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1	Introduction
During RAN plenary #81, a new version of the release 15 NR specifications was approved. While the specs are in good shape, there are few open points and corrections. 
In this contribution, we discuss open points and corrections to the specification related to the uplink control channel design. Specifically, we consider the following points:
· Multiplexing/dropping rules when a single-slot PUCCH transmission overlaps with a multi-slot PUCCH transmission.
· Determination of slots used for a multi-slot PUCCH transmission.
· Avoiding CSI part 1 puncturing due to rounding.
· PUCCH resource set reconfiguration.

2	Multiplexing/dropping rules for single-slot/multi-slot PUCCH overlap
In RAN1#94 [1], the rules for handling the overlap of two multi-slot PUCCH transmission where discussed and agreed:
Agreements:
When multi-slot PUCCH with repetition overlap with multi-slot PUCCH with repetition in time within the same PUCCH group
· The UE is not expected to have two overlapped multi-slot PUCCH transmissions with the same starting slot carrying UCI with the same proirity
· For UCI with the same priority, the PUCCH that starts in an earlier slot is transmitted.
· For UCI with different priority, the UCI PUCCH with higher priority is transmitted in overlapping slots if timeline requirement is met. 
· Priority is defined as follows: HARQ-ACK > SR > CSI with higher priority >CSI with lower priority
· In overlapping slots, the de-prioritized UCI is dropped without any postponing of the transmission
· There is no impact on the transmission of the de-priortized UCI in the remaining non-overlapping slots
· FFS: multi-slot PUCCH with repetition overlap with single-slot PUCCH in time

The case of one or more single-slot PUCCH transmissions overlapping a multi-slot PUCCH transmission was discussed, but no agreement was reached, and it was decided to discuss further in RAN1#94bis.
When one or more single-slot PUCCH overlap a multi-slot PUCCH transmission in a slot;
· It should be clarified that, like the case of overlapping multi-slot PUCCH, the UE doesn’t expect to have a multi-slot PUCCH transmission starting at the same slot as that used for single slot PUCCH and carrying UCI with the same priority.
· If the UCI type of one or more of the single-slot PUCCH that overlap the multi-slot PUCCH in a slot has a priority that is higher than or equal to that of the multi-slot PUCCH, the multi-slot PUCCH transmission is dropped in the overlapping slot. The single slot PUCCH(s) are considered for transmission using the multiplexing/dropping rules of single slot PUCCH. An example is shown in Figure 1.
· If the UCI type of the multi-slot PUCCH is higher than that of all of the single slot PUCCH(s) it overlaps in a slot. The single slot PUCCH(s) are dropped. An example is shown in Figure 2.



[bookmark: _Ref525207509]Figure 1: Dropping a lower priority multi-slot PUCCH transmission.



[bookmark: _Ref525207760]Figure 2: Dropping a lower priority single slot PUCCH transmission.

Proposal 1:
When multi-slot PUCCH with repetition overlap with single-slot PUCCH(s) in time within the same PUCCH group
· The UE is not expected to have two overlapped multi-slot/single-slot PUCCH transmissions with the same starting slot carrying UCI with the same priority
· If the UCI type of highest priority of the single slot PUCCH(s) has a higher or equal priority than that of the multi-slot PUCCH, the multi-slot PUCCH is dropped in the overlapping slot. The single slot PUCCH(s) are considered for transmission using the multiplexing/dropping rules of single slot PUCCH.
· If the UCI type of highest priority of the single slot PUCCH(s) has a lower priority than that of the multi-slot PUCCH, the single-slot PUCCH(s) is dropped in the overlapping slot.
The following TP is proposed for 38.213 [2]:
Proposal 2: (TP for section 9.2.6 of 38.213):

If a UE would transmit a first PUCCH over a first number  of slots and one or more second PUCCH(s) over a same single slot and the transmissions of the first PUCCH and the second PUCCH(s) would overlap in that slot, and with UCI type priority of HARQ-ACK > SR > CSI with higher priority > CSI with lower priority,
-	the UE does not expect the first PUCCH and the second PUCCH(s) to start at a same slot and include a UCI type with same priority.
-	if the first PUCCH includes a UCI type with lower or equal priority than the second PUCCH(s), the UE drops the first PUCCH in the overlapping slot, and follows the rules of section 9.2.5 for the transmission of the second PUCCH(s).
-	if the first PUCCH includes a UCI type with higher priority than all of the second PUCCH(s), the UE transmits the first PUCCH and does not transmit the second PUCCH(s).

3	Determination of slots used for Multi-slot PUCCH
In section 9.2.6 of TS 38.213 [2], the procedure for determining the slots used for a multi-slot PUCCH transmission is described as follows:

“If a UE is provided higher layer parameter TDD-UL-DL-ConfigurationCommon, or is additionally provided higher layer parameter TDD-UL-DL-ConfigDedicated, as described in Subclause 11.1, the UE determines the  slots for a PUCCH transmission starting from a slot indicated to the UE as described in Subclause 9.2.3 and having
-	an UL symbol or flexible symbol provided by higher layer parameter startingSymbolIndex in PUCCH-format1, or in PUCCH-format3, or in PUCCH-format4 as a first symbol, and
-	consecutive UL symbols or flexible symbols, starting from the first symbol, equal to or larger than a number of symbols provided by higher layer parameter nrofsymbols in PUCCH-format1, or in PUCCH-format3, or in PUCCH-format4


If a UE is not provided higher layer parameter TDD-UL-DL-ConfigurationCommon, the UE determines the  slots for a PUCCH transmission as the  consecutive slots starting from a slot indicated to the UE as described in Subclause 9.2.3.”
This procedure fails to address two points:
1. Unpaired spectrum with no semi-static UL/DL configuration. In this case, multi-slot PUCCH should avoid slots where a would-be PUCCH transmission would overlap with SS/PBCH block.
2. The presence of a gap between the last DL symbol of semi-static configuration/SS/PBCH block and the first uplink symbol of the PUCCH transmission, when PUCCH is transmitted in symbols configured as flexible symbols.
Both points have already been addressed for PRACH, we propose the same solution for multi-slot PUCCH. Accordingly, we propose the following text proposal for section 9.2.6 of TS 38.213 [2]:
Proposal 3: (TP for section 9.2.6 of 38.213):

For unpaired spectrum and, Iif a UE is provided higher layer parameter TDD-UL-DL-ConfigurationCommon, or is additionally provided higher layer parameter TDD-UL-DL-ConfigDedicated, as described in Subclause 11.1, the UE determines the  slots for a PUCCH transmission starting from a slot indicated to the UE as described in Subclause 9.2.3 and having
-	a flexible symbol that is at least Ngap symbols after a last DL symbol or a last SS/PBCH reception symbol, where Ngap is provide by Table 8.1-2, or an UL symbol or flexible symbol provided by higher layer parameter startingSymbolIndex in PUCCH-format1, or in PUCCH-format3, or in PUCCH-format4 as a first symbol, and
-	consecutive UL symbols or flexible symbols, starting from the first symbol, equal to or larger than a number of symbols provided by higher layer parameter nrofsymbols in PUCCH-format1, or in PUCCH-format3, or in PUCCH-format4


For unpaired spectrum and, Iif a UE is not provided higher layer parameter TDD-UL-DL-ConfigurationCommon, the UE determines the  slots for a PUCCH transmission as the  consecutive slots starting from a slot indicated to the UE as described in Subclause 9.2.3., and having:
-	a flexible symbol that is at least Ngap symbols after a last SS/PBCH reception symbol, where Ngap is provide by Table 8.1-2, provided by higher layer parameter starting-SymbolIndex in PUCCH-format1, or in PUCCH-format3, or in PUCCH-format4 as a first symbol, and
-	consecutive flexible symbols, starting from the first symbol, equal to or larger than a number of symbols provided by higher layer parameter nrof-symbols in PUCCH-format1, or in PUCCH-format3, or in PUCCH-format4.


For paired spectrum, the UE determines the  slots for a PUCCH transmission as the  consecutive slots starting from a slot indicated to the UE as described in Subclause 9.2.3.

4	Avoiding CSI part 1 puncturing due to rounding
In [3], an issue was identified with the multiplexing of UCI on PUSCH without UL-SCH, and when frequency hopping is enabled. The issue is that some of the CSI-part1 bits are punctured, while there is enough resources across both hops to send the reserved HARQ-ACK information and CSI-part1 without puncturing. The issue occurs when the number of reserved HARQ-ACK bits equals the number of CSI-part2 bits, and HARQ-ACK bits are not split equally between the two hops due to rounding. Consider for example, the following scenario (based on the first example in [3]):
· Number of REs in the first hop: 1 PRB x 12 (subcarriers) x 5 (symbols) = 60 REs. With 16QAM, this corresponds to 240 bits.
· Number of REs in the second hop: 1 PRB x 12 (subcarriers) x 5 (symbols) = 60 REs. With 16QAM, this corresponds to 240 bits.
· Assume that: , , and . Note that , which is the number of bits available in the first and second hop.
·  is split between the first and second hops such that an integer number of symbols (i.e. in groups of 4-bits with 16-QAM) is occupied by HARQ-ACK in each hop, with rounding down in the first hop and the rest of the bits for HARQ-ACK go to the second hop. In this case: , and .
· Similarly,  is split between the first and second hops such that an interger number of symbols (i.e. in groups of 4-bits) is occupied by CSI-part1 in each hop, with rounding down in the first hop and the rest of the bits for CSI-part1 go to the second hop. In this case: , leaving 176 bits of CSI-part1 to go to the second hop. However, as the second hop has already 68 bits of HARQ-ACK and there are 240 bits available in the second hop, only 172 bits of the CSI-part1 can fit in the second hop, meaning that 4 CSI-part1 bits are punctured. It is worth noting that in the first hop only 236 bits are user for HARQ-ACK (64 bits) and CSI-part1 (172 bits).
· The reason for this is the rounding down of HARQ-ACK and CSI-part1 in the first frequency hop.

In [3], a solution was proposed to have HARQ-ACK bits rounded up in the first hop. While this does indeed solve the issue, it introduces a non-backward compatible change for all cases that require rounding even cases that don’t have this issue, for example if there are enough bits in the second hop to cover the extra CSI-part1 bits.
A preferred solution is one that only addresses the corner cases where this issue happens without impacting other cases. This is done, by determining if there are enough bits in the second hop for the remaining CSI-part1 bits. If there are not enough bits to send the remaining CSI-part1 bits in the second hop, more bits are used for CSI-part1 in the first hop to cover the deficit.
Accordingly, we propose the following text proposal for TS 38.212 [4]:
Proposal 4: (TP for section 6.2.7 of 38.212):
if HARQ-ACK, CSI part 1 and CSI part 2 are present for transmission on the PUSCH without UL-SCH, let 
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-	;
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-	 if the number of HARQ-ACK information bits is no more than 2, and  otherwise; and


-	 if the number of HARQ-ACK information bits is no more than 2, and  otherwise;
-	if CSI part 1 and CSI part 2 are present for transmission on the PUSCH without UL-SCH, let 
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5	PUCCH resource sets reconfiguration
In NR, after the UE has a dedicated PUCCH resource configuration, it uses the PUCCH resource sets to determine the PUCCH resource to use for the HARQ-ACK of a dynamically scheduled PDSCH. If there is a reconfiguration of the PUCCH resource sets, there will be a time period of ambiguity during which the base station will not be able to determine if the UE is using the old PUCCH resource sets or the new PUCCH resource sets. During this time, the base station might have to attempt to receive the PUCCH resource based on the new and old configurations. This leads to a loss of efficiency as the network reserves resources on the old and new configurations. Furthermore, it requires the base station to double decode the PUCCH resource based on the old and new PUCCH configurations.
To avoid or at least minimize this ambiguity, the UE can apply the new configuration N subframes after the subframe in which the HARQ-ACK acknowledgment of the PDSCH carrying the RRC reconfiguration message is transmitted. The value N should account for all the time required for the network to receive confirmation that the PDSCH carrying the RRC reconfiguration message has been successfully received by the UE. This includes the time for receiving the initial HARQ-ACK and any subsequent PDSCH(s) if the HARQ-ACK is not successfully received by the UE.
[bookmark: _GoBack]Figure 3, shows an example where the PUCCH resource set reconfiguration is received by UE, but the HARQ-ACK acknowledging the reception is not received by the gNB (PUCCH misdetection). The gNB retransmits the reconfiguration message on PDSCH, there might be several retransmissions on PDSCH before the UE receives the message and acknowledges it and the gNB gets the acknowledgement. During this time, the UE should continue to use the old configuration. After the UE receives the new reconfiguration message (which is the same as the old one),if there is no reconfiguration message received during the delay of N subframes after the HARQ-ACK, it switches over to the new PUCCH configuration. 


[bookmark: _Ref525314117]Figure 3: Reconfiguration timer for PUCCH resource sets.
Proposal 5: After a PUCCH resource re-configuration is successfully received by the UE, with a HARQ-ACK sent in subframe n, the new resource configuration becomes effective for PDSCH transmisison occuring in subframe n+N, as long as no other PUCCH resource re-configuration is successfully received by the UE before subframe n+N.
[bookmark: _Hlk492897650]6	Conclusions
In this contribution, we discussed the remaining open issues related to the uplink physical control channel. The following observations and proposal were made:
Proposal 1:
When multi-slot PUCCH with repetition overlap with single-slot PUCCH(s) in time within the same PUCCH group
· The UE is not expected to have two overlapped multi-slot/single-slot PUCCH transmissions with the same starting slot carrying UCI with the same priority
· If the UCI type of highest priority of the single slot PUCCH(s) has a higher or equal priority than that of the multi-slot PUCCH, the multi-slot PUCCH is dropped in the overlapping slot. The single slot PUCCH(s) are considered for transmission using the multiplexing/dropping rules of single slot PUCCH.
· If the UCI type of highest priority of the single slot PUCCH(s) has a lower priority than that of the multi-slot PUCCH, the single-slot PUCCH(s) is dropped in the overlapping slot.

Proposal 2: (TP for section 9.2.6 of 38.213):

If a UE would transmit a first PUCCH over a first number  of slots and one or more second PUCCH(s) over a same single slot and the transmissions of the first PUCCH and the second PUCCH(s) would overlap in that slot, and with UCI type priority of HARQ-ACK > SR > CSI with higher priority > CSI with lower priority,
-	the UE does not expect the first PUCCH and the second PUCCH(s) to start at a same slot and include a UCI type with same priority.
-	if the first PUCCH includes a UCI type with lower or equal priority than the second PUCCH(s), the UE drops the first PUCCH in the overlapping slot, and follows the rules of section 9.2.5 for the transmission of the second PUCCH(s).
-	if the first PUCCH includes a UCI type with higher priority than all of the second PUCCH(s), the UE transmits the first PUCCH and does not transmit the second PUCCH(s).
Proposal 3: (TP for section 9.2.6 of 38.213):

For unpaired spectrum and, Iif a UE is provided higher layer parameter TDD-UL-DL-ConfigurationCommon, or is additionally provided higher layer parameter TDD-UL-DL-ConfigDedicated, as described in Subclause 11.1, the UE determines the  slots for a PUCCH transmission starting from a slot indicated to the UE as described in Subclause 9.2.3 and having
-	a flexible symbol that is at least Ngap symbols after a last DL symbol or a last SS/PBCH reception symbol, where Ngap is provide by Table 8.1-2, or an UL symbol or flexible symbol provided by higher layer parameter startingSymbolIndex in PUCCH-format1, or in PUCCH-format3, or in PUCCH-format4 as a first symbol, and
-	consecutive UL symbols or flexible symbols, starting from the first symbol, equal to or larger than a number of symbols provided by higher layer parameter nrofsymbols in PUCCH-format1, or in PUCCH-format3, or in PUCCH-format4


For unpaired spectrum and, Iif a UE is not provided higher layer parameter TDD-UL-DL-ConfigurationCommon, the UE determines the  slots for a PUCCH transmission as the  consecutive slots starting from a slot indicated to the UE as described in Subclause 9.2.3., and having:
-	a flexible symbol that is at least Ngap symbols after a last SS/PBCH reception symbol, where Ngap is provide by Table 8.1-2, provided by higher layer parameter starting-SymbolIndex in PUCCH-format1, or in PUCCH-format3, or in PUCCH-format4 as a first symbol, and
-	consecutive flexible symbols, starting from the first symbol, equal to or larger than a number of symbols provided by higher layer parameter nrof-symbols in PUCCH-format1, or in PUCCH-format3, or in PUCCH-format4.


For paired spectrum, the UE determines the  slots for a PUCCH transmission as the  consecutive slots starting from a slot indicated to the UE as described in Subclause 9.2.3.
Proposal 4: (TP for section 6.2.7 of 38.212):
if HARQ-ACK, CSI part 1 and CSI part 2 are present for transmission on the PUSCH without UL-SCH, let 

-	;

-	;


-	if the number of HARQ-ACK information bits is more than 2,; otherwise, ;
; 
If  

Else

Endif
otherwise,
;
If  

Else

Endif

-	;


-	 if the number of HARQ-ACK information bits is no more than 2, and  otherwise; and


-	 if the number of HARQ-ACK information bits is no more than 2, and  otherwise;
-	if CSI part 1 and CSI part 2 are present for transmission on the PUSCH without UL-SCH, let 

-	;
;
If  

Else

Endif

-	;

-	; and

-	;
Proposal 5: After a PUCCH resource re-configuration is successfully received by the UE, with a HARQ-ACK sent in subframe n, the new resource configuration becomes effective for PDSCH transmisison occuring in subframe n+N, as long as no other PUCCH resource re-configuration is successfully received by the UE before subframe n+N.
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