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1 Introduction

The following agreements on PUCCH in short-duration were achieved in the previous meeting [1][2][3]. 
	Agreements [1]:

· 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 

· 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.

Agreement [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
· 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.
Agreements[3]:

· Working assumption:

· For short-PUCCH with UCI of up to 2 bits (with/without SR), option 4 is supported.

· No more short-PUCCH format is supported for short-PUCCH in the WID scope.



In this contribution, we mainly present our considerations on the support of short-PUCCH on 2 OFDM symbols. The design for 1-symbol PUCCH are discussed in our accompany contribution [4][5].
2 2-symbol PUCCH design for up to 2bits
For short-PUCCH with UCI of up to 2bits, option 4 is supported as a working assumption in the last RAN1 meeting. The detailed design about the 1-symbol PUCCH with Option 4 is presented in [4]. In this section, we mainly focus on the design over 2 OFDM symbols. It was also agreed that for 2-symbol NR-PUCCH, the same UCI is repeated across the 2 symbols using repetition of a 1-symbol NR-PUCCH. Two alternatives can be considered for different scenarios.

Alt 1: Time domain OCC is applied for multiplexing capacity enhancement.

Alt 2: frequency hopping is applied for frequency diversity gain.

Both alternatives have their corresponding application scenarios. Therefore, we propose to support both of them. For example, a higher-layer signaling can be used to configure whether frequency hopping is enable or not. If frequency hopping is disabled, time domain OCC should be applied. Otherwise, no time domain OCC is applied. For both alternatives, the symbol-level CS hopping as defined in LTE can also be applied to achieve inter-cell interference randomization.

Proposal 1: For 2-symbol PUCCH with up to 2bits, a higher layer signaling is used to configured whether frequency hopping is enabled or not. 

· When frequency hopping is disabled, time domain OCC is applied.
3 2-symbol PUCCH design for more than 2 bits
As mentioned above, for the 2-symbol PUCCH design, Option 1-1 is supported for sending UCI with up to 2 bits in RAN1 #89 meeting. But for sending UCI with more than 2bits, it is still under consideration. In this section, we compare the following cases for the 2-symbol PUCCH design for UCI with more than 2bits,

Case 1: Option 1-1 without FH 
Case 2: Option 1-2 without FH
Case 3: Option 1-1 with FH
Case 4: Option 1-2 with FH
Case 5: UCI and RS FDM in first symbol and UCI only in second symbol.
The detailed structures of these cases are depicted in Figure-1. 
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Figure-1: Different simulation cases for 2-symbol PUCCH for more than 2bits

The simulation assumptions and details simulation results are shown in Appendix. And the required SNR to satisfy BER <=0.001 is illustrated in Table-1 and Figure-4. Note that for UCI payload larger than 10bits, Case 1 and 3 are not simulated since the code rate is too high.

Table-1: Required SNR(dB) to satisfy BER <=0.001 for different payload for 2-symbol PUCCH
[image: image2.emf]Case 1 Case 2 Case 3 Case 4 Case 5

4bits 8.1 7.91 3.94 3.76 7.8

6bits 9.64 9.26 5.07 4.99 8.77

8bits 10.86 10.35 6.54 6.07 9.68

10bits 11.86 10.88 7.47 6.54 10.53

12bits - 11.5 - 7.73 11

16bits - 13.28 - 10.61 12.25

20bits - 14.54 - 12.2 13.2
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Figure-2: Required SNR to satisfy BER <=0.001 for different payload for 2-symbol PUCCH
From the simulation results, we can find that:

· Case 4 performs the best in all simulation scenarios as expected.
· More than 2~4 dB can be achieved by frequency hopping for both Option 1-1 and Option 1-2 for the payloads we simulated.
· Case 5 has no benefits compared to Option 1-1/Option 1-2 when frequency hopping is enabled (Case 3/Case 4), but has about 0.3~1.3dB gains when frequency hopping is disabled (Case 1/Case 2).
· Option 1-2 (Case 2/4) has about less than 1dB performance gain over Option 1-1(Case 1/3) 

Although the performance gain of Option 1-2 over Option 1-1 is not too significant (around 1dB), the supportable range of UCI payload of Option 1-2 is much wider than that of Option 1-1. From this point of view, we think Option 1-2 is more preferred for 2-symbol PUCCH format with more than 2bits. The main benefit of Option 1-1 is time domain OCC can be applied when frequency hopping is disabled to achieve UE multiplexing.  If the multiplexing capacity is an issue, frequency domain OCC can be considered for Option 1-2 in the similar way like LTE PUCCH format 5. And in this way, frequency hopping can also be enabled and better performance can be expected. It was also agreed that frequency hopping is supported at least for localized PRB allocation. Therefore, we propose that Option 1-2 is supported for sending UCI with more than 2 bits for localized PRB allocation when frequency hopping is enabled.

Proposal 2: When frequency hopping is configured, Option 1-2 is supported for 2-symbol PUCCH carrying UCI with more than 2bits.

When comparing the cases with frequency hopping disabled, we can find that Case 5 achieves the best performance. The performance gain of Case 5 over Case 1/2 can be larger than 1dB as the UCI payload increases. This is mainly because the DMRS saved in the 2nd symbol will bring channel coding gain over Case 1/2. Another reason is that there will be high correlation between the two symbols of the short PUCCH. Similar performance tendency is expected for distributed PRB allocation for Case 1/2/5. That means Case 5 with distributed PRB allocation would also outperform case1/2.  

Proposal 3: For 2-symbol PUCCH carrying UCI with more than 2 bits, DMRS is in the first symbol only and apply overhead of 1/3, in case:
· If frequency hopping is disable.
· If distributed PRB allocation is supported.
4 Conclusion

In this contribution provides analysis on 2 symbol short PUCCH. As a summary, we have the following bullets proposed:

Proposal 1: For 2-symbol PUCCH with up to 2bits, a higher layer signaling is used to configured whether frequency hopping is enabled or not. 

· When frequency hopping is disabled, time domain OCC is applied.
Proposal 2: When frequency hopping is configured, Option 1-2 is supported for 2-symbol PUCCH carrying UCI with more than 2bits.

Proposal 3: For 2-symbol PUCCH carrying UCI with more than 2 bits, DMRS is in the first symbol only and apply overhead of 1/3, in case:
· If frequency hopping is disable.

· If distributed PRB allocation is supported.
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Appendix 

Table-A1: Simulation Assumptions

	Parameter
	Value

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	Number of PRB
	1 PRB. 

	TTI length
	2 symbols

	Channel model
	TDL-C, DS=300ns.

	UE speed
	3km/h

	Antenna configuration
	1Tx(UE), 2 Rx(gNB)

	CP length
	Normal

	Modulation mode
	QPSK

	Channel estimation
	Practical channel estimation

	Number of HARQ-ACK
	4/6/8/10/12/16/20

	Channel coding 
	RM
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Figure A1: simulation results for different cases for 2-symbol PUCCH.
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