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1 Introduction

In 3GPP RAN1#88b and RAN1#89 meeting [1], uplink control channel design was discussed and the followings were agreed:

Agreements:
1. For 1-symbol short PUCCH with > 2 UCI bits, the following is supported for the agreed Option 1:
· QPSK for UCI

· X1 to X2 PRBs can be configured to support various UCI payload sizes

· Both localized (contiguous) and distributed (non-contiguous) allocations are supported 

· FFS: detailed PRB allocations and signaling of the configuration

· FFS: values of X1, X2

2. For 1-symbol NR-PUCCH with more than 2 bits based on the agreed Option 1,

· DM-RS overhead of 1/3 is supported

· FFS on other values for DM-RS overhead, if necessary

· FFS on detailed DM-RS pattern

3. For 2-symbol NR-PUCCH, following options are considered (including possible down-selection)

· Option 1: 2-symbol NR-PUCCH is composed of two 1-symbol NR-PUCCHs conveying the same UCI.

· 1-1: Same UCI is repeated across the symbols using repetition of a 1-symbol NR-PUCCH.

· 1-2: UCI is encoded and the encoded UCI bits are distributed across the symbols.

· Option 2: 2-symbol NR-PUCCH is composed of two symbols conveying different UCIs.

· E.g., time-sensitive UCI (e.g., HARQ-ACK) is in the second symbol.

4. For 2-symbol NR-PUCCH

· option 1-1 is supported for sending UCI with up to 2 bits.

· Note that sequence hopping is not precluded for option 1-1

· FFS method for sending UCI with more than 2 bits

· option 2 is not supported.

· Note: The functionality of option 2 can be achieved by two 1-symbol short PUCCHs transmitted on one slot in TDM manner (as already agreed in RAN1 #88bis meeting) and therefore it is considered as not necessary to introduce option 2.

5. For 2-symbol NR-PUCCH, frequency hopping is supported at least for localized (contiguous) PRB allocation in each symbol

· FFS for distributed (non-contiguous) PRB allocation

In this contribution, we start from discussing whether additional DMRS overhead is needed in section 2 besides 1/3 DMRS overhead, and details on DMRS pattern and PRB mapping of 1/3 DMRS overhead is further discussed. Furthermore, in section 3, the structure of 2-symbol NR-PUCCH with more than 2 bits case is discussed and a preferred option will be given.
2 1-Symbol Short PUCCH with more than 2 bits
2.1 DMRS Overhead

Based on the agreement, DMRS overhead of 1/3 was agreed in last meeting and here we keep to study whether additional DMRS overhead is needed. By our contribution [2], DMRS overhead of 1/3 has shown the best performance when the coding rate is 1/4, 1/3 and 3/8. In this contribution, we further evaluate this value in some higher coding rate: 1/2 and 3/4, and compare performance between DMRS overhead of 1/4 and 1/6. Detailed patterns for different DMRS overheads are shown in  Figure 1.
The reason why we consider high coding rate is because the coding gain created by decreasing DMRS overhead will be more impressive in high coding rate, but too small DMRS overhead will also impact on channel estimation. Especially with large payload, the BLER performance would become worse. In order to understand what the performance of different DMRS overhead values is in this situation, link level simulation is implemented.
In Figure 2, performances are compared separately with different PRBs in MMSE based channel estimation. Multiple PRBs are distributed mapping, which will be introduced in section 2.3. The detail simulation assumptions can be found in Table 1 in the Appendix.
 
[image: image1.emf]DMRS

UCI

DMRS 

Overhead 

of 1/3 

DMRS 

Overhead 

of 1/4 

DMRS 

Overhead 

of 1/6 


Figure 1. Patterns for different DMRS overheads
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Figure 2. Simulation Results of Different DMRS Overhead
Observation 1: 1-symbol PUCCH performance with DMRS overhead of 1/4 and 1/6  cannot outperform than 1/3, although the coding rate has reached to 3/4.
2.2 DMRS Pattern of 1/3 DMRS overhead
For DMRS overhead of 1/3, two possible DMRS patterns are shown in Figure 3. For Pattern 1, 4 DMRS REs are uniformly distributed within 1PRB. The advantage of this pattern is each UCI will have an adjacent RS to estimate channel. For Pattern 2, 4 REs are split into two groups and in each group, REs are next to each other. Then two groups are uniformly distributed within 1PRB.  
Link level simulation is conducted for above two patterns, where simulation assumptions are same with section 2.1, and Figure 4 is showing simulation results.
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Figure 3. Two DMRS Patterns
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(a) 1PRB Simulation Results

  


 
(b) 2PRBs Simulation Results
Figure 4. Simulation Results of Two DMRS Patterns
The performance of Pattern 1 and Pattern 2 are almost same, but for Pattern2, REs for RS or UCI are contiguously arranged by groups. In other word, DMRS Pattern 2 will enable even number of adjacent RE locations for UCI transmission, especially for transmit diversity scheme as SFBC.
Based on the simulation results and discussion, we have the following proposal:
Proposal 1：The pattern with DMRS locating at 3rd, 4th, 9th and 10th RE within a PRB should be supported.
2.3 PRBs Mapping
In RAN1#88bis meeting, localized and distributed mapping are both supported for the structure of 1-symbol PUCCH with more than 2 UCI bits. As shown in Figure 5(a), localized mapping is designed to arrange PRBs contiguously. This mapping could benefit from joint channel estimation and achieve a processing gain. On the contrary, in Figure 5(b), distributed mapping can be illustrated as PRBs arranged non-contiguously within 1symbol. This mapping will provide a frequency diversity gain generally. 
Link level simulation is implemented for comparing above two mappings and simulation assumption are same with section 2.1. Figure 6 shows the simulation result: for coding rate 1/2, distributed mapping achieves a nearly 2dB diversity gain; Even coding rate reaches to 3/4, the gain will be still around 1dB.
Intermodulation (IM) distortion is an issue we need to deal with when distributed mapping is applied. Because of the hardware non-linearity, PRBs located at the top and bottom edges of the carrier band will generate intermodulation in very far way band. This IMD, for example IM3, may cause perturbation to other users, reducing their SNR. For some requirements, the maximum power may back off. However, in NR, the carrier band becomes larger, and IM3 will appear at much further band. On the other hand, intermodulation distortion could be reduced by improving the hardware linearity.
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     (a)  PRBs with localized mapping             (b)  PRBs with distributed mapping

Figure 5. PRBs Mapping
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(a) 2PRBs Comparison






(b) 4PRBs Comparison


Figure 6. Localized and Distributed Mapping Comparison

Observation 2: Distributed mapping benefits from considerable frequency diversity gain from RAN1 perspective, but impact of IMD may need more study in RAN4.
3 2-Symbol Short PUCCH with more than 2 bits
3.1 Structure of distributed PRB allocation in each symbol

For the distributed PRB allocation case, a typical example can be found in Figure 7. Since both of option 1-1 and option 1-2 can get the frequency diversity gain from the distributed mapping, the comparison will focus on multiplexing capacity and channel coding gain. For option 1-2, if coding rate is large, joint coding across two symbols can obtain more channel coding gain, and it can support larger payload size. But if coding rate is small, such as 1/4 (option 1-1) vas 1/8 (option 1-2), difference of channel coding gain will be negligible, and option 1-1 will obtain more multiplexing capacity by enabling time domain OCC.


[image: image12.emf]Symbol 1 Symbol 2

Time

Frequency

+1

+1

+1

-1

Repetition



 EMBED Visio.Drawing.15  [image: image13.emf]Symbol 1

Symbol 2

Frequency

Time

Joint Coding


                       



(a)  Option 1-1

                    (b)
Option 1-2

Figure 7. Two candidate for 2-symbol NR-PUCCH with distributed PRB allocation
To verify our analysis, link level simulations are implemented to compare the performance between two options, while the corresponding simulation assumptions can be found in Table 2 in the appendix. 

For the case 1 (1 RB in each symbol), simulation results are shown in Figure 8. Compared with option 1-1, option 1-2 has 0.3 dB gain for 6 bits case (3/8 coding rate for option 1-1) and 0.5 dB gain for 8 bits case (1/2 coding rate for option 1-1). But for the 4bits (1/4 coding rate for option 1-1) case, two options show the similar performance. 

Then we evaluated the same coding rate with larger payload size. As shown in Figure 9, for the case 2 (2 RBs in each symbol), performance difference between option 1-1 and option 1-2 is similar with case 1. 
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Figure 8. 1RB on each symbol, 1/3 DMRS overhead, 4 bits & 6 bits & 8bits
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Figure 9. 2 RBs on each symbol, 1/3 DMRS overhead, 8 bits & 12 bits & 16 bits
Observation 3: When coding rate is high, option 1-2 will outperform option 1-1 by the higher channel coding gain; when coding rate is low, option 1-1 and option 1-2 will show the similar performance. 
Above all, option 1-1 and option 1-2 can be adopted for different cases: when coding rate is high, option 1-2 should be adopted for higher channel coding gain; when coding rate is low, option 1-1 should be adopted for more multiplexing capacity.

Proposal 2: For the 2-symbol PUCCH with more than 2 bits, if PRB allocation is distributed in each symbol, both option 1-1 (UCI is repeated between two symbols) and option 1-2 (UCI is joint encoded across two symbols) should be supported for different cases.
3.2 Structure of localized PRB allocation in each symbol
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(a) Option 1-1

                         (b) Option 1-2


             
Figure 10. Two candidate for 2-symbol NR-PUCCH with localized PRB allocation

For the localized PRB allocation case, a typical example can be found in Figure 10. Frequency hopping is supported for localized (contiguous) PRB allocation in last meeting, so option 1-1 cannot enhance multiplexing capacity by the time domain OCC. Since option 1-2 can obtain more channel coding gain compared to option 1-1, option 1-2 will be the only choice for this case. 

Proposal 3: For the 2-symbol PUCCH with more than 2 bits, if PRB allocation is localized in each symbol, option 1-2 (UCI is joint encoded across two symbols) should be supported.
4 Conclusion
Based on above discussions, the following observations and proposals are given. 
Observation 1: 1-symbol PUCCH performance with DMRS overhead of 1/4 and 1/6  cannot outperform than 1/3, although the coding rate has reached to 3/4.
Observation 2: Distributed mapping benefits from considerable frequency diversity gain from RAN1 perspective, but impact of IMD may need more study in RAN4.
Observation 3: When coding rate is high, option 1-2 will outperform option 1-1 by the higher channel coding gain; when coding rate is low, option 1-1 and option 1-2 will show the similar performance. 
Proposal 1：The pattern with DMRS locating at 3rd, 4th, 9th and 10th RE within a PRB should be supported.
Proposal 2: For the 2-symbol PUCCH with more than 2 bits, if PRB allocation is distributed in each symbol, both option 1-1 (UCI is repeated between two symbols) and option 1-2 (UCI is joint encoded across two symbols) should be supported for different cases.
Proposal 3: For the 2-symbol PUCCH with more than 2 bits, if PRB allocation is localized in each symbol, option 1-2 (UCI is joint encoded across two symbols) should be supported.
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Appendix

Table 1. Simulation Parameters for 1 Symbol PUCCH
	Parameter
	Value

	Carrier Frequency
	2 GHz

	System Bandwidth
	20MHz

	Subcarrier spacing
	15kHz

	FFT size
	2048

	Number of subcarriers per PRB
	12

	BS antenna configuration
	2 Rx

	UE antenna configuration
	1 Tx

	Channel model
	TDL_C (300ns)

	Channel estimation
	MMSE

	Channel coding
	3~11bits RM code

>11bits Polar code

	UE velocity
	3 km/h

	Modulation
	QPSK

	DMRS overhead
	1/3, 1/4, 1/6

	TTI
	50000


Table 2. Simulation parameters for 2 Symbol PUCCH
	Parameter
	Value

	Carrier Frequency
	2 GHz

	System bandwidth
	20 MHz

	Subcarrier spacing
	15 kHz

	No. of subcarriers per PRB
	12

	PRB number 
	1 RB & 2 RB

	antenna configuration
	1Tx * 2Rx

	Channel model
	TDL-C (300 ns) 

	UE velocity
	3 km/h

	Payload size
	4 bits & 6 bits  & 8 bits for case 1

8 bits &12 bits & 16 bits for case 2

	Modulation
	QPSK

	Performance metric
	Required SNR for B(L)ER of 1 %


(b) 2PRBs Simulation Results








(a) 1PRB Simulation Results





(c) 4 PRBs Simulation Results 
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