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1 Introduction
The multiplexing of different types of UCI has been specified in TS 38.213 based on the agreements reached at the RAN1#91 meeting [1].
These agreements are based on the assumption of same starting symbol and same duration, whereas NR also supports different configurations of starting symbol and duration. In this contribution, we discuss the multiplexing of different types of UCI with different durations or configurations.
2 Discussion
2.1 Multiplexing of different types of UCI
Generally, from the UL coverage perspective, if one long PUCCH is configured for SR, then it means at least 4 symbols PUCCH transmission is required to satisfy the UL coverage, and then long PUCCH should be also configured for HARQ-ACK/CSI. On the contrary, if one short PUCCH is configured for one type of UCI due to low latency, it means UL coverage is good enough, and that short PUCCH can be also configured for a different UCI type of a similar payload size. Although short PUCCH may be sufficient from a coverage perspective for one UCI type, long PUCCH, and possibly a larger number of PRBs, may be configured for a different UCI type based on the UCI payload size. As such some combinations of short and long duration PUCCH formats are unrealistic when considering how to multiplex UCI types configured with different PUCCH formats on the same PUCCH transmission.
Observation 1: At least the following configurations are not expected to be typical use cases and should not be optimized for.

· HARQ-ACK with PUCCH format 0 and SR with PUCCH format 1

· HARQ-ACK with PUCCH format 1 and SR with PUCCH format 0

· HARQ-ACK with PUCCH format 1 and CSI with PUCCH format 2

HARQ-ACK+SR multiplexing

We consider cases where a combination of the configured PUCCH format, starting symbol or duration may be different for HARQ-ACK and SR. At least the following cases should be further studied.
Case 1: HARQ-ACK with PUCCH format 0 and SR with PUCCH format 0

Since the same PUCCH format with no more than 2 bits payload size is configured for HARQ-ACK and SR, it is better to configure the same duration for HARQ-ACK and SR as well due to the same UL coverage requirement. Hence, the only combination here is different starting symbols and same duration for HARQ-ACK and SR, and the following options can be considered.
· Opt1: select one to be transmitted

· Opt1-1: drop the later one

· Opt1-2: drop SR at least on the overlapped portion since there is still opportunity for SR transmission in the next SR occasion but there is only one transmission opportunity for HARQ-ACK.
· If SR is dropped only on the overlapped portion, it equals to shorten the SR transmission to avoid overlapping with HARQ-ACK. Although SR can still be transmitted, the UL coverage of SR transmission is reduced.
· Opt 2: If the starting symbol of HARQ-ACK is earlier than that of SR, drop SR at least on the overlapped symbol; otherwise, if starting symbol of SR is earlier than HARQ-ACK, delay the SR to the starting symbol of HARQ-ACK by transmitting HARQ-ACK on different PUCCH resources with different cyclic shift sets according to positive/negative SR.
· This is because when SR is later than HARQ-ACK, considering that SR can be triggered at any symbol, there may be not enough time to prepare HARQ-ACK according to the cyclic shifts associated with positive SR unless UE prepares HARQ-ACK for both the cyclic shifts sets associated with positive and negative SR
· If SR is dropped only on the overlapped portion, it equals to shorten the SR transmission to avoid overlapping with HARQ-ACK. Although SR can still be transmitted, the UL coverage of SR transmission is reduced.
· Opt 3: Such a configuration is prevented by implementation, such as by always configuring the same starting symbol for HARQ-ACK and SR. No need to specify new UE behaviour and HARQ-ACK is transmitted on different PUCCH resources with different cyclic shift sets according to positive/negative SR.
Observation2: For case 1, it is possible and easy for gNB to configure the same starting symbol for HARQ-ACK and SR, so as to avoid the dropping of SR. Otherwise, opt 2 can be considered.
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Figure 1: HARQ-ACK and SR overlapping for case 1
Case 2: HARQ-ACK with PUCCH format 1 and SR with PUCCH format 1
Since the same PUCCH format with no more than 2 bits payload size is configured for HARQ-ACK and SR, it is better to configure the same duration for HARQ-ACK and SR as well due to the same UL coverage requirement. Hence, the only combination here is different starting symbols and same duration for HARQ-ACK and SR, and the following options can be considered.

· Opt1: select one to be transmitted

· Opt1-1: drop the later one

· Opt1-2: drop SR since there is still opportunity for SR transmission in the next SR occasion but there is only one transmission opportunity for HARQ-ACK. 
· For both opt 1-1 and opt 1-2, UE should start the dropping as soon as possible and does not resume the transmission at the portion without overlapping since partial transmission with OCC in time domain from one UE will affect the orthogonality of other UE multiplexing in the same RB. 
· Opt2: If the starting symbol of HARQ-ACK is latter than that of SR, drop SR; otherwise, if the starting symbol of HARQ-ACK is earlier than that of SR, stop the HARQ-ACK transmission on HARQ-ACK resource when UE knows there is positive SR and transmit HARQ-ACK on SR resource.

· This is because when the starting symbol of HARQ-ACK is earlier than that of SR, UE may not know whether there is positive SR or not at the beginning of HARQ-ACK, so the UE can only transmit HARQ-ACK on HARQ-ACK resource, and when the starting symbol of HARQ-ACK is latter than that of SR, UE can know whether there is HARQ-ACK or not at the beginning of SR but may not finish the preparation of HARQ-ACK at the beginning of SR, so cannot transmit HARQ-ACK on SR resource for positive SR, and SR should be dropped at the beginning of SR so as not to affect the orthogonality of other UE multiplexing in the same RB.

· Demerit: Only transmit HARQ-ACK on part of HARQ-ACK symbols may impact the orthogonality on the RB used for HARQ-ACK if time domain OCC is used, and it will increase the latency of HARQ-ACK transmission by shifting the HARQ-ACK on SR resource that is latter than HARQ-ACK resource
· Opt3: Such a configuration is prevented by implementation, such as by always configuring the same starting symbol for HARQ-ACK and SR. No need to specify new UE behaviour and HARQ-ACK is transmitted on SR PUCCH resource for positive SR and on HARQ-ACK resource for negative SR.
Observation3: For case 2, it is possible and easy for gNB to configure the same starting symbol for HARQ-ACK and SR, so as to avoid the dropping of SR. Otherwise, opt 2 can be considered.
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Figure 2: HARQ-ACK and SR overlapping for case 2
Case 3: HARQ-ACK with PUCCH format 2/3/4 and SR with PUCCH format 0/1
Since UE always know whether this is an SR opportunity that overlapped with HARQ-ACK transmission no matter it is partial or full overlapping, SR can be always jointly coded with HARQ-ACK at the beginning of HARQ-ACK transmission. If UE cannot determine there is positive SR when performing the encoding of HARQ-ACK, assume negative SR state to be jointly coded with HARQ-ACK. That is, if there is a positive SR trigged in subsequence, this positive SR is dropped since UE cannot re-perform the channel coding according the changed SR state before the starting of HARQ-ACK transmission.

Observation4: For case 3, SR can be always jointly coded with HARQ-ACK at the beginning of HARQ-ACK transmission. 
Case 4: HARQ-ACK with PUCCH format 0 and SR with PUCCH format 1
If such case should be supported, then same options as for case 2 can be considered with exception that if SR is dropped, SR should be dropped from the beginning of SR transmission so as to not affect the orthogonality of other UE.

Observation5: For case 4, if supported, similar solution as in case 2 can be considered.

Case 5: HARQ-ACK with PUCCH format 1 and SR with PUCCH format 0
If such case should be supported, considering that HARQ-ACK cannot be transmitted on SR resource when SR is positive, drop SR at least on the overlapping portion can be a simple way since there is still opportunity for SR transmission in the next SR occasion but there is only one transmission opportunity for HARQ-ACK. Another way is to reserve HARQ-ACK resource for positive and negative SR states, which will increase the PUCCH overhead and may reduce the HARQ-ACK performance by using smaller cyclic shift spacing within one RB to give more HARQ-ACK resource.
Observation6: For case 5, if supported, dropping SR at least on the overlapping portion can be considered.

HARQ-ACK/(SR if any)+CSI multiplexing

If multiple PUCCH resource sets are configured for a UE, in case the UE determines that HARQ-ACK/SR and CSI are overlap in time domain and HARQ-ACK/SR and CSI are allowed to be transmitted together on one PUCCH resource, the following UE behaviour should be considered:

· Determine one PUCCH resource set (with PUCCH format 2/3/4 resource) according to the total number of UCI bits assuming a reference number of CSI bits

· The reference number of CSI bits includes CSI part2 if there is CSI part 2 configuration, and the number of CSI part2 bits is determined by assuming RI=1 or 2.

· Determine one PUCCH resource within such PUCCH resource set according to the PUCCH resource indicator field in the DCI associated with the HARQ-ACK

· The HARQ-ACK/SR and CSI should be encoded as in Table 1.

Table 1: Encoding of HARQ-ACK/SR and CSI

	
	HARQ-ACK/SR+CSI with PF2
	HARQ-ACK/SR+CSI with PF3/4

	CSI with PF2
	Jointly encode HARQ-ACK/SR and CSI at the configured max code rate on the DCI indicated PUCCH resource
	Jointly encode HARQ-ACK/SR and CSI at the configured max code rate on the DCI indicated PUCCH resource

	CSI with PF3/4
	Jointly encode HARQ-ACK/SR and CSI Part 1 at the configured max code rate on the DCI indicated PUCCH resource and drop CSI Part 2 if any
	Jointly encode HARQ-ACK/SR and CSI Part 1 at the configured max code rate on the DCI indicated PUCCH resource.  
Separately encode CSI Part 2 (if any) using remaining resources (if any).


Observation7: It is possible to transmit all UCI on a selected HARQ-ACK resource when multiple PUCCH resources are configured for one UE.

If only one PUCCH resource set is configured for a UE, the resource within such PUCCH resource set is PUCCH format 0 and/or PUCCH format 1, which can only support 1~2 bits UCI transmission. In case the UE determines that HARQ-ACK/SR and CSI are overlap in time domain and HARQ-ACK/SR and CSI are allowed to be transmitted together on one PUCCH resource, the PUCCH resource selected from the configured PUCCH resource set cannot be used to transmit all UCI. The following case should be further studied. 
Case 6: HARQ-ACK/SR with PUCCH format 0/1 and CSI with PUCCH format 2/3/4
It should be notice that when HARQ-ACK is configured with PUCCH format 1, it is optimized that only PUCCH format 3/4 could be configured for CSI so as to achieve the same UL coverage, which means HARQ-ACK with PUCCH format 1 and CSI with PUCCH format 2 is not a typical use cases and should not be optimized for.

· Case 6-1: Same starting symbol but different durations
· HARQ-ACK/SR and CSI are transmitted together on CSI PUCCH format 2/3/4 resource regardless same or different durations
· Case 6-2: Different starting symbols

· Opt1: select one to be transmitted

· Opt1-1: drop the later one

· Opt1-2: drop CSI on the overlapped portion

· Opt2: If the starting symbol of HARQ-ACK is latter than that of CSI, drop CSI at least on the overlapped portion; otherwise, if the starting symbol of HARQ-ACK/SR is earlier than that of CSI, delay the HARQ-ACK/SR to the starting of CSI and transmit HARQ-ACK/SR and CSI together on CSI PUCCH format 2/3/4 resource
· This is because when HARQ-ACK is latter than CSI, UE may not finish the preparation of HARQ-ACK at the beginning of CSI, which means HARQ-ACK cannot be transmitted together with CSI on CSI resource. 
· Opt3: Such a configuration is prevented by implementation, such as by always configuring the same starting symbol for HARQ-ACK/SR and CSI. No need to specify new UE behaviour and HARQ-ACK/SR and CSI are always transmitted together on CSI PUCCH resource.
Observation8: For case 6, it is possible and easy for gNB to configure the same starting symbol for HARQ-ACK/SR and CSI, so as to avoid the dropping of CSI. Otherwise, opt 2 can be considered.

SR+CSI multiplexing

Case 7: SR with PUCCH format 0/1 and CSI with PUCCH format 2/3/4
It should be notice that when SR is configured with PUCCH format 1, it is optimized that only PUCCH format 3/4 could be configured for CSI so as to achieve the same UL coverage, which means SR with PUCCH format 1 and CSI with PUCCH format 2 is not a typical use cases and should not be optimized for.

· Case 7-1: Same starting symbol but different durations
· SR and CSI are transmitted together on CSI PUCCH resource
· Case 7-2: Different starting symbols

· Opt1: select one to be transmitted

· Opt1-1: drop the later one

· Opt1-2: drop CSI on the overlapped portion
· Opt1-3: drop/shorten SR on the overlapped portion when PUCCH format 0 with two-symbol is configured for SR and there is only one symbol overlapped with CSI
· Opt2: SR and CSI are transmitted together on CSI PUCCH resource at the beginning of CSI transmission by assuming negative SR when doing the channel coding of CSI if UE does not know a positive SR; if there is a positive SR trigged in subsequence but UE assumed a negative SR transmitted on CSI PUCCH resource, drops CSI at least on the overlapped portion with the positive SR; 
· This is because when SR is latter than CSI, UE may not know whether there is positive SR or not at the beginning of CSI, which means SR cannot be transmitted together with CSI on CSI resource. 
· Opt3: Such a configuration is prevented by implementation, such as by always configuring the same starting symbol for SR and CSI. No need to specify new UE behaviour and SR and CSI are always transmitted together on CSI PUCCH resource.
Observation9: For case 7, it is possible for gNB to configure the same starting symbol for SR and CSI, so as to avoid the dropping of CSI. Otherwise, opt 2 can be considered.
Based on the above analysis for the multiplexing of different types of UCI, it is preferred to ensure the aligned starting symbol for different types of UCI when UE should transmit different types of UCI in the same instance, such as when there are HARQ-ACK and SR in the same instance, or when there are HARQ-ACK/SR and CSI in the same instance and it is configured to support simultaneous transmission of HARQ-ACK/SR and CSI by higher layer, so as to avoid dropping of SR/CSI. Otherwise, SR/CSI may be dropped for some configurations by following the Opt2 in the above cases. 
Proposal 1: When a UE is configured for simultaneous transmission of different types of UCI with overlapped time domain resource,

· At least the same starting symbol should be configured for PUCCH formats corresponding to the different UCI types.
· When the duration of PUCCH formats for different types of UCI are different, multiplexing rules are the same the duration of each format is the same
Proposal 2: When a UE is configured for simultaneous transmission of different types of UCI with overlapped time domain resource and the starting symbols of different types of UCI are not aligned, the following rules should be considered:

· For HARQ-ACK+SR, UE will assume negative SR if UE cannot know there is a positive SR when preparing the HARQ-ACK transmission, as the detail shown in the following Table

	
	SR with PF0
	SR with PF1

	HARQ-ACK with PF0
	If the starting symbol of HARQ-ACK is earlier than that of SR, drop SR at least on the overlapped symbol; 
Otherwise, delay the SR to the starting symbol of HARQ-ACK by transmitting HARQ-ACK on different PUCCH resources with different cyclic shift sets according to positive/negative SR.
	If supported:

If the starting symbol of HARQ-ACK is latter than that of SR, drop SR; 
Otherwise, stop the HARQ-ACK transmission on HARQ-ACK resource when UE knows there is positive SR and transmit HARQ-ACK on SR resource

	HARQ-ACK with PF1
	If supported, drop SR at least on the overlapped symbol
	If the starting symbol of HARQ-ACK is latter than that of SR, drop SR; 
Otherwise, stop the HARQ-ACK transmission on HARQ-ACK resource when UE knows there is positive SR and transmit HARQ-ACK on SR resource

	HARQ-ACK with PF2/3/4
	SR is always jointly coded with HARQ-ACK on HARQ-ACK resource by assuming negative SR if UE cannot know there is positive SR when doing the channel coding of HARQ-ACK.


· For HARQ-ACK+SR(if any)+CSI, 
· If multiple PUCCH resource sets are configured for a UE, determine one PUCCH resource set with PUCCH format 2/3/4 resource according to the total number of UCI bits assuming a reference number of CSI bits, and transmit HARQ-ACK+SR (if any) + CSI according to the max coding rate on the DCI indicated HARQ-ACK PUCCH resource within the selected PUCCH resource set.
· If only one PUCCH resource set is configured for a UE, 
· If the starting symbol of HARQ-ACK is latter than that of CSI, drop CSI at least on the overlapped portion;
· otherwise, if the starting symbol of HARQ-ACK is earlier than that of CSI, delay the HARQ-ACK+SR(if any) to the starting of CSI and transmit HARQ-ACK+SR(if any) and CSI together on CSI PUCCH format 2/3/4 resource
· For SR+CSI, SR and CSI are transmitted together on CSI PUCCH resource at the beginning of CSI transmission by assuming negative SR when doing the channel coding of CSI if UE does not know a positive SR; if there is a positive SR triggered in subsequence but UE assume a negative SR is transmitted on the CSI PUCCH resource, drops CSI at least on the overlapped portion with the positive SR.
Proposal 3: The following encoding method should be used for HARQ-ACK/SR+CSI simultaneous transmission:
	
	HARQ-ACK/SR+CSI with PF2
	HARQ-ACK/SR+CSI with PF3/4

	CSI with PF2
	Jointly encode HARQ-ACK/SR and CSI at the configured max code rate on the DCI indicated PUCCH resource
	Jointly encode HARQ-ACK/SR and CSI at the configured max code rate on the DCI indicated PUCCH resource

	CSI with PF3/4
	Jointly encode HARQ-ACK/SR and CSI Part 1 at the configured max code rate on the DCI indicated PUCCH resource and drop CSI Part 2 if any
	Jointly encode HARQ-ACK/SR and CSI Part 1 at the configured max code rate on the DCI indicated PUCCH resource.  
Separately encode CSI Part 2 (if any) using remaining resources (if any).


2.2 Multiple SR configurations
As it was agreed in RAN1#92 that X bits of SR can be jointly coded with HARQ-ACK and/or CSI on PUCCH format 2/3/4 resource when multiple SR configurations are collided with HARQ-ACK and/or CSI in the same instance. However, when the starting symbol of HARQ-ACK or CSI is earlier than of SR, considering SR can be triggered in any symbol, UE may not know whether there is a positive SR among multiple SR configurations when performing the channel coding. It should be clarified that UE should always generate X bits SR by assuming there is a negative SR if UE cannot know there is a positive SR when performing the channel coding of HARQ-ACK or HARQ-ACK+CSI. It should be further clarified that when there is only CSI with PUCCH format 2/3/4 that collides with multiple SR configurations, CSI should be dropped on the overlapped portion if on CSI PUCCH resource but there is a positive SR in subsequence.
Proposal 4: Negative SR state should be assumed when doing the channel coding of HARQ or HARQ-ACK+CSI if UE does not know there is a positive SR.
Proposal 5: When there is only CSI with PUCCH format 2/3/4 that collides with multiple SR configurations, CSI should be dropped on the overlapped portion if negative SR is assumed on CSI PUCCH resource but there is a positive SR in subsequence.
The remaining issues are when PUCCH format 0 or 1 is configured for HARQ-ACK, how to support SR multiplexing with other UCI when there are multiple SR configurations. 

When PUCCH format 1 is configured for SR, regardless PUCCH format 0 or format 1 is used for HARQ-ACK, by the above discussion for HARQ-ACK+SR multiplexing, HARQ-ACK can be transmitted on SR resource for positive SR if SR can be transmitted. It means gNB can distinguish multiple SR configurations by blind detection on K SR PUCCH format 1 resources for K SR configurations and one HARQ-ACK PUCCH resource. 

When PUCCH format 0 is configured for SR and PUCCH format 1 is configured for HARQ-ACK, HARQ-ACK cannot be transmitted on SR resource due to different PUCCH formats which means we cannot support multiplexing of HARQ-ACK and SR by using SR resource. Similar ways as the analysis in the above case 5 can be considered. 
When PUCCH format 0 is configured for SR and HARQ-ACK, positive SR is implicitly indicated to gNB by transmitting HARQ-ACK on the HARQ-ACK PUCCH resource with a cyclic shift set corresponding to positive SR. Regardless of which SR is triggered, the same HARQ-ACK PUCCH resource is used for HARQ-ACK transmission, which means gNB cannot associate a received positive SR with the correct SR configuration. Generally, the following solutions can be considered to distinguish multiple SR configurations:

· Solution 1: gNB implementation. That is when gNB detects a positive SR, gNB can schedule a PUSCH to get BSR, so as to know the actually triggered SR and give the right scheduling in the next time, or gNB ensure there is no multiple SR transmissions that configured in the same instance. 
· This is a simple solution since there is no additional UE behavior needed, but it may delay servicing of the logical channel that triggered the SR.
· Solution 2: Obtain 2 or 4 PUCCH resources (cyclic shifts) based on the initial CS configured for SRx, so as to support 1 or 2bits HARQ-ACK transmission on SRx resource when SRx is positive.
· Demerit: Larger overhead for SR resource since SR resource is RRC configured and gNB cannot expect whether there is HARQ-ACK colliding with SR in one SR occasion, so the 2 or 4 PUCCH resources need to be reserved.
· Solution 3: Obtain M+1 HARQ-ACK PUCCH resources, 1 for HARQ-ACK only(negative SR) transmission and each of the other M PUCCH resource corresponds to one SR configuration within M SR configurations based on the initial CS indicated for HARQ-ACK, as shown in Table 2 and 3
· Demerit: Cannot be used for more than 2 SR configurations since there are at most 3 sets of PUCCH resource within 1 RB based on the initial CS when HARQ-ACK is 2 bits.

· Demerit: Larger PUCCH overhead since the PUCCH resources corresponding to each SR configuration should be reserved to a certain UE due to gNB cannot expect which SR is triggered at UE side.
Table 2: Cyclic shift mapping for different SR states for 1 bit HARQ-ACK
	HARQ-ACK/SR state
	NACK
	ACK

	Negative SR
	CSinitial
	(CSinitial +6)mod12

	Positive SR, SR Config. 1
	(CSinitial +2)mod12
	(CSinitial +8)mod12

	Positive SR, SR Config. 2
	(CSinitial +4)mod12
	(CSinitial +10)mod12


Table 3: Cyclic shift mapping for different SR states for 2 bits HARQ-ACK
	HARQ-ACK/SR state
	NACK, NACK
	NACK, ACK
	ACK, ACK
	ACK, NACK

	Negative SR
	(CSinitial +0)mod12
	(CSinitial +3)mod12
	(CSinitial +6)mod12
	(CSinitial +9)mod12

	Positive SR,

SR Config. 1
	(CSinitial +1)mod12
	(CSinitial +4)mod12
	(CSinitial +7)mod12
	(CSinitial +10)mod12

	Positive SR,

SR Config. 2
	(CSinitial +2)mod12
	(CSinitial +5)mod12
	(CSinitial +8)mod12
	(CSinitial +11)mod12


When HARQ-ACK is configured with PUCCH format 0, solution 3A can be considered if two SR configurations are enough from RAN2 perspective. 
Proposal 6: For the case of multiple SR configurations with overlapping SR occasions, if a UE is configured to transmit HARQ-ACK and SR on PUCCH using PUCCH format 0, the following method can be considered:
· a set of resources derived from the initial resource for HARQ-ACK are reserved according to the SR configurations and the HARQ-ACK is transmitted on a resource depending on a positive SR triggered by one SR configuration or negative SR where the resource reservation is shown in Tables 2 and  3 for 1 and 2 HARQ-ACK bits respectively.

3 Conclusions
Based on the above discussion, we have the following proposals: 
Proposal 1: When a UE is configured for simultaneous transmission of different types of UCI with overlapped time domain resource,

· At least the same starting symbol should be configured for PUCCH formats corresponding to the different UCI types.

· When the duration of PUCCH formats for different types of UCI are different, multiplexing rules are the same the duration of each format is the same
Proposal 2: When a UE is configured for simultaneous transmission of different types of UCI with overlapped time domain resource and the starting symbols of different types of UCI are not aligned, the following rules should be considered:

· For HARQ-ACK+SR, UE will assume negative SR if UE cannot know there is a positive SR when preparing the HARQ-ACK transmission, as the detail shown in the following Table

	
	SR with PF0
	SR with PF1

	HARQ-ACK with PF0
	If the starting symbol of HARQ-ACK is earlier than that of SR, drop SR at least on the overlapped symbol; 
Otherwise, delay the SR to the starting symbol of HARQ-ACK by transmitting HARQ-ACK on different PUCCH resources with different cyclic shift sets according to positive/negative SR.
	If supported:

If the starting symbol of HARQ-ACK is latter than that of SR, drop SR; 
Otherwise, stop the HARQ-ACK transmission on HARQ-ACK resource when UE knows there is positive SR and transmit HARQ-ACK on SR resource

	HARQ-ACK with PF1
	If supported, drop SR at least on the overlapped symbol
	If the starting symbol of HARQ-ACK is latter than that of SR, drop SR; 
Otherwise, stop the HARQ-ACK transmission on HARQ-ACK resource when UE knows there is positive SR and transmit HARQ-ACK on SR resource

	HARQ-ACK with PF2/3/4
	SR is always jointly coded with HARQ-ACK on HARQ-ACK resource by assuming negative SR if UE cannot know there is positive SR when doing the channel coding of HARQ-ACK.


· For HARQ-ACK+SR(if any)+CSI, 
· If multiple PUCCH resource sets are configured for a UE, determine one PUCCH resource set with PUCCH format 2/3/4 resource according to the total number of UCI bits assuming a reference number of CSI bits, and transmit HARQ-ACK+SR (if any) + CSI according to the max coding rate on the DCI indicated HARQ-ACK PUCCH resource within the selected PUCCH resource set.
· If only one PUCCH resource set is configured for a UE, 
· If the starting symbol of HARQ-ACK is latter than that of CSI, drop CSI at least on the overlapped portion;
· otherwise, if the starting symbol of HARQ-ACK is earlier than that of CSI, delay the HARQ-ACK+SR(if any) to the starting of CSI and transmit HARQ-ACK+SR(if any) and CSI together on CSI PUCCH format 2/3/4 resource
· For SR+CSI, SR and CSI are transmitted together on CSI PUCCH resource at the beginning of CSI transmission by assuming negative SR when doing the channel coding of CSI if UE does not know a positive SR; if there is a positive SR triggered in subsequence but UE assume a negative SR is transmitted on the CSI PUCCH resource, drops CSI at least on the overlapped portion with the positive SR.
Proposal 3: The following encoding method should be used for HARQ-ACK/SR+CSI simultaneous transmission:
	
	HARQ-ACK/SR+CSI with PF2
	HARQ-ACK/SR+CSI with PF3/4

	CSI with PF2
	Jointly encode HARQ-ACK/SR and CSI at the configured max code rate on the DCI indicated PUCCH resource
	Jointly encode HARQ-ACK/SR and CSI at the configured max code rate on the DCI indicated PUCCH resource

	CSI with PF3/4
	Jointly encode HARQ-ACK/SR and CSI Part 1 at the configured max code rate on the DCI indicated PUCCH resource and drop CSI Part 2 if any
	Jointly encode HARQ-ACK/SR and CSI Part 1 at the configured max code rate on the DCI indicated PUCCH resource.  
Separately encode CSI Part 2 (if any) using remaining resources (if any).


Proposal 4: Negative SR state should be assumed when doing the channel coding of HARQ or HARQ-ACK+CSI if UE does not know there is a positive SR.

Proposal 5: When there is only CSI with PUCCH format 2/3/4 that collides with multiple SR configurations, CSI should be dropped on the overlapped portion if negative SR is assumed on CSI PUCCH resource but there is a positive SR in subsequence.
Proposal 6: For the case of multiple SR configurations with overlapping SR occasions, if a UE is configured to transmit HARQ-ACK and SR on PUCCH using PUCCH format 0, the following method can be considered:
· a set of resources derived from the initial resource for HARQ-ACK are reserved according to the SR configurations and the HARQ-ACK is transmitted on a resource depending on a positive SR triggered by one SR configuration or negative SR where the resource reservation is shown in Tables 2 and  3 for 1 and 2 HARQ-ACK bits respectively.
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