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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) Handling of multi-slot PUCCH with unknown symbol directions
c) OCC design for PUCCH format 4, and
d) An error in 38.211 in DMRS RE mapping for PUCCH formats 3,4.
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Partial overlap between multiple uplink transmissions
The following was agreed in the last meeting: 
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).



Usage of OFDM symbols with unknown link direction (UL/DL)
Agreement from email approval following RAN1#91:
When a UE receives a grant to transmit the long PUCCH over K slots where K is configured by higher layers, with duration of N symbol in each slot indicated by the DCI grant, with transmission starting in slot M, the UE is expected to do the following 
· If the UE receives the semi-static UL/DL configuration, the UE is expected to transmit the long PUCCH on the slot(s), starting from slot M, where the number of consecutive UL (FFS:  and/or Unknown) symbols >= N starting at the starting symbol indicated by PUCCH resource allocation. This continues until the UE has transmitted K slot(s) of long PUCCH.
· If the UE does not receive any semi-static UL/DL configuration, the UE is expected to transmit long PUCCH over K consecutive slots, starting from slot M, starting at the starting symbol in each slot indicated by PUCCH resource allocation.
Here we discuss how to resolve the ‘FFS’ part in the above agreement. Consider the case when the ‘Unknown symbols’ (i.e., those whose direction is left undetermined or flexible by the semi-static UL/DL configuration) are not allowed to be used, i.e., the part “(FFS:  and/or Unknown)” is deleted from the above agreement. In this case, the slots that can be used are determined purely by the semi-static UL/DL configuration. This appears conceptually simple, but imposes more restrictions on the usable slots (by excluding the use of unknown symbols), which could increase latency. An argument may possibly be made that latency is less important for multi-slot PUCCH transmissions. However, note that the above agreement applies to all K, including K=1, and in general latency could indeed be important.
This motivates considering the other alternative, wherein ‘Unknown symbols’ may be used. This implies that the DCI grant that schedules the PUCCH has effectively marked the ‘Unknown’ symbols as being of uplink direction. This is also consistent with the philosophy of the already agreed handling of the scenario in which the UE does not receive any semi-static UL/DL configuration, i.e., the PUCCH grant is treated as allowing the transmission to proceed. However, this raises the possibility of a subsequent conflicting operation, eg, a subsequent DCI or dynamic SFI that marks those ‘Unknown symbols’ as downlink. Since DCI is treated as higher priority than dynamic SFI, any such conflicting dynamic SFI can be ignored. A future conflicting DCI with ongoing PUCCH transmission over multiple slots will be treat as an error and the conflicting DCI will be ignored.
Based on the above, we have the following proposal: 
Proposal 2: PUCCH may use symbols whose direction is unknown from semi-static UL/DL configuration. 
· Future DCI or dynamic SFI is ignored by UE, if resulting transmission direction conflicting with ongoing PUCCH transmission over multiple slots. 
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DMRS to RE mapping for PUCCH format 3/4 
In 38.211 Section 6.4.1.3.3.2, the following DMRS to RE mapping is defined: 





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


where 

-	 is defined relative to subcarrier 0 of common resource block 0, 


     -	 is given by Table 6.4.1.3.3.2-1 for the case with and without frequency hopping and with  corresponding to the first OFDM symbol of the PUCCH transmission.

There is a problem with the above RE mapping, which is “ is defined relative to subcarrier 0 of common resource block 0”. With this definition of k, it is inferred that the ZC based DMRS to RE mapping is independent to UE’s RB allocation. A universal mapping rule is determined as following: r(0) is mapped to tone k=0; r(1) is mapped to tone k=1, …, r(i) is mapped to tone k=i. In other words, a long mother ZC based DMRS sequence will be assigned to all tones in the system bandwidth first. Later, when a UE’s PUCCH RB assignment is given, the DMRS sequence for this UE is just a segmentation of the long mother sequence. The segmentation is based on UE’s PUCCH RB assignment. This segmentation is not a ZC sequence anymore. Therefore, low PAPR of ZC based DMRS for PUCCH format 3/4 is not preserved. 
A simple solution to fix this issue is define k relative the lowest subcarrier in the RBs allocated to PUCCH format 3/4.  
Proposal 3: For DMRS to resource mapping for PUCCH format 3/4, the subcarrier index k is defined relative to the lowest subcarrier index in the RBs allocated to PUCCH format 3/4.
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
	

	


	
	

	


	0
	

	


	1
	

	


	2
	-
	


	3
	-
	




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).
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. 
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Figure 2: PAPR comparison for OCC sequences in Table 1

Based on this observation, we propose to replace the OCC sequence 0 and 2 (that have worse PAPR performance) with two new OCC sequences shown in Table 2. It can be readily checked that, all the four OCC sequences in Table 2 have the same maximum PAPR, which is only 1.7 dB (see Figure 3). 
Furthermore, the new OCC sequences preserve the property that signals from different UEs occupy orthogonal tones in the frequency domain within a PRB. To see this, it suffices to observe that the applying the OCC sequence 0 in Table 2 to the modulated user data (3 symbols) is equivalent to first doing a phase ramp on the modulated user data, and then applying the OCC sequence 0 in Table 1. Similarly, the OCC sequence 2 in Table 2 is related to the OCC sequence 2 in Table 1 through phase ramp. The above observation implies that, similar to the DFT OCC sequences in Table 1, the new OCC sequences in Table 2 is robust against UE power imbalance as well as large delay spread. 
Observation 2: 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.
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
	




Proposal 4: For PUCCH format 4 with UE multiplexing capacity 4, use the new preDFT OCC sequences in Table 2. 
[bookmark: _Ref463027406][bookmark: _Ref465963195][bookmark: _Ref466040522][bookmark: _Ref378529477][bookmark: _Toc424303267][bookmark: _Toc425248865][bookmark: _Toc425344835][bookmark: _Toc425350726][bookmark: _Toc425501584][bookmark: _Toc425504168]
[image: ]
Figure 3: PAPR comparison between the new OCC and DFT OCC

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.

Proposal 2: PUCCH may use symbols whose direction is unknown from semi-static UL/DL configuration. 
· Future DCI or dynamic SFI is ignored by UE, if resulting transmission direction conflicting with ongoing PUCCH transmission over multiple slots. 

Proposal 3: For DMRS to resource mapping for PUCCH format 3/4, the subcarrier index k is defined relative to the lowest subcarrier index in the RBs allocated to PUCCH format 3/4.
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. 
[bookmark: _GoBack]Observation 2: 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 4: For PUCCH format 4 with UE multiplexing capacity 4, use the new preDFT OCC sequences in Table 2. 
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