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1 Introduction
In RAN1#90 meeting, the following agreements on NR short PUCCH for up to 2bits UCI and SR transmission were reached [1]. 
	Agreements:
· For 1-symbol short-PUCCH for UCI of up to 2 bits,

· The sequence length of 12 REs with consecutive mapping within a PRB is at least supported.

· Further study 24 or 48 REs.

· Further study for multiplexing b/w sequence-based short-PUCCH and other sequences using CDM or FDM (DMRS for PUSCH/PUCCH, SRS, long-PUCCH).

· Including comb-structure

· For the sequence length of 12 REs,

· The supported number of base sequences is 30

· The number of cyclic shifts available for one base sequence is 12
Agreements:
· It is up to RAN2 how many SR configurations the UE can be configured with.

· In case of SR only, the physical layer can only transmit one SR at any given time

· If multiple SR are triggered prioritization of which SR should be transmitted is decided by RAN2

· Multiplexing of SR and HARQ feedback is supported on short-PUCCH

· Multiplexing of SR and HARQ feedback is supported on long-PUCCH

· An SR can be configured with a periodicity of at least equal to X OFDM symbol(s) (at least for short-PUCCH), and with up to the largest periodicity supported in LTE (i.e. 80 ms)

· Working assumptions:

· X=1, which implies short-PUCCH could be located at any OFDM symbol of a slot
· FFS: Supported periodicity values

· FFS: Possible limitations due to other factors

· One configured SR can be associated with either short or long PUCCH


In this contribution, we give our further considerations on one-symbol sequence based PUCCH for up to 2 bits UCI. 
2 Cyclic shift allocation for sequence selection PUCCH
It has been agreed to support sequence based short PUCCH for up to 2 bits HARQ-ACK. That is to use 2 cyclic shifts to indicate 1-bit HARQ-ACK or 4 cyclic shifts for 2-bit HARQ-ACK transmission. However, it is still open how the 2 or 4 cyclic shifts are allocated. We should also discuss if the cyclic shifts are limited in one RB or can be allocated into different RBs. 
· Option 1: Limit all cyclic shifts of one UE in a single RB. 

· Option 2: The cyclic shifts of one UE can be assigned into multiple RBs. 
In general, Option 1 is a subset of Option 2. The benefit of Option 1 with the restriction of all cyclic shifts in one RB is unclear to us. On the other hand, if we introduce more flexibility by Option 2, the following advantages are identified. 
· Performance. We have shown in [2] that the Option 1 would incur an error floor in case of 60 KHz SCS and 1000ns DS. On the other hand, Option 2 can solve this issue. The simulation result is also attached in the Appendix. It is claimed in [3] that the error floor can be solved by using coherent detection, but it is at the cost of performance loss for cases with lower DS. 
In Figure 1, we find that Option 2 offers about 1 dB gain compared to Option 1 in case of 600ns DS, although there is no error floor for Option 1.
·  Forward compatibility. In RAN4, it was also agreed to support 120 KHz SCS for millimeter-wave frequency band, e.g. 24.25-29.5 GHz in [4]. In this case, the error floor could be shown even for a lower DS such as 300ns. It is also expected that NR may support 240KHz SCS or even larger. It is better to support a more flexible way to allocate the cyclic shift for each UE. 
· Multiplexing capacity. For sequence based PUCCH, it is known that maximum 6 or 3 UEs can be multiplexed in one RB for 1/2-bit HARQ-ACK. But it is under the condition that non-coherent detection is used at the eNB side. If coherent detection using the common tones is applied, only one UE can be multiplexed in one RB. Then, we cannot use it to resolve error floor problem and keep the multiplexing capacity in the same time. 
· High reliability of {NACK to ACK} for URLLC. As depicted in Figure 1, Option 2 can achieve a lower error probability of {NACK to ACK} than Option 1 for all cases. If requirement on the reliability of {NACK to ACK} for URLLC is further increased to 1E-4, it seems Option 1 cannot even fulfill the target when DS is around 600ns. Considering it is reasonable for RAN1 to unify the design between eMBB and URLLC as much as possible, Option 2 is preferable. 
Observation 1: If the cyclic shifts of one UE can be assigned into multiple RBs, benefits can be achieved on link level performance, forward compatibility, multiplexing capacity and high reliability of {NACK to ACK} for URLLC. 

Proposal 1: For sequence based short PUCCH, the cyclic shifts of one UE for HARQ-ACK transmission can be assigned into multiple RBs. 
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Figure 1 Performance of sequence selection PUCCH based on different mapping rules, DS =300ns and 600ns. 
As an example, eNB can first configure a PUCCH resource table by RRC signaling. 2 bits in DCI can be used to indicate one set of PUCCH resource index to the UE. In Table 1, each cyclic shift set can have the same or different number of cyclic shift index. For example, both set #0 and set #1 are {0, 6}, set #2 is {0, 3, 6 9}, set #3 is {1, 4, 7, 11}. If 2 bits HARQ-ACK are to be transmitted while the corresponding CS index set only contains two CS, the UE will automatically use another RB, which can be explicitly indicated by the configured RB index.
Table 1 Short PUCCH resource for 1/2-symbol PUCCH carrying up to 2 bits HARQ-ACK
	Short PUCCH length
	RB index
	CS index set
	PUCCH resource index

	1
	a0
	set #0
	0

	
	a1
	set #1
	1

	1
	a2
	set #2
	2

	
	a3
	set #3
	3


Proposal 2: For sequence based short PUCCH, the cyclic shifts and RBs can be RRC configured for ACK/NACK states and dynamically selected by DCI.
3 Multiplexing capability
3.1 Multiplexing of multiple UEs
To verify the feasibility of UEs multiplexed in one RB, link level simulation results for 1-bit ACK/NACK transmission is given in Figure 2. It can be observed that the required SNR is almost identical (~6dB) for both cases with 1 UE and 3 UEs, with delay spread range from 30ns to 1000ns. For this simulation, the SCS is 15 kHz. Other simulation assumptions are same as in table A. The multiplexing capability for sequence-based PUCCH is applicable in typical scenarios.
Proposal 3:  Support the multiplexing of UEs in one RB for HARQ-ACK transmission in sequence-based short PUCCH.
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Figure 2 Performance of sequence selection PUCCH for 1-bit ACK/NACK transmission, {1 UE vs 3UEs}
3.2 Multiplexing with other sequencesFor 1-symbol short-PUCCH carrying up to 2 bits UCI, the following options are proposed for multiplexing of the short-PUCCH with other UL sequence(s) in [5]. 

· Option 1: CDM with long PUCCH for UCI of up to 2 bits 

· Option 2: CDM with DM-RS of short PUCCH for more than 2 bits 

· Option 3: IFDM with SRS using comb structure 

The motivation is to make full use of the possible resources in the code domain and frequency domain. In our views, it is reasonable, especially when the number of UEs to be multiplexed is small. Meanwhile, it was agreed to support ARI-based PUCCH resource allocation. This semi-static + dynamic configuration allows eNB can assign the available code/frequency resources to multiplex with other uplink signals which may also use sequence. 
Proposal 4: The multiplexing of the sequence based PUCCH with other UL signal(s) should be adopted.  

4 SR transmission in sequence based PUCCH
4.1 Collision of SR and HARQ-ACK For FDD with PUCCH Format 1a/1b transmission in LTE, when both HARQ-ACK and SR are transmitted in the same sub-frame, a UE shall transmit the HARQ-ACK on its assigned HARQ-ACK PUCCH format 1a/1b resource for a negative SR transmission and transmit the HARQ-ACK on its assigned SR PUCCH resource for a positive SR transmission. We assume one channel resource (PRB + sequence) is used for each HARQ-ACK state (e.g. ACK or NACK for 1 bit). If the multiplexing rule is reused for sequence based PUCCH in NR, Then 2 or 4 channel resources are needed for the collision of SR with 1 or 2 bits HARQ-ACK respectively. This will cause a large overhead of PUCCH resources. One way to solve this issue is to bundle the 2bits HARQ-ACK in a slot with SR opportunity. 

Then, totally 4 channel resources are needed for SR and HARQ-ACK transmission. Table 2 shows an example for the multiplexing between SR and 2-bit ACK/NACK within a short PUCCH with SR opportunity. The HARQ-ACK and SR resources are defined as CS_A, CS_N, CS_SR1, and CS_SR2 respectively. Note, the SR resource used for bundled NACK and positive SR is the same as the resource for positive SR only transmission. This is to avoid possible ambiguity when PDCCH is missed. 
Table 2 The multiplexing between SR and 2-bit ACK/NACK with two SR-PUCCH resources
	SR only
	Bundled ACK/NACK + Negative SR
	Bundled ACK/NACK + Positive SR

	
	ACK
	NACK
	ACK + SR
	NACK + SR 

	CS_SR1
	CS_A
	CS_N
	CS_SR2
	CS_SR1


Proposal 5: When positive SR and 2-bit HARQ-ACK are to be transmitted in sequence based short PUCCH, HARQ-ACK bundling is applied. 2 Channel resources (RB + sequence) are configured for SR.
4.2 Resource configuration for SR If the working assumption for SR periodicity with X=1 OFDM symbol is confirmed, the PUCCH resource overhead caused by SR should be further studied. One way is to allow L1 signaling to dynamically release or enable the SR resources. For example, using bit in DCI to dynamically release some of the RRC configured SR resources in one period or enlarges the SR periodicity to save some SR transmission opportunities. The released or saved SR resources can be further allocated to the other UEs or to the same UE for different beams/services.  
Proposal 6: L1 signaling to dynamically release or enable the SR resources should be considered for SR configuration in NR. 
5 Conclusion

In this contribution, we discussed the further detail for sequence based PUCCH. As a conclusion, we provide the following observations and proposals:
Observation 1: If the cyclic shifts of one UE can be assigned into multiple RBs, benefits can be achieved on link level performance, forward compatibility, multiplexing capacity and high reliability of {NACK to ACK} for URLLC. 

Proposal 1: For sequence based short PUCCH, the cyclic shifts of one UE for HARQ-ACK transmission can be assigned into multiple RBs. 
Proposal 2: For sequence based short PUCCH, the cyclic shifts and RBs can be RRC configured for ACK/NACK states and dynamically selected by DCI.

Proposal 3:  Support the multiplexing of UEs in one RB for HARQ-ACK transmission in sequence-based short PUCCH.
Proposal 4: The multiplexing of the sequence based PUCCH with other UL signal(s) should be adopted.  

Proposal 5: When positive SR and 2-bit HARQ-ACK are to be transmitted in sequence based short PUCCH, HARQ-ACK bundling is applied. 2 Channel resources (RB + sequence) are configured for SR.

Proposal 6: L1 signaling to dynamically release or enable the SR resources should be considered for SR configuration in NR. 
6 References
[1] 3GPP TSG RAN WG1 Meeting RAN1#90, Chairman’s Note. 
[2] 3GPP RAN1 #90, R1-1712448, On short PUCCH for up to 2 bits UCI, ZTE. 

[3] 3GPP RAN1 AH_NR#2, R1-1711188, Channelization of 1-symbol short PUCCH with 1 or 2 bits payload Qualcomm Incorporated. 
[4] 3GPP RAN4 AH_NR#2, R4-1706982, WF on band specific UE channel bandwidth, NTT DOCOMO. 
[5] 3GPP RAN1 #90, R1-1715111, WF on 1-symbol short-PUCCH for UCI of up to 2 bits, LG Electronics.
Appendix

Table A Simulation parameters for link-level simulation 
	Parameter
	Value

	Carrier frequency
	4 GHz

	Subcarrier spacing 
	60Khz

	System bandwidth
	20 MHz

	Number of symbol
	1 symbol

	Number of PRB
	1 PRB

	Channel model
	TDL-C, Delay Spread(DS)=300ns, 600ns, 1000ns.

	UE speed
	3km/h

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

	CP length
	Normal

	UCI bits 
	2

	Detection method
	Non-coherent detection

	Performance metrics
	For HARQ-ACK: ACK missed detection probability (1%), NACK-to-ACK error probability (0.1%); DTX-to-ACK probability (1% or 0.1%).
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Figure A-1 Performance of sequence selection PUCCH based on different mapping rules, DS=1000ns
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