23
	23
	23
	23

	Receiver
	 

	(2) Thermal noise density (dBm/Hz)
	-174
	-174
	-174
	-174

	(3) Receiver noise figure (dB)
	5
	5
	5
	5

	(4) Interference margin (dB)
	0
	0
	0
	0

	(5) Occupied channel bandwidth (Hz)
	4320000
	4320000
	720000
	180000

	 (6) Effective noise power= (2) + (3) + (4) + 10 log((5))  (dBm)
	-102.6
	-102.6
	-110.4
	-116.4

	(7) Required SINR (dB)
	-6.9
	-10.5
	-11.3
	-11.9

	(8) Receiver sensitivity  = (6) + (7) (dBm)
	-109.5
	-113.1
	-121.7
	-128.3

	(9) MCL = (1) - (8) (dB)
	132.5
	136.1
	144.7
	151.3


As should be evident from the MCL analysis in Table 1 above, substantial coverage gap is observed for NR PUCCH with 1 symbol duration using a larger subcarrier spacing. In particular, link budget difference between NR PUCCH with 1 and 14 OFDM symbol duration is around 12dB. Additionally, NR PUCCH using a larger subcarrier spacing than 15kHz would introduce additional coverage loss, e.g., 10log10(4) ≈ 6dB compared to LTE when employing a similar physical channel structure. Overall, ~19dB MCL difference gap is observed between NR PUCCH with 1 symbol duration using 60kHz and LTE PUCCH.  
Observation 1
· Substantial coverage gap is observed between NR PUCCH with 1 and 14 symbol duration. 

· Additional coverage loss is observed for NR PUCCH using a larger subcarrier spacing than 15KHz when employing a similar physical channel structure.  
Coverage enhancement for NR PUCCH 

In case when one symbol is allocated for NR PUCCH, increasing the number of resource in frequency for uplink control channel transmission may not improve the link budget accordingly. This is primarily due to the fact that when more resource is allocated for uplink control channel, the coding rate is reduced at the cost of increased noise power. With the same transmit power, the MCL between UE and gNB, and thus the link budget for uplink control channel transmission remains the same.
As uplink control channel carries critical information, e.g. HARQ ACK/NACK feedback, a robust NR PUCCH design is necessary. To address the aforementioned coverage issue, multiple OFDM symbols can be allocated for NR PUCCH so as to ensure adequate coverage. Figure 3 illustrates potential TDD frame structure for NR PUCCH coverage enhancement. In particular, for DL data slot, multiple symbols are allocated for NR PUCCH after GP; while for UL data slot, NR PUCCH and PUSCH are multiplexed in a FDM fashion to improve the link budget. 
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Figure 3. NR PUCCH coverage enhancement

Depending on deployment scenario and UE locations, UE may experience different coverage enhancement characteristic. To support the scalability of spectral efficiency for coverage improvement, multiple coverage extension levels may be defined for the transmission of NR PUCCH. To further enhance the link budget, frequency hopping can be employed to exploit the benefit of frequency diversity in case when multiple symbols are allocated for NR PUCCH. Note that the frequency hopping pattern needs to be carefully designed so as to avoid the resource collision between NR PUCCH transmission with and without coverage enhancement.   
Proposal 2
· To improve link budget, multiple symbols can be allocated for NR PUCCH.
· For UL data slot, NR PUSCH and PUCCH may be multiplexed in a FDM manner for coverage enhancement. 
· In case when multiple symbols are allocated for NR PUCCH, frequency hopping can be employed to exploit the benefit of frequency diversity. 
4 Conclusions

In this contribution, we shared our view on NR uplink control channel design with primary focus on coverage enhancement aspect. Based on the discussion presented, we summarize our views through the following observations and proposals:
Observation 1
· Substantial coverage gap is observed between NR PUCCH with 1 and 14 symbol duration. 

· Additional coverage loss is observed for NR PUCCH using a larger subcarrier spacing than 15KHz when employing a similar physical channel structure.  
Proposal 1
· TDM based multiplexing of uplink control channel and data channel should be supported in NR when exists.

· As a baseline, NR uplink control channel spans one symbol within one slot. 
Proposal 2
· To improve link budget, multiple symbols can be allocated for NR PUCCH.
· For UL data slot, NR PUSCH and PUCCH may be multiplexed in a FDM manner for coverage enhancement. 
· In case when multiple symbols are allocated for NR PUCCH, frequency hopping can be employed to exploit the benefit of frequency diversity. 
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Appendix: Simulation assumptions and MCL performance
	Parameters
	Values or assumptions

	Carrier Frequency 
	2 GHz 

	System Bandwidth 
	80 MHz for NR PUCCH and 20MHz for LTE PUCCH

	BS antenna configuration 
	2 Rx 

	UE antenna configuration 
	1 Tx 

	Channel model
	EPA-5Hz 

	PUCCH format 
	1a (1 bit payload) and 1b (2 bit payload)

	Channel estimation
	Ideal
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Figure 4. MCL performance for LTE and NR PUCCH with various durations
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