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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In 3GPP RAN1 meeting [1] [2] [3], uplink control channel design was discussed and the following was 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. For short-PUCCH for UCI of more than 2 bits, DMRS is mapped on #1, #4, #7, #10 REs for a given RB.
Note: the RE indexing starts from 0
4. PN sequences as for PUSCH (opt. 1) is used for DMRS sequence of short-PUCCH for UCI of more than 2 bits.
5. Periodic CSI reporting is carried at least on 
· Short PUCCH 
· Long PUCCH
· FFS whether in single-slot only or in multiple slots
6. Type I CSI feedback is supported for P/SP/A-CSI and can be carried on either one of PUCCH and PUSCH
7. Type I subband CSI can be carried on either one of PUSCH and long PUCCH
In this contribution, the number of PRBs within one symbol short PUCCH is discussed firstly and then a feasible method to indicate number of PRBs and the PRB location is introduced. Finally, a way to scramble the short PUCCH is also considered.
[bookmark: _Ref485310997]Number of PRBs
In RAN1#88bis meeting [4], contiguous and non-contiguous PRB mapping are both supported for the structure of 1-symbol PUCCH with more than 2 UCI bits. As shown in Figure 1(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 1(b), non-contiguous mapping arranges PRBs locating at the edge of per symbol, which could provide a considerable frequency diversity gain. However, if taking into account of the MPR issue arising from non-contiguous mapping, contiguous mapping could be prioritized. 


  
     	(a)  PRBs with contiguous mapping             (b)  PRBs with non-contiguous mapping
[bookmark: _Ref484542049]Figure 1. Example of PUCCH PRB Mapping.

In NR, the number of PRBs of one symbol short PUCCH is configurable, and it can be decided by the payload size. Generally, short PUCCH carries HARQ ACK/NACK, CSI, and SR. Considering different situations, for example, carrier aggregation and flexible HARQ timing, up to 16 component carriers in NR are supported, if each CC carries 2 bits HARQ information, there are 32 bits to be transmitted in one symbol totally. Based on the agreement [1], the overhead of DM-RS is 1/3, so 8 REs (i.e., 16 coded bits) per PRB are available for UCI. Taking into account coverage and other factors, we suppose that the code rate equals to 1/3. Therefore, 6 PRBs are needed for transmitting HARQ information. 
On the other hand, according to the agreement of [1], periodic CSI could be carried on short PUCCH. In our companion contribution [5], CSI of Type I codebook are calculated. For subband CQI and multiple PMI reporting (mode 3-2) assuming Type I SP codebook and 10 subbands, a total of 99 bits are to be reported. Therefore, 19 PRBs in total are needed to periodic CSI. From this point, maximum 8 PRBs which is used in LTE PUCCH format 4 is obviously not enough for transmitting CSI, and a larger number of PRBs are needed.
Moreover, a large number of PRBs could also bring a considerable coding gain and more PRBs mean a larger bandwidth is occupied, which would introduce frequency diversity gain. These two parts of gain in total will achieve a general performance improvement. To verify this, link-level simulation is implemented assuming the same UE TX power for 8 and 16 PRBs. Simulation results are shown in Figure 2 and simulation assumption is described in Appendix Table 1.


[image: ]
Figure 2. Comparison of PUCCH BLER using 8 PRBs and 16 PRBs with  fixed TX Power.

Observation 1: Considerable coding gain and frequency diversity gain are achieved for 16 PRBs compared to using 8 PRBs.
Proposal 1: The maximum number of PRB should be at least 16.
Furthermore, polar coding requires the length of mother code must be the power of 2. If  coded length is not equal to  bits (N is integer), rate matching is needed. Just as discussed above, each PRB could transmit 16 UCI bits, which is 24. If the number of PRBs is also, the UCI payload could be expressed by the power of 2 and 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, low latency may be more important because gNB requires UE feedback more quickly. If the  PRBs are used, rate matching step can be skipped and response time is saved.
At last, a possible realization to find specific PRB indices in band can be described as following: the gNB evaluates roughly payload size of UE and schedules a number of PRBs for the UE as its resource pool by higher layer signalling, RRC. This number will be equal or larger than the number of PRBs which the UE is needed. The higher layer signalling contains both the number and indices information. Then, a dynamic signalling in DCI will notify UE which PRBs are used. A simple example is LTE format 4, where different number of PRBs are allocated for UE by RRC and DCI notifies UE which specific PRB configuration to use.
Proposal 2: The actual used PRBs for short PUCCH for UCI of more than 2 bits are indicated by dynamic signalling from a set of PRBs semi-statically configured by higher layer signalling. The number of PRBs used should equal to, where N=0, 1, 2,…, X and X>=4.

Scrambling
In LTE, the block of bits of PUCCH is scrambled with a UE-specific scrambling sequence, i.e., a pseudo noise (PN) sequence. The scrambling sequence generator is initialized with following value:


In NR, same scrambling method could be used, and PN sequence can be initialized as following:

  is the C-RNTI and indicates specific UE.  is related to the cell ID and  relates to the index of a slot.
[bookmark: _GoBack]Proposal 3: The scrambling method of short PUCCH in NR should reuse the way of LTE PUCCH format 2, 3, 4, 5.
Conclusion
Based on above discussions, the following observation and proposal are given. 
Observation 1: Considerable coding gain and frequency diversity gain are achieved for 16 PRBs compared to using 8 PRBs.
Proposal 1: The maximum number of PRB should be at least 16.
Proposal 2: The actual used PRBs for short PUCCH for UCI of more than 2 bits are indicated by dynamic signalling from a set of PRBs semi-statically configured by higher layer signalling. The number of PRBs used should equal to, where N=0, 1, 2,…, X and X>=4.
Proposal 3: The scrambling method of short PUCCH in NR should reuse the way of LTE PUCCH format 2, 3, 4, 5.
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Appendix
[bookmark: _Ref485132911]Table 1. Simulation Parameters for 1 Symbol PUCCH
	Parameter
	Value

	Carrier Frequency
	4 GHz

	System bandwidth
	20 MHz

	Subcarrier spacing
	15 kHz

	No. of OFDM Symbol
	1

	No. of subcarriers per PRB
	12

	Number of PRBs 
	8 & 16 RBs

	Overhead of DMRS 
	1/3

	antenna configuration
	1Tx * 2Rx

	Channel model
	TDL-C (300ns) 

	UE velocity
	3 km/h

	Number of UEs 
	1 UE

	Payload size
	12, 20, 40, 60bits

	CRC size
	3bits for 12, 20bits payload,
11bits for 40, 60bits payload

	Modulation
	QPSK

	Channel coding
	Polar

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