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This contribution discusses some remaining aspects of long PUCCH, namely 
a) Handling of partial overlap between Ack on PUCCH and SR
b) OCC design for PUCCH format 4, and
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Partial overlap between multiple uplink transmissions
The following was agreed at RAN1#91: 
Agreement at RAN1#91:
· When the transmission of HARQ-ACK bits with PUCCH format 2 or 3 or 4 coincides with a SR opportunity, a bit presenting the state of the SR being absent or present, is appended to the end of HARQ-ACK bits to form the UCI bits.
· FFS: How to distinguish which SR configuration is prioritized for transmission in case of multiple SR configurations in the same occasion.
· Note: when two transmissions coincide, it means they have same starting symbol and duration.
· FFS when PUCCH transmission of SR and HARQ-ACK bits partially overlap in time

We propose a framework that resolves the highlighted ‘FFS’ in the above agreement. In general, when two transmission grants overlap in time in the slot, we should prevent both the transmissions from occurring (i.e., avoid FDM), due to considerations such as MPR and impacts of possible changes in transmit power. The motivation of the above agreement is to avoid separate SR transmission and include it with Ack instead, thus avoiding the FDM. Clearly this motivation extends to partially overlapping scenarios as well. For example, if both SR and Ack resource start at the same time but end at different times, the same solution extends directly. This is shown in Case A of  Figure 1. Hence we further examine how to extend the agreement to other partial overlaps.
If Ack starts earlier than SR (Case B of Figure 1), then a 1-bit SR can be included with Ack, but this bit may indicate negative SR whereas it may be desired to send a positive SR later at the SR opportunity. If SR is deemed higher priority than Ack, this may be accomplished by terminating the Ack+SR transmission at the start of the SR opportunity and sending the SR (Case B1).  Otherwise, the SR opportunity is not used so as to allow the Ack to be transmitted without performance loss from early termination (Case B2). The positive SR can be sent at the next SR opportunity. Note that for case B1, an alternative scheme is also possible wherein due to higher priority allotted to SR, it is considered safer to terminate the earlier Ack+SR and re-send SR even if the Ack+SR already includes the positive SR bit. However, since base station is aware of the priorities, it is reasonable to assume that it scheduled the Ack expecting that the included SR will have sufficient reliability.
If Ack starts later than SR opportunity, (Case C of Figure 1), then again 1-bit SR can be included with Ack. However, the SR transmission may already have begun before Ack begins. In this case, if SR is deemed higher priority than Ack, the Ack can be skipped altogether. Otherwise, the ongoing SR can be interrupted and Ack+SR can be sent in the Ack resource.




[bookmark: _Ref503446441]Figure 1: Treating resource grants partially overlapping in time.
To determine relative priority of Ack vs SR in this scheme, since the SR resource is semistatically configured, SR can always be deferred, whereas Ack is dynamically scheduled and cannot easily be deferred without fresh scheduling or complicated deferral rules. Hence, Ack should be prioritized over SR if they are both associated with the same logical channel priority (eg, both eMBB or both URLLC). In case of different logical channels, the prioritization can be based on logical channel priority. If multiple logical channels are associated with the same transmission, eg, Ack is associated with PDSCH that carries bits from two different logical channels, then the maximum of those logical priorities is considered.

Proposal 1: If a 1-slot SR-only opportunity overlaps in time with a grant for a 1-slot Ack transmission on PUCCH, 1 bit SR is appended to the Ack prior to encoding. SR and Ack are transmitted in TDM fashion with partial or complete DTX on either the Ack or the SR resource to avoid FDM overlap. 
· DTX rules are illustrated in Figure 1, and depend on relative priority of Ack and SR, which follows the priority of their associated logical channels. Ties are resolved with Ack being given higher priority than SR.
   
Note that partial DTX of certain transmissions could potentially cause issues such as loss of orthogonality of across-symbol OCC codes, or transmission of insufficient number of DMRS or data symbols for successful decoding. However, base station has full knowledge of these effects, and it is thus simpler to have a general DTX framework as described above, so as to avoid defining complex rules tailored to the particular DTX scenario (eg, conditioning the DTX based on the number of DMRS that result, etc).
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OCC design for PUCCH format 4 
The following was agreed in RAN1 #91 regarding the OCC for PUCCH format 4:
Agreements:
The OCCs for PUCCH format 4 are supported as shown in the following table.
Table 1: OCC sequences for PUCCH format 4
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Issue with DFT OCC for PUCCH format 4 when  
One issue of the agreed OCC sequences with UE multiplexing capacity 4 is that, when used in combination with pi/2 BPSK modulation, Sequence 0 and Sequence 2 may destroy the phase continuity between adjacent OCC symbols, and, hence, increase the PAPR. And as we discussed in the previous contribution [1], it does not matter whether the pi/2 phase rotation is applied before or after the OCC spreading. A closer look at the PAPRs for the four OCC sequences suggest that the OCC Sequence 0 have a maximum PAPR of 3.7 dB, and is 2 dB larger than the PAPRs of the Sequence 1 and Sequence 3. Furthermore, the PAPR of Sequence 0 with pi/2 BPSK is only 0.8 dB better than QPSK (see Figure 2). 
Similar observation applies for the cubic metric (CM).  The maximum CM of OCC sequence 0 is 1.5 dB, which is about 1.3 dB worse than the maximum CM of OCC sequence 1 and OCC sequence 3. The cubic metric is calculated according to [2] with an IFFT size of 2048.
Observation 1: Using the capacity-4 pre-DFT OCC code agreed in RAN1 91, with pi/2-BPSK modulation, the PAPR of OCC Sequence 0 is 2 dB larger than that of Sequences 1 and 3, and is only 0.8 dB smaller than that of QPSK. 
Observation 2: Using the capacity-4 pre-DFT OCC code agreed in RAN1 91, with pi/2-BPSK modulation, the CM of OCC Sequence 0 is 1.3 dB larger than that of Sequences 1 and 3. 

[image: image001]
Figure 2: PAPR comparison for OCC sequences in Table 1

New OCC for PUCCH format 4 when  
Based on the observations in the previous, we propose to replace the OCC sequence 0 and 2 (that have worse PAPR performance) with two new OCC sequences shown in Table 2. 
Table 2: New OCCs for PUCCH format 4 with UE multiplexing capacity 4
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The PAPR comparison between the new OCC sequences and the DFT OCC sequences are tabulated in Table 3 for both pi/2 BPSK and QPSK modulation (see Figure 3 for a graphical comparison). It can be readily seen that, the maximum PAPR for the new OCC sequences is 2 dB smaller than that of the DFT OCC sequences. Furthermore, all the four OCC sequences in the new OCC sequence set has the same maximum PAPR, which is only 1.76 dB.
Table 3: PAPR comparison between DFT OCC sequences and new OCC sequences 
	
	Max PAPR (dB)
	Mean PAPR (dB)
	Min PAPR (dB)

	DFT OCC, pi/2 BPSK
	3.77
	1.96
	0

	New OCC, pi/2 BPSK
	1.76
	1.32
	0

	DFT OCC, QPSK
	4.44
	2.53
	0

	New OCC, QPSK
	3.77
	2.53
	0
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Figure 3: PAPR comparison between the new OCC and DFT OCC 

Table 4 below lists the max/mean/min CM of the two OCC sequence sets for pi/2 BPSK and QPSK modulation. As can be seen from the table, the new OCC sequences may provide more than 1.3 dB CM reduction compared with the DFT sequences for pi/2 BPSK modulated data; and may provide a 0.9 dB CM reduction for QPSK modulation.
Table 4: CM comparison between DFT OCC sequences and new OCC sequences 
	
	Max CM (dB)
	Mean CM (dB)
	Min CM (dB)

	DFT OCC, pi/2 BPSK
	1.5061
	0.2457
	-0.8216

	New OCC, pi/2 BPSK
	0.1717
	-0.0766
	-0.8216

	DFT OCC, QPSK
	2.37
	0.6223
	-0.8216

	New OCC, QPSK
	1.5061
	0.6314
	-0.8216



Furthermore, the new OCC sequences preserve the property that signals from different UEs occupy orthogonal tones in the frequency domain within a PRB. More specifically, the signals that are spread by OCC sequence 0,1,2,3 occupy Tone [0, 4,8], [1,5,9], [2,6,10], and [3,7,11], respectively, in the frequency domain. Next, we provide the detailed derivations that proves OCC sequence 0 occupies Tone [0,4,8] after DFT. Claims for OCC sequence 1, 2, and 3 follow analogous steps.  
Proof: For four UEs multiplexing, in the pre-DFT-OCC approach, the modulated symbols before DFT for UE 0 is 

where  are the modulated data from UE 0 before spreading. Denote the n-th element on the right-hand size of the above equation, 
Given a discrete time signal  where , the FFT of  is given by

.
Now, since , , as in the signal from UE 0, we have
                              
         
.
From here, it is not difficult to check that  if and only if   . In other words, the frequency domain signal { only occupies Tone 0, 4, and 8. This proves our claim. 
Observation 3: Similar to OCC sequences agreed in RAN1 91, signals from different UEs spread by the new OCC sequences in Table 2 are FDMed in the frequency domain.
Based on the discussions above, we thus put forth the following proposal.
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CRs for 38.212 Section 6.1.3.6


In Section 6.1.3.6 in 38.212, the definition of is missing in the pseudo code to multiplex coded UCI bits. For example, in the following line of pseudo code, it is not clear how to calculate j without clarification what is . 


“Find the smallest such that ”

We propose to define  as the number of modulated UCI symbols in each PUCCH symbol, as listed below
· 

For PUCCH format 3, , where  are number of PRBs that are determined by the UE for PUCCH formats 3 transmission.
· 

For PUCCH format 4, , where is the spreading factor for PUCCH format 4.




Another small issue in the pseudo code is that in the for loop for tone index k,  is currently used. But, becauseis defined as “the number of coded bits in each PUCCH symbol” in Section 6.1.3.6 in 38.212, the for loop is not correct. So, in stead of , should be used for the loop for tone index k. 
-----------------------------------------------------------   Text Proposal Start ------------------------------------------------------
[bookmark: _Toc505960267]6.3.1.6	Multiplexing of coded UCI bits to PUCCH
< Unchanged parts are omitted >


for  to  


	for  to 

		;

		;
end
end for
< Unchanged parts are omitted >


for  to 


	for  to 

		;

		;
	end for
end for
< Unchanged parts are omitted >

-----------------------------------------------------------   Text Proposal End  ------------------------------------------------------

Proposal 3: In Section 6.1.3.6 in 38.212, define  as the number of modulated UCI symbols in each PUCCH symbol, as listed below
· 

For PUCCH format 3, , where  are number of PRBs that are determined by the UE for PUCCH formats 3 transmission.
· 

For PUCCH format 4, , where is the spreading factor for PUCCH format 4.

Proposal 4: In Section 6.1.3.6 in 38.212, adopt the following TP
 -----------------------------------------------------------   Text Proposal Start ------------------------------------------------------
6.3.1.6	Multiplexing of coded UCI bits to PUCCH
< Unchanged parts are omitted >


for  to  


		for  to 

			;

			;
end
end for
< Unchanged parts are omitted >


for  to 


		for  to 

			;

			;
		end for
end for
< Unchanged parts are omitted >

-----------------------------------------------------------   Text Proposal End  ------------------------------------------------------
Conclusions
We have motivated the following proposals regarding long PUCCH:
Proposal 1: If a 1-slot SR-only opportunity overlaps in time with a grant for a 1-slot Ack transmission on PUCCH, 1 bit SR is appended to the Ack prior to encoding. SR and Ack are transmitted in TDM fashion with partial or complete DTX on either the Ack or the SR resource to avoid FDM overlap. 
· DTX rules are illustrated in Figure 1, and depend on relative priority of Ack and SR, which follows the priority of their associated logical channels. Ties are resolved with Ack being given higher priority than SR.

Observation 1: Using the capacity-4 preDFT OCC code agreed in RAN1 91, with pi/2-BPSK modulation, the PAPR of OCC Sequence 0 is 2 dB larger than that of Sequences 1 and 3, and is only 0.8 dB smaller than that of QPSK. 
Observation 2: Using the capacity-4 pre-DFT OCC code agreed in RAN1 91, with pi/2-BPSK modulation, the CM of OCC Sequence 0 is 1.3 dB larger than that of Sequences 1 and 3. 
Observation 3: Similar to OCC sequences agreed in RAN1 91, signals from different UEs spread by the new OCC sequences in Table 2 are FDMed in the frequency domain.
Proposal 2: For PUCCH format 4 with UE multiplexing capacity 4, use the new preDFT OCC sequences in Table 2. 

Proposal 3: In Section 6.1.3.6 in 38.212, define  as the number of modulated UCI symbols in each PUCCH symbol, as listed below
· 

For PUCCH format 3, , where  are number of PRBs that are determined by the UE for PUCCH formats 3 transmission.
· 

For PUCCH format 4, , where is the spreading factor for PUCCH format 4.

Proposal 4: In Section 6.1.3.6 in 38.212, adopt the following TP
 -----------------------------------------------------------   Text Proposal Start ------------------------------------------------------
6.3.1.6	Multiplexing of coded UCI bits to PUCCH
< Unchanged parts are omitted >


for  to  


		for  to 

			;

			;
end
end for
< Unchanged parts are omitted >


for  to 


		for  to 

			;

			;
		end for
end for
< Unchanged parts are omitted >

-----------------------------------------------------------   Text Proposal End  ------------------------------------------------------
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