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Introduction
In this contribution we address few remaining issues on the structure and the procedures for UCI transmission on PUCCH. This contribution is a revised version of R1-1802907.
Discussion
Slot index determination for SR 
In general, for any configured periodic transmission or reception, a UE shall determine the slots that the periodic transmission or reception can occur. With respect to SR, this aspect is not currently clarified in the NR specifications. Hence, we suggest the following proposal to address the issue: 
Proposal 1:
· Update section 9.2.4 in TS 38.213 with the following text proposal:



If the UE determines that the  is more than one slot, an SR transmission occasion in a PUCCH is in the slot satisfying,where  is the frame number.


Mapping direction in FD for PUCCH format 2 and 3
The resources in frequency domain for a PUCCH resource are given by the starting PRB index for each hop in case of frequency hopping and the maximum number of allocated PRBs which is the same for both hops. Moreover, as per agreement below the number of utilized PRBs depends on the payload size and the max configured code rate and can be less than the number of configured PRBs.
	Agreements (RAN1#91):
· The number of PRBs used to transmit a PUCCH Format 2 or 3 or 4 is determined by the total number of UCI bits and the configured max coding rate for PUCCH Format 2 or 3 or 4, upper bounded by the configured number of PRBs.


As it is currently captured in the specification TS 38.211, the PUCCH REs are mapped in the frequency domain starting with the configured starting PRBs and in increasing order of the sub-carrier indexing. In case a PUCCH hop is close to the upper edge of UL BWP, mapping upward in frequency domain can result in inefficient resource utilization since it would be complicated to efficiently use the configured and unused resources for other purposes. This problem is illustrated in Figure 1. It is also shown there that the mapping can be improved by going downwards or upwards if the hop is closer to upper edge or lower edge of the UL BWP, respectively. In other words, the mapping in frequency domain in two hops can be done such that the hops grow towards each other. Therefore, we propose:
Proposal 2:
· For PUCCH transmissions using format 2 or 3 with frequency hopping enabled
· For the hop with a PRB start index ((i.e. startPRB in the PUCCH resource configuration) closer to the upper edge of the UL BWP, the mapping of the PUCCH REs in FD is done in decreasing order of the sub-carrier indexing. For the other hop, the mapping of the PUCCH REs in FD is done in increasing order of the sub-carrier indexing.
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[bookmark: _Ref506452858]Figure 1: Illustration of the current (left) and the proposed (right) PUCCH REs in frequency domain for PUCCH format 2 and 3. For the PUCCH transmissions A, B, C, the utilized PRBs in first and second hop are denoted by (A1.A2), (B1,B2), (C1.C2), respectively.
SR Identity multiplexed with other UCI types
The following is stated in the MAC specification TS 38.321, section 5.4.4:
NOTE:    The selection of which valid PUCCH resource for SR to signal SR on when the MAC entity has more than one overlapping valid PUCCH resource for the SR transmission occasion is left to UE implementation.
The thinking in RAN2 has been that the SR PUCCH resources would have different time or frequency resources (or some other distinguishing property) such that the gNB can determine the SR configuration identity from the PUCCH resource used for transmission. In cases that the PUCCH resources overlap in time and a PUCCH transmission include SR together with other UCI types, RAN2 has assumed that the gNB can determine which SR resource configuration conveyed in the PUCCH transmission. Therefore, to make this assumption valid, RAN1 has to provide means to distinguish the SR resource configuration. This issue was resolved when PUCCH format 2, 3 or 4 are used for transmission of SR and other UCI bits based on the following agreement:
	Agreements (RAN1#AH1801:
· If a UCI transmission on a PUCCH form a UE using format 2 or 3 or 4 overlaps in time with K PUCCH resources, each configured for a SR, X bits are used to represent a SR being indicated by the UE and appended to the end of the end of HARQ-ACK followed by CSI.
· Note: X is used to indicated both the presence or absence of SR and which of the K configured SR is embedded.
· FFS: X=ceil(log2(K+1))
· FFS PUCCH formats 0 & 1


In the following we address the open issues in the agreement above.
SR and HARQ-ACK/CSI on PUCCH format 2/3/4
A UE can be configured by higher layer with maximum 8 scheduling request configurations (maxNrofSR-ConfigPerCellGroup). An SR configuration is identified with an ID (schedulingRequestID) which is used to indicate that the SR configuration is mapped to which logical channel. The scheduling request resource configuration is identified by the SchedulingRequestResourceId which is used to identify the scheduling request PUCCH resource used for the corresponding SR configuration ID. A schedulingRequestID is mapped to one or multiple SchedulingRequestResourceId . In other words, one SR ID on the MAC level that is associated to one logical channel, can be mapped to one or multiple configured SR PUCCH resources. The corresponding configurations are captured in TS 38.331 as the following:
maxNrofSR-ConfigPerCellGroup			INTEGER ::= 8		-- Maximum number of SR configurations per cell group

SchedulingRequestToAddMod ::=		SEQUENCE {
	schedulingRequestID					SchedulingRequestId,
. . . . . .
}

SchedulingRequestResourceConfig ::=			SEQUENCE {
	schedulingRequestResourceId						SchedulingRequestResourceId,
	-- The ID of the SchedulingRequestConfig that uses this scheduling request resource.
	schedulingRequestID								SchedulingRequestId,
. . . . . .
}

To determine X in the agreement above, we can consider the following three alternative approaches which vary from the complexity and overhead perspectives: 
· Alt 1: X=ceil(log2(M+1))
· M is the number of configured SR IDs.
· The index of any of the M configured SR ID can be obtained from X.
· By decoding the X bits, the gNB determines whether an SR is absent or present. If an SR is present, the gNB determines X as the corresponding configured SR ID.
· Alt 2: X=ceil(log2(L+1))
· L is the number of configured SR IDs for which the corresponding configured SR PUCCH resources provide transmission occasions in a slot with a UCI transmission on a PUCCH format 2 or 3 or 4.
· The L IDs corresponding to configured SR IDs are ordered in an increasing SR ID numbering. The index of any of the ordered configured SR ID can be obtained from X.
· By decoding the X bits, the gNB determines whether an SR is absent or present. If an SR is present, the gNB maps X, the index of an ordered configured SR ID, to the corresponding configured SR ID.
· Alt 3: X=ceil(log2(K+1))
· K is the number of configured SR IDs for which corresponding configured SR PUCCH resources in a slot overlap with a UCI transmission on PUCCH format 2 or 3 or 4 in that slot
· The K IDs corresponding to configured SR IDs, are ordered in an increasing SR ID numbering. The index of any of the ordered configured SR ID can be obtained from X.
· By decoding the X bits, the gNB determines whether an SR is absent or present. If an SR is present, the gNB maps X, the index of an ordered configured SR ID, to the corresponding configured SR ID.

For better comparison of these alternatives, an example is shown in Figure 2 for SR configurations. Table 1 also provides more details on how different alternatives are compared with respect to the additional overhead for this example. The following can be observed clearly based on this example:

Observations: 
· Alt 1: Minimum complexity. 
· Same mapping between X and the configured SR IDs is used. The additional overhead as compared to Alt 2 and 3 can vary as shown in Table 1
· Alt 2: Moderate complexity.
· Different mapping between X and the configured SR IDs is used in different slots where the UCI based PUCCH format 2 or 3 or 4 transmission occurs. The mapping is changed based on the occurrence of the PUCCH format 2 or 3 or 4 transmissions, not its duration and occasion in the slot.  The additional overhead as compared to Alt 1 and 3 can vary as shown in Table 1. 
· Alt 3: Maximum complexity.
· Different mapping between X and the configured SR IDs is used in different slots where the UCI based PUCCH format 2 or 3 or 4 transmission occurs. The mapping is changed based on the occurrence, duration and occasion of the PUCCH format 2 or 3 or 4 transmissions in the slot. The additional overhead as compared to Alt 1 and 2 can vary as shown in Table 1. 
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[bookmark: _Ref506470995]Figure 2: An illustrative example of configured SR PUCCH resources with different periodicity and offset and UCI transmission. It is assumed that each configured SR ID is mapped to one configured SR PUCCH resource. The presence of an SR is marked by ‘x’.
[bookmark: _Ref506471512]Furthermore, assuming the combinations with respect to the all possible number of SR configurations in a slot for M, K and L values with M=1,..,8, one can calculate the required number of bits (X) for each case using any of the alternatives 1, 2 or 3 as well as on average. Based on such calculation, we observe that:
Observation:
· On average the additional overhead across all possible SR configuration is as the following:
· Alt 1: 3.2 bits
· Alt 2: 2.65 bits
· Alt 3: 2 bits

Table 1: Mapping details for determining the configured SR ID in slots with PUCCH with HARQ-ACK and SR transmission for Alt 1, Alt 2 and Alt 3 based on the example in the above figure.
	Slot
	Alt 1
	Alt 2
	Alt 3

	n
	M=3, X->2 bits
X=00 -> No SR
X=01->SR ID=1
X=10-> SR ID=2
X=11-> SR ID=3
	L=2, X->2 bits
X=00 -> No SR
X=01->SR ID=1
X=10-> SR ID=3
X=11-> unused
	K=2, X->2 bits
X=00 -> No SR
X=01->SR ID=1
X=10-> SR ID=3
X=11-> unused

	n+3
	M=3, X->2 bits
X=00 -> No SR
X=01->SR ID=1
X=10-> SR ID=2
X=11-> SR ID=3
	L=1, X->1 bit
X=0 -> No SR
X=1->SR ID=1

	K=1, X->1 bit
X=0 -> No SR
X=1->SR ID=1


	n+6
	M=3, X->2 bits
X=00 -> No SR
X=01->SR ID=1
X=10-> SR ID=2
X=11-> SR ID=3
	L=2, X->2 bits
X=00 -> No SR
X=01->SR ID=1
X=10-> SR ID=2
X=11-> unused
	K=1, X->1 bits
X=0 -> No SR
X=1->SR ID=2

	n+10
	M=3, X->2 bits
X=00 -> No SR
X=01->SR ID=1
X=10-> SR ID=2
X=11-> SR ID=3
	L=2, X->2 bits
X=00 -> No SR
X=01->SR ID=1
X=10-> SR ID=3
X=11-> unused
	K=2, X->2 bits
X=00 -> No SR
X=01->SR ID=1
X=10-> SR ID=3
X=11-> unused


By comparing the additional overhead for different alternatives, we observe that on average the additional overhead with Alt 1 is not substantially more than other alternatives. Considering that such PUCCH transmissions (i.e. including SR and other UCI based on format 2, 3 or 4) are not occurring often, from our perspective the additional overhead of Alt 1 in practice would be much lower. Hence, considering the simplified design of the Alt 1 from both UE and gNB implementation perspectives and the overall system design point of view, Alt 1 would be a reasonable choice. 

Proposal 3:
· If a UCI transmission on a PUCCH from a UE using format 2 or 3 or 4 overlaps in time with K PUCCH configured SR resources, X=ceil(log2(M+1)) bits are used to represent an SR being indicated by the UE where M is the number of configured SR IDs for the UE.
· All-zero X represent the absence of SR. Otherwise, X provides the configured SR ID with positive SR.

SR and HARQ-ACK on PUCCH Format 0
The following agreement is made for the simultaneous transmission of HARQ-ACK and SR using PUCCH format 0.
	Agreements (RAN1#91):
· For simultaneous transmission of 1 or 2 bits HARQ-ACK and SR using PUCCH format 0: 
· In case of negative SR, the same PUCCH resources as for HARQ-ACK only transmission are used.
· In case of positive SR, HARQ-ACK are transmitted on the PRB for HARQ-ACK only transmission.
· The mapping of ACK and NACK to cyclic shifts is based on the index of initial cyclic shift of the HARQ-ACK only (CSinitial) and a fixed mapping pattern as given in Table 1 and Table 2 below corresponding to 1 and 2 bits HARQ-ACK, respectively.
Table 1: Mapping pattern for 1-bit HARQ-ACK and positive SR
	HARQ-ACK
	NACK
	ACK

	Cyclic shift
	(CSintitial+3)mod12
	(CSintitial+9)mod12



Table 2: Mapping pattern for 2-bit HARQ-ACK and positive SR
	HARQ-ACK
	NACK, NACK
	NACK, ACK
	ACK, ACK
	ACK, NACK

	Cyclic shift
	(CSintitial+1)mod12
	(CSintitial+4)mod12
	(CSintitial+7)mod12
	(CSintitial+10)mod12



· Note: Maximum 12 SR per PRB can be configured with semi-static SR simultaneously.
· One PRB can support simultaneous transmission of 2-bit HARQ-ACK with SR only for one UE.
· The four remaining resources can be used for other purposes (e.g. 1-bit A/N with SR or 2-bit A/N only)


Based on the above agreement, as we discussed in our companion contribution [1], the transmission of HARQ-ACK with or without SR is based on the HARQ-ACK PUCCH resource, and not based on the SR PUCCH resource. When the SR PUCCH resource overlaps with HARQ-ACK PUCCH resource, the positive SR is conveyed with HARQ-ACK by increasing the initial cyclic shift of the HARQ-ACK sequences in the corresponding PUCCH resource by one as illustrated in Figure 3. 
From our perspective, it is important to have unified design and frame work in general, including the transmission of the HARQ-ACK and SR on a PUCCH format 0. Based on the agreement, the increment of the initial cyclic shift is used as an indication for the presence of an SR. This frame work can be extended by additional increase of the initial cyclic shift as illustrated in Figure 4 when more than one SR PUCCH resource overlaps with a HARQ-ACK PUCCH resource using format 0. It can be observed from the figure that for 2 HARQ-ACK bits, 2 configured SR IDs can be indicated while in case of 1 HARQ-ACK bit, this number is increased to 5.  However, due to the probability of miss detection, only 2 SR ID configuration can be considered.  Please note that from our perspective, solutions that suggest allocating more resources, for example more PRBs to accommodate more overlapping SR PUCCH configurations with a HARQ-PUCCH transmission based on format 0 should not be considered. These approaches result in utilizing the resources very inefficiently in general for accommodating minor use cases. The network by proper configuration can avoid such situations if necessary.
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[bookmark: _Ref506558767]Figure 3: Illustration of cyclic shifts of PUCCH format 0 with and without SR for a configured SR ID 
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[bookmark: _Ref506558700]Figure 4: Illustration of cyclic shifts of PUCCH format 0 with and without SR for more than one configured SR IDs 
Based on the above discussion, we propose the following:
Proposal 4:
· If a UCI transmission on a PUCCH format 0 from a UE that conveys HARQ-ACK information and SR, overlaps in time with configured SR PUCCH resources corresponding to K=2 configured SR IDs, the HARQ-ACK PUCCH resource is used for transmission of HARQ-ACK where
· The initial CS of the HARQ-ACK PUCCH resource is increased by one or two, respectively, if SR corresponding to the highest or the second highest priority configured SR ID is positive.
· FFS for K>2.
SR and HARQ-ACK on PUCCH Format 1
The following agreement is made for the simultaneous transmission of HARQ-ACK and SR using PUCCH format 1. 
	Agreements (RAN1#91):
· For simultaneous transmission of SR and HARQ-ACK using Format 1, it is done similarly to LTE PUCCH Format 1a/1b.
· In case of negative SR, PUCCH Format 1 is transmitted using the resource for HARQ-ACK.
· In case of positive SR, PUCCH Format 1 is transmitted using the resource for SR.



Based on the above agreement, as we discussed in our companion contribution [1], the only condition that an SR can be transmitted with HARQ-ACK simultaneously using PUCCH format 1 is when the following two conditions are met:
1) The PUCCH resource indicated for HARQ-ACK is based on format 1 and the configured PUCCH resource for the SR is format 1.
2) The SR PUCCH resource is confined within the HARQ-ACK PUCCH resource. 
 In this case, if the SR is present, the HARQ-ACK is transmitted using the SR PUCCH resource, otherwise the HARQ-ACK is transmitted using the HARQ-ACK PUCCH resource. Since the SR PUCCH resource is used when SR is present, the gNB by detecting the SR PUCCH resource can determine the ID of the scheduling request.
Proposal 5: 
· If a UCI transmission on a PUCCH format 1 from a UE that conveys HARQ-ACK information and SR, overlaps in time with K configured PUCCH SR resources that are confined within the HARQ-ACK PUCCH resource, 
· If an SR is present, the UE indicates the corresponding SR resource ID by using the configured SR PUCCH resource for transmission of HARQ-ACK.
· If the SR is absent, the UE indicates the absence of the SR by using the HARQ-ACK PUCCH resource for transmission of HARQ-ACK.
· Note: PUCCH format 1 is used for both HARQ-ACK PUCCH resource and SR PUCCH resource.
Conclusions
In this contribution, we discussed some issues related to PUCCH mapping in the frequency domain. We also discussed how a UE can determine the SR occasion and indicate the SR resource identity when the SR is multiplexed with other UCI types. Based on the discussion and the analysis, we propose the following:
Proposal 1:
· Update section 9.2.4 in TS 38.213 with the following text proposal:



If the UE determines that the  is more than one slot, an SR transmission occasion in a PUCCH is in the slot satisfying,where  is the frame number.

Proposal 2:
· For PUCCH transmissions using format 2 or 3 with frequency hopping enabled
· For the hop with a PRB start index ((i.e. startPRB in the PUCCH resource configuration) closer to the upper edge of the UL BWP, the mapping of the PUCCH REs in FD is done in decreasing order of the sub-carrier indexing. For the other hop, the mapping of the PUCCH REs in FD is done in increasing order of the sub-carrier indexing.
Proposal 3:
· [bookmark: _GoBack]If a UCI transmission on a PUCCH from a UE using format 2 or 3 or 4 overlaps in time with K PUCCH configured SR resources, X=ceil(log2(M+1)) bits are used to represent an SR being indicated by the UE where M is the number of configured SR IDs for the UE.
· All-zero X represent the absence of SR. Otherwise, X provides the configured SR ID with positive SR.
Proposal 4:
· If a UCI transmission on a PUCCH format 0 from a UE that conveys HARQ-ACK information and SR, overlaps in time configured SR PUCCH resources corresponding to with K=2 configured SR IDs, the HARQ-ACK PUCCH resource is used for transmission of HARQ-ACK where
· The initial CS of the HARQ-ACK PUCCH resource is increased by one or two, respectively, if SR corresponding to the highest or the second highest priority configured SR ID is positive.
· FFS K>2
Proposal 5: 
· If a UCI transmission on a PUCCH format 1 from a UE that conveys HARQ-ACK information and SR, overlaps in time with K configured PUCCH SR resources that are confined within the HARQ-ACK PUCCH resource, 
· If an SR is present, the UE indicates the corresponding SR resource ID by using the configured SR PUCCH resource for transmission of HARQ-ACK.
· If the SR is absent, the UE indicates the absence of the SR by using the HARQ-ACK PUCCH resource for transmission of HARQ-ACK.
· Note: PUCCH format 1 is used for both HARQ-ACK PUCCH resource and SR PUCCH resource.
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