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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In 3GPP RAN1#90 meeting [1], uplink control channel design was discussed and the followings were agreed for short PUCCH for UCI of more than 2 bits:
Agreements:
1. The number of PRBs that can be used for a PUCCH is configurable.
· Support contiguous and non-contiguous PRB allocation.
· If prioritization is necessary, contiguous PRB allocation is prioritized.
2. The number of DM-RS REs per PRB is 4.
· DM-RS REs are at the fixed positions within a PRB.
3. The sequences used for DM-RS are one of the following:
· Option 1: PN sequences as for PUSCH
· Option 2: LTE computer-generated/ZC sequence
In this contribution, the specific DMRS position is discussed, and also which option of sequence of DM-RS is chosen. Furthermore, the number of PRBs used for a PUCCH and how to indicate specific PRB are explained in this contribution.
[bookmark: _Ref492224287]DMRS Pattern and Sequence
DMRS evenly locates at the fixed position within a PRB, and Figure 1 illustrates three different patterns. Generally, all of them have the similar BLER performance, but Pattern 1 and Pattern 3 could offer 2 consecutive REs for UCI. Compared to non-contiguous REs, SFBC is preferably implemented by consecutive REs which will achieve better performance.
Proposal 1：Either DMRS Pattern 1 or Pattern 3 should be selected.
Sequence used for DMRS is another open point. Because the number of PRBs is not yet decided, at least length-4 sequences need to be supported. However, ZC sequence and CGS are too long to adapt to this situation. Furthermore, FDMed UCI and DMRS have broken the single carrier property of PUCCH, which is the key motivation of applying ZC sequence. In order to have a unified design with PUSCH, we have following proposal:
Proposal 2：The DMRS sequences are the same PN sequences as used for PUSCH.
[bookmark: OLE_LINK8][bookmark: OLE_LINK7]For 1-symbol NR-PUCCH with more than 2 bits, the DM-RS overhead of 1/3 is supported, i.e., the number of DM-RS REs per PRB is 4, and the DM-RS REs are evenly distributed within a PRB. This design is also applicable to 60 kHz ECP, so ECP can reuse the 1-symbol NR-PUCCH DMRS.
[bookmark: OLE_LINK21]Proposal 3: For 1-symbol NR-PUCCH with more than 2 bits, the DMRS overhead for ECP is 1/3 same as NCP.


[bookmark: _Ref492220249]Figure 1. DMRS Patterns
[bookmark: _Ref485310997]PRB Number and Mapping
In RAN1#88bis meeting [2], contiguous and non-contiguous mapping are both supported for the structure of 1-symbol PUCCH with more than 2 UCI bits. As shown in Figure 2(a), contiguous mapping is designed to arrange PRBs one after the other. This mapping could benefit from joint channel estimation and achieve a processing gain. On the contrary, in Figure 2(b), non-contiguous mapping arranges PRBs locating at the edge of per symbol, which could provide a considerable frequency diversity gain. 
Link level simulation is implemented for comparing above two mappings and simulation assumption are shown in the Appendix. Figure 3 shows the simulation result: for coding rate 1/2, distributed mapping achieves a nearly 2 dB diversity gain; even when coding rate reaches to 3/4, the gain will be still around 1 dB.


  
     (a)  PRBs with localized mapping             (b)  PRBs with distributed mapping
[bookmark: _Ref484542049]Figure 2. PRBs Mapping.
[image: ][image: ]
(a) 2 PRBs Comparison							(b) 4 PRBs Comparison	
[bookmark: _Ref485143747]Figure 3. Contiguous and Non-contiguous Mapping Comparison.
Observation 1: Non-contiguous mapping benefits from considerable frequency diversity performance gain. 
Based on the agreement, the number of PRBs is configurable [1]. The number can be decided by the payload size and indicated by gNB. Considering different situation, for example, carrier aggregation and flexible HARQ timing, a possible payload size can be estimated. If up to 32 component carriers can be supported and each CC carries 2 bits HARQ-ACK information, there are 64 bits which need to be transmitted in one symbol. Based on the agreement overhead of DM-RS is 1/3, there are 8 REs per PRB for UCI. Taking into account other factors, such as coverage, we suppose that the code rate will be no more than 1/2. Therefore, at most each RB could carry 8 bits information. In other word, if 32 component carriers are supported, 8 PRBs are needed.
Furthermore, polar coding requires the length of mother code must be two to the power of N power. If the coded length is not equal to  bits (N is integer), rate matching is needed. Just as discussed above, each PRB could transmit 8 UCI bits, which is 23. If the number of PRBs is also, the whole UCI could be encoded without rate matching. The most significant benefit of no rate matching is decreasing the encoding complexity and lowering the latency. Especially for short PUCCH, gNB requires UE to feedback quickly. If the  PRBs are used, rate matching step can be skipped and response time is saved.
On the other hand, a possible realization to find specific PRB indices in band can be described as following: a number of PRBs and related PRB indices are configured for UE by higher layer signalling. The UE uses these PRBs as a resource pool and dynamic signalling will notify UE which PRB(s) is used in the resource pool. For example, in LTE format 4, different number of PRBs are allocated for UE by RRC and DCI notifies UE which specific PRB configuration to use.
Therefore, gNB semi-statically allocates a number of PRBs for UE as a resource pool by higher layer signalling, e.g. RRC, and the number of PRB may be. This resource pool could contain contiguous or non-contiguous PRBs. Dynamic signalling, such as DCI, will notify UE which specific PRB is used.
Proposal 4: The number of PRBs is configured by higher layer signalling and dynamic signalling allocates the PRBs, and the number of PRBs equals  (N is an integer).
Conclusion
Based on above discussions, the following observation and proposal are given. 
Observation 1: Non-contiguous mapping benefits from considerable frequency diversity performance gain. 
Proposal 1：Either DMRS Pattern 1 or Pattern 3 should be selected.
Proposal 2：The DMRS sequences are the same PN sequences as used for PUSCH.
Proposal 3: For 1-symbol NR-PUCCH with more than 2 bits, the DMRS overhead for ECP is 1/3 same as NCP.
Proposal 4: The number of PRBs is configured by higher layer signalling and dynamic signalling allocates the PRBs, and the number of PRBs equals  (N is an integer).
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Appendix
[bookmark: _Ref485132911]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
	MRC

	Channel coding
	3~11bits RM code
>11bits Polar code

	UE velocity
	3 km/h

	Modulation
	QPSK

	DMRS overhead
	1/3

	TTI
	50000
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