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This contribution discusses some remaining aspects of long PUCCH, namely 
a) Handling of partial overlap scenarios between different PUCCH and PUSCH transmissions
b) OCC design for PUCCH format 4
c) Text proposal to fix DMRS for PUCCH formats 3,4
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Partial overlap between multiple uplink transmissions
The following was agreed at previous RAN1 meetings:
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

Agreement at RAN1#92:
· When AN/SR and CSI PUCCH resources have the same starting symbols, one PUCCH resource is used for transmission of AN/SR and CSI.
· If the UE is configured with more than one PUCCH resource sets, the PUCCH resource set is determined based on the total number of AN/SR and CSI. The PUCCH resource is determined based on ARI.
· FFS on UE assumption on the CSI part 2 is present
· FFS if/how to multiplex CSI and AN/SR in case PUCCH format indicated by ARI for AN/SR and CSI is different from the configured PUCCH format for CSI.
· If the UE is configured with only one PUCCH resource set,
· FFS how to determine the PUCCH resource for transmission of UCI

· When a single slot PUCCH overlap with a single slot PUSCH with the same starting symbol and with different ending symbols, PUCCH is not transmitted and UCI is piggybacked on PUSCH using the same multiplexing rules defined in 38.212 for fully overlapped PUCCH and PUSCH. 
· FFS: overlap for multiple slot transmissions.


The goal of these agreements is to define rules to avoid FDMing of time-overlapping transmissions, to avoid the associated PAPR and IMD issues. From the above agreements, a general trend is seen that partial-overlapping scenarios in which the start symbols are aligned can be handled in the same fashion as corresponding scenarios with perfect overlap. Conceivably the rules may depend on the UCI types carried in the longer and the shorter transmission in this case, but for simplicity, we could avoid such dependence. 
For the partial-overlap scenarios when the starting symbols are not aligned, any rule that attempts to combine the two transmissions into a single one faces timeline-related issues. Consider the case when the later transmission is dynamically scheduled (eg, Ack or A-CSI report). If the single transmission used is the one occurring later, then the earlier transmission might have already begun and would need to be interrupted to transmit the combined transmission. If the single transmission used is the one occurring earlier, then the UE may not have sufficient time to prepare the dynamically scheduled payload associated with the later transmission in time to combine it with the payload of the earlier transmission. Thus, combining faces complexities, and hence sending only one transmission is conceptually much simpler. For the same timeline reasons, this one transmission must be the one that began earlier, as UE may not yet be aware of the later transmission. 
[bookmark: _GoBack]If the later transmission is semi-statically scheduled, then its presence is known when the earlier transmission is being prepared. Even in this case, if the combined payload is to be transmitted on the earlier transmission, the payload normally sent later would have to be prepared earlier. This is difficult for certain payloads such as P/SP-CSI report which is to be based on a certain CSI-RS reception. It may be easier for certain payloads like SR, where the only impact is that the SR status reported is as of a little earlier time than would have happened without the overlap. On the other hand, if the combined payload is to be transmitted on the later transmission, then, if the earlier transmission is dynamic, the later semi-static resource has to be assigned with enough capacity to accommodate all possible dynamic payloads that may be combined with it. This may lead to heavy over-provisioning and under-utilization of the resource assigned for the semi-static transmissions. Thus, it is preferable to have the earlier transmission carry the combined payload, when the later payload consists of SR only. 
The above reasoning can be summarized in the following proposals:
Proposal 1: If time-overlapping PUCCH transmissions have different start symbols, then the PUCCH with earlier starting symbol is transmitted and the later one is dropped. The only exception is when the later one is an SR occasion, in which case it is treated just as if it had the same start symbol as the earlier one.
[bookmark: _Ref471549674]With the introduction of URLLC, the above rules may prove insufficient, for example, as we may consider early-terminating an ongoing transmission in order to enable a later but higher priority transmission. However, to avoid overly complex rules and enable timely closing of remaining open issues, the above principles should suffice for eMBB transmissions.
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
	
	


	0
	[+1, , , +1, , , +1, , , +1, , ]


	1
	


	2
	[+1, , , -1, , , +1, , , -1, , ]

	3
	




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



[image: ]
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.
[bookmark: _Ref463027406][bookmark: _Ref465963195][bookmark: _Ref466040522][bookmark: _Ref378529477][bookmark: _Toc424303267][bookmark: _Toc425248865][bookmark: _Toc425344835][bookmark: _Toc425350726][bookmark: _Toc425501584][bookmark: _Toc425504168]Proposal 2: For PUCCH format 4 with UE multiplexing capacity 4, use the new preDFT OCC sequences in Table 2. 

Text proposal to fix DMRS for PUCCH formats 3, 4 
In TS 38.211 Section 6.4.1.3.3.2, DMRS mapping to physical resources for PUCCH format 3/4 is given by the following







where  is  with  given by clause 6.3.2.6.3.  representing the bandwidth of the PUCCH in terms of resource blocks.  is the number of subcarriers per RB. 

Since the DMRS for PUCCH format 3/4 takes all subcarriers in a symbol with a comb-1 rather than a comb-3 structure, the range of m should be defined as .
Proposal 3: In TS 38.211 Section 6.4.1.3.3.2, adopt the following TP
-----------------------------------------------------------   Beginning of change ---------------------------------------------------
6.4.1.3.3.2	Mapping to physical resources
< Unchanged parts are omitted >





The sequence shall be multiplied with the amplitude scaling factor , , in order to conform to the transmit power specified in [5, 38.213] and mapped in sequence starting with  to resource elements  on antenna port  according to






< Unchanged parts are omitted >

-----------------------------------------------------------   End of change  ----------------------------------------------------
Conclusions
We have motivated the following proposals regarding long PUCCH:
Proposal 1: If time-overlapping PUCCH transmissions have different start symbols, then the PUCCH with earlier starting symbol is transmitted and the later one is dropped. The only exception is when the later one is an SR occasion, in which case it is treated just as if it had the same start symbol as the earlier one.
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 TS 38.211 Section 6.4.1.3.3.2, adopt the following TP
-----------------------------------------------------------   Beginning of change ---------------------------------------------------
6.4.1.3.3.2	Mapping to physical resources
< Unchanged parts are omitted >





The sequence shall be multiplied with the amplitude scaling factor , , in order to conform to the transmit power specified in [5, 38.213] and mapped in sequence starting with  to resource elements  on antenna port  according to






< Unchanged parts are omitted >

-----------------------------------------------------------   End of change  ----------------------------------------------------
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